WIMNNNN) 


° 
z 
S 
4 
o 
_ 
o 


{HHI 
3 1761 01412128 9 


TH 


Handle with 


EXTREME CARE 


This volume is damaged or brittle 
and CANNOT be repaired! 


* photocopy only if necessary 
* return to staff = 
* do not put in bookdrop 


Gerstein Science information Centre 


Wylde, James 


The Circle of the Sciences 


OLD CLASS 


Ss 
Ww9824c 
c.1 
PASC 


>: 


a > co > e* ‘j % 
e / ; ae 
‘ “ “Te , ; yt 
5 7 ~~ Phd" 4 
.% a 
x ‘ ; 
we | 
> . : j 
‘ » 
e te , 
7 
2 
4 
nw . 
dD to 
5 The Library 
of the 
University of Toronto 
bp 
Yric. CQ. ctva-d- D Ro pana 
... 
: 


ot 


3 


a Gee 


o>, re 
oe 


— — 
MID owe or. 
~ % . 


wt a 


i ns \ oe ee eS me 
. 2 -% > / 
. “= o> 
Vy = ~<_ 
e = , 
A x ‘i 
? . 
. 
* 
. 
‘ 
i 
ry - 
, 
> : \ 
F ° 
‘4 “ 
. 
Ye 
. 
a 
iy s 
< 
- 
poe a , 
; » 
’ 
§ * » 
‘ 
P os 
ne. 
a 
e ‘ 
7 
= 
. , . 
. . 
: “4 g x 
. 
. < 


' 
. 
> 
. 
. 
. 
* 
> 
x = 
o. 
— ; 
sa 
« 
~ = 
. 
~ 
4 


: 49 
hee 4 


Aad TN 


Digitized by the Internet Archive 
in 2007 with funding from 
an Microsoft Corporation 


- 
” hal | } 
~ a 
' Pe 
7 eo 
9 
Eee 
hs Bing 
Ear 
a ge 
tS ae - 


S 
W 982 4¢ 


THE 


CIRCLE OF THE SCIENCES. 


WITH 


AN INTRODUCTORY DISCOURSE 


OF 


THE OBJECTS, PLEASURES, AND ADVANTAGES OF SCIENCE. 


- BY HENRY, LORD BROUGHAM. 


i ¢ EDITED BY <0 Lt/ hi 
e ; -y 
JAMES WYLDE, Ss 


: hee 
_ AUTHOR OF TIE “MAGIC OF SCIENCE,” “SELLA AND THRIR IxmARITANTS,” © PossILs,” “CsEFUL PLAXTE!RTC., ETC. 
*. : Tt 


. 


“SA 


i! >> aii : 
. > .. 
ee eS VOL. I. 
a ae ee 
uxvaniidhwrad, CHEMICAL, MATHEMATICAL, AND MECHANICAL PHILOSOPHY. 
alt r 
MICROFILMED BY 
UNIVERSITY OF TORONTO 
a\42 , 
LIBRARY acy 
< MASTER NEGATIVE NO.: ni" 
> ee Mee Wh a 


THE LONDON PRINTING AND pusLisitwc COMPANY, LIMITED, 
26, PATRRNOSTER ROW LONDON; AND 12, WEST FOURTH STREET, NEW YORK. 


7. 


Be | ris age 
Pe er yee is Per “mt 
— -— 


ss. 


7 


PREFACE. 


One of the most interesting features of our time, is the great advance which has been 
| made in the study of the various branches of Science. But a few years only has 
elapsed, since philosophy was confined to those who had received a collegiate 
education, or were engaged in the learned professions. By slow degrees, our public 
schools adopted the pure mathematics as a portion of their curriculum; whilst the 
| schools, in which the masses were educated, ignored entirely the study in every form. 
Tt was even considered that a knowledge of Science, by calling too strongly on the 
mental powers, would unfit the youth for commercial pursuits; and the expensive 
character of such studies, on the other hand, limited them to those whom ample 
means placed beyond such considerations. / 

The nation owes a deep debt of gratitude to those noble pioneers of intellectual 
advancement, Lord Brovenam and Dr. Birxseck, who were among the first to break 
down the barriers which stood between the “people” and the “learned.” The 
former, by his untiring exertions in connection with the Society for the Diffusion of 
| Useful Knowledge, and the latter by the establishment of Mechanics’ Institutes, 
haye done immense good to the masses, and have earned the deepest gratitude of 
their countrymen. It was prophesied against the issue of their labours, that the 
masses would soon over-ride their employers, and that sedition and infidelity would 
become rampant in the land. How far such prophecies have been falsified has been 
shown by recent events, in which we haye seen hundreds of thousands of our artisans 
suddenly plunged from prosperity to want, by circumstances beyond their control, 
and bearing their afflictions with an intelligent resignation unequalled in the 
history of mankind. There is no impropriety in alleging the cause of this noble 
feeling to be due, in a great measure, to the advancement of knowledge, and to the 
mental culture which such individuals have acquired by the means to which we have 
briefly alluded. 

The present state of Education, the exigencies of Agriculture and Manufactures, 
together with a high appreciation of the pleasures and advantages of Science, have 
created a great demand for works devoted to the subject. At first sight, it would seem 
that abundant means had been afforded to supply this demand; but a little considera- 
tion will suffice to show that this idea is erroneous. Even with all the advantages of 
cheap literature, there scarcely yet exists a systematic arrangement by which 
persons, unaided by scholastic-training, may hope to arrive at a competent knowledge 
of the numerous branches into which the study of nature is now divided. For want 
of personal experience, such cannot properly select for themselves those works most 
fi to instruct them; and, in the attempt so to do, they often experience great 
lisappointment, partly from technicalities, unfortunately too prevalent in our scientific 
expositions; and frequently, from the abstruse or obscure style in which those works 
are veiled. The practical man, again, has often to supply himself with many works 

the same subject, in order to acquire both the theory and applications of it; 

ce much labour, patience, and expense are necessarily incurred, which too often 
nd in weariness and disgust. . 
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These difficulties are fairly grappled with, and, it is hoped, successfully mastered, 
in the following Work. It includes every branch of Science; from the study of matter 
and forces, to the widest applications of scientific research for social purposes. To 
the educated person, it offers a comprehensive résumé of all that is known in Ex- 
perimental, Chemical, Mathematical, Mechanical, and Natural Science. To the 
artisan, it affords a complete guide to each branch of Science, rising, by plain and easy 
steps, from the very elements to the higher branches of each department. He will 
equally find that, if his calling in life depend on the applications of Science, his wants 
will be fully satisfied. The home student may undertake its perusal, with the 
certainty of acquiring, without the aid of tutors, a general knowledge of each 
branch of philosophy. In the arrangement of each subject, the circumstances of both 
artisan and student have been specially borne in mind; and it is hoped that no 
person of ordinary intelligence, will find any difficulty in mastering any portion of 
the Work. 

With respect to the authors of each section, it will be only requisite to remark, 
that they stand at the head of their several departments. Without an exception, they 
all occupy eminent positions in the world of Science, and have distinguished them- 
selves as much by the diffusion as by the possession of scientific information. 

It will be unnecessary for us here to give any detailed explanation of the plan of 
the Work. This will be found in the Introduction to Physics, which follows Lord 
Brougham’s admirable Discourse of the Objects, Pleasures, and Advantages of 
Science. The arrangement of the subjects has been adopted with the view of 
affording a thorough, but graduating course of study, so that, as the reader 
progresses, he may be prepared to advance, by aid of that which he has already 
learned. Generally speaking, it has been assumed that the reader knows nothing 
of the subjects treated on; and this assumption will be highly appreciated by those 
who have to pursue Science under any class of difficulties. 

In constructing an edifice, each stone adds both to its strength and height; but 
unless they be joined together by a suitable cement, the building will not itself be 
strong. So, in a work of this kind, unless each subject be braced with the rest, each 
may be individually complete, without rendering the work itself so. This duty the 
Editor has endeavoured to perform, by adopting the plan in which the Work is 
arranged, by notes of reference, explanatory remarks, &c.; and even, in some cases, 
by modifying the valuable contributions which he has had placed at his disposal. He 
feels assured that their authors, animated with him in a desire to spread knowledge, 
will readily pardon the liberty he has so taken, if their readers are in any way 
benefited by such a course. In Nature, we observe that the beauty of the landscape 
consists in the harmony of its outlines; so in Science, whose only object is to unfold | 
the hidden laws of nature, a similar harmony of construction must exist, if we would 
successfully impress its students with a sense of its beauties and perfections. Its 
divisions must be numerous, owing to the imperfections of human intellect; yet all 
these have one origin, tend to one end, and are in unison in their great design. 


J. W. 
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OBJECTS, PLEASURES, AND ADVANTAGES © 


SCIENCE 


Is order fully to understand the advantages and the pleasures which are derived from an acquaintance with 
any Science, it is necessary to become acquainted with that Science; and it would therefore be 
impossible to convey a complete knowledge of the benefits conferred by a study of the various Sciences 
which haye hitherto been cultivated by philosophers, without teaching all the branches of them. But a 
very distinct idea may be given of those benefits, by explaining the nature and objects of the different 
Sciences: it may be shown, by examples, how much use and gratification there is in learning a part of any 
one branch of knowledge; and it may thence be inferred, how great reason there is to learn the whole. 

It may easily be demonstrated, that there-is an advantage in learning, both for the usefulness and the 
pleasure of it. There is something positively agreeable to all men, to all at least whose nature is not most 
grovelling and base, in gaining knowledge for its own sake. When you see anything for the first time, 
you at once derive some gratification from the sight being new; your attention is awakened, and you desire 
to kuow more about it. If it bea piece of workmanship, as an instrument, a machine of any kind, you wish 
to know how it is made; how it works; and what use it is of. If itbean animal, you desire to know where 
it comes from; how it lives; what are its dispositions, and, generally, its nature and habits. You feel this 
desire, too, without at all considering that the machine or the animal may ever be of the least use to your- 
self practically ; for, in all probability, you may never see them again. But you have a curiosity to learn 
all about them, because they are new and unknown. You accordingly make inquiries; you feel a gratifica- 
tion in getting answers to your questions, that is, in receiving information, and in knowing more,—in 
being better informed than you were before. If you happen again to see the same instrument or animal, you 
find it agreeable to recollect having seen it formerly, and to think that you know something about it. If 
you see another instrument or animal, in some respects like, but differing in other particulars, you find it 
pleasing to compare them together, and to note in what they agree, and in what they differ. Now, all this 
kind of gratification is of a pure and disinterested nature, and has no reference to any of the common 
purposes of life; yet it is a pleasure—an enjoyment. You are nothing the richer for it; you do not gratify 
your palate or any other bodily appetite, and yet it is so pleasing, that you would give something out of 
your pocket to obtain it, and would forego some bodily enjoyment for its sake. The pleasure derived from 
Science is exactly of the like nature, or, rather, it is the very same. For what has just been spoken of 
is, in fact, Science, which in its most comprehensive sense, only means Knowledge, and in its ordinary sense 
means Knowledge reduced to a System; that is, arranged in a regular order, so as to be conveniently taught, 
easily remembered, and readily applied. 

The practical uses of any science or branch of knowledge, are undoubtedly of the highest importance ; 
and there is hardly any man who may not gain some positive advantage in his worldly wealth and comforts, 
by increasing his stock of ivformation. But there is also a pleasure in seeing the uses to which knowledge 
may be applied, wholly independent of the share we ourselves may have in those practical benefits. It 
is pleasing to examine the nature of a new instrument, or the habits of an unknown animal, without 
considering whether or not they may ever be of use to ourselves or to anybody. It is another gratification 
to extend our inquiries, and find that the instrument or animal is useful to man, even although we have 
no chance of ever benefiting by the information: 1s, to find that the natives of some distant country 
employ the animal in travelling ;—nay, though we have no desire of benefiting by the knowledge; as, for 
example, to find that the instrument is useful in performing some dangerous surgical operation. The 
mere gratification of curiosity; the knowing more to-day than we knew yesterday; the understanding 


| clearly what before seemed obscure and puzzling; the contemplation of general truths, and the comparing 


together of different things,—is an agreeable occupation of the mid; and, beside the present enjoyment, 
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elevates the faculties above low pursuits, purifies and refines the passions, and helps our reason to assuage 
their violence, : 

It is very true, that the fundamental lessons of philosophy may to many, at first sight, wear a 
forbidding aspect, because to comprehend them requires an effort of the mind somewhat, though certainly 
not much, greater than is wanted for understanding more ordinary matters; and the most important 
branches of philosophy, those which are of the-most general application, are for that very reason the 
less easily followed, and the less entertaining when apprehended, presenting as they do, few particulars 
or individual objects to the mind. In discoursing of them, moreover, no figures will be at present used 
to assist the imagination; the appeal is made to reason, without help from the senses. But be not, there- 
fore, prejudiced against the doctrine, that the pleasure of learning the truths which philosophy unfolds is 
truly above all price. Lend but a patient attention to the principles explained, and giving us credit for 
stating nothing which has not some practical use belonging to it, or some important doctrine connected 
with it, you will soon perceive the value of the lessons you are learning, and begin to interest yourselves 
in comprehending and recollecting them; you will find that you have actually learnt something of science, 
while merely engaged in seeing what its end and purpose is; you will be enabled to calculate for yourselves, 
how far it is worth the trouble of acquiring, by examining samples of it; you will, as it were, taste a 
little, to try whether or not you relish it, and ought to seek after more; you will enable yourselves to 
go on, and enlarge your stock of it; and after having first mastered a very little, you will proceed so far, 
as to look back with wonder at the distance you have reached beyond your earliest acquirements. 

The Sciences may be divided into three great classes: those which relate to Number and Quantity— 
those which relate to Matter—and those which relate to Mind. The first are called the Mathematics, 
and teach the property of numbers and of figures; the second are called Natural Philosophy, and teach the 
properties of the various bodies which we are acquainted with by means of our senses ; the third are called 
Intellectual or Moral Philosophy, and teach the nature of the mind, of the existence of which we have the 
most perfect evidence in our own reflections; or, in other words, they teach the moral nature of man, both 
as an individual,and as a member of society. Connected with all the sciences, and subservient to them, 
though not one of their number, is History, or the record of facts relating to all kinds of knowledge. 


TI. Marnematrcan Screncr. 


Tn two great branches of the Mathematics, or the two mathematical sciences, are Arithmetic, the science 
of number, from the Greek word signifying number, and Geometry, the science of figure, from the Greek 
words signifying measure of the earth,—\and-measuring having first turned men’s attention to it. 

When we say that 2 and 2 make 4, we state an arithmetical proposition, very simple indeed, but con- 
pected with many otbers of a more difficult and complicated kind. Thus, it is another proposition, somewhat 


less simple, but still very obvious, that 5 multiplied by 10, and divided by 2, is equal to, or makes the same 


number with, 100 divided by 4—both results being equal to 25. So, to find how many farthings there are 
in 1,0007., and how many minutes in a year, are questions of arithmetic which we learn to work by being 
taught the principles of the science one after another, or, as they are commonly called, the rules of addition, 
subtraction, multiplication, and division, Arithmetic may be said to be the most simple, though among 


| the most useful of the sciences; but it teaches only the properties of particular and known numbers, and it 


only enables us to add, subtract, multiply, and divide those numbers, But suppose we wish to add, subtract, 
multiply, or divide numbers which we have not yet ascertained, and in all respects to deal with them as if 
they were known, for the purpose of arriving at certain conclusions respecting them, and, among other things, 
of discovering what they are; or, suppose we would examine properties belonging to all numbers; this must 
be performed by a peculiar kind of arithmetic, called Universal arithmetic, or Algebra.* The common 
arithmetic, you will presently perceive, carries the seeds of this most important science in its bosom. Thus, 
suppose we inquire what is the number which multiplied by 5 makes 10? This is found if we divide 10 
by 5,—it is 2: but suppose that, before finding this number 2, and before knowing what it is, we would 
add it, whatever it may turn out, to some other number; this can only be done by putting some mark, such 
as a letter of the alphabet, to stand for the unknown number, and adding that letter as if it were a known 
number. Thus, suppose we want to find two numbers which, added together, make 9, and, multiplied by 
one another, make 20. There are many which, added together, make 9; as 1 and 8; 2 and 7; 8 and 6; 
and so on. We have, therefore, occasion to use the second condition, that multiplied by one another they 
should make 20, and to work upon this condition before we have discovered the particular numbers. We 
must, therefore, suppose the numbers to be found, and put letters for them, and by reasoning upon those 
letters, according to both the two conditions of adding and multiplying, we find what they must each of them 
be in figures, in order to fulfil or answer the conditions. Algebra teaches the rules for conducting this 
reasoning, and obtaining this result successfully; and by means of it we are enabled to fina ont numbers 
* Algebra, from the Arabic words signifying the reduction of fractions; the Arabs having brought the knowledge of it into 
Enrope. . 
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which are unknown, and of which we only know that they stand in certain relations to known numbers, 
or to one another. The instance now taken is an easy one; and you could, by considering the question a 
little, answer it readily enough; that is, by trying different numbers, and seeing which suited the conditions; 
for you plainly see that 5 and 4 are the two numbers sought; but you see this by no certain or general rule 
applicable to all cases, and therefore you could never work more difficult questions in the same way; and 
even questions of a moderate degree of difficulty would take an endless number of trials or guesses to 
answer. Thus a shepherd sold his flock for 807.; and if he had sold four sheep more for the same money, 
he would have received one pound less for each sheep. To find out from this, how many the flock consisted 
of, is a very easy question in algebra, but would require a vast many guesses, and a long time to hit upon 
by common arithmetic.* And questions infinitely more difficult can easily be solved by the rules of algebra. 
In like manner, by arithmetic you can tell the properties of particular numbers; as, for instance, that the 
number 348 is divided by 8 exactly, so as to leave nothing over: but algebra teaches us that it is only one 
of an infinite variety uf numbers, all divisible by 8, and any one of which you can tell the moment you see 
it; for they all have the remarkable property, that if you add together the figures they consist of, the sum 
total is divisible by 8. You can easily perceive this in any one case, as in the number mentioned, for 3 
added to 4 and that to 8 make 15, which is plainly divisible by 3; and if you divide 348 by 3, you find the 
quotient to be 116, with nothing over. But this does not at all prove that any other number, the sum of 
whose figures is divisible by 3, will itself also be found divisible by 3, as 741; for you must actually 
perform the division here, and in every other case, before you can know that it leaves nothing over. 
Algebra, on the contrary, both enables you to discover such general properties, and to prove them in all 
their generality.t 

By means of this science, and its various applications, the most extraordinary calculations may be per- 
formed. We shall give, as an example, the method of Logarithms, which proceeds upon this principle. Take 
a set of numbers going on by equal differences; that is to say, the third being as much greater than the 
second, as the second is greater than the first, and the common difference being the number you begin with; 
thus, 1, 2, 3, 4, 5, 6, and so on, in which the common difference is 1: then take another set of numbers, 
such that each is equal to twice or three times the one before it, or any number of times the one before it, 
but the common multiplier being the number you begin with: thus, 2, 4, 8, 16, 32, 64, 128; write this 
second set of numbers under the first, or side by side, so that the numbers shall stand opposite to one 
another, thus, 

1 2 3 4 5 6 7 
2 4 8 16 32 6A 128 

you will find, that if you add together any two of the upper or first set; and go to the number opposite their 
sum, in the lower or second set, you will have in this last set the number arising from multiplying together 
the numbers of the lower set corresponding or opposite to the numbers added together. Thus, add 2 
to 4, you have 6 in the upper set, opposite to which in the lower set is 64, and multiplying the numbers 4 
and 16 opposite to 2 and 4, the product is 64. In like manner, if you subtract one of the upper numbers 
from another, and opposite to their difference in the upper line, you look to the lower number, it is the 
quotient found from dividing one of the lower numbers by the other opposite the subtracted ones. Thus, 
take 4 from 6 and 2 remains, opposite to which you have in the lower line 4; and if you divide 64, the 
number opposite to 6, by 16, the number opposite to 4, the quotient is 4. The upper set are called the 
logarithms, of the lower set, which are called natural numbers; and tables may, with a little trouble, be 
constructed, giving the logarithms of all numbers from 1 to 10,000 and more: so that, instead of multiplying 
or dividing one number by another, you have only to add or subtract their logarithms, and then you at 
once find the product or the quotient in the tables. These are made applicable to numbers far higher than 
any actually in them, by a very simple process: so that you may at once perceive the prodigious saving of 
time and labour which is thus made. If you had, for instance, to multiply 7,543,283 by itself, and that pro- 
duet again by the original number, you would have to multiply a number of 7 places of figures by an equally 
large number, and then a number of 14 places of figures by one of 7 places, till.at last you had a product of 
21 places of figures—a very tedious operation; but, working by logarithms, you would only have to take 
three times the logarithm of the original number, and that gives the logarithm of the last product of 21 
places of figures, without any further multiplication. So much for the time and trouble saved, which is 
still greater in questions of division; but by means of logarithms many questions can be worked, and of 
the most important kind, which no time or labour would otherwise enable us to resolve. 

Geometry teaches the properties of figure, or particular portions of space, and distances of points from 
each other. Thus, when you see a triangle, or three-sided figure, one of whose sides is perpendicular to 


* It is 16. 

+ Another class of numbers divisible by 3 is discovered in like manner by algebra, Every number of 3 places, the figures 
(or digits) composing which are in arithmetical progression, (or rise above each other by equal differences,) is divisible by 3: 
as 123, 789, 357, 159, and soon. The same is true of numbers of any amount of places, provided they are composed of 3, 6, 9, 
&e., numbers rising above each other by equal differences, as 289, 299, 309, or 148, 214, 280, or 307142085345648276198756, 
which number of 24 places is divisible by 3, being composed of 6 numbers in a series whose common difference is 1137. This 
property, too, is only a particular case of a much more general wa 
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of geometrical reasoning respecting this kind of triangle, that if squares 
ng side opposite the two perpendiculars, is 
taken together; and this is absolutely true, 
Therefore, you can 


another side, you find, by means 
be drawn on its three sides, the large square upon the slanti 
exactly equal to the smaller squares upon the perpendiculars, 
whatever be the size of the triangle, or the proportions of its sides to each other. 
always find the length of any one of the three sides by knowing the lengths of the other two. Suppose 


one perpendicular side to be 3 feet long, the other 4, and you want to know the length of the third side 
opposite to the perpendicular; you have only to find a number such, that if, multiplied by itself, it 
shall be equal to 3 times 3, together with 4 times 4, that is 25.* (This number is 5.) ¥ 

Now only observe the great advantage of knowing this property of the triangle, 
lines. If you want to measure a line passing over ground which you cannot reach—to know, for instance, 
the length of one side, covered with water, of a field, or the distance of one point on a lake or bay from 
another point on the opposite side—you can easily find it by measuring two lines perpendicular to one 
another on the dry land, and running through the two points; for the line wished to be measured, and 
which runs through the water, is the third side of a perpendicular-sided triangle, the other two sides of 
which are ascertained. But there are other properties of triangles, which enable us to know the length 
of two sides of any triangle, whether it has perpendicular sides or not, by measuring one side, and also 
measuring the inclinations of the other two sides to this side, or what is called the two angles made by those 
sides with the measured side. Therefore you can easily find the perpendicular line drawn, or supposed 
to be drawn, from the top of a mountain through it to the bottom, that is, the height of the mountain; for 
you can measure a line on level ground, and also the inclination of two lines, supposing them drawn in the 
air, and reaching from the two ends of the measured line to the mountain’s top; and having thus found the 
length of the one of those lines next the mountain, and its inclination to the ground, you can at once 
find the perpendicular, though you cannot possibly get near it. In the same way, by measuring lines and 
angles on the ground, and near, you can find the length of lines at a great distance, and which you cannot 
approach: for instance, the length and breadth of a field on the opposite side of a lake or sea; the distance 
of two islands; or the space between the tops of two mountains. 

Again, there are curve-lined figures as well as straight, and geometry teaches the properties of these 
also. The best known of all the curves is the circle, or a figure made by drawing a string round one end 
which is fixed, and marking where its other end traces, so that every part of the circle is equally distant 
from the fixed point or centre. From this fundamental property, an infinite variety of others follow by 
steps of reasoning more or less numerous, but all necessarily arising one out of another. To give an 
instance; it is proved by geometrical reasoning, that if from the two ends of any diameter of the circle 
you draw two lines to meet in any one point of the circle whatever, those lines are perpendicular to 
each other. 

Another property, and a most useful one, is, that the sizes, or areas, of all circles whatever, from the 
greatest to the smallest, from the sun to a watch-dialplate, are in exact proportion to the squares of 
their distances from the centre; that is, the squares of the strings they are drawn with: so that if you 
draw a circle with a string 5 feet long, and another with a string 10 feet long, the large circle is four times 
the size of the small one, as far as the space or area inclosed is concerned; the square of 10 or 100 
being four times the square of 5 or 25. But it is also true, that the lengths of the circumferences 
themselves, the number of feet over which the ends of the strings move, are in proportion to the lengths 
of the strings; so that the curve of the large circle is only twice the length of the curve of the lesser. 

But the circle is only one of an infinite variety of curves, all having a regular formation and fixed pro- 
perties. The oval or ellipse is, perhaps, next to the circle, the most familiar to us, although we more 
frequently see another curve, the line formed by the motion of bodies thrown forward. When you drop a 
stone, or throw it straight up, it goes in a straight line; when you throw it forward, it goes in a curve line 
till it reaches the ground; as you see by the figure in which water runs when forced out of a pump, or 
from a fire-pipe, or from the spout of a kettle or teapot. The line it moves in is called a parabola; every 
point of which bears a certain fixed relation to a certain point within it, as the circle does to its centre. 
Geometry teaches various properties of this curve: for example, if the direction in which the stone is 
thrown, or the bullet fired, or the water spouted, be half the perpendicular to the ground, that is, half 
way between being level with the ground and being upright, the curve will come to the ground at a greater 
distance than if any other direction whatever were given, with the same force. So that, to make the gun 
carry farthest, or the fire-pipe play to the greatest distance, they must be pointed, not, as you might 
suppose, level or point blank, but about half way between that direction and the perpendicular. If the 
air did not resist, and 80 somewhat disturb the calculation, the direction to give the longest range ought 
to be exactly half perpendicular. 

The oval, or ellipse, is drawn by taking a string of any certain length, and fixing, not one end as in 


or of perpendicular 


* It is a property of numbers, that every number whatever, whose last i 
, D , place is either 5 or 0, is, when multiplied into itself, 
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drawing the circle, but both ends to different points, and then carrying a point round inside the string, 
always keeping it stretched as far as possible. It is plain, that this figure is as regularly drawn as the 
circle, though it is very different from it; and you perceive that every point of its curve must be so placed 
that the straight lines drawn from it to the two points where the string was fixed, are, when added together, 
always the same; for they make together the length of the string. 

~ Among various properties belonging to this curve, in relation to the straight lines drawn within it, is 
one which gives rise to the construction of the trammels, or elliptic compasses, used for making figures and 
ornaments of this form; and also to the construction of lathes for turning oval frames, and the like. 

If you wish at once to see these three curves, take a pointed sugarloaf, and cut it anywhere clean 
through in a direction parallel to its base or bottom; the outline or edge of the loaf where it is cut will be 
a circle. If the cut is made so as to slant, and not be parallel to the base of the loaf, the outline is an 
ellipse, provided the cut goes quite through the sides of the loaf all round, or is in such a direction that it 
would pass through the sides of the loaf were they extended; but if it goes slanting and parallel to the line 
of the loaf’s side, the outline is a parabola; and if you cut in any direction, not through the sides all 
round, but through the sides and base, and not parallel to the line of the side, being nearer the perpen- 
dicular, the outline will be another curve of which we have not yet spoken, but which is called an hyper- 
bola. You will see another instance of it, if you take two plates of glass, and lay them on one another; 
then put their edge in water, holding them upright and pressing them together; the water, which, to make 
it more plain, you may colour with a few drops of ink or strong tea, rises to a certain height, and its 
outline is this curve; which, however much it may seem to differ in form from a circle or ellipse, is found 
by mathematicians to resemble them very closely in many of its most remarkable properties. 

These are the curve lines best known and most frequently discussed; but there are an infinite number 
of others all related to straight lines and other curve lines by certain fixed rules: for example, the course 
which any point in the circumference of a circle, as a nail in the felly of a wheel rolling along, takes 
through the air, is a curve called the cycloid, which has many remarkable properties; and, among others, 
this, that it is, of all lines possible, the one in which any body, not falling perpendicularly, will descend 
from one point to another the most quickly. Another curve often seen is that in which a rope or 
chain hangs when supported at both ends: it is called the Catenary, from the Latin for chain; and in this 
form some arches are built. The form of a sail filled with wind is the same curve. 
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Yov perceive, if you reflect a little, that the science which we have been considering, in both its branches, 
has nothing to do with matter; that is to say, it does not at all depend upon the properties or even upon 
the existence of any bodies or substances whatever. The distance of one point or place from another is a 
straight line; and whatever is proved to be true respecting this line, as, for instance, its proportion to other 
lines of the same kind, and its inclination towards them, what we call the angles it makes with them, would 
be equally true whether there were anything in those places, at those two points, or not. So if you find 
the number of yards in a square field, by measuring one side, 100 yards, and then, multiplying that by 
itself, which makes the whole area 10,000 square yards, this is equally true whatever the field is, whether 
corn, or grass, or rock, or water; it is equally true if the solid part, the earth or water, be removed, for then 
it will be a field of air bounded by four walls or hedges; but suppose the walls or hedges were removed, 
and a mark only left at each corner, still it would be true that the space inclosed or bounded by the lines 
supposed to be drawn between the four marks, was 10,000 square yards in size. But the marks need not 
be there; you only want them while measuring one side: if they were gone, it would be equally true 
that the lines, supposed to be drawn from the places where the marks had been, inclose 10,000 square 
yards of air. But if there were no air, and consequently a mere void, or empty space, it would be equally 
true that this spuce is of the size you had found it to be by measuring the distance of one point from 
anotber, of one of the space’s corners or angles from another, and then multiplying that distance by itself. 
In the same way it would be true, that, if the space were circular, its size, compared with another circular 
space of half its diameter, would be four times larger: of one-third its diameter nine times larger, and of 
one-fourth sixteen times, and so on always in proportion to the squares of the diameters; and that the 
length of the circumference, the number of feet or yards in the line round the surface, would be twice 
the length of a circle whose diameter was one-half, thrice the circumference of one whose diameter was 
one-third, four times the circumference of one whose diameter was one-fourth, and so on, in the simple 
proportion of the diameters. Therefore, every property which is proved to belong to figures belongs to them 
without the smallest relation to bodies or matter of any kind, although we are accustomed only to see figures 
in connection with bodies; but all those properties would be equally true if no such thing as matter or 
bodies existed; and the same may be said of the properties of number, the other great branch of the 
mathematics. When we speak of twice two, and say it makes four, we affirm this without thinking of two 
horses, or two balls, or two trees; but we assert it concerning two of any thing and every thing equally 
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Nay, this branch of mathematics may be said to apply still more extensively than even the other; for it 
has no relation to space, which geometry has; and, therefore, it is applicable to cases where figure and size 
are wholly out of the question, Thus you can speak of two dreams, or two ideas, or two minds, and can 
calculate respecting them just as you would respecting so many bodies ; and the properties you find belong- 
ing to numbers, will belong to those numbers when applied to things that have no outward or visible or 
perceivable existence, and cannot even be said to be in any particular place, just as much as the same 
numbers applied to actual bodies which may be seen and touched. ; ! 

It is quite otherwise with the science which we are now going to consider, Natural Philosophy. ‘This 
teaches the nature and properties of actually existing substances, their motions, their connections with each - 
other, and their influence on one another. It is sometimes also called Physics, from the Greek word 
signifying Nature, though that word is more frequently, in common speech, confined to one particular 
branch of the science, that which treats of the bodily health. 

We have mentioned one distinction between Mathematics and Natural Philosophy, that the former 
does not depend on the nature and existence of bodies, which the latter entirely does. Another distinction, 
and one closely connected with this, is, that the truths which Mathematics teach are necessarily such,—they 
are truths of themselves, and wholly independent of facts and experiments,—they depend only upon reason- 
ing; and it is utterly impossible they should be otherwise than true. This is the case with all the 
properties which we find belong to numbers and to figures—2 and 2 must of necessity, and through all time, 
and in every place, be equal to 4: those numbers must necessarily be always divisible by 3, without leaving 
any remainder over, which have the sums of the figures they consist of divisible by 3; and circles must 
necessarily, and for ever and ever, be to one another in the exact proportion of the squares of their 
diameters. It cannot be otherwise; we cannot conceive it in our minds to be otherwise. No man can in 
his own mind suppose to himself that 2 and 2 should ever be more or less than 4; it would be an utter 
impossibility—a contradiction in the very ideas; and if stated in words, those words would have no sense. 
The other properties of number, though not so plain at first sight as this, are proved to be true by 
reasoning, every one step of which follows from the step immediately before, as a matter of course, and so 
clearly and unavoidably, that it cannot be supposed, or even imagined, to be otherwise; the mind has no 
means of fancying how it could be otherwise: the final conclusion, ‘from all the steps of the reasoning or 
demonstration, as it is called, follows in the same way from the last of the steps, and is therefore just as 
evidently and necessarily true as the first step, which is always something self-evident; for instance, that 2 
and 2 make 4, or that the whole is greater than any of its parts, but equal to all its parts put together. 
It is through this kind of reasoning, step by step, from the most plain and evident things, that we arrive at 
the knowledge of other things which seem at first not true, or at least not generally true; but when we do 
arrive at them, we perceive that they are just as true, and for the same reasons, as the first and most 
obvious matters; that their truth is absolute and necessary, and that it would be as absurd and self- 
contradictory to suppose they ever could, under any circumstances, be not true, as to suppose that 2 added 
to 2 could ever make 8, or 5, or 100, or anything but 4; or, which is the same thing, that 4 should ever 
be equal to 3, or 5, or 100, or anything but 4. To find out these reasonings, to pursue them to their 
consequences, and thereby to discover the truths which are not immediately evident, is what science teaches 
us: but when the truth is once discovered, it is as certain and plain by the reasoning, as the first truths 
themselves from which all the reasoning takes its rise, on which it all depends, and which require no proof, 
because they are self-evident at once, and must be assented to the instant they are understood. 

But it is quite different with the truths which Natural Philosophy teaches. All these depend upon 
matter of fact; and that is learnt by observation and experiment, and never could be discovered by reasoning 
at all. Ifa man were shut up in a room with pen, ink, and paper, he might by thinking discover any of 
the truths in arithmetic, algebra, or geometry; it is possible at least; there would be nothing absolutely 
impossible in his discovering all that is now known of these sciences; and if his memory were as good as 
we are supposing his judgment and conception to be, he might discover it all without pen, ink, and paper, 
and ina dark room, But we cannot discover a single one of the fundamental properties of matter without 
observing what goes on around us, and trying experiments upon the nature and motion of bodies. Thus, 
the man whom we have supposed shut up, could not possibly find out beyond one or two of the very first 
properties of matter, and those only in a very few cases; so that he could not tell if these were general 
properties of all matter or not. He could tell that the objects he touched in the dark were hard and 
resisted his touch; that they were extended and were solid: that is, that they had three dimensions, 
length, breadth, and thickness. He might guess that other things existed besides those he felt, and that 
those other things resembled what he felt in these properties; but he could know nothing for certain, and 
could not even conjecture much beyond this very limited number of qualities. He must remain utterly 
ignorant of what really exists in nature, and of what properties matter in general has. These properties, 
therefore, we learn by experience; they are such ‘as we know bodies to have; they happen to have them 
—they are so formed by Divine Providence as to have them—but they might have been otherwise 
formed; the great Author of Nature might have thought fit to make all bodies different in every respect, 
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We see that a stone dropped from our hand falls to the ground; this is a fact which we can only know 
by experience ; before observing it, we could not have guessed it, and it is quite conceivable that it should 
be otherwise: for instance, that when we remove our hand from the body it should stand still in the air; 
or fly upward, or go forward, or backward, or sideways; there is nothing at all absurd, contradictory, or 
inconceivable in any of these suppositions; there is nothing impossible in any of them, as there would 
be in supposing the stone equal to half of itself, or double of itself; or both falling down and rising 
upwards at once; or going to the right and to the left at one and the same time. Our only reason for not 
at once thinking it quite conceivable that the stone should stand still in the air, or fly upwards, is that we 
have never seen it do so, and have become accustomed to see it do otherwise. But for that, we should 
at once think it as natural that the stone should fly upwards or stand still, as that it should fall down. 
But no degree of reflection for any length of time could accustom us to think 2 and 2 equal to anything but 
4, or to believe the whole of any thing equal to a part of itself. 

After we have once, by observation or experiment, ascertained certain things to exist in fact, we may 
then reason upon them by means of the mathematics; that is, we may apply mathematics to our 
experimental philosophy, and then such reasoning becomes absolutely certain, taking the fundamental facts 
for granted. Thus, if we find that a stone falls in one direction when dropped, and we further observe the 
peculiar way in which it falls, that is, quicker and quicker every instant till it reaches the ground, we learn 
the rule or the proportion by which the quickness goes on increasing; and we further find, that if the 
same stone be pushed forward on a table, it moves in the direction of the push, till it is either stopped by 
something, or comes to a pause by rubbing against the table and being hindered by the air. These 
are facts which we learn by observing and trying, and they might all have been different if matter and 
motion had been otherwise constituted; but supposing them to be as they are, and as we find them, we 
ean, by reasoning mathematically from them, find out many most curious and important truths depending 
upon those facts, and depending upon them not accidentally, but of necessity. For example, we can find 
in what course the stone will move, if, instead of being dropped to the ground, it be thrown forward: it 
will go in the curve already mentioned, the parabola, somewhat altered by the resistance of the air, and it 
will run through that curve in a peculiar way, so that there will always be a certain proportion between the 
time it takes and the space it moves through, and the time it would have taken, and the space it would 
have moved through, had it dropped from the hand in a straight line to the ground. So we can prove, in 
like manner, what we before stated of the relation between the distance at which it will come to the ground, 
and the direction it is thrown in; the distance being greatest of all when the direction is half way between 
the level or horizontal,and the upright or perpendicular. These are mathematical truths, derived by mathe- 
matical reasoning upon physical grounds; that is, upon matter of fact found to exist by actual observation 
and experiment. The result, therefore, is necessarily true, and proved to be so by reasoning only, provided 
we have once ascertained the facts; but taken altogether, the result depends partly on the facts learned by 
experiment or experience, partly on the reasoning from these facts. Thus it is found to be true by 
reasoning, and necessarily true, that if the stone fall in a certain way when unsupported, it must, when 
thrown forward, go in the curve called a parabola, provided there be no air to resist: this is a necessary or 
mathematical truth, and it cannot possibly be otherwise. But when we state the matter without any 
supposition,—without any “i/;""—and say, a stone thrown forward goes in a curve called a parabola, we 
state a truth, partly fact, and partly drawn from reasoning on the fact; and it might be otherwise if the 
nature of things were different. It is called a proposition or truth in Natural Philosophy; and as it is 
discovered and proved by mathematical reasoning upon facts in nature, it is sometimes called a proposition 
or truth in the Mized Mathematics, so named in contradistinction to the Pure Mathematics, which are 
employed in reasoning upon figures and numbers. The man in the dark room could never discover this 
truth unless he had been first informed, by those who had observed the fact, in what way the stone falls 
when unsupported, and moves along the table when pushed. These things he never could have found out 
by reasoning: they are facts, and he could only reason from them after learning them by his own 
experience, or taking them on the credit of other people’s experience. But having once so learnt them, he 
could discover by reasoning merely, and with as much certainty as if he lived in daylight, and saw and 
felt the moving body, that the motion is parabolic, and governed by certain rules. As experiment and 
observation are the great sources of our knowledge of Nature, and as the judicious and careful making 
of experiments is the only way by which her secrets can be known, Natural and Experimental Philosophy 
mean one and the same thing; mathematical reasoning being applied to certain branches of it, particularly 
those which relate to motion and pressure. 
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Natvrat Pattosorny, in its most extensive sense, has for its province the investigation of the laws of 
matter; that is, the properties and the motions of matter; and it may be divided into two great branches. 
The first and most important (which is sometimes, on that account, called Natwral Philosophy by way 


x . INTRODUCTORY DISCOURSE OF THE 


of distinction, but more properly Mechanical Philosophy) investigates the sensible motions of bodies, 
The second investigates the constitution and qualities of all bodies, and has various names, according to its 
different objects. It is called Chemistry, if it teach the properties of bodies with respect to heat, 
mixture with one another, weight, taste, appearance, and so forth; Anatomy and Animal Physiology (from 
the Greek word signifying to speak of the nature of any thing), if it teaches the structure and functions of 
living bodies, especially the human; for when it shows those of other animals, we term it Comparative 
Anatomy ; Medicine, if it teaches the nature of diseases, and the means of preventing them and of restoring 
health; Zoology (from the Greek words signifying to speak of animals), if it teach the arrangement or 
classification and the habits of the different lower animals; Botany, (from the Greek word for herbage), 
including Vegetable Physiology, if it teach the arrangement or classification, the structure and habits of 
plants; Mineralogy, including Geology (from the Greek words meaniug to speak of the earth), if it teach 
the arrangement of minerals, the structure of the masses in which they are found, and of the earth composed 
of those masses. The term Natural History is given to the three last branches taken together, but chiefly 
as far as they teach the classification of different things, or the observation of the resemblances and differences 
of the various animals, plants, and inanimate and ungrowing substances in nature. 

But here we may make two general observations. The first is, that every such distribution of the 
sciences is necessarily imperfect; for one runs unavoidably into another. Thus, Chemistry shows the 
qualities of plants with relation to other substances, and to each other; and Botany does not overlook 
those same qualities, though its chief object be arrangement. So Mineralogy, though principally conversant 
with classifying metals and earths, yet regards also their qualities in respect of heat and mixture. So, too, 
Zoology, besides arranging animals, describes their structure, like Comparative Anatomy. In truth, all 
arrangement and classifying depends upon noting the things in which the objects agree and differ; and 
among those things, in which animals, plants, and minerals agree, or differ, must be considered the anatomical 
qualities of the one and the chemical qualities of the other. From hence, in a great measure, follows the 
second observation, namely, that the sciences mutually assist each other. We have seen how Arithmetic 
and Algebra aid Geometry, and how both the purely Mathematical Sciences aid Mechanical Philosophy. 
Mechanical Philosophy, in like- manner, assists, though, in the present state of our knowledge, not very 
considerably, both Chemistry and Anatomy, especially the latter; and Chemistry very greatly assists both 
Physiology, Medicine, and all the branches of Natural History. 

The first great head, then, of Natural Science, is Mechanical Philosophy; and it consists of various 
subdivisions, each forming a science of great importance. The most essential of these, and which is 
indeed fundamental, and applicable to all the rest, is called Dynamics, from the Greek word signifying power 
or force, and it teaches the laws of motion in all its varieties. The case of the stone thrown forward, which 
we have already mentioned more than once, is an example. Another, of a more general nature, but more 
difficult to trace, far more important in its consequences, and of which, indeed, the former is only one 
particular case, relates to the motions of all bodies, which are attracted (or influenced, or drawn) by any 
power towards a certain point, while they are, at the same time, driven forward, by some push given to them 
at first, and forcing them onwards, at the same time that they are drawn towards the point. The line in 
which a body moves while so drawn and so driven, depends upon the force it is pushed with, the direction 
it is pushed in, and the kind of power that draws it towards the point; but at present, we are chiefly to 
regard the latter circumstance, the attraction towards the point. If this attraction be uniform, that is, the 
same at all distances from the point, the body will move in a circle, if one direction be given to the forward 
push. The case with which we are best acquainted is when the force decreases as the squares of the 
distances, from the centre or point of attraction, increase; that is, when the force is four times less at twice 
the distance, nine times less at thrice the distance, sixteen times less at four times the distance, and so on. 
A force of this kind acting on the body, will make it move in an oval, a parabola, or an hyperbola, according 
to the amount or direction of the impulse, or forward push, originally given; and there is one proportion 
of that force, which, if directed perpendicularly to the line in which the central force draws the body, will 
make it move round in a circle, as if it were a stone tied to a string and whirled round the hand. ‘The most 
usual proportions in nature, are those which determine bodies to move in an oval or ellipse, the curve 
described by means of a cord fixed at both ends, in the way already explained. In this case, the point of 
attraction, the point towards which the body is drawn, will be nearer one end of the ellipse than the other, 
and the time the body will take to go round, compared with the time any other body would take, 
moving at a different distance from the same point of attraction, but drawn towards that point with a 
force which bears the same proportion to the distance, will bear a certain proportion, discovered by mathe- 
maticians, to the average distances of the two bodies from the point of common attraction If you 
multiply the numbers expressing the times of going round, each by itself, the products will be to one 
another in the proportion of the average distances multiplied each by itself, and that product again by the 
distance. Thus, if one body take two hours, and is five yards distant, the other, being ten yards off, will 
take something less than five hours and forty minutes.* 


* This is expressed mathematically by saying, that the squares of the times are as the cubes of the di themati 
language is not only the simplest and most easily understood of any, but the shortest also, ait aise", a | 
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Now, this is one of the most important truths in the whole compass of science ; for it does so happen 
that the foree with which bodies fall towards the earth, or what is called their gravity, the power that draws 
or attracts them towards the earth, varies with the distance from the Earth’s centre, exactly in the 
proportion of the squares, lessening as the distance increases: at two diameters from the Earth’s centre, it 
is four times less than at one; at three diameters, nine times less; and so forth. It goes on lessening, 
but never is destroyed, even at the greatest distances to which we can reach by our observations, and there 
can be no doubt of its extending indefinitely beyond. But, by astronomical observations made upon the 


motion of the heavenly bodies, upon that of the moon for instance, it is proved that her movement is | 


slower and quicker at different parts of her course, in the same manner as a body's motion on the earth 
would be slower and quicker, according to its distance from the point it was drawn towards, provided it 
was drawn by a force acting in the proportion to the squares of the distance, which we have frequently 
mentioned; and the proportion of the time to the distance is also observed to agree with the rule above 
referred to. Therefore, she is shown to be attracted towards the Earth by a force that varies according to 
the same proportion in which gravity varies; and she must consequently move in an ellipse round the Earth, 
which is placed in a point nearer the one end than the other of that curve. In like manner, it is shown 
that the Earth moves round the Sun in the same curve line, and is drawn towards the sun by a similar 
force ; and that all the other planets in their courses, at various distances, follow the same rule, moving in 
ellipses, and drawn towards the Sun by the same kind of power. Three of them have moons like the 
Earth, only more numerous, for Jupiter has four, Saturn seven, and Herschel six, so very distant, that we 
cannot see them without the help of glasses; but all those moons move round their principal planets, as 
ours does round the Earth, in ovals or ellipses; while the planets, with their moons, move in their ovals 
round the Sun, like our own Earth with its moon. 

But this power, which draws them all towards the sun, and regulates their path and their motion 
round him, and which draws the moons towards the principal planets, and regulates their motion and 
path round those planets, is the same with the gravity by which bodies fall towards the earth, being 
attracted by it. Therefore, the whole of the heavenly bodies are kept in their places, and wheel round 
the sun, by the same influence or power that makes a stone fall to the ground. 

It is usual to call the sun, and the planets which with their moons move round him (eight in 
number, including Neptune, lately discovered ; and besides these, are the asteroids), the Solar System, because 
they are a class of the heavenly bodies far apart from the innumerable fixed stars, and so near each 
other as to exert a perceptible influence on one avother, and thus to be connected together. 

The Comets belong to the same system, according to this manner of viewing the subject. They are 
bodies which move in elliptical paths, but far longer and narrewer than the curves in which the earth and 
the other planets and their moons roll. Our curves are not much less round than circles; the paths 
of the comets are Jong and narrow, so as, in many places, to be more nearly straight lines than circles. 
They differ from the planets and their moons in another respect; they do not depend on the sun for the 
light they give, as our moon plainly does, being dark when the earth comes between her and the sun; and 
as the other planets do, those of them that are nearer the sun than we are, being dark when they come 
between us and him, appearing to pass across his surface. But the comets give light always of themselves, 
being apparently vast bodies heated red-hot by coming in their course fur nearer the sun than the nearest 
of the planets ever do. Their motion, when near the sun, is much more rapid than that of the planets; 
they both approach him much nearer, retreat from him to much greater distances, and take much longer 
time in going round him, than any of the planets do. Yet even these comets are subject to the same 
great law of gravitation which regulates the motions of the planets. Their year, the time they take to 
revolve, is in some eases 75, in others 135, in others 800 of our years; their distance is a hundred times 
our distance when farthest off, and not a hundred and sixtieth of our distance when nearest the sun; 
their swiftest motion is above twelve times swifter than ours, although ours is a hundred and forty 
times swifter than a cannon-ball’s; yet their path is a curve of the same kind with ours, though longer 
and flatter, differing in its formation only as one oval differs from another by the string you draw it with 
having the ends fixed at two points more distant from each other: consequently the sun, being in one 
of those points, is much nearer the end of the path the comet moves in, than he is near the end of our 

Their motion, too, follows the same rule, being swifter the nearer the sun: the attraction of 
the sun for them varies according to the squares of the distances, being four times less at twice the 
distance, nine times less at thrice, and so on; and the proportion between the times of revolving and the 
distances is exactly the same, in the case of those remote bodies, as in that of the moon and the earth. 
One law prevails over all, and regulates their motions as well as our own; it is the gravity of the comets 
towards the sun, and they, like our own earth and moon, wheel round him in boundless space, drawn by 
the same force, acting by the same rule, which makes a stone fall when dropped from the hand. 

The more full and accurate our observations are upon those heavenly bodies, the better we find all 
their motions agreeing with this grest doctrine; although, no doubt, many things are to be taken into 
the account besides the force that draws them to the different centres. Thus, while the moon is drawn 
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by the earth, and the earth by the sun, the moon is also drawn directly by the sun; and while Jupiter is 
drawn by the sun, so are his moons; and both Jupiter and his moons are drawn by Saturn: nay, as 
this power of gravitation is quite universal, and as no body can attract or draw another without being 
itself drawn by that other, the earth is drawn by the moon, while the moon is drawn by the earth; and the 
sun is attracted by the planets which he draws towards himself. These mutual attractions give rise to 
many deviations from the simple line of the ellipse, and produce many irregularities in the simple calculation 
of the times and motions of the bodies that compose the system of the universe. But the extraordinary 
powers of investigation applied to the subject by the modern improvements in mathematics, have enabled 
us at length to reduce even the greatest of the irregularities to order and system, and to unfold one of 
the most wonderful truths in all sciences; namely, that by certain necessary consequence of the simple fact 
upon which the whole fabric rests, the proportion of the attractive force to the distances at which it 
operates,—all the irregularities which at first seemed to disturb the order of the system, and to make the 
appearances depart from the doctrine, are themselves subject to a certain fixed rule, and can never go beyond 
a particular point, but must begin to lessen when they have slowly reached that point, and must then lessen 
until they reach another point, when they begin again to increase; and so on, for ever. Nay, so perfect is 
the arrangement of the whole system, and so accurately does it depend upon mathematical principles, that 
irregularities, or rather apparent deviations, have been discovered by mathematical reasoning before 
astronomers had observed them, and then their existence has been ascertained by observation, and found to 
agree precisely with the results of calculation.* Thus, the planets move in ovals, from gravity, the power 
that attracts them towards the sun, combined with the original impulse they received forwards; and the 
disturbing forces are continually varying the course of the curves or ovals, making them bulge out in the 
middle, as it were, on the sides, though in a very small proportion to the whole length of the ellipse. The 
oval thus bulging, its breadth increases by a very small quantity yearly and daily; and after a certain large 
number of years, the bulging becomes as great as it ever can be: then the alteration takes a contrary 
direction, aud the curve gradually flattens as it had bulged; till, in the same number of years which it took 
to bulge, it becomes as flat as it ever can be, and then it begins to bulge again, and so on for ever. And 80, 
too, of every other disturbance and irregularity in the system: what at first appears to be some departure 
from the rule, when more fully examined, turns out to be only a consequence of it, or the result of a more 
general arrangement springing from the principle of gravitation; an arrangement of which the rule itself, 
and the apparent or supposed exception, both form parts. 

The power of gravitation, which thus regulates the whole system of the universe, is found to rule each 
member or branch of it separately. Thus, it is demonstrated that the tides of the ocean are caused by the 
gravitation which attracts the water towards the sun and moon; and the figure both of our earth and of such 

of the other bodies as have a spinning motion round their axis, is determined by gravitation combined 
with that motion; they are all flattened towards the ends of the axis they spin upon, and bulge out towards 
the middle. 

The great discoverer of the principle on which all these truths rest, Sir Isaac Newton, certainly by far 
the most extraordinary man that ever lived, concluded by reasoning upon the nature of motion and 
matter, that this flattening must take place in our globe: every one before his time had believed the earth 
to be a perfect sphere or globe, chiefly from observing the round shadow which it casts on the moon in 
eclipses; and it was many years after his death that the accuracy of his opinion was proved by measure- 
ments on the earth’s surface, and by the different weight and attraction of bodies at the equator, where 
it bulges, and at the poles, where it is flattened. The improvement of telescopes has enabled us to 
ascertain the same fact with respect to the planets Jupiter and Saturn. 

Besides unfolding the general laws which regulate the motions and figures of the heavenly bodies 
forming our Solar System, Astronomy consists in calculations of the places, times, and eclipses of those 
bodies, and their moons or satellites (from a Latin word signifying an attendant), and in observations of the 
Fixed Stars, which are innumerable assemblages of bodies, not moving round the Sun as our Earth and 
the other planets do, nor receiving the light they shine with, from his light; but shining, as the Sun and 
the Comets do, with a light of their own, and placed, to all appearance, immovable, at immense distances 
from our world, that is, from our Solar System. Lach of them is probably the sun of some other system 
like our own, composed of planets and their moons or satellites; but so extremely distant from us, that they 
all are seen by us like one point of faint light, as you see two lamps placed a few inches asunder, only like 
one, when you view them a great way off. The number of the Fixed Stars is prodigious: even to the 
naked eye they are very numerous, about 3,000 being thus visible; but when the heavens are viewed 
through the telescope, stars become visible in numbers wholly incalculable: 2,000 are discovered in one of 


* The application of mathematics to chemistry has already produced a great change in that science, and is calculated to 

— still greater bene wear It be almost certainly reckoned upon as the source of new discoveries, made by 

after the reasoning given the suggestion, The learned reader will perceive that we allude to the 

beautiful doctrine of Definite or Multiple Proportions. To take an example; the probability of an oxide of arsenic being 

discovered is impressed upoa us, by the composition of arsenious and arsenic acids, in which the oxygen is as 2 to 3; and therefore 

we may expect to find a compound of the same base, with the oxygen as unity. The extraordinary action of chlorine and its 
compounds on light,leads us to expect some further discovery respecting its composition, perhaps respecting the matter of light. 
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the small coilections of a few visible stars called Obnstellations ; nay, what appears to the naked eye only a 
light cloud, as the Milky Way, when viewed through the telescope, proves to be an assemblage of inna- 
merable Fixed Stars, each of them in all likelihood a sun and a system like the rest, though at an 
immeasurable distance from ours. 

The size, and motions, and distances of the heavenly bodies are such as to exceed the power of 
ordinary imagination, from any comparison with the smaller things we see around us. The Earth’s 
diameter is nearly 8,000 miles in length ; but the Sun's is above 880,000 miles, and the bulk of the Sun is 
above 1,300,000 times greater than that of the Earth. The planet Jupiter, which looks like a mere speck, 
from his vast distance, is nearly 1,300 times larger than the Earth. Our distance from the Sun is above 95 
millions of miles ; but Jupiter is 490 millions, and Saturn 900 millions of miles distant from the Sun. The 
rate at which the Earth moves round the Sun is 68,000 miles an hour, or 140 times swifter than the 
motion of a cannon-ball; and the planet Mercury, the nearest to the Sun, moves still quicker, nearly 
110,000 miles an hour. We, upon the Earth’s surface, besides being carried round the Sun, move round 
the DParth’s axis by the rotatory or spinning motion which it has; so that every 24 hours we move in this 
manner near 24,000 miles, besides moving round the Sun above 1,600,000 miles. These motions and 
distances, however, prodigious as they are, seem as nothing compared to those of the comets, one of which, 
when farthest from the Sun, is 11,200 millions of miles from him; and, when nearest the Sun, flies at the 
amazing rate of 850,000 miles an hour. Sir Isaac Newton caleulated its heat at 2,000 times that of 
red-hot iron; and that if would take thousands of years to cool. But the distance of the Fixed Stars is 
yet more vast: they have been supposed to be 400,000 times farther from us than we are from the San, that 
is 88 millions of millions of miles; so that a cannon-ball would take nearly nine millions of years to reach 
one of them, supposing there was nothing to hinder it from pursuing its course thither. As light takes 
about eight minutes and a quarter to reach us from the Sun, it would be above six years in coming from one 
of those stars; but the calculations of later astronomers prove some stars to be so far distant, that 
their light must take centuries before it can reach us; so that every particle of light which enters our 
eyes left the star it comes from three or four hundred years ago. 

Astronomers have, by meaus of their excellent glasses, aided by Geometry and calculations, been 
able to observe not only stars, planets, and their satellites, invisible to the naked eye, but to measure the 
height of mountains in the Moon, by observations of the shadows which those eminences cast on her surface ; 
the angles of these shadows being taken for that purpose. ‘ 

The tables, which they have by the like means been enabled to form of the heavenly motions, are of 
great use in navigation. By means of the eclipses of Jupiter's satellites, and by the tables of the Moon's 
motions, we can ascertain the position of a ship at sea; for the observation of the Sun’s height at mid-day 
gives the latitude of the place ; that is, its distance from the equinoctial or equator, the line passing through 
the middle of the Earth's surface equally distant from both poles; and these tables, with the observations 
of the satellites, or moons, give the distance east and west of the ubservatory for which the tables are 
ealculated—called the longitude of the place: cousequently the mariner can thus tell, nearly, in what part of 
the ocean he is, how far he has sailed from his port of departure, and how far he must sail, and in what’ 
direction, to gain the port of his destination. The advantage of this knowledge is therefore manifest in 
the common affairs of life; but it sinks into insignificance compared with the vast extent of those views 
which the contemplations of the science afford, of numberless worlds filling the immensity of space, and 
all kept in their places, and adjusted in their prodigious motions by the same simple principle, under the 
guidance of an all-wise and all-powerful Crestor. 

We have been considering the application of Dynamics to the motions of the heavenly bodies, which 
forms the science of Physical Astronomy. The application of Dynamics to the calculation, production, and 
direction of motion, forms the science of Mechanics, sometimes called Practical Mechanics, to distinguish it 
from the more general use of the word, which comprehends every thing that relates to motion and force. 
The fundamental principle of the science, upon which it mainly depends, flows immediately from a property 
of the circle already mentioned, and which, perhaps, appeared at the moment of little value,—that the 
lengths of circles are in proportion to their diameters. Observe how upon this simple truth nearly the 
whole of those contrivances are built by which the power of man is increased as far as solid matter assists 
him in extending it; and nearly the whole of those doctrines, too, by which he is enabled to explain the 
voluntary motions of animals, as far as these depend upon their own bodies. There can be nothing 
more instructive in showing the importance and fruitfulness of scientific truths, however trivial and forbid- 
ding they may at first sight appear. For it is an immediate consequence of this property of the circle, 
that if a rod of iron, or beam of wood, or any other solid material, be placed on a point, or pivot, so that 
it may move as the arms of a balance do round its centre, or a see-saw board does round its prop, the 
two ends will go through parts of circles, each proportioned to that arm of the beam to which it belongs: 
the two circles will be equal if the pivot bein the centre or middle point of the beam; but if it be nearer 
one end th other, say three times, that end will go through a circular space, or arch, three times 
shorter than circular space the other end goes through in the same time. ° If, then, the end of the 
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long beam pass through three times the space, it must move with three times the swiftness of the short 
beam’s end, since both move in the same time; and therefore any force applied to the long end must 
overcome the resistance of three times that force applied at the opposite end, since the two ends move in 
contrary directions: hence one pound placed at the long end would balance three placed at the short end, 
The beam we have been supposing is called a Lever, and the same rule must evidently hold for all propor- 
tions of the lengths of its arms. If, then, the lever be seventeen feet long, and the pivot, or fulcrum (as it 
is called, from a Latin word signifying support), be a foot from one end, an ounce placed on the other end 
will balance a pound placed on the near end; and the least additional weight, or the slightest push or 
pressure on the far end, so loaded, will make the pound weight on the other move upwards If, instead 
of an ounce, we place upon the end of the Jong arm the short arm of a second beam or lever supported by 
a fulcrum, one foot from it, and then place the long arm of this second lever upon the short arm of a third 
lever, whose fulcrum is one foot from it; and if we put on the end of this third lever’s long arm an ounce 
weight, that ounce will move upwards a pound on the second lever’s long arm, and this moving upwards 
will cause the short arm to force downwards sixteen pounds at the long end of the first lever, which will 
make the short end of the first lever move upwards, though two hundred and fifty-six pounds be laid on 
it: the same thing continuing, a pound on the Jong arm of the third lever will move a ton and three- 
quarters on the short arm of the first lever ; that is, will balance it, so that the slightest pressure with the 
finger, or a touch from a child’s hand, will move as much as two horses can draw. The lever is called, on 
this account, a mechanical power ; and there are five other mechanical powers, of most of which its properties 
form the foundation; indeed they have all been resolved into combinations of levers. The pulley seems 
the most difficult to reduce under the principle of the lever. Thus the wheel and azle is only a lever moving 
round an axle, and always retaining the effect gained during every part of the motion, by means of a rope 
wound round the butt end of the axle; the spoke of the wheel being the long arm of the lever, and the 
half diameter of the axle its short arm. By a combination of levers, wheels, pulleys, so great an increase 
of force is obtained, that, but for the obstruction from friction, and the resistance of the air, there could be 
no bounds to the effect of the smallest force thus multiplied; and to this fundamental principle Archimedes, 
one of the most illustrious mathematicians of ancient times, referred, when he boasted, that if he only 
had a pivot or fulerum whereon he might rest his machinery, he could move the Earth, Upon so simple 
a truth, assisted by the aid derived from other sources, rests the whole fabric of mechanical power, whether 
for raising weights, or cleaving rocks, or pumping up rivers from the bowels of the earth; or, in short, 
performing any of those works to which human strength, even augmented by the help of the animals whom 
Providence has subdued to our use, would prove altogether inadequate. 

The application of Dynamics to the pressure and motions of fluids, constitutes a science which receives 
different appellations according as the fluids are heavy and liquid like water, or light and invisible like air. 
In the former case it is called Hydrodynamics, from the Greek words signifying water, and power or 
Jorce; in the latter Pneumatics, from the Greek word signifying breath or air; and Hydrodynamics is 
divided into Hydrostatics, which treats of the weight and pressure of liquids, from the Greek words for 
balancing of water; and Hydraulics, which treats of their motion, from the Greek name for certain musical 
instruments played with water in pipes. 

The discoveries to which experiments, aided by mathematical reasoning, have led, upon the pressure 
and motion of fluids, are of the greatést importance, whether we regard their application to practical 
purposes, or to their use for explaining the appearances in nature, or their singularity as the subjects of 
scientific contemplation. When it is found that the pressure of water or any other liquid upon the surface 
that contains it, is not in the least degree proportioned to its bulk, but only to the height at which it 
stands, so that a long small pipe, containing a pound or two of the fluid, will give the pressure of twenty 
or thirty tons; nay, of twice or thrice as much, if its length be increased and its bore lessened, without the 
least regard to the qiantity of the liquid, we are not only astonished at so extraordinary and unexpected a 
property of matter, but we straightway perceive one of the great agents employed in the vast operations of |- 
nature, in which the most trifling means are used to work the mightiest effects. We likewise learn to 
guard against many serious mischiefs in our own works, and to apply, safely and usefully,a power calculated, 
according as it is directed, either to produce unbounded devastation, or to render the most beneficial 
service 

Nor are the discoveries relating to the Air less interesting in themselves, and less applicable to 
important uses. It is an agent, though invisible, as powerful as Water, in the operations both of nature 
and of art. Experiments of a simple and decisive nature show the amount of its pressure to be between 
14 and 15 pounds on every square inch; but, like all other fluids, it presses equally in every direction: 
so that though, on the hand, there is a pressure downwards of above 250 pounds, yet this is exactly 
balanced by an equal pressure upwards, from the air pressing round and getting below. If, however, the air 
on one side be removed, the whole pressure from the other acts unbalanced. Hence the ascent of water 
in pumps, which suck out the air from a barrel, and allow the pressure upon the water to force it up 32 or 
33 feet, that body of water being equal to the weight of the atmosphere. Hence the asceut of the mereury 
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in the barometer is only 28 or 29 inches, mercury being between 13 and 14 times heavier than water. 
Hence, too, the motion of the steam-engine ; the piston of which, until the direct force of steam was applied, 
used to be pressed downwards by the weight of the atmosphere from above, all air being removed below 
by filling the eylinder with steam, and then suddenly cooling and converting that steam into water,.so as to 
leave nothing in the space it had occupied. Hence, too, the power which some animals possess of walking 
along the perpendicular surfaces of walls, and even the ceilings of rooms, by squeezing out the air between 
the inside of their feet and the wall, and thus being supported by the pressure of the air against the outside 
of their feet. 

The science of Optics (from the Greek word for seeing), which teaches the nature of light, and of the 
sensation conveyed by it, presents, of itself, a field of unbounded extent and interest. To it the arts, and 
the other sciences, ewe those most useful instruments which have enabled us at once to examine the 
minutest parts of the structure of animal and vegetable bodies, and to calculate the size and the motions of 
the most remote of the heavenly bodies. But as an object of learned curiosity, nothing can be more singular 
than the fundamental truth discovered by the genius of Newton,—that the light, which we call white, 
is in fact composed of all the colours, blended in certain proportions; unless, perhaps, it be that astonishing 
conjecture of his unrivalled sagacity, by which he descried the inflammable nature of the diamond, and its 
belonging, against all appearance of probability, to the class of oily substances, from having observed, that 
it stood among them, and far removed from all crystals, in the degree of its action upon light; a conjecture 
turned into certainty by discoveries made.a century afterwards. 

To a man who, for original genius and strong natural sense, is not unworthy of being named after this 
illustrious sage, we owe the greater part of Electrical science. It treats of the peculiar substance, resembling 
both light and heat, which, by rubbing, is found to be produced in a certain class of bodies, as glass, 
wax, silk, amber; and to be conveyed easily or conducted through others, as wood, metals, water; and it 
has received the name of Electricity, from the Greek word for amber. Dr. Franklin discovered that this is 
the same matter which, when collected in the clouds, and conveyed from them to the earth, we call 
lightning, and whose noise, in darting through the air, is thunder. The obsetvation of some movements in 
the limbs of a dead frog gave rise to the discovery of Voltaic Electricity, or Galvanism, as it was at first 
called from the name of the discoverer; and which has of late years given birth to improvements that 
have changed the fave of chemical philosophy, affording a new proof how few there are of the processes of 
nature incapable of repaying the labour we bestow in patiently and diligently examining them. It is 
to the results of the remark accidentally made upon the twitching in the frog’s leg, not, however, hastily 
dismissed and forgotten, but treasured up and pursued through many an elaborate experiment and calcu- 
lation, that we owe our acquaintance with the extraordinary metals potassium and sodium, lighter than 
water, and more inflammable than phosphorus, which form, when burned by mere exposure to the air, two 
of the salts best known in commerce, and the principal ingredients in saltpetre and common salt, ~ 

In order to explain the nature and objects of those branches of Natural Science more or less connected 
with the mathematics, some details were necessary, as without them it was difficult immediately to perceive 
their importance, and, as it were, relish the kind of instruction which they afford. But the same course 
need not be pursued with respect to the other branches. The value and the interest of chemistry is at once 
perceived, when it is known to teach the nature of all bodies; the relations of simple substances to heat and 
to one another, or their combinations together; the composition of those which nature produces in a com- 
pound state; and the application of the whole to the arts and manufactures. Some branches of philosophy, 
again, are chiefly useful and interesting to particular classes, as surgeons and physicians. Others are easily 
understood by a knowledge of the principles of Mechanics and Chemistry, of which they are applications and 
examples ; as those which teach the structure of the earth and the changes it has undergone; the motions 
of the muscles, and the structure of the parts of avimals; the qualities of animal and vegetable substances ; 
and that department of Agriculture which treats of soils, manure, and machinery. Other branches are only 
collections of facts, highly curious and useful indeed, but which any one who reads or listens, perceives as 
clearly, and comprehends as readily, as the professed student. To this class belongs Natural History, in 
so far as it describes the habits of animals and plants, and its application to that department of Agriculture 
which treats of cattle and their management. 


IV. Arrtrcation or Narvran Scrence to THe ANIMAL AND VEGETABLE WORLD. 


But, for the purpose of further illustrating the advantages of Philosophy, its tendency to enlarge the mind, 
as well as to interest it agreeably, and afford pure and solid gratification, a few instances may be given 
of the singular truths brought to light by the application of Mathematical, Mechanical, and Chemical 
knowledge to the habits of animals and plants; and some examples may be added of the more ordinary 
and easy, but scarcely less interesting observations, made upon those habits, without the aid of the 
profounder sciences, 


We may remember the curve line which mathematicians call a Cycloid. It is the path which any point 
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of a circle, moving along a plane, and round its centre, traces in the air; so that the nail on the felly of 
a cart-wheel moves in a Cycloid, as the cart goes along, and as the wheel itself both turns round its axle 
and is carried along the ground. Now. this curve has certain properties of a peculiar and very singular 
kind with respect to motion. One is, that if any body whatever move in a cycloid by its own weight or 
swing, together with some other force acting upon it all the while, it will go through all distances of the 
same curve in exactly the same time; and, accordingly, pendulums have sometimes been contrived to swing 
in such a manner, that they shall describe cycloids, or curves very near cycloids, and thus move in equal 
times, whether they go through a long or a short part of the same curve. Again, if a body is to descend 
from any one point to any other, not in the perpendicular, by means of some force acting on it together with 
its weight, the line in which it will go the quickest of all will be the cycloid; not the straight line, though 
that is the shortest of all lines which can be drawn between the two points; nor any other curve whatever, 
though many are much flatter, and therefore shorter than the cycloid—but the cycloid, which is Jonger than 
many of them, is yet, of all curved or straight lines which can be drawn, the one the body will move through 
in the shortest time. Suppose, again, that the body is to move from one point to another, by its weight and 
some other force acting together, but to go through a certain space,—as a hundred yards,—the way it must 
take to do this, in the shortest time possible, is by moving in a cycloid; or the length of a hundred yards 
must be drawn into a cycloid, and then the body will descend through the hundred yards in a shorter time 
than it could go the same distance in any other path whatever. Now, it is believed that Birds, as the 
Eagle, which build in the rocks, drop or fly down from height to height in this course. It is impossible to 
make very accurate observations of their flight and path; but there is a general resemblance between 
the course they take and the cycloid, which bas led ingenious men to adopt this opinion. 

If we have a certain quantity of any substance, a pound of wood, for example, and would fashion it in 
the shape to take the least room, we must make a globe of it; it will in this figure have the smallest surface. 
But suppose we want to form the pound of wood, so that in moving through the air or water it shall 
meet with the least possible resistance ; then we must lengthen it out for ever, till it becomes not only like 
a long-pointed pin, but thinner and thinner, longer and longer, till it is quite a straight line, and has no 
perceptible breadth or thickness at all. If we would dispose of the given quantity of matter, so that it 
shall have a certain length only, say a foot, and a certain breadth at the thickest part, say three inches, 
and move through the air or water with the smallest possible resistance which a body of those dimensions 
can meet, then we must form it into a figure of a peculiar kind called the Solid of least resistance, because, 
of all the shapes that can be given to the body, its length aud breadth remaining the same, this is the one 
which will make it move with the least resistance through the air, or water, or other fluid. A very difficult 
chain of mathematical reasoning, by means of the highest branches of algebra, leads to a knowledge of the 
curve which, by revolving on its axis, makes a solid of this shape, in the same way that a circle, by so 
revolving, makes a sphere or globe; and the curve certainly resembles closely the face or head patt of a 
fish. Nature, therefore (by which we always mean the Divine Author of nature), has fashioned these 
fishes so, that, according to mathematical principles, they swim the most easily through the element they 
live and move in.* 

Suppose upon the face part of one of these fishes a small insect were bred, endowed with faculties 
sufficient to reason upon its condition, and upon the motion of the fish it belonged to, but never to have 
discovered the whole size and shape of the face part; it would certainly complain of the form as clumsy, and 
fancy that it could have made the fish so as to move with less resistance. Yet if the whole shape were 
disclosed to it, and it could discover the principle on which that shape was preferred, it would at once 
perceive, not only that what had seemed clumsy was skilfully contrived, but that, if any other shape whatever 
had been taken, there would have been an error committed; nay, that there must of necessity have been 
an error; and that the very best possible arrangement had been adopted. So it may be with man in the 
universe, where, seeing only a part of the great system, he fancies there is evil; and yet, if he were 
permitted to survey the whole, what had seemed imperfect might appear to be necessary for the general 
perfection, insomuch that any other arrangement, even of that seemingly imperfect part, must needs have 
rendered the whole less perfect. The common objection is, that what seems evil might have been avoided; 
but in the case of the fish’s shape, it could not have been avoided. 

It is found by optical inquiries, that the particles or rays of light, in passing through transparent 
substances of a certain form, are bent to a point where they make an image or picture of the shining bodies 
they come from, or of the dark bodies they are reflected from. Thus, if a pair of spectacles be held between 
a candle and the wall, they make two images of the candle upon it; and if they be held between the window 
and a sheet of paper when the sun is shining, they make a picture on the paper of the houses, trees, fields, 
sky, and clouds. The eye is found to be composed of several natural magnifiers which make a picture on 
a membrane at the back of it, and from this membrane there goes a nerve to the brain, conveying 
the impression of the picture, by means of which we see. Now, white light was discovered by Newton 


ggg feathers of the wings of birds are found to be placed at the best possible angle for helping on the bird by their action on 
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to consist of differently-coloured parts, which are differently bent in passing through transparent substances, 
so that the lights of several colours come to a point at different distances, and thus create an indistinct 
image at any one distance. This was long found to make our telescopes imperfect, insomuch that it 
became necessary to make them of reflectors or mirrors, and not of magnifying glasses, the same difference 
not being observed to affect the reflection of light. But another discovery was, about fifty years afterwards, 
made by Mr. Dollond—that, by combining different kinds of glass in a compound magnifier, the difference 
may be greatly corrected; and on this principle he constructed his telescopes. It is found, too, that the 
different natural magnifiers of the eye are combined upon a principle of the same kind. Thirty years later, 
a third discovery was made by Mr. Blair, of the greatly superior effect which combinations of different 
liquids have in correcting the imperfection; and, most wonderful to think, when the eye is examined, we 
find it consists of different liquids, acting naturally upon the same principle which was thus recently found 
out in optics, by many ingenious mechanical and chemical experiments. 

Again, the point to which any magnifier collects the light is more or less distant as the magnifier is flatter 
or rounder, so that a small globe of glass or any transparent substance makes a microscope. And this 
property of light depends upon the nature of lines, and is purely of a mathematical nature, after we have 
once ascertained by experiment, that light is bent in a certain way when it passes through transparent 
bodies. Now birds flying in the air, and meeting with many obstacles, as branches and leaves of trees, 
require to have their eyes sometimes as flat as possible for protection; but sometimes as round as possible, 
that they may see the small objects, flies, and other insects, which they are chasing through the air, and 
which they pursue with the most unerring certainty. This could only be accomplished by giving them a 
power of suddenly changing the form of their eyes. Accordingly, there is a set of hard scales placed on 
the outer coat of their eye, round the place where the light enters; and over these scales are drawn the 
muscles or fibres by which motion is communicated ; so that, by acting with these muscles, the bird can 
press the scales, and squeeze the natural magnifier of the eye into a round shape when it wishes to follow an 
insect through the air, and can relax the scales, in order to flatten the eye again, when it would see a distant 
object, or move safely through leaves and twigs. This power of altering the shape of the eye is possessed 
by birds of prey in a very remarkable degree. They can thus see the smallest objects close to them, and 
can yet discern larger bodies at vast distances, as a carcass stretched upon the plain, or a dying fish afloat 
on the water. 

A singular provision is made for keeping the surface of the bird’s eye clean—for wiping the glass of 
the instrument, as it were—and also for protecting it, while rapidly flying through the air and through 
thickets, without hindering the sight. Birds are, for these purposes, furnished with a third eyelid, a fine 
membrane or skin, which is constantly moved very rapidly over the eyeball by two muscles placed in the 
back of the eye. One of the muscles ends in a loop, the other in a string which goes through the loop, 
and is fixed in the corner of the membrane, to pull it backward and forward. If you wish to draw a thing 
towards any place with the least force, you must pull directly in the line between the thing and the place ; 
but if you wish to draw it as quickly as possible, and with the most convenience, and do not regard the loss 
of force, you must pull obliquely, by drawing it in two directions at once. Tie a string to a stone, and 
draw it straight towards you with one hand; then make a loop on another string, and running the first 
through it, draw one string in each hand, not towards you, but sideways, till both strings are stretched in a 
straight line : you will see how much more easily the stone moves quickly than it did before when pulled 
straight forward. Again, if you tie strings to the two ends of a rod, or slip of card, in a running groove, 
and bring them to meet and pass through a ring or hole, for every inch in a straight line that you draw both 
together below the ring, the rod will move onward two. Now this is proved, by mathematical reasoning, 
to be the necessary consequence of forces applied obliquely: there is a loss of power, but a great gain in 
velocity and convenience. This is the thing required to be gained in the third eyelid, and the contrivance 
is exactly that of a string and a loop, moved each by a muscle, as the two strings are by the hands in the 
cases we have been supposing. 

A third eyelid of the same kind is found in the horse, and called the haw; it is moistened with a pulpy 
substance (or mucilage) to take hold of the dust on the eyeball, and wipe it clear off; so that the eye is 
hardly ever seen with anything upon it, though greatly exposed from its size and posture. The swift motion 
of the haw is given to it by a gristly’elastic substance placed between the eyeball and the socket, and striking 
obliquely, so as to drive out the haw with great velocity over the eye, and then let it come back as quickly. 
Tgnorant persons, when this haw is inflamed from cold, and swells so as to appear, which it never does in a 
healthy state, often mistake it for an imperfection, and cut it off: so nearly do ignorance and cruelty 

uce the same mischief. 

If any quantity of matter, as a pound of wood or iron, be fashioned into a rod of a certain length, 
say one foot, the rod will be strong in proportion to its thickness; and, if the figure be the same, that 
thickness can only be increased by making it hollow. Therefore hollow rods or tubes, of the same length 
and quantity of matter, have more strength than solid ones. This is a principle so well understaod now, 
that engineers make their axles and other parts of machinery hollow, and therefore stronger with the. 


xviii INTRODUCTORY DISCOURSE OF THE 


same weight than they would be if thinner and solid. Now the bones of animals are all more or less 
hollow; and are therefore stronger with the same weight and quantity of matter, than they otherwise would 
be. But birds have the largest bones in proportion to their weight; their bones are more hollow than 
those of animals which do not fly; and therefore they have the needful strength, without having to carry 
more weight than is absolutely necessary. Their quills derive strength from the same construction. 
They possess another peculiarity to help their flight. No other animals have any communication between 
the air-vessels of the lungs. and the hollow parts of their bodies; but birds have it; and by this means 
they can blow out their bodies as we do a bladder, and thus become lighter when they would either 
make their flight towards the ground slower, or rise more swiftly, or float more easily in the air; while, by 
lessening their bulk and closing their wings, they can drop more speedily if they wish to chase or to 
escape. Fishes possess a power of the same kind, though not by the same means, They have air-bladders 
in their bodies, and can puff them out, or press them closer, at pleasure: when they want to rise in the 
water, they fill out the bladder, and this lightens them; when they would sink, they squeeze the bladder, 
pressing the air into a smaller space, and this makes them heavier. If the bladder break, the fish remains 
at the bottom, and can be held up only by the most laborious exertions of the fins and tail. Accordingly, 
flat fish, such as skaits and flounders, which have no air-bladders, seldom rise from the bottom, but are found 
lying on banks in the sea, or at the bottom of rivers.\, 

If you have a certain space, as a room, to fill up with closets or little cells, all of the same size and 
shape, there are only three figures which will answer, and enable you to fill the room without losing any 
space between the cells; they must either be squares, or figures of three equal sides, or figures of six equal 
sides. With any other figures whatever, space would be lost between the cells. This is evident upon 
considering the matter; and it is proved by mathematical reasoning. ‘he six-sided figure is by far the most 
convenient of those three shapes, because its corners are flatter, and any round body placed in it has 
therefore more space, Jess room being lost in the corners. This figure, too, is the strongest of the 
three; any pressure from without or from within will hurt it least, as it has something of the strength of 
an arch, A round figure would be still stronger, but then room would be lost between the circles, whereas _ 
with the six-sided figure none is lost. Now, it is a most remarkable fact, that Bees build their cells exactly 
in this shape, and thereby save both room and materials beyond what they could save if they built them 
in any other shape whatever. They build in the very best possible shape for their purpose, which is to 
save all the room and all the wax they can. So far as to the shape of the walls of each cell; but the roof 
and floor, or top and bottom, are built on equally true principles. It is proved by mathematiciffns, that, 
to give the greatest strength, and save the most room, the roof and floor must be made of three square 
planes meeting in a point; and they have further proved, by a demonstration belonging to the highest parts 
of Algebra, that there is one particular angle or inclination of those planes to each other where they meet, 
which makes a greater saving of materials and of work than any other inclination whatever could possibly 
do. Now, the Bees actually make the tops and bottoms of their cells of three planes meeting in a point; 
and the inclinations or angles at which they meet are precisely those found out by the mathematician to 
be the best possible for saving wax and work.* Who would dream of the bee knowing the highest 
branch of the Mathematics—the fruit of Newton’s most wonderful discovery—a result, too, of which he was 
himself ignorant, one of his most celebrated-followers having found it out in a later age? This little insect 
works with a trath and correctness which are perfect, and according to the principles at which man has 
arrived only after ages of slow improvement in the most difficult branch of the most difficult science. 
But the Mighty and All-wise Creator, who made the insect and the philosopher, bestowing reason on the 
latter, and giving the former to work without it—to Him all truths are known to all eternity, with an 
intuition that mocks even the conceptions of the sagest of human kind. 

It may be recollected, that when the air is exhausted or sucked out of any vessel, there is no longer 
the force necessary to resist the pressure of the air on the outside; and the-sides of the vessels are 
therefore pressed inwards with violence: a flat glass would thus be broken, unless it were very thick ; 
a round one, having the strength of an arch, would resist better; but any soft substance, as leather or skin, 
would be crushed or squeezed together at once. If the air were only sucked out slowly, the squeezing 
would be gradual; or, if it were only half sucked out, the skin would only be partly squeezed together. 
This is the process by which Bees reach the fine du:t and juices of hollow flowers, like the honeysuckle, 
and some kinds of long fox-glove, which are too narrow for them to enter. They fill up the mouth of the 
flower with their bodies, and suck out the air, or at least a large part of it; this makes the soft sides ot 
the flower close, and squeezes the dust and juice towards the insect, as well as a hand could do, if applied 
to the outside. . 

We may remember this pressure or weight of the atmosphere as shown by the barometer and the 


* Koenig, pupil of Bernoulli, and Maclaurin, proved by very refined investigations, carried on with the aid of the fluxional 
calculus, that the obtuse angle must be 109° 28’, and the acute 70° 32’, to save the most wax and work possible. Maraldi found 
by actual measurement, that the angles are about 110° and 70°. These angles never vary in any place ; and it is scarcely less 
singular, that the breadth of all bees’ cells is everywhere precisely the same, the drone or male cells being 5-18ths, and the worker 
or female cells 13-60ths of an inch in breadth, and this in all countries and times. 
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sucking-pump. Its weight is near fifteen pounds on every square inch, so that if we could entirely squeeze 
out the air between our two hands, they would cling together with a force equal to the pressure of double 
this weight, because the air would press upon both hands; and if we could contrive to suck or squeeze out 
the air between one hand and the wall, the hand would stick fast to the wall, being pressed on it with the 
weight ofabove two hundredweight, that is, near fifteen pounds on every square inch of the hand. Now, by 
a most curious discovery made by Sir Everard Home, the distinguished anatomist, it is found that this is 
the very process by which lies and other insects of a similar description are enabled to walk up 
perpendicular surfaces, however smooth, as the sides of walls, and panes of glass in windows, aid to walk as 
easily along the ceiling of aroom with their bodies downwards and their feet over head. Their feet, when 
examined by a microscope, are found to have flat skins or flaps, like the feet of web-footed animals, as ducks 
and geese; and they have, by means of strong folds, the power of drawing the flap close down upon the 
glass or wall the fly walks on, and thus squeezing out the air completely, so as to make a vacuum between 
the foot and the glass or wall. The consequence of this is, that the air presses the foot on the wall with 
avery considerable force compared to the weight of the fly; for if its feet are to its body in the same propor- 
tion as ours are to our bodies, since we could support by a single hand on the ceiling of the room (provided 
it made a vacuum) more than our whole weight, namely, a weight of above fifteen stone, the fly can canily 
move on four feet in the same manner by help of the vacuum made under its feet. 

It has likewise been found that some of the larger Sea-animals are, by the same construction, only upon 
a greater scale, enabled to climb the perpendicular:and smooth surfaces of the ice hills among which they 
live. Some kinds of Lizard have a like power of climbing, and of creeping with their bodies downwards 
along the ceiling of a room; and the means by which they are enabled to do so are the same. In the 
large feet of those animals, the contrivance is easily observed, of the toes and muscles, by which the skin 
of the foot is pinned down, and the air excluded in the act of walking or climbing; but it is the very same, 
only upon a larger scale, with the mechanism of a fly’s or a butterfly’s foot; and both operations, the 
climbing of the sea-horse on the ice, and the creeping of the fly on the window or the ceiling, are per- 
formed exactly by the same power, the weight of the atmosphere, which causes the quicksilver to stand in 
the weather-glass, the wind to whistle through a key-hole, and the piston to descend in an old steam-engine. 

Although philosophers are not agreed as to the peculiar action which light exerts upon vegetation, and 
there is even some doubt respecting the decomposition of air and water during that process, one thing 
is undeniable,—the necessity of light to the growth and health of plants: without it they have neither 
colour, taste, nor smell; and accordingly they are for the most part so formed as to receive it at all times 
when it shines on them. Their cups, and the little assemblages of their leaves before they sprout, are 
found to be more or less affected by the light, so as to open and receive it. In several kinds of plants 
this is more evident than in others; their flowers close entirely at night, and open in the day. Some 
constantly turn round towards the light, following the sun, as it were, while he makes or seenis to 
make his revolution, so that they receive the greatest quantity possible of his rays. Thus clover in a 
field follows the apparent course of the sun. But all leaves of plauts turn to the sun, place them how you 
will, light being essential to their thriving. 

The lightness of inflammable gas is well known. When bladders of any size are filled with it, they 
rise upwards, and float inthe air. Now, taking advantage of this fact, Mr. Knight suggested that the fine 
dust by means of which plants are'impregnated one fro.n another, is composed of very small globules, filled 
with this gas—in a word, of small air-balloons. These globules thus float from the male plant through the 
air, and, striking against the females, are detained by a glue prepared on purpose to stop them, which no 
sooner moistens the globules than they explode, and their substance remains, the gas flying off which enabled 
them’ to float. A provision of a very simple kind is also, in some cases, made to prevent the male and female 
blossoms of the same plant from breeding together, this being found to hurt the breed of vegetables, just as 
breeding,in and in, spoils the race of animals. It is contrived that the dust shall be shed by the male 
blossom before the female of the same plant is ready to be affected by it; so that the impregnation must 
be performed by the dust of some other plant, and in this way the breed be crossed. The light gas with 
which the globules are filled is most essential to the operation, as it conveys them to great distances. A 
plantation of yew-trees has been known, in this way, to impregnate another several hundred yards off. 

The contrivance by which some creeper plants are enabled to climb walls and fix themselves, deserves 
attention. The Virginia creeper hasa small tendril, ending in a claw, each toe of which has a knob, thickly 
set with extremely small bristles; they grow into the invisible pores of the wall, and swelling, stick there as 
long as the plant grows, and prevent the branch from falling ; but when the plant dies, they become thin 
again, and drop out, so that the branch falls down. 

The Vanilla plant of the West Indies climbs round trees likewise by means of tendrils; but when it 
has fixed itself, the tendrils drop off, and leaves are formed. 

It is found by chemical experiments, that the juice which is in the stomachs of animals (called the 
gastric juice, from a Greek word signifying the belly) has very peculiar properties. Though it is for the most 
part a tasteless, clear, and seemingly a very se liquor, it nevertheless possesses extraordiuary powers of 
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dissolving substances which it touches or mixes with; and it varies in different classes of animals. In one 
particular it is the same in all animals; it will not attack living matter, but only dead; the consequence of 
which is, that its powers of eating away and dissolving are perfectly safe to the auimals themselves, in whose 
stomachs it remains. without ever hurting them, This juice differs in different animals, according to the 
food on which they subsist; thus, in birds of prey, as kites, hawks, owls, it only acts upon animal matter, 
and does not dissolve vegetables, In other birds, and in all animals feeding on plants, as oxen, sheep, 
hares, it dissolves vegetable matter, as grass, but will not touch flesh of any kind. This has been ascertained 
by making them swallow balls with meat in them, and several holes drilled through to let the gastric juice 
reach the meat: no effect was produced upon it. We may further observe, that there is a most curious and 
beautiful correspondence between this juice in the stomach of different animals and the other parts of their 
bodies, connected with the importaut operations of eating and digesting their food. The use of the juice is 
plainly to convert what they eat into a fluid, from which, by various other processes, all their parts, blood, 
bones, muscles, &c., are afterwards formed. But the food is first of all to be obtained, and then prepared 
by bruising, for the action of the juice. Now birds of prey have instruments, their claws and beaks, for 
tearing and devouring their food (that is, animals of various kinds), but those instruments are useless 
for picking up and crushing seeds; accordingly, they haye a gastric juice which dissolves the animals they 
eat; while birds, which have only a beak fit for pecking, and eating seeds, have a juice that dissolves seeds, 
and not flesh, Nay more, it is found that the seeds must be bruised before the juice will dissolve them : 
this you find by trying the experiment in a vessel with the juice; and accordingly the birds have a gizzard, 
and animals which graze have flat teeth, which grind and bruise their food, before the gastric juice is to act 
upon it, 

We have seen how wonderfully the Bee works, according to rules discovered by man thousands of years 
after the insect had been following them with perfect accuracy. The’same little animal seems to be 
acquainted with principles of which we are still ignorant.. We can, by crossing, vary the forms of cattle with 
astonishing nicety; but we have no means of altering the nature of an animal once born, by means of 
treatment and feeding. This power, however, is undeniably possessed by the bees. When the queen bee 
is lost by death or otherwise, they choose a grub from among those which are born for workers ; they make 
three cells into one, and placing the grub there, they build a tube round it; they afterwards build another 
cell of a pyramidal form, into which the grub grows; they feed it with peculiar food, and tend it with extreme 
care. It becomes, when transformed from the worm to the fly, not a worker, but a queen bee, 

These singular insects resemble our own species in one of our worst propensities, the disposition to war ; 
but their attention to their sovereign is equally extraordinary, though of a somewhat capricious kind. In 
a few hours after their queen is lost, the whole hive is in a state of confusion, A singular humming is 
heard, and the bees are seen moving all over the surface of the combs with greatrapidity. The news spreads 
quickly, and when the queen is restored, quiet immediately succeeds. But if another queen be put upon 
them, they instantly discover the trick, and, surrounding her, they either suffocate or starve her to death. 
This happens if the false queen be introduced within a few hours after the first is lost or removed; but if 
twenty-four hours have elapsed, they will receive any queen, and obey her. 

The labours and the policy of ‘the Anis are, when closely examined, still more wonderful, perhaps, than 
those of the Bees. Their nest is a city consisting of dwelling-places, halls, streets, and squares into which 
the streets open. The food they principally like is the honey which comes from another insect found in their 
neighbourhood, and which they, generally speaking, bring home from day to day as they want it, Late dis- 
coveries have shown that they do not eat grain, but live almost entirely on animal fvod and this honey. 
Some kinds of ants have the foresight to bring home the insects on whose honey they feed, and keep them 
in particular cells, where they guard them to prevent their escaping, and feed them with proper vegetable 
matter, which they do not eat themselves. Nay, they obtain the eggs of those insects, and superintend 
their hatching, and then rear the young insect until it becomes capable of supplying the desired honey. 
They sometimes remove them to the strongest parts of their nest, where there are cells apparently fortified 
for protecting them from invasion. In those cells the insects are kept to supply the wants of the whole ants 
which compose the population of the city. It is a most singular cireumstance in the economy of nature, that 
the degree of cold at which the ant becomes torpid is also that at which this insect fulls into the same state. 
It is considerably below the freezing-point ; so that they require food the greater part of the winter, and if 
the insects on which they depend for food were not kept alive during the cold in which the ants can move 
about, the latter would be without the means of subsistence. 

How trifling soever this little animal may appear in our climate, skere are few more formidable creatures 
than the ant of some tropical countries. A traveller, who once filled a high station in the French govern- 
ment, Mr. Malouet, has described one of their cities, and, were not the aecount confirmed by various 
testimonies, it might seem exaggerated. He observed at a great distance what seemed a lofty structure, aud 
was informed by his guide that it consisted of an ant-bill, which could not be approached without danger of 
being devoured. Ite height was from fifteen to twenty feet, and its base thirty or forty feet square. ts 
sides inclined, like the lower part of a pyramid, the point being cut off. He was informed that it became 
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necessary to destroy these nests, by raising a sufficient force to dig a trench all round, and {ill it with fagots, 
which were afterwards set on fire; and then battering with cannon from a distance, to drive the insects out 
and make them run into the flames. This was in South America; and African travellers haye met them in 
the same formidable numbers and strength. 

’ ‘The older writers of books upon the habits of some animals, abound with stories which may be of doubtful 
credit. But the facts now stated respecting the Ant and Bee, may be relied on as authentic. They are the 
result of very Jate observations, and experiments made with great accuracy by several most worthy and intelli- 
gent men; and the greater part of them have the confirmation arising from more than: one observer having 
assisted in the inquiries.* The habits of Beavers are equally well authenticated, and, being more easily 
observed, are vouched by a greater number of witnesses. These animals, asif to enable them to live and move 
either on land or water, have two web-feet like those of ducks or water-dogs, and two like those of land 
animals. When they wish to construct a dwelling-place, or rather city, for it serves the whole body, they choose 
a level ground with a stream running through it; they then dam up the stream so as to make a pond, and perform 
the operation as skilfully as we could ourselves. Next they drive into the ground stakes of five or six feet 
long in rows, wattling each row with twigs, and puddling or filling the interstices with clay, which they 
ram close in, so as to make the whole solid and water-tight. This dam is likewise shaped on tke truest 
principles; for the upper side next the water slopes, and the side below is perpendicular: the base of the 
dam is ten or twelve feet thick; the top or narrow part two or three, and it is sometimes as long as one 
hundred feet.t The pond being thus formed and secured, they make their houses round the edge of it; 
they are cells, with vaulted roofs, and upon piles: they are made of stones, earth, and sticks; the walls are 
two feet thick, and plastered as neatly as if the trowel had been used. Sometimes they have two or three 
stories for retreating to in case of floods; and they always have two doors, one towards the water and one 
towards the land. They keep their winter provisions in stores, and bring them out to use; they make their 
beds of moss; they live on the bark of trees, gum, and crawfish. Each house holds from twenty to thirty, 
and there may be from ten to twenty-five houses in all. Some of their communities are larger than others, 
but there are seldom fewer than two or three hundred inhabitants. In working, they all bear their shares; 
sonie gnaw the trees and branches with their teeth, to form stakes and beams; others roll the pieces to 
the water; others, diving, make holes with their teeth to place the piles in; others collect and carry stones 
and clay; others beat and mix the mortar; and others carry it on their broad tails, and with these beat it 
and plaster it. Some superintend the rest, and make signals by sharp strokes with the tail, which are care- 
fully attended to; the beavers hastening to the place where they are wanted to work, or to repair any hole 
made by the water, or to defend themselves or make their escape, when attacked by an enemy. 

The fitness of different animals, by their bodily structure, to the circumstances in which they are 
fonnd, presents an endless subject of curious inquiry and pleasing contemplation. Thus, the Camel, which 
lives in sandy deserts, has broad spreading hoofs to support him on the loose soil; and an apparatus in his 
body by which water is kept for many days, to be used when no moisture can be had. As this would be 
useless in the neighbourhood of streams or wells, and as it would be equally so in the desert, where no water 
is to be found, there can be no doubt that it is intended to assist in journeying across the sands from one 
watered spot toanother. There is a singular and beautiful provision made in this animal’s foot, for enabling 
it to sustain the fatigue of journeys under the pressure of its great weight. Besides the yielding of the 
bones and ligaments, or bindings, which gives elasticity to the foot of the deer and other animals, there is 
in the Camel's foot, between the horny sole and the bones, a cushion, like a ball, of soft matter, almost 
fluid, but in which there is a mass of threads extremely elastic, interwoven with the pulpy substance. The 
cushion thus easily changes its shape when pressed; yet it has such an elastic spring, that the bones of the 
foot press on it uninjured by the heavy body which they support, and this huge animal steps as softly as 
& cat. 

Nor need we flee to the desert in order to witness an example of skilful structure; the limbs of 
the Horse display it strikingly. The bones of the foot are not placed directly under the weight; if they 
were in an upright position, they would make a firm pillar, and every motion would cause a shock. They 
are placed slanting or oblique, and tied together by an elastic binding on thcir lower surfaces, so as to 
form springs a3 exact as those which we make of leather and steel for carriages. Then the flatness of the 
hoof, which stretches out on each side, and the frog coming down in the middle between the quarters, 
adds greatly to the elasticity of the machine. Ignorant of this, ill-informed farriers nail the shoe in such a 


* A singular circumstance occasioned this in the case of Mr. Huber, by far the most eminent of these naturalists: he was quite 
and performed all his experiments by means of assistants. : i ; 

+ If the base be twelve, and the top three feet thick, and the height six feet, the face must be the side of a right-angied triangle 

whose height is eight feet. This would be the exact proportion which there ought to be, upon mathematical principles, to give 


construction is such as to secure the most completely, against the two pressures at the same time. d 
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manner as to fix the quarters, and cause permanent contraction of the bones, ligaments, and hoof—so that 
the elasticity is destroyed; every step is a shock; inflammation and lameness ensue.* 

The Rein-deer inhabits a country covered with snow the greater part of the year. Observe how 
admirably its hoof is formed for going over that cold and light substance, without sinking in it or being 
frozen. The under side is covered entirely with hair, of a warm and close texture; and the hoof, 
altogether, is very broad, acting exactly like the snow-shoes which men have constructed for giving them a 
larger space to stand on than their feet, and thus avoid sinking. Moreover, the deer spreads the hoof as 
wide as possible when it touches the ground: but, as this breadth would be inconvenient in the air, by 
occasioning a greater resistance while he is moving along, no sooner does he lift the hoof than the two 
parts into which it is cloven fall together, and so lessen the surface exposed to the air, just as we may 
recollect the birds doing with their bodies and wings. The shape and structure of the hoof are also well 
adapted to scrape away the snow, and enable the animal to get at the particular kind of moss (or lichen) 
on which he feeds. This plant, unlike others, is in its full growth during the winter season; and the Rein- 
deer accordingly thrives, from its abundance, at the season of his greatest use to man, notwithstanding the 
unfavourable effects of extreme cold upon the animal system. 

There are some insects, of which the males have wings, and the females are grubs or worms. Of 
these, the Glow-worm is the most remarkable: it is the female, and the male is a fly, which would be unable 
to find her out, creeping as she does in the dark lanes, but for the shining light which she gives to 
attract him. 

There is a singular fish found in the Mediterranean, called the Wautilus, from its skill in navigation. 
The back of its shell resembles the hulk of a ship; on this it throws itself, and spreads two thin 
membranes to serve for two sails, paddling itself on with its feet or feelers, as oars. 

The Ostrich lays and hatches her eggs in the sands: her form being ill-adapted for sitting on them, she 
has a natural oven furnished by the sand, and the strong heat of the sun. The Ouckoo is known to build 
no nest for herself, but to lay in the nests of other birds; but late observations show that she does not 
Jay indiscriminately in the nests of all birds; she only chooses the nests of those which have bilis of the 
same kind with herself, and therefore feed on the same kind of food. The Duck, and other birds breeding 
in muddy places, have a peculiar formation of the bill: it is both made so as to act like a strainer, 
separating the finer from the grosser parts of the liquid, and it is more furnished with nerves near the point 
than the bills of birds which feed on substances more exposed to the light; so that being more sensitive, it 
serves better to grope in the dark stream for food. The bill of the Snipe is covered with a curious network 
of nerves for the same purpose; but the most singular provision of this kind is observed in a bird called the 
Toucan, or Egg-sucker, which chiefly feeds on the eggs found in birds’ nests, and in countries where these 
are very deep and dark. Its bill is broad and long; when examined, it appears completely covered with 
branches of nerves in all directions; so that, by groping in a deep and dark nest it can feel its way as 
accurately as the finest and most delicate finger could. Almost all kinds of birds build their nests of 
materials found where they inhabit, or use the nests of other birds; but the Swallow of Java lives in 
rocky caverns on the sea, where there are no materials at all for the purpose of building. It is therefore so 
formed as to secrete in its body a kind of slime, with which it makes a nest, much prized as a delicate food 
in Eastern countries. 

Plants, in many remarkable instances, are provided for by equally wonderful and skilful contrivances. 
There is one, the Muscipula, Fly-trap, or Fly-catcher, which has small prickles in the inside of two leaves, 
or half-leaves, joined by a hinge; a juice or syrup is provided on their inner surface, which acts as a bait to 
allure flies. There are several small spines or prickles standing upright in this syrup, and upon the only part 
of each leaf that is sensitive to the touch. When the fly, therefore, settles upon this part, its touching, as 
it were, the spring of the trap, occasions the leaves to shut,and kill and squeeze the insect; whose juices, and 
the air arising from their rotting, serve as food to the plant. 

In the West Indies, and in other hot countries of South America, where rain sometimes does not fall 
for a great length of time, a kind of plant called the Wild-pine grows upon the branches of the trees, and 
also on the bark of the trunk. It has hollow or bag-like leaves, so formed as to make little reservoirs of water, 
the rain falling into them through channels which close at the top when full, and prevent it from evaporating. 
The seed of this useful plant has small floating threads, by which, when carried through the air, it catches 
any tree in the way, and falls on it and grows. Wherever it takes root, though on the under side of a 
bough, it grows straight upwards, otherwise the leaves would not hold water. It holds in one leaf from a 
pint to a quart; and although it must be of great use to the trees it grows on, to birds and other animals its 
use is even greater. ‘ 

“ When we find these pines,” says Dampier, the famous navigator, “ we stick our knives into the leaves 
just above the root, and the water gushing out, we catch it in our hats, as I myself have frequently done, 
to my great relief.” 

* Mr. Bracey Clarke has contrived an expanding shoe, which, by a joint in front, opens and contracts so as to obvinte the 
evils of the common process, 
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Another tree, called the Water-with, in Jamaica, has similar uses: it is like a vine in size and shape, and 
though growing in parched districts, is yet so full of clear sap or water, that by cutting a piece two or three 
yards long, and merely holding it to the mouth, a plentiful draught is obtained. In the East, there is a 
plant somewhat of the same kind, called the Bejuco, which grows near other trees and twines round them, 
with its end hanging downwards, but so full of juice, that, on cutting it, a good stream of water spouts 
from it; and this, not only by the stalk touching the tree so closely must refresh it, but affords a supply to 
animals, and to the weary herdsman on the mountains. Another plant, the Nepenthes distillatoria, is found 
in the same regions, with a yet more singular structure. It has natural mugs or tankards hanging from 
its leaves, and holding each from a pint to a quart of very pure water. ‘Two singular provisions are to be 
marked in this vegetable. There grows over the mouth of the tankard, a leaf nearly its size and shape, 
like a lid or cover, which prevents evaporation from the sun’s rays; and the water that fills the tankard is 
perfectly sweet and clear, although the ground in which the plant grows is a marsh of the most muddy 
and unwholesome kind. The process of vegetation filtrates or distils the liquid, so as to produce from the 
worst, the purest water.* The Palo de Vaca, or cow-tree, grows in South America, upon the most dry 
and rocky soil, and in a climate where for months not a drop of rain falls. On piercing the trunk, however, 
a sweet and nourishing milk is obtained, which the natives gladly receive in large bowls. If some plants 
thus furnish drink, where it might least be expected, others prepare, as it were, in the desert, the food of 
man in abundance, A single Zapioca tree is said to afford, from its pith, the whole sustenance of several men 
for a season. 

VY. ApvanTacEs AND Preasvnus oF Science. 


Arter the many instances or samples which have now been given of the nature and objects of Natural 
Science, we might proceed to a different field, and describe in the same way the other grand branch of 
human knowledge, that which teaches the properties or habits of Alind—the intellectual faculties of man, 
or the powers of his understanding, by which he perceives, imagines, remembers, and reasons ;—his moral 
faculties, or the feelings and passions which influence him ;—and lastly, as a conclusion or result drawn from 
the whole, his duties both towards himself as an individual, and towards others as a member of society: 
which last head opens to our view the whole doctrines of political science, including the nature of govern: 
ments, of policy, and generally of Jaws. But we shall abstain entirely from eutering at all upon 
this field, and shall now take up the subject more particularly pointed at through the course of the fore- 
going observations, aud to -illustrate which they have been framed—namely, the Use and Pleasure of 
Scientific Studies. 

Man is composed of two parts, body and mind, connected indeed together, but wholly different from 
one another. The nature of the union—the part of our outward and visible frame in which it is peculiarly 
formed—or whether the soul be indeed connected or not with any particular portion of the body, so as to 
reside there—are points as yet wholly hid from our knowledge, and which are likely to remain for ever 
concealed. But this we know, as certainly as we can know any truth, that there is such a thing as the 
Mind; and that we have at the least as good proof of its existence, independent of the Body, as we have 
of the existence of the Body itself. Each has its uses, and each has its peculiar gratifications. The bounty 
of Providence has given us outward senses to be employed, and has furnished the means of gratifying them 
in yarious kind, and in ample measure. As long as we only taste those pleasures according to the rules 
of prudence and of our duty, that is, in moderation for our own sakes, and in harmlessness towards our 
neighbours, we fulfil rather than thwart the purpose of our being. But the same bountiful Providence has 
endowed us with the higher nature also—with understandings as well as with senses—with faculties that 
are of a more exalted order, and admit of more refined enjoyments, than any to which the bodily frame can 
minister; and by pursuing such gratifications, rather than those of mere sense, we fulfil the most exalted 
ends of our creation, and obtain both a present and a future reward. hese things are often said, but they 
aro not therefore the less true, or the less worthy of deep attention. Let us mark their practical application 
to the occupations and enjoyments of all branches of society, beginning with those who form the great bulk 
of every community, the working classes, by what names soever their vocations may be called—professions, 
arts, trades, handicrafts, or common labour. 

1. The first object of every man,who has to depend upon his own exertions,must needs be to provide 
for his daily wants. This is a high and important office; it deserves his utmost attention; it includes 
some of his most sacred duties, both to himself, his kindred, and his country ; and although, in performing 
this task, he is only influenced by a regard to his own interest, or by his necessities, yet it is an 
employment which renders him truly the best benefactor of the community he belongs to, All other pursuits 
must give way to this; the hours which he devotes to learning must be after he has done his work; his 
independence, without which he is not fit to be called a man, requires first of all that he should have 
insured for himself, and those dependent on him, a comfortable subsistence, before he can have a right to 


* A specimen of this curious plant, though of a small size, is to be found in the fine collection at Wentworth, reared by Mr. 


| xxiv INTRODUCIORY DISCOURSE OF THE 


taste any indulgence, either of his senses or of his mind; and the more he learns—the greater progress 
he makes in the sciences—the more will he value that independence, and the more will he prize the 
industry, the habits of regular labour, whereby he is enabled to secure so prime a blessing. i 

In one view, it is true, the progress which he makes in science may help his ordinary exertions, the 
main business of every man’s life. There is hardly any trade or occupation in which useful lessous may 
not be learnt by’ studying one science or another. The necessity of science to the more liberal professions 
is self-evident; little less manifest is the use to their members of extending their knowledge beyond the 
‘branches of study with which their several pursuits are peculiarly conversant. But the other departments 
lof industry derive hardly less benefit from the same source. To how many kinds of workmen must a know- 
‘ledge of Mechanical Philosophy be useful! To how many others does Chemistry prove almost necessary ! 
Every one must with a glance perceive that to engineers, watch-makers, instrument-makers, bleachers, 
land dyers, those sciences are most useful, if not necessary. But carpenters and masons are surely likely 
‘to do their work better for knowing how to measure, which Practical Mathematics teaches them, and 

how to estimate the strength of timber, of walls, and of arches, which they learn from Practical Mechanics; 

land they who work in various metals are certain to be the more skilful in their trades for knowing the nature 
' of those substances, and their relations to both heat and other metals, and to the gases and liquids they come 
in contact with. Nay, the farm servant, or day-labourer, whether in his master’s employ, or tending the 
concerns of his own cottage, must derive great practical benefit,—must be both a better servant, and a 
more thrifty and therefore comfortable, cottager, for knowing something of the nature of soils and manures, 
which Chemistry teaches, and something of the habits of animals, and the qualities and growth of plants, 
which he learns from Natural History and Chemistry together. In truth, though a man be neither 
mechanic nor peasant, but only one having a pot to boil, he is sure to learn from science lessons which will 
enable him to cook his morsel better, save his fuel, and both vary his dish and improve it. The art of good 
and cheap cookery is intimately connected with the principles of chemical philosophy, and has received much, 
and will yet receive more, improvement from their application. Nor is it enough to say, that philosophers 
may discover all that is wanted, and may invent practical methods, which it is sufficient for the working 
man to learn by rote without knowing the principles. He never will work so well if he be ignorant ot 
the principles; and for a plain reason :—if he only learn his lesson by rote, the least change of circumstances 
puts him out. Be the method ever so general, cases will always arise in which it must be varied in order to! 
apply; and if the workman only know the rule without knowing the reason, he must be at fault the 
moment he is required to make any new application of it. This, then, is the jirst use of learning the 
principles of science: it makes men more skilful, expert, and useful in the particular kinds of work by 
which they are to earn their bread, and by which they are to make it go far and taste well when earned. 

2. But another use of such knowledge to handicraftsmen is equally obvious: it gives every man a 
ehunce, according to his natural talents, of becoming an improver of the art he works at, and even a dis- 
coverer in the sciences connected with it. He is daily handling the tools and materials with which new 
experiments are to be made; and daily witnessing the operations of nature, whether in the motions and press 
sures of bodies, or in their chemical actions on each other. Ali opportunities of making experiments must 
be unimproved, all appearances must pass unobserved, if he have no knowledge of the principles; but with 
this knowledge he is more likely than another person to strike out something new which may be useful in art, 
or curious or interesting in science. Very few great discoveries have been made by chance and by ignorant 
persons; much fewer than is generally supposed. Itis commonly told of the steam-engine, that an idle boy 
being employed to stop and open a valve, saw that he could save himself the trouble of attending and 
watching it, by fixing a plug upon a part of the machine which came to the place at the proper times, in 
consequence of the general movement. This is possible, no doubt; though nothing very certain is known 
respecting the origin of the story; but improvements of any value are very seldom indeed so easily found 
out, and hardly another instance can be named of important discoveries so purely accidental, ‘They are 
generally made by persons of competent knowledge, and who are in search of them, The improvements of 
the Steam-engine by Watt resulted from the most learned investigation of mathematical, mechanical, and 
chemical truths. Arkwright devoted many years, five at the least, to his invention of spinning-jennies, and he 
was a man perfectly conversant in everything that relates to the construction of machinery: he had minutely 
examined it, and knew the effects of each part, though he had not received anything like a scientific educa- 
tion. If he had, we should in all probability have been indebted to him for scientific discoveries as well as 
practical improvements. The most beautiful and useful invention of late times, the Safety-lamp, was the. 
reward of a series of philosophical experiments made by one thoroughly skilled in every branch of chemical 
science. Again, the process of Refining Sugar, by which more money has been made in a shorter time, and 
with less risk and trouble, than was ever perhaps gained from an invention, was discovered by a most 
accomplished chemist,* and was the fruit of a long course of experiments, in the progress of which, known 
philosophical principles were constantly applied, and one or two new principles ascertained. But in so far 
as chance has anything to do with discovery, surely it is worth the while of those who are constantly 

* Edward Howard, brother of the late Duke of Norfolk. 
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working in particular employments to obtain the knowledge required, because their chances are greater than 
other people’s of so applying that knowledge as to hit upon new and useful ideas: they are always in the 
way of perceiving what is wanting, or what is amiss in the old methods; and they have a better chance of 
making the improvements. In a word, to use a common expression, they are in the way of good luck; and 
if they possess the requisite information, they can take advantage of it when it comes to them. This, then, 
is the second great use of learning the sciences: it enables men to make improvements in the arts, and dis- 
coveries in philosophy, which may directly benefit themselves and mankind. 

8. Now, these are the practical advantages of learning ; but the third benefit is, when rightly considered, 
just as practical as the other two—the pleasure derived from mere knowledge, without any view to our 
own bodily enjoyments: and this applies to all classes, the idle as well as the industrious, if, indeed, it be 
not peculiarly applicable to those who enjoy the inestimable blessing of having time at their command. 
Every man is by nature endowed with the power of gaining knowledge; and the taste for it, the capacity to 
be pleased with it, forms equally a part of the natural constitution of his mind. It is his own fault, or the 
fault of his education, if he derive no gratification from it. There is a satisfaction in knowing what others 
know—in not being more ignorant than those we live with: there is a satisfaction in knowing what others 
do not know—in being more informed than they are. But this is quite independent of the pure pleasure of 
knowledge—of gratifying a curiosity implanted in us by Providence, to lead us towards the better under- 
standing of the universe in which our lot is cast, and the nature wherewithal we are clothed. That 
every man is capable of being delighted with extending his information upon matters of science will be 
evident from a few plain considerations. 

Reflect how many parts of the reading, even of persons ignorant of all sciences, refer to matters 
wholly unconnected with any interest or advantage to be derived from the knowledge acquired. Every 
one is amused with reading a story: a romance may divert some, and a fairy tale may entertain others; 
but no benefit beyond the amusement is derived from this source: the imagination is gratified; and we 
willingly spend a good deal of time and a little money in this gratification, rather than in resting after 
fatigue, or in any other bodily indulgence. So we read a newspaper, without any view to the advantage 
we are to gain from learning the news, but because it interests and amuses us to know what is passing. 
One object, no doubt, is to become acquainted with matters relating to the welfare of the country; but we 
also read the occurrences which do little or not at all regard the public interests, and we take a pleasure 
in reading ‘them. Accidents, adventures, anecdotes, crimes, and a variety of other things amuse us, inde- 
pendent of the information respecting public affairs, in which we feel interested as citizens of the state, or 
as members of a particular body. It is of little importance to inquire how and why these things 
excite our attention, and wherefore the reading about them is a pleasure; the fact is certain; and it proves 
clearly that there is a positive enjoyment in knowing what we did not know before; and this pleasure 
is greatly increased when the information is such as excites our surprise, wonder, or admiration. Most 

who take delight in reading tales of ghosts, which they know to be false, and feel all the while 
to be silly in the extreme, are merely gratified, or rather occupied with the strong emotions of horror 
excited by the momentary belief, for it can only last an instant. Such reading is a degrading waste of 
precious time, and has even a bad effect upon the feelings and the judgment.* But true stories of 
horrid crimes, 2s murders, and pitiable misfortunes, as shipwrecks, are not much more instructive. It 
may be better to read these than to sit yawning and idle—much better than to sit drinking or gaming, 
which, when carried to the least excess, are crimes in themselves, and the fruitful parents of many more, 
But this is nearly as much as can be said for such vain and unprofitable reading. If it be a pleasure to 
gratify curiosity, to know what we were ignorant of, to have our feelings of wonder called forth, how pure a 
delight of this very kind does Natural Science hold out to its students! Recollect some of the extraordi- 
nary discoveries of Mechanical Philosophy. How wonderful are the laws that regulate the motions of 
fluids! Is there anything in all the idle books of tales and horrors more truly astonishing than the fact, 
that a few pounds of water may, by mere pressure, without any machinery—by merely being placed in a 
particular way, produce an irresistible force? What can be more strange, than that an ounce weight 
should balance hundreds of pounds, by the intervention of a few bars of thin iron? Observe the extra- 
ordinary truths which Optical Science discloses. Can anything surprise us more, than to find that the 
colour of white is a mixture of all others—that red, and blue, and green, and all the rest, merely by. being 
blended in certain proportions, form what we had fancied rather to be no colour at all, than all colours 
together? Chemistry is not behind in its wonders. That the diamond should be made of the same material 
with coal; that water should be chiefly composed of an inflammable substance; that acids should be, for 
the most part, formed of different kinds of air, and that one of those acids, whose strength can dissolve 
almost any of the metals, should consist of the selfsame ingredients with the common air we breathe; 
that salts should be of a metallic nature, and composed, in great part, of metals, such as potassium, &c., 


* Children's books have at all times been made upon the plan of exciting wonder, generally horror, at whatever risk. 
Tha folly and misery occasioned by this error, it would be cult to estimate. The time may come when it will be felt and 
understood. At t, the inveterate habits of parents and nurses prevent the children from benefiting by the excellent lessons of 

writers, 
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yet lighter than water, and which, without any heating, take fire upon being exposed to the air, and, by 
| burning, form the substance so abounding in saltpetre and in the ashes of burnt wood: these, surely, are 
| things to excite the wonder of any reflecting mind—nay, of any one but little accustomed to reflect. And 
yet these are trifling when compared to the prodigies which Astronomy opens to our view: the enormous 
masses of the heavenly bodies; their immense distances ; their countless numbers, and their motions, whose 
swiftness mocks the uttermost efforts of the imagination. 

Akin to the pleasure of contemplating new and extraordinary truths, is the gratification of a more 
learned curiosity, by tracing resemblances and relations between things, which, to common apprehension, 
seem widely different. Mathematical science, to thinking minds, affords this pleasure in a high degree. It 
is agreeable to know that the three angles of every triangle, whatever be its size, howsoever its sides may 
be inclined to each other, are always, of necessity, when taken together, the same in amount: that any 
regular kind of figure whatever, upon the one side of a right-angled triangle, is equal to the two figures of 
the same kind upon the two other sides, whatever be the size of the triangle: that the properties of an oval 
curve are extremely similar to those of a curve which appears tho least like it of any, consisting of two 
branches of infinite extent, with their backs turned to each other. To trace such unexpected resemblances 
is, indeed, tho object of all philosophy; and experimental. science, in particular, is occupied with such 
investigations, giving us general views, and cnabling ‘us to explain the appearances of nature; that is, to 
show how one appearance is connected with another. But we are now considering only the gratification 
derived from learning these things. It is surely a satisfaction, for instance, to know that the same thing, 
or motion, or whatever it is, which causes the sensation of heat, causes also fluidity, and expands bodies in 
all directions; that electricity, the light which is seen on the back of a cat when slightly rubbed on a frosty 
evening, is the very same matter with the lightning of the clouds ;—that plants breathe like ourselves, but 
differently by day and by night ;—that the air which burns in our lamps enables a balloon to mount, and 
causes the globules of the dust of plants to rise, float through the air, and continue their race—in a word, is 
the immediate cause of vegetation. Nothing can at first view appear less like, or less likely to be caused by 
the same thing, than the processes of burning and of breathing—the rust of metals and burning—an acid 
and rust—the influence of a plant on the air it grows in by night, and of an animal on the same air at any 
time, nay, and of a body burning in that air; and yet all these are the same operation. It is an undeniable 
fact, that the very same thing which makes the fire burn, makes metals rust, forms acids, and enables plants 
and animals to breathe ; that these operations, so unlike to common eyes, when examined by the light of 
science, are the same—the rusting of metals—the formation of acids—the burning of inflammable bodies— 
the breathing of animals—and the growth of plants by night. To know this is a positive gratification. Is 
it not pleasing to find the same substance in various situations extremely unlike each other;—to meet with 
fixed air as the produce of burning, of breathing, and of vegetation :—to find that it is the choke-damp of 
mines, the bad air in the grotto at Naples, the cause of death in neglecting brewers’ vats, and of the brisk 
and acid flavour of Seltzer and other mineral springs? Nothing can be less like than the working of a vast 
steam-engine of the old construction, and the crawling of a fly upon the window. Yet we find that these 
two operations are performed by the same means, the weight of the atmosphere, and that a sea-horse climbs 
the ice-hills by no other power. Can anything be more strange to contemplate? Is there, in all the fairy- 
tales that ever were fancied, anything more calculated to arrest the attention and to occupy and to gratify 
the mind, than this most unexpected resemblance between things so unlike to the eyes of ordinary 
beholders? ‘What more pleasing occupation than to see uncovered and bared before our eyes the very 
instrument and the process by which Nature works? Then we raise our views to the structure of the 
heavens ; and are again gratified by tracing accurate, but most unexpected resemblances. Is it not in the 
highest degree interesting to find, that the power which keeps this earth in its shape, and in its path, 
wheeling upon its axis and round the sun, extends over all the other worlds that compose the universe, and 
gives to each its proper place and motion; that this same power keeps the moon in her path round our 
earth, and our earth in its path round the sun, and each planet in its path; that the same power causes the 
tides upon our globe, and the peculiar form of the globe itself; and that, after all, it is the same power 
which makes a stone fall to the ground? ‘To learn these things, and to reflect upon them, occupies the 
faculties, fills the mind, and produces certain as well as pure gratification. 

But if the knowledge of the doctrines unfolded by science be pleasing, so is the being able to trace the 
steps by which those doctrines are investigated, and their truth demonstrated: indeed, you cannot be said, 
in any sense of the word, to have learnt them, or to know them, if you have not so studied them as to per- 
ceive how they are proved. ‘Without this you never can expect to remember them long, or to understand 
them accurately ; and that would of itself be reason enough for examining closely the grounds they rest on. 
But there is the highest gratification of all, in being able to see distinctly those grounds, so as to be satisfied 
that a belief in the doctrines is well founded. Hence to follow a demonstration of a grand mathematical 
truth—to perceive how clearly and how inevitably one step succeeds another, and how the whole steps lead 
to the conclusion—to observe how certainly and unerringly the reasoning goes on from things perfectly 
self-evident, and by the smallest addition at each step, every one being as easily taken after the one before, 
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as the first step of all was, and yet the result being something not only far from self-evident, but so 
general and strange, that you can hardly believe it to be true, and are only convinced of it by going over the 
whole reasoning—this operation of the understanding, to those who so exercise themselves, always affords 
the highest delight. The contemplation of experimental inquiries, and the examination of reasoning founded 
upon the facts which our experiments and observations disclose, is another fruitful source of enjoyment, 
and no other means can be devised for either imprinting the results upon our memory, or enabling us really 
to enjoy the whole pleasures of science. They who found the study of some branches dry and tedious at the 
first, have generally become more and more interested as they went on; each difficulty overcome, gives 
an additional relish to the pursuit, and makes us feel, as it were, that we have by our work and labour 
established a right of property in the subject. Let any man pass an evening in vacant idleness, or even in 
reading some silly tale, and compare the state of his mind when he goes to sleep or gets up next morning 
with its state some other day, when he has passed a few hours in going through the proofs, by facts and 
reasoning, of some of the great doctrines in Natural Science, learning truths wholly new to him, and satisfying 
himself by careful examination of the grounds on which known truths rest, so as to be not only acquaintea 
with the doctrines themselves, but able to show why he believes them, and to prove before others that they 
are true ;—he will find as great a difference as can exist in the same being—the difference between looking 
back upon time unprofitably wasted, and time spent in self-improvement: he will feel himself in the one case 
listless and dissatisfied, in the other comfortable and happy: in the one case, if he do not appear to himself 
humbled, at least he will not have earned any claim to his own respect ; in the other case, he will enjoy a 
proud consciousness of having, by his own exertions, become a wiser and therefore a more exalted creature. 

To pass our time in the study of the sciences, in learning what others have discovered, and in extending 
the bounds of human knowledge, has, in all ages, been reckoned the most dignified and happy of human occu- 
pations; and the name of Philosopher, or Lover of Wisdom, is given to those who lead such a life. But 
it is by no means necessary that a man should do nothing else than study known truths, and explore new, 
in order to earn this high title. Some of the greatest philosophers, in all ages, have been engaged in the 
pursuits of active life; and an assiduous devotion of the bulk of our time to the work which our condition 
requires, is an important duty, and indicates the possession of practical wisdom. This, however, does by 
no means hinder us from applying the rest of our time, beside what nature requires for meals and rest, 
to the study of science; and he who, in whatever station his lot may be cast, works his day’s work, and 
improves his mind in the evening, as well as he who, placed above such necessity, prefers the refined 
and elevating pleasures of knowledge to the low gratification of the senses, richly deserves the name of a 
True Philosopher. 

One of the most delightful treats which science affords us is the knowledge of the extraordinary 
powers with which the human mind is endowed. No man, until he has studied philosophy, can have a 
just idea of the great things for which Providence has fitted his understanding—the extraordinary dispropor- 
tion which there is between his natural strength and the powers of his mind and the force he derives from 
them. When we survey the marvellous truths of Astronomy, we are first of all lost in the feeling of 
immense space, and of the comparative insignificance of this globe and its inhabitants. But there soon 
arises a sense of gratification and new wonder at perceiving how so insignificant a creature has been able to 
reach such a knowledge of the unbounded system of the universe—to penetrate, as it were, through 
all space, and become familiar with the laws of nature at distances so enormous as to baflle our imagination 
—to be able to say, not merely that the Sun has 329,630 times the quantity of matter which our globe 
has, Jupiter 308 9,, and Saturn 93} times; but that a pound of lead weighs at the Sun 22 Ibs. 15 ozs. 16 
dwts. 8 gra. and } of a grain! at Jupiter 2 lbs. 1 oz. 19 dwts. 1 gr. 43; and at Saturn 1 lb. 3 ozs. 8 
dwts. 20 grs. ,,th partofagrain! And what is far more wonderful, to discover the laws by which the whole 
of this vast system is held together and maintained through countless ages in perfect security and order. 
[t is surely no mean reward of our labour to become acquainted with the prodigious genius of those who 
have almost exalted the nature of man above its destined sphere, when, admitted to a fellowship with these 
loftier minds, we discover how it comes to pass that, by universal consent, they hold a station apart, rising 
over all the Great Teachers of mankind, and spoken of reverently, as if Newron and Lariacz were not 
the names of mortal men. 


The highest of all our gratifications in the contemplations of science remains: we are raised by them| 


to an understanding of the infinite wisdom and goodness which the Creator has displayed in his works, 
Not a step can we take in any direction without perceiving the most extraordinary traces of design; and 
the skill everywhere conspicuous is calculated, in so vast a proportion of instances, to promote the happiness 
of living creatures, and especially of our own kind, that we can feel no hesitation in concluding that, if we 
knew the whole scheme of Providence, every part would be found in’ harmony with a plan of absolute bene- 
yolence. Independently, however, of this most consoling inference, the delight is inexpressible of being able 
to follow, as it were, with our eyes, the marvellous works of the Great Architect of Nature—to trace the 
unbounded power and exquisite skill which are exhibited in the most minute, as well as the mightiest parts 
of his system. The pleasure derived from this study is unceasing, and so various, that it never tires the 
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appetite. But it is unliké the low gratifications of sense in another respect: while those hurt the health, 
debase the understanding, and corrupt the feelings, this elevates and refines our nature, teaching us to look 
upon all earthly objects as insignificant, and below our notice, except the pursuit of knowledge and the 
cultivation of virtue; and giving a dignity and importance to the enjoyment of life, which the frivolous and 
the grovelling cannot even comprehend, 


Let us, then, conclude, that the Pleasures of Science go hand in hand with the solid benefits derived 
from it; that they tend, unlike other gratifications, not only to make our lives more agreeable, but better ; 
and that a rational being is bound by every motive of interest and of duty, to direct his mind towards 
pursuits which are found to be the sure path of Virtue as well as of Happiness. 


CIRCLE OF THE SCIENCES; 


A CYCLOPZDIA 
oF 
EXPERIMENTAL, CHEMICAL, MATHEMATICAL, AND MECHANICAL FEAL: 
AND NATURAL HISTORY. 


INTRODUCTION TO PHYSIOS. 


Art a time when the applications of Science are so numerous and highly appreciated, it would be a work of 
supererogation to attempt to urge their value on the intelligent reader. It may, however, not be out of place, 
to enquire by what means Experimental Philosophy has attained to its present high rank, either as an object of 
study, or in its applications to the various requirements of civilised life. 

From the earliest ages, the phenomena of Nature must have been deeply investigated by intelligent observers. 
The labours of Archimedes, Ptolemy, Thales, and others, evidence that there have been those in olden times who 
delighted to enquire into the reasons and causes of the varied effects they witnessed. Indeed, Electricity—a branch 
of Science which, during the last half-century, has been applied to so many purposes—was known in some of its effects 
at least two thousand years ago. Of Geometry and Astronomy, the oldest records extant prove that there were 
many ardent followers. 

But, although a branch of Science has its origin in observation, still its progress is only effected by the mental 
process of sound induction ; and in this department of Philosophy, the ancients were eminently deficient. Having 
observed an effect, they, in most cases, hastily proceeded to seek a reason; and having to contend with those 
prejudices of which Lord Bacon speaks so eloquently, they assigned causes which met special cases only. Hence 
they were at last compelled to invent imaginary ones, which, as they only explained a few collateral effects, could 
not be generalised. The result of this was, that no branch of Science, properly so called, was ever established: 
guess-work and empiricism occupied the place of sound reasoning, and mists and mysticism were the final results of 
their researches in most instances. 

The Alchemists of the middle ages fall under the same category as the ancients. They had but one object in 
view—the conversion of the base into the precious metals ; hence every occurrence that presented itself to their 
notice, which they conceived to be not relevant to their pursuit, was entirely neglected, or ridiculously philosophised 
on. They preferred, indeed, to teach Nature, rather than to be taught by her; and thus it can be matter of no 
surprise that, under their auspices, Science made no progress. 

Eventually, however, a brighter intellectual day dawned. Experiment became the foundation; fact the super- 
structure; whilst theory was but the scaffolding to the temple: and as soon as the system was adopted of tracing 
causes from their effects, and of arranging such, that one theory might connect many causes, Experimental Science 
advanced with rapid strides. From its lofty abode in the time of Copernicus and Galileo, it has since descended, 
and has become, as it were, the household god of even the very peasant of the land, and the proximate cause of most 
of the comforts and conveniences of our existence. 

It is not, however, on account of the material advantages which Philosophy affords, that its pursuit is most to 
be admired. Next to the great object of man’s existence in this world—the cultivation of religious sentiments—the 
expansion of the human mind immediately succeeds in value. And it is impossible to point out any other study 
which more fully calls out and exercises the mental powers, than that of Nature, The perceptive faculties are 
employed in investigation and observation ; the reasoning power in arranging causes ; and the reflective in focalising 
the rays of light continually emitted : in fact, all the powers of the mind are thus braced and made ready for answer- 
ing every call which can be made on them. 

In arranging the subjects included in the following pages, it has been attempted to make the simple to introduce 
and prepare the way for the complex. By thus progressing from known to obscure matters, it is hoped that the way 
of Science has been made plain, although no royal road has been opened out. The persistent attention of the reader 
has been assumed to have been granted by him; and it is earnestly hoped that the demonstrations herein set forth, 
may result in the comparatively easy solution of some of the most difficult, as well as the plainer problems in 
Experimental and Natural Science. 

In pursuance of this plan, it will be necessary that we should enquire into those properties posseased by every 
kind of matter ; and despite of all the sophisms of a class of metaphysicians, it will be impossible to define matter 
otherwise than as that which can be weighed, measured, and perceived by the senses, The speculations of Berkeley 
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and others, however ingenious they may be, have a great tendency, if followed to their logical consequences, to 
restore the days of philosophical darkness, in which imagination was the ignis fatwus which led men astray from the 
true path of induction. 

The leading properties of matter are Extension, Impenetrability, and Inertia, and they are characteristic; for if but 
one atom existed in the universe, it must necessarily have these. If more than one particle exist, two forces would 
be called into operation. By that of gravitation, each particle would be attracted mutually ; by cohesion, the two 
would unite, and so form amass. Thus, by the attraction of gravitation, masses affect each other’s position ; whilst 
by the attraction of cohesion, the masses are themselves formed and held together. 

It will be most convenient to deal with these properties and forces individually ; and to this end it will be first 
necessary to define the term ‘‘ atom.” 

Aroms.—The original signification of the term is simply, ‘‘ that which cannot be divided.” To such an idea it has 
heen objected, that it is impossible to conceive any particle so small that it cannot be bi-sected or otherwise cut into 
parts. Mathematical reasoning and demonstration have been adduced in support of this view ; and perhaps the most 
ingenious attempt is that wherein the mutual relationship of parallel lines and angles are employed. As, however, 
geometricians are compelled to assume that a point occupies no space—that a line has length, but no breadth—so it 
may be permitted to the physicist to assume, that an atom is such a particle of matter as to be indivisible by physical 
means ; and in this sense the term ‘‘ atom” will be in future employed by us. 

Assuming, for the present, that a body is composed of a number of atoms held together by their attraction for each 
other, it may be interesting to consider some facts in reference to the divisibility to which a body may be subjected 
without losing its general and individual properties. The examples of such instances are so numerous as to make a 
selection most difficult. The following, however, may be adduced, on account of their recent discovery :— 

Example 1.—In a cubic inch of chalk, as obtained from the rock, there are the remains of many millions of ani- 
maleules, each of which had possessed, during life, all the organs necessary to its independent existence. 

Example 2.—It has been found that silver exists in a soluble state in sea-water ; but in such minute quantities as 
to have escaped the notice of the most careful analysts, till lately, when a small portion of the solid metal was disco- 
vered as a film on the coppered bottom of a vessel, and had been collected from the immense quantity of water 
through which the ship had sailed during a long voyage. 

The extension of metals by hammering, and in the processes of wire-drawing, are familiar illustrations of a similar 
nature. 

Exrenston.—This term, in its philosophical sense, defines that property of matter by which it occupies space ; 
and, as it appears at once so evidently a quality of bodies, we pass on to another property, Impenetrability, which is 
not so self-evident, when considered in certain aspects, 

ImMpENETRABILITY.—By this is meant that no two bodies can occupy the same space at the same time. There 
are many apparent exceptions to this, which, however, neither have, nor can have, any foundation in fact. Thus, on 
adding strong sulphuric acid to cold water, in a long glass vessel, the two liquids, on being mixed, will occupy less 
space than they did separately. This fact is, however, easily explained. No state of matter is really solid ; for 
each mass has its atoms at « distance from each other ; the divisions between them being called pores or interstices. 
In the instance just adduced, the particles are brought closer to each other, so that whilst the mass may occupy less 
space, the individual atoms are impenetrable, or, in other words, could not at the same time occupy each other’s 
place. India-rubber, cork, atmospheric air, é&c., all seem to create paradoxes in reference to this doctrine ; which, 
however, are easily explained away, and on which further remarks will be made under the head of Cohesive 
Attraction. Familiar instances illustrate the impenetrability of solids; such as the insertion of a nail, chisel, or 
saw into wood, &c., where the particles of the wood are merely thrust aside, to make way for the body introduced 
between them. 

Inertra.—That no inanimate mass can be set in motion spontaneously, will be readily admitted ; its converse, 
that no body can come to rest spontaneously, may, however, be difficult to understand, owing to daily occurrences 
seeming to demonstrate the opposite conclusion. A little consideration, however, will easily remove any doubts on 
these two doctrines of the Inertia, or the immovability of matter. All matter requires the application of external 
force to remove it from its position ; and so far as terrestrial objects are concerned, any force so applied is instantly 
opposed in most cases by two others—namely, those of gravitation and resistance. Taking, for instance, an extreme 
case of motion—such as the flight of a bullet from the muzzle of a rifle—it is found that the ball instantly falls towards 
the earth by virtue of gravitative force, and it is also diverted right or left, or opposed in its forward progress, by 
the resistance of the air to its passage. The former of these forces may be temporarily suspended, as in the case of 
a balloon ; the latter as in the vacuum of an air-pump, wherein a penny and a feather will, owing to the absence of 
air, descend at equal speed. 

With respect to the heavenly bodies, it is found that their rate of motion is so regular as to never vary in the 
course of many years ; and thus they illustrate the second principle of the doctrine of Inertia—that bodies will not 
come to rest of their own accord. Occasionally, however, the proximity of one planet to another will disturb each 
in its orbit. An instance of this occurred some years ago, which led to the discovery of the planet Neptune. 
M. Leverrier, in France, and Mr. Adams, of Cambridge, had noticed a disturbance of the motion of Uranus, and 
arguing on the principle that the inertia of that planet could not be affected except by an external force, they were 
led to imagine that another planet had, by virtue of its attraction, been the disturbing cause ; and, eventually, 
they were rewarded by its discovery. This result may be adduced as a wonderful triumph of Mathematical and 
Physical Science, and also as an evidence of the exact and undeviating character of natural laws, in obedience to 
which, the planetary systems present no notable change in the lapse even of ages. 
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Numerous instances are daily occurring wherein the inertia of matter plays a prominent part. The jolting 
motion of a carriage passing over a rough road ; the apparent projection of a passenger forward or backward, according 
as a boat in which he may be at rest is suddenly moved in the reverse direction, &c.—are cases wherein the body 
does not, by its inertia, partake of the motion, and therefore remains still. In the case of a collision on a railway, 
the passengers continue to move at the velocity they had already acquired, and are not able to bring themselves to, 
rest: but the carriage in which they were travelling loses its motion, owing to the inertia of the object against which 
it had been impelled, and which opposes its further progress. 

Having thus mentioned those properties which are common to every kind of matter, we proceed to inquire into 
the powers by which two or more masses mutually act on and attract each other. Before the time of Sir Isaac 
Newton, to whom is accorded the merit of having first proved the universal nature of the law of gravitation, many 
philosophers held the opinion that there was a great attractive force acting on all matter. Hooke, a contemporary 
of Newton, gave expression to such views, but in an unintelligible and enigmatic form. Newton, however, availed 
himself of some rough observations of the moon’s revolution in her orbit,to test the idea of universal gravitation. 
By an acute intelligence, and deep mathematical acquirements, he was enabled, despite every obstacle, to make 
certain of that which had previously been mere conjecture. He not only proved the fact that masses mutually 
attract each other, but also demonstrated the amount of such attraction, and the variations to which it was subject 
at different distances of the attracting bodies. 

Gravrratioy.—The attraction of gravitation, so far as our earth is concerned, may be defined as that force in 
obedience to which all bodies tend to fall towards its centre. This force varies according to the distance from the 
centre; and as the poles are about thirteen miles nearer to it than the equator, it follows that a body will weigh 
more at the poles than at the equator. 

The amount of this variation is inversely as the square of the distance; or, more plainly, if any object be 
attracted with a force at any specified distance from the centre of the earth, at double the distance the force will 
be diminished to one-fourth ; at three times the distance, to one ninth; and so on. 

The amount of attractive force which two bodies in space can exert will be directly proportional to the mass of 
matter they contain; hence the greater mass will draw the smaller to it. But each has an attraction for the other ; 
and if their masses do not greatly differ, they will, by their mutual attraction, remove each other from any supposed 
position they may have occupied, on coming within the sphere of each other’s action. It is literally true, that 
the earth is attracted by every object raised from its surface, but as such bears no assignable proportion to the mass 
of the earth, the effect of course is infinitely small. If, however, a ball be attached to a flexible cord, and suspended 
near a mass of metal, the attraction of both the earth and metal will act on it, and, instead of hanging in a line 
perpendicular to the earth’s surface, it will be drawn to one side, By comparing the attraction which a known mass 
of metal has, in causing a ball thus to diverge from the perpendicular, a rough idea of the density of the earth may 
be arrived at. “This is, however, more perfectly ascertained by means of a pendulum, which, as it is continually falling 
towards the earth, when in motion, must necessarily vary in the number of its vibrations, according to its distance 
from the centre of the earth. At London, a pendulum of the length of 39.139 inches, vibrates sixty times per minute ; 
whilst at the Poles, the number of vibrations would be much more numerous, and at the Equator they would be less, 

By thus experimenting, it has been found that the weight of the earth is equal to that of about six globes of 
water of the same size, or, in other words, the earth weighs nearly six times as much as its own bulk of water. 

One effect of the attraction of gravitation is, that bodies falling towards the surface of the earth, move towards it 
with an accelerated motion, that is, the nearer they approach the earth, the more space do they pass through in each 
second of time. In the case of a body being projected from the surface of the earth, its upward motion is gradually 
retarded until it comes to rest, and again returns to the earth, by virtue of the attraction of the latter. The 
acceleration and retardation here spoken of, are directly consequent of the law that the force of gravitation varies 
inversely as the square of the distance of the attracted from the attracting body. It has been found that a mass 
will fall, in one second of time, through a space of 16;'; feet; but, neglecting fractions, a general rule may be 
enunciated—to the effect, that the space through which a body will fall during any number of seconds, may be 
ascertained by multiplying 16 feet by the square of the number of seconds of time during which it has fallen. 

If, for instance, it were desired to know the depth of a mine, or the distance of the top of a tower from the 
ground, it would be only necessary to count the number of seconds of time which a stone takes in falling to the base ; 
and by multiplying the square of the number of seconds by 16 feet, the depth sought for would be at once 
ascertained. - 

The rule just named gives only the total space through which a body would fall towards the earth during a given 
number of seconds. If it be desired to know the space passed through in each second, a different course must be 
adopted. It has been found, that by multiplying 16 feet successively by 1, 3,-5, 7, 9, dc., the space passed through 
in the first, second, third, fourth, fifth, &c., second is at once obtained. The reader will therefore perceive, that the 
total space passed through increases in geometrical progression, whilst the relative space in each second increases in 
an arithmetical ratio only. The following table will more fully explain the rules just laid down :— 


Miah «body has fallen. een Total space passed through, 
bg 16 feet. 16 feet. 
2” 48 ” 64 ,, 
Pd 80. 5 144 ,, 
4’ 112 ” 256 ” 
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The application of these interesting laws to the motions of the planets and other astronomical phenomena, will 
be fully dealt with under the section of Astronomy. The consideration of the cause of the tides will also fall under 
that head. 

Having thus attempted to give a general idea of the force of gravitation, we pass on to consider the aggregation 
of atoms, and the causes of solidity, &c. It has already been remarked, that a mass is composed of very minute 
particles. These are brought and held together by what is called the attraction of cohesion. 

Coneston.—This force, unlike gravitation, is only exercised at extremely small distances ; and when particles 
are violently separated, they generally remain apart, owing to the loss of their cohesive power. ‘The ordinary 
processes of pounding, cutting, cleaving, dc., are instances of cohesive attraction being destroyed between particles, 
or, at all events, they cause its temporary suspension. In some instances, however, parts of bodies may be reunited, 
as in the case of india-rubber, which, on being cut by a clean knife, may be joined together again by simply pressing 
the clean edges closely together. A leaden bullet, if divided by a sharp knife, may be re-formed by immediately 
bringing the surfaces together by means of a kind of twisting motion, assisted by pressure. 

Highly polished surfaces will often adhere strongly if brought into close contact. Polished plate-glass affords 
an excellent illustration of this ; for sometimes two sheets; if placed on each other, and having nothing between 
them, will adhere with such Toros as to prevent their separation. Finely polished steel surfaces often present similar 
results, Generally speaking, however, an extremely small distance is required to be attained before bodies will 
adhere; and hence the use of adhesive substances, such as glue and pitch, which, by touching the particlés of two 
bodies in many places, produce a temporary cohesion of great force. 

It may seem paradoxical, but at the same time it is true, that although the sense of touch leads us to imagine 
that we actually come in contact with a body, it is extremely rare that such an event takes place. If two pieces of 
convex glass, such as common lenses, are pressed together with great force by means of screws, there will still remain 
between them a plate of air, which, by its coleur, indicates the distance still separating them. A needle resting on 
the surface of water, has round it a film of air which prevents the liquid from at all touching it. If the hand be 
pressed on any surface, there will generally exist three plates, which will prevent actual contact with it—namely, 
one of water, grease, and air. Again, if a little lycopodium, in powder, be cast on to the surface of some water, the 
hand may be thrust into the liquid without becoming moistened. Some of these, and similar, effects have been 
described as resulting from an active principle, which has been termed ‘‘ repulsion ;” but they are easily explained, 
by presuming that distance negatives the usual effect of cohesive attraction ; indeed, the slightest film on the surfaces 
of the divided lead bullets above-named, will prevent their re-adhesion. 

The different states of bodies, such as the solid, liquid, and gaseous, are caused, it is believed, by the repulsive 
power of heat. A solid may be supposed to have its particles close together. On the addition of heat thereto, its 
particles are at once driven farther apart, and a fluid is produced. By a still further application of heat, the parti- 
cles of the fluid may be separated to a greater distance, and a gas or vapour will be produced. Tlte most common 
illustration of these three separate states being found in one body, is that of water, which may be successively a 
solid as ice, a fluid as water, and a gas in the form of vapour or steam. 

Masses may be reunited, after division, by various means ; solution and crystallisation lise those most com- 
monly employed. Sugar, for example, may be powdered, and no pressure will reunite the particles. On being 
dissolved in water, the different parts are aggregated, and the solid mass may be restored. Under the section 
on Crystallography, this mode of inducing cohesive attraction will be fully explained. 

OxemicaL, Exvecrricat, and Macneric attraction will necessarily be spoken of under the respective branches 
of Science to which they relate. It will therefore be sufficient to state that they exercise a varied influence on, and 
modify or control, the form and condition of bodies. The former of these forces has a universal effect throughout 
nature; whilst the influence of Magnetism is, comparatively speaking, restricted to the metal iron, and its 
compounds. 

Carmuary Arrraction.—This force seems to be a modification of that of cohesion, and is manifested whenever 
a liquid is in contact with solids, which are placed at small distances from each other. On dipping a narrow glass 
tube into water, it will be found that the fluid will rise higher inside the tube than the general level of the aqueous 
surface. A lump of sugar absorbs and raises above its level any water in which it may be placed. This force has an 
astonishing effect both on animal and vegetable economy. By its action the sap is conveyed from the root of the 
plant or tree to the highest branches; and, generally speaking, liquids are raised by this force for a yast number of 
purposes in nature. To this end the pores or interstices of bodies highly contribute : and thus, whether we regard 
the cells of animal and vegetable structure, or the particles of sand, earth, loam, &c., this comparatively unobserved 
but constantly acting force, is one of the chief agents in producing an infinite variety of effects. In daily life, 
capillary attraction is constantly employed ; as, for instance, in the conveyance of oil in lamps by the wick; in the 
absorption of perspiration by clothing ; and in other ways too numerous to mention. 

We have hitherto restricted our remarks to those properties of matter and forces in nature which are properly 
called universal, because we can conceive of no body which can exist unaffected by them. There are, however, 
others to which we must direct attention ; because, although not partaken of so generally, they are discovered in 
most of the objects to which the aah th of philosophers are directed. It will be found that some of these 
properties are characteristic of the body possessing them; but in others, these properties may vanish when the 
state of the body possessing them, is varied by the action of heat and other forces. 

Exasticrry is that property by virtue of which bodies regain a form which they had temporarily Jost. The effect 
of Elasticity is produced when two other properties, CompressrBinity and ExpansIsiziry, are called into exercise. 
Air, for instance, when compressed, will at once expand on the pressure being removed ; hence air is called an elastic 
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body. Some masses may be compressed, and will not regain entirely their previous form; but a perfect elastic body 
is one which will oscillate between its original, a larger, and smaller form—eventually, however, regaining its previous 
size. A common ivory billiard-ball is one of the best illustrations of this class of bodies, and wet clay may be adduced 
as an instance of those of an opposite kind. All gases are highly elastic, and, owing to atmospheric changes, are 
perpetually undergoing alteration of bulk. Liquids are sparingly so ; and, in fact, seem to form an exception to these 
laws ; but, by careful experiments, it has been ascertained that water is elastic ; for, having been compressed by 
enormous pressure, it will regain its previous volume on the pressure being removed. } 

The mind at once recurs to the numerous applications of the elasticity of different materials. The springs of 
carriages, the buffers of the railway car, the passage of gas through the mains conveying it, the production of wind, 
the main-springs of clocks and watches, &c.—all are instances wherein elasticity plays an active part. But, perhaps, 
the most interesting object of this force is involved in the arrangement of the different parts of the human body ; 
which, by the elasticity of their separate processes, permit any kind of motion to be safely undertaken, that would 
certainly destroy the construction of the most perfect of human mechanical productions. 

Srecrric Graviry.—A relative property of bodies is that called Specific Gravity ; and the term is employed to 
express the fact that the same bulk of different substances varies in weight. Thus air weighs about ,4,th part of its 
bulk of water ; whilst iron weighs more than seven times as much as an equal bulk of water. The various means used 
for ascertaining the relative weights, called Specific Gravities, will be described as required in the progress of the work— 
an arrangement which will assist the student in learning the valuable application of the law, more especially in 
reference to the processes of the chemist, the weight of machinery, &c. 

Ornrue or Graviry.—This term is used to point out that part of a body wherein all the forces acting on it are 
in equilibrium. In a globe or sphere made of materials of one kind only, the centre of gravity would be at the centre 
of the body : hence, if the sphere were suspended by that centre, all its parts would hang round it at rest. If, how- 
ever, we imagine a sphere to be made partly of wood and of lead, the specific gravity of the metal is so much greater 
than that of the wood, that the lead, if not placed exactly in the centre of the sphere, would have the centre of gravity 
somewhere in itself. The common toy, the Chinese tumbler, is constructed so that its centre of gravity shall be at 
the lower part. * The centre of gravity of an egg is so placed, that it will, if left to itself, lay sideways on a level 
surface. If, however, its contents are violently shaken, the yolk will settle to one end, and the egg may easily thus 
be made to stand upright, because its centre of gravity has been shifted from its previous position near the centre. 
The applications of the law will be fully considered under the head of Mechanics ; it may, however, be interesting 
to point out here some cases where its action is prominent. In walking,we are continually shifting the centre of 
gravity of our bodies : in the construction of railways, the lines are so laid as that, in curves, one rail shall be higher 
than another, so as to prevent the train running off the line; and, in loading ships, care is taken that the cargo shall 
be so distributed as that the centre of gravity of the vessel shall be in the best position to insure speed and safety. 
When a vessel is required to sail from one port to another without cargo, a quantity of coarse gravel, called ‘* ballast,” 
is cast into the hold, which thus maintains the centre of gravity low down in the hull. 

Having thus attempted to give an introductory view of properties and forces to which all matter is subject, we 
proceed to detail those branches of Science which take cognizance of special forces, qualities, and phenomena ; and in 
so doing, we shall confine our attention to those only which will be introduced and explained in these volumes, dealing 
with them in the order in which it is proposed to arrange them. 

It has already been stated that force is required to set matter in motion; but, beside the forces to which refer- 
ence has already been made, and which affect only the external condition of matter, there are others which can modify 
and change it in so many ways, as to produce results which are of the highest importance in animal and vegetable 
existence. 

Hear.—The first which we shall notice is the power or agent called Heat—one of the most active and necessary 
in creation. We shall have to examine its effects on matter, in the solid, liquid, and gaseous state; its production, 
conveyance or conduction ; and other facts relating to its diffusion and general agency. It may here be remarked, 
that the term Catontc is often used instead of heat, as being more in accordance with scientific phraseology. 
Natural phenomena, such as Wind, Rain, Dew, Evaporation, éc., will be dealt with under this head; and the varied 
applications of heat, and the instruments used for its. measurement, such as the Thermometer, will be fully 
described. 

Licur.—Under the head of Light, a vast variety of interesting phenomena arrange themselves ; such as colour, 
reflection, refraction, polarisation, &c. Photography, as one of the most interesting of the numerous applications of 
Science, will claim an extended notice ; and ample directions will be given, so as to assist the reader in the pursuit 
of the art. Optical Instruments, employed in scientific research, and for social and amusing purposes, will be 
explained, both with respect to their construction and use. Among these will be included, Telescopes, Microscopes 
of all kinds, the Magic Lantern and Dissolving Views, Cameras, Stereoscopes, Polariscopes, &c. The production 
of Artificial Light will also be extensively illustrated. In this branch of philosophical research some most in- 
teresting discoveries have recently been made by Messrs. Bunsen and Kirchkoff, who, by means of the spectrum 
analysis, have opened out an entirely new field in Chemical and Optical Science. ie a ft: 

Execratotrry.—No branch of Science has made, during the present century, such rapid strides as Electricity. 
Its various divisions of Frictional and Voltaic Electricity will be examined, together with numerous natural phe- 
nomena arising from their agency. Electro-Chemistry, Electrotyping, Plating, and Gilding, naturally fall under 
this section ; and extended details of these processes will be afforded. 1 dy ; 

Macnerism.—To the existence of this force we are indebted for the mariner’s compass, whose variation will 
require special notice. Terrestrial Magnetism and Dia-Magnetism will be investigated, and the leading facts and 
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experiments on these subjects will be introduced. ‘The action of the material and cargo of ships on the compass will 
be explained, so far as modern Science has brought light on that intricate subject. 

Execrro-Macnetism.—This branch of Science is of very recent origin; and its chief application, the electric 
telegraph, has made it, so far, the most popularly known of any. The production of magnetic effects in soft iron, the 
mutual action of Electric and Magnetic Currents, the divergence of the Magnetic Needle, and the various applications 
of these effects, such as the Electric Telegraph, both on land and through water, together with Electro-Magnetic 
Machines, will be found in this section. Ruhmkorf’s new Induction Coil, and various experiments with it, will be 
explained. : 

Acoustics. —The four agents, Heat, Light, Electricity, and Magnetism, are at present supposed to be produced 
by motion of an undulatory nature ; and much analogy exists between them and the production of sound. Under 
the head of Acoustics, this connection will be considered ; together with the conveyance and reflection of Sound, 
Echoes, Musical Instruments, and other allied subjects. 

Cumisrry.—The most casual observation will at once suggest that there must exist a vast variety of substances 
in nature, having qualities greatly differing from each other. It is the object of Chemistry to discover these 
qualities, and to examine their mutual relationship. In dealing with this branch of Science, the chemical his- 
tory of Inorganic Bodies will be first considered. The Chemistry of Life, both vegetable and animal, Agricultural 
Chemistry, and Chemical Analysis, will follow in order; and the subject will be made complete by an extended 
notice of the numerous applications of chemistry employed'in the arts, manufactures, and in mining and metallurgy. 

Maruematics.—The object of Mathematical Science is to point out the different relations of Number, Time, 
and Space. Arithmetic, Algebra, Logarithms, and Logarithmic Tables of Natural Numbers ; Geometry, Plane 


and Spherical ; Trigonometry ; and the application of these, under the heads of Practical Geometry and Mensura-. 


tion, will be all fully investigated in this section ; and each branch will be so treated as to enable the student to 
master the majority of problems which occur in the application of Mathematics to the investigations of Physical 
Science. Every endeavour will be made to combine simplicity of expression with scientific instruction. 

Mecuanicat Paitosorny. or Appriep Marnematrios.—Under the head Mecuanics, the Laws of Motion and 

Force, as applied to Machiners, will be first considered ; with mechanical contrivances for economising labour, or 
for producing motive power, including Steam-Engines, &c. Implements of husbandry and trade, and other similar 
mechanical inventions, will be fully described ; and their essential peculiarities also pointed out. Rules for caleu- 
lating the power of engines, the weight of machinery, its regulation, and other interesting facts, will be included, 
| so as to make this section of value to the practical man. 
Hyprostatics and Hypravtics.—The different fluids which are generally typified by water; the laws which 
| govern them when at rest or in motion ; the application of these laws, asin Water-Wheels, &c.; the flow of Water 
through pipes ; the construction of Canals and Reservoirs; the Hydraulic Press, and many allied matters, will be 
dealt with under this head. 

Pyevmatics.—The laws which govern air and other gases are generally included in this branch of Science. 
Beside explaining the causes of many atmospheric phenomena, we shall here give descriptions of the Barometer, 
Pumps, Air-Engines, and other inventions which depend on the application of the laws of air or gasiform bodies. 

Astronomy.—The consideration of the subjects to which we have hitherto alluded, necessarily attaches the mind 
to objects of terrestrial interest. In the study of Astronomy, we are led beyond all mundane influence, and seem 
to take so high a stand in nature as to be enabled to have an extended survey of the works of the Creator. For 
sublimity of subject and range of observation, Astronomy stands immeasurably beyond every other branch of Science. 
Even a superficial view of its truths is deeply interesting to the intelligent mind. But our object will extend further. 
It will be our endeavour to give an insight into those laws by which the constitution and motion of the Heavenly 
Bodies are governed. Whilst a popular description of Astronomical Science will be afforded, the mathematical student 
will have an opportunity of investigating the truths and bases on which the leading theories of this noble branch of 
Science are founded. It is impossible to enumerate here the varied matters which we shall have to. speak of. The 
Sun, the Planets, the Earth, and Moon ; their motions in their orbits and on their axes ; the causes of the Tides, 
of Eclipses; the nature and motion of Comets ; the Constellations and Fixed Stars, c., will be dealt with, so as to 
interest both the general and advanced reader ; and in a way which, we trust, will add the element of intelligence 
to the natural admiration which all feel when they ‘consider the heavens,” the handiwork of Gop, 

Navication and Navricat Asrronomy.—Nothing is of greater importance to the navigator than a knowledge 
of Astronomy. By it he is enabled to trace his path on the sea with a certainty which seems truly marvellous. The 
heavenly bodies are as celestial lighthouses to him ; and, by observing their positions, he is enabled to calculate his 
exact place on the surface of the earth. The subject will be dealt with in an essentially practical manner; and 
ample rules will be given for calculating, arithmetically and by logarithms, the leading problems of this branch of 
Science ; such as Latitude, Longitude, errors caused by Refraction, Departures, Courses, and allied subjects, The 
relations between Astronomy and Navigation will thus be fully pointed out, and varied practical matter will also 
be introduced in this section. 

With some of the subjects named above, tables of various kinds will be required ; and these have been accord- 
ingly supplied in each section, so that the student will have no occasion to refer to other works. 

MerzoroLocy.—This interesting and almost new branch of Natural Science, gives an explanation of the various 
phenomena which occur in our atmosphere. Amongst these may be named—Wind, Water-Spouts, Rain, Hail, 
Snow, Thunder and Lightning, the Aurora Borealis, and Shooting Stars, Dew, Moisture, Evaporation, Clouds, &c. 
We shall include an ample description of the different modes adopted for the purpose of observing and registering at- 
mospheric changes, and give directions for ascertaining the approach of storms, cyclones, dc. ; referring also to the late 
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efforts of the British government, to diffuse this valuable information amongst seafaring persons. The simplest 
and most economical mode of pursuing private observations will claim our attention, and special instructions will be 
given to assist those who are desirous of undertaking that interesting occupation. ; 

From the brief epitome thus presented, it will be observed, that the division of our work treating on Natural 
Philosophy, will include the different branches of Science which share the description of the laws of inanimate nature. 
In our progress, a large variety of experiments will be introduced, which will enable the reader to test the truth of 
the principles or assertions which are laid down. As we have previously remarked, Observation and Experiment are 
the bases of sound philosophy; and, as a rule, nothing should be assumed but what can be proved. Our endeavour 
will be to avoid, as far as possible, the use of technical phraseology ; and where such is absolutely necessary, sufli- 
cient explanations of the terms so employed will be given, so that the reader will not need to refer to other works for 

In the second division of the work we shall deal exclusively with those branches of Science which relate to 
the laws of Organised Bodies. The student will find that his previously acquired knowledge of Experimental 
Philosophy will be called into practical exercise when he enters into the examination of the phenomena of animal and 
vegetable life. His acquaintance with Inorganic Chemistry will enable him to examine the variety of substances 
described in the section on Mineralogy ; and, when collecting specimens, he will find the great value which accrues 
from the application of chemical analysis and the use of the blow-pipe, in arriving at a knowledge of the constituents 
of mineral substances. We may here observe, that immense sums have been wasted by otherwise intelligent 
individuals, who, having discovered what appeared at first sight to be ores of great value, in previously unknown 
positions, have not been able to apply the laws of Chemical and Geological Science in verification of their opinions. 
Thus, it has been proposed to search for coal in some parts of Kent and Surrey. The writer was once seriously 
informed by a lady that she had discovered a ‘silver mine” on her estate in Essex ; and he can call to mind several 
instances where search has been made in different parts of England and Scotland for lead, copper, &c., which any 
geologist would at once have pronounced as sure to prove futile, and with a certainty which would leave no room 
for conjecture. 

The arrangement of the division on Natural Science, will include Comparative Anatomy, Zoology, Ethnology, 
Botany, Crystallography, Mineralogy, Physical Geography, and Geology ; and we shall take them in the order we 
have named. We do so, because a knowledge of Comparative Anatomy, Zoology, and Botany, is essential to the 
student in enabling him to arrange and classify the fossils which form the key-stone of al) our geological discoveries. 
Any person well acquainted with these branches of Natural Science, will have no difficulty in at once ascertaining the 
period at which any strata of the earth’s crust he may meet with has been formed. Indeed, fossils have been 

called the ‘‘ medals of creation.” 

Under the head of Comparative Anatomy, we shall describe the form, size, and number of the bones which are 
found in skeletons of different organised beings. This branch of Natural Science is of the deepest interest to every 


lover of nature; and to Professor Owen (the Cuvier of Great Britain) we owe a vast accession of knowledge 


respecting the relationship which exists between each class of extinct and living species. 

The object of Ethnology is to trace the characteristics of what have been called the “races” of men. With 
respect to this term, Dr. Latham well remarks, ‘that all the varieties of man are referable to a single species ;” and, 
for that reason, he defines Ethnology as the ‘‘ Science of Varieties.” 

Under the head of Zoology, it will be our duty to trace the Natural History of animal creatures, from the 
lowest to the highest species. Their production, growth, characteristics, will be inquired into ; and the subject 
will be made of popular interest by the introduction of anecdotes, illustrating the instinct of many of the 
Mammalia, &c. 

From Animal Life we descend to that of the Vegetable Kingdom. In this, with but trifling exceptions, we 
lose all sign of the power of locomotion. We perceive a cellular structure, and the circulation of sap; each of which 
is analogous to’the bone and blood of the animal. The student who has not already become acquainted with Botany, 
will at first imagine that the variety of vegetable productions is like that of the mineral kingdom, almost infinite. 
But Botany, like Chemistry, systematises our observations: and thus, as we find but sixty or seventy elementary 
bodies by the aid of chemical analysis; so, by using the arrangements which Botanical Science affords us, we are 
enabled to arrive at a classification of every tree, plant, and flower. 

Leaving all trace of life, we descend to the lowest rank in creative results, but still find abundant objects for 
study and reflection. Crystallography opens out an astonishing evidence of design, by showing that inanimate sub-” 
stances have specified forms of their own. Thus it matters not in what part of the world we find a grain of quartz, 
nitre, or common salt—we shall discover that an exact and undeviating crystalline form is possessed by it. We shall 
find a knowledge of Geometry of essential value in this branch of our studies; indeed, we shall do no violence to 
truth, if we call Crystallography the geometry of inanimate matter. 

Having mastered the details of the last subject, we shall be enabled to study with advantage the facts of 
Mineralogy—a subject of great interest, and of the highest importance in an economical and commercial point of 
view. This section will afford a detailed description of most known minerals ; the places in which they have been 
discovered ; their crystallographic forms, &c. Those of our readers who may have access to the British Museum, 
will find an account of nearly all the minerals contained in the collections, at that institution. 

Grotocy—the last subject on which we shall treat—has for its object the explanation of the various causes 
which have changed or modified the appearance and nature of the crust of our earth. Of all branches of Science, 
except Astronomy, this has been a source of the fiercest contention on the part of speculatists of every school. The 
zealous but hasty Christian philosopher has called in its facts to prove his views; and the sceptic has employed 
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the same facts for a diametrically opposite purpose. The philosophers of one school have, on certain data, ‘‘ proved” 
theories which their opponents have as vigorously ‘{disproved” by the same means. We might remark on this sub- 
ject to our readers, that if there be any branch of Science calling for patient, calm, and philosophic thought, it is this. 
The imagination, at all times, unless chained by the iron fetters of sound reason, will rush violently to conclusions ; 
and hence the bitter denunciations which geological opponents have hurled on each other.” If, however, the 
student will follow carefully the laws of rigid induction, he cannot avoid arriving at the truth; and in his observa. 
tions he will assuredly find 
* Sermons in stones, and good in everything.” 


Throughout the divisions of the work, every endeavour wil] be made to render each subject as complete as pos- 
sible. Those who have already advanced in scientific pursuits, will find formule and facts, conveying full information 
in each department; and, where necessary, mathematical demonstrations will be freely employed. The practical 
engineer, and others engaged in like pursuits, will be enabled to trace the various steps between Abstract Science and 
those extensive ramifications through which Experimental Philosophy and Applied Mechanics spread their influence. 
The general reader will, it is hoped, gather information which, whilst strictly philosophical, will be, by a little atten- 
tion, easily arrived at; and, as far as possible, the difficulties which naturally present themselves in every work on 
Science aiming at completeness, will be modified by the use of concise description, and illustrative experiments. In 
conclusion, we have to express the hope that, although many omissions and shortcomings must necessarily occur in 
our pages, the object which has been constantly held in view—that of assisting the reader to an intelligent and 
practical acquaintance with the laws of Nature, and their general applications—may yet be, in some measure, 
attained. : ; 

Having thus laid the foundation—if we may so say—of our work, and having given a general view of its 
arrangement, it may be useful to our readers to place before them, in a tabular form, the various subjects to which 
we have alluded. They have been so arranged as to conduct the student, from the most elementary principles, to a 
knowledge of each branch of Science into which the study of Nature is divided, according to the present system of 
philosophy. Without attempting to claim for our method any special advantage beyond that afforded by others, 
we venture to suggest that those who follow it will be enabled gradually to advance from comparatively well-known 
to more abstruse subjects, in such a manner, as that they may use the knowledge acquired in each step for the 
elucidation of that which has to follow. F 

The entire work is composed of two great divisions—the first relating simply to matter and forces ; the second 
to matter and forces as connected with vitality, &c. The sub-divisions connect allied subjects ; whilst the sections, 
into which each volume is divided, serve to render reference easy. They also separate the comparatively minor 
details, by which each sub-division is characterised, in a manner which is at once convenient and philosophical. 


DIVISION L—VOLUME L—EMBRACING EXPERIMENTAL, CHEMICAL, MATHEMATICAL, AND 
MECHANICAL PHILOSOPHY. 


Svus-prvision I.—Exprrmentat Purtosopay—Unpuratory Forces. 


Secrron I.—Hear. Srorron [V.—Macenetism, Exectro-MaGNerismM, AND 
»  IL—Liexr. | Dria-MaGnetism, 


» IIl.—Eezcrricrry. oe V.—Acovustics. 
Svus-prviston II.—Cuemicat Paimosorny, 
Section VI.—InorGanic anp OrcANIC CHEMISTRY, 
Sus-prviston I[I.—Maruematican Painosorxy. 
Section VII.—Maruemarics, tncLupING ARITHMETIC, ALGEBRA, GEOMETRY, TRIGONOMETRY, Ero. 


Sus-prvision [V.—Mecuanicat Parnosorny. 


Secrron VIII.—Srarics, Dynamics, Hyprostatics, Section X.—AstTRoNnomy. 
Pneumatics, Ere. 35 ‘%I—Naviearion anp Navtican Astronomy. 
~~ IX.—Apriizp Mecuanics. 3, XIIl.—Merzoroioay anp Crimaronoey. 


-DIVISION I.—VOLUME II.—NATURAL SCIENCE. 


Sus-pivision I.—Tue Anmiat Kinepom. 
Secrron I.—ComparativeE PuystoLocy. » Secrron ILL.—Zooroey. 
», IL—Comrarative Anatomy AND OsTEOLOGY. » 1LV.—Ersnonoey. 
Svus-prviston II.—Tue Veceraste Kinepom. 
Section V.—Borany, Descriptive AND SystemMatic.—Economic Botany. 
Sus-piviston I1l.—Tae Minera Krxapom. 
Szorion VI.—CrysTaLLoGRaPHy. Seorton VIIL—Grocraruy. 
»» VIL—Mrneraoey. os IX. & X.—Gronoey. 


We have already explained those general laws to which matter is obedient, whatever kind, form, or state it 
may be possessed of ; and, with this general introduction, we conceive our readers will be quite prepared to 
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commence the study of any of the sections. Some little difficulty, however, may be presented in the first sub- 
division—viz., that which treats on Experimental Philosophy, in connection with the Undulatory Forces ; and we 
shall, therefore, endeavour to smooth the way of the student by some general remarks on their nature, laws, and 
correlation. As we shall see in our progress, the term is comparatively new, and has been applied to Heat, Light, 
&c., on account of certain theoretical views which are maintained at the present day. By means of the theory 
referred to, the various phenomena of each force can be viewed in a definite relation to those of the rest, and thus 
great assistance is rendered to the philosopher in generalising on, and to the student in acquiring, the facts which 
they present to our observation. 


THE PHENOMENA AND LAWS OF THE UNDULATORY FORCES. 
Tue most indifferent observer of natural phenomena cannot fail to notice the variety which presents itself on every 
hand ; and we can scarcely imagine a more interesting occupation for an intellectual creature, than to trace the causes 
of those changes which are thus continually afforded us. In no department of Natural Science is there any possibility 
of disappointment; in fact, wherever we attempt the investigation of those laws which govern Creation, order, 
beauty, and precision are prominent characteristics, 

It, however, is impossible that we can suddenly appreciate the perfection which Philosophy discloses to us, in all 
the arrangements and sequences of prime causes, unless we enter into their study with a determination to put aside 
every preconceived notion, and to be taught by the lessons which are but slowly unfolded to us. To all but the 
humble philosopher, Nature is a sealed book ; but to those who ehter her kingdom as little children, a storehouse of 
knowledge and enjoyment is at once opened. 

This humility, however, is only arrived at after much experience, because there is an idea entertained by every 
tyro in Science, that he is at once capable of understanding the assumed simplicity of natural laws. The true man 
of Science has to arrive at this by slow degrees ; and, after achieving a position which, to ordinary minds, seems to be 
one of the highest importance, he so far learns his own ignorance as to doubt whether he has attained to any 

In the words of an eminent living philosopher, “‘ I once thought that I knew all that was to be 
known of Science ; but the longer I live, the less I seem to know of it.” 

These remarks are fully borne out by the fact, that all our discoveries of the causes of most of the effects 
observed in nature, have been arrived at by the most difficult and laborious processes. It matters not what 
department of Science we choose as illustrative of this truth, In every branch observation has frequently been 
baffled, the process of induction has been delayed, and the establishment of an adequate theory has been effected 
only by the most extended investigations, after apparently accurate inductions have undergone the sifting process of 
many independent and occasionally hostile minds. 

Tf, however, we study the result of such labours, we cannot but admire the perseverance which has been 
employed, and must rejoice that human intellect holds so proud a station as that of being able, to a small extent, to 
understand those laws which God has impressed on all His works. Even beyond this, we now reap the fruit of the 
works of those who in former days devoted themselves to investigate some of the most intricate of the operations in 
nature. The labours of a Newton and a Leibnitz are now the very bases of our national prosperity ; for without the 
results which those great men first opened out, our position as a maritime people would yet have to be won. 

In many instances, the most valuable additions to scientific stores have been accidentally met with. We must 
not, however, forget, that while so-called “ accidents” occur to every observer, they are only made use of by those 
whose minds are prepared to reflect on, and examine, any new appearance which may attract their attention. The 
discovery of the polarisation of light, and of electricity evolved by chemical action, are instances of the most common 
occurrences being turned to philosophic purposes. Every one must have observed that the light of the sun produces 
most beautiful colours when reflected from a thin film of oil floating on water ; but it required the penetrative genius 
of Newton to explain their cause: and, since his time, the most talented intellects of the day have never ceased to 
expand the ideas whose germ Sir Isaac first pave in his experiments with the thin plates of light on the soap-bubble, 
and those produced between two pieces of glass closely pressed together. 

In reference to processes in various kinds of manufacture, it is often found that great progress has been effected 
entirely independent of accurate scientific information ; but such progress has been necessarily slow, owing to the want 
of knowledge on the part of those who had to superintend the operations. At the present time, however, a fresh 
discovery is scarcely made in any branch of scientific research, before its applications are instantly effected ; and, 


possibly, the two most remarkable instances on record of this nature, are those of the Electric Telegraph and |, 


Photography—the two greatest marvels of our age. 

We may, as illustrating this position, adduce the state of the glass manufacture during the Roman era, and 
that which it occupies at this moment. In the time of Nero a glass vessel cost an almost fabulous price, whilst now 
the meanest utensil is made of that material, This, and many such results, have accrued solely through a knowledge 
of certain natural laws being first obtained, and afterwards applied by intelligent and scientific manipulators. 

Nearly all the most remarkable and beneficial inventions which have been produced during the last two 
centuries, have been the result of deep researches into the action of those forces which have been termed imponder- 
able agents, or, as they are now called, ‘ Undulatory Forces.” Thus, in the applications of Heat, Light, Electricity, 
and Magnetism, we have remarkable illustrations of the value which is involved in the extended study of abstract 
Science, antecedent to applying the results so obtained in a practical form. By the study of the laws of latent 
heat, Dr. Black and James Watt have presented us with that mightiest, of human contrivances—the Steam-Engine. 

Our immense riches in iron and coal were as dross until extensive arrangements were constructed, by means of 
which intense and long-continued heat could be produced in our furnaces. To the earlier investigators = the laws 
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of the refraction of light, from the time of Galileo, we are indebted for the accurate construction of our telescopes, 
by means of which we cam penetrate into space, and discover the laws of planetary motion, which, when applied by 
the navigator, are of the utmost commercial importance to us. By means of the microscope, as another application 
of the laws of light, we are enabled to detect differences of nature, quality, &c., utterly unapproachable by the naked 
eye. There is perhaps no law of nature which has so magnificent a range as that of the refraction of light, for in 
its minute application we may detect the presence of individual insects, millions of which may be crowded into 
a space less than the size of a pin’s point; and, in the next moment, may view by its agency groups of stars—to count 
which, is beyond the power of the most accomplished astronomer. Again, the generalisation of this law of light 
is truly marvellous; for we observe that the delicate colour of the flower, the gorgeous plumage of tropical birds, 
the colours of the rainbow, and the infinite variety of colours seen throughout nature, are all produced by this one 
cause. Proceeding to the polarisation of light, we enter into one of the most fascinating of all scientific pursuits, 
and are enabled to detect the most brilliant and varied appearances which the imagination can depict, in bodies 
which, to the unassisted eye, seem utterly destitute of beauty. 

Turning to another of the imponderable forces—Electricity—we find an agent which, although almost always 
anperceived by our senses, is, nevertheless, only second to light in its universality: at one moment we find its 
presence manifested in the vivid flash of lightning; whilst, at the same instant, it is all but the animating power of 
our existence, and is coursing unperceived through our nerves and muscles. In its applications, we have it at times 
passing through wires, and enabling us, by its heating effects, to destroy masses of rocks as with the power of a giant ; 
and yet, at our command, it silently travels by the path\we choose for it, until, vibrating the little compass-needle, 
it conveys instantaneously the expression of our wishes from one extremity of the world to the other—commanding 
the march of hostile armies, or conveying words of peace and good-will towards men. 

With respect to Magnetism, we need scarcely remind the reader, that, to an application of its laws, we are 
indebted for the mariner’s compass, by which our sailors may steer safely by day or night across the otherwise 
trackless ocean. In the deepest darkness, without a star to be seen, in storm and tempest, the helmsman keeping 
his eye on the oscillation of the needle, progresses boldly on his voyage, and pursues his course as free from error 
as if a cloud of fire directed his path. With what a noble contrast does a modern voyage stand out when compared 
with that of Ulysses, who, coasting round shore after shore in search of his beloved Ithaca, had nothing to guide him 
in the absence of a clear sky. Besides the mariner’s compass, there are various facts of the most interesting nature, 
which have been brought to light by the researches of Faraday and others, as some of the effects of the magnetic 
force. These have been arranged under the term Dia-Magnetism ; and we learn that nearly every substance in 
nature can be made susceptible of the magnetic force, and not iron alone, as had previously been imagined. We 
must, however, not be misunderstood as referring here to that pseudo-scientific nonsense termed Mesmerism, dc., 
which is merely the product of the ignorance and evil design of some men. The effect to which we refer, and of 
which we shall fully treat hereafter, is the result of the agency of natural laws, which have been carefully studied 
both as to cause and effect, by men whose names alone are a guarantee for truth and accuracy. 

We have hitherto refrained from mentioning the connection which each of the imponderable agents have with 
others ; and the subject, of course, can only be dealt with here in the most superficial manner. It will answer our 
purpose, until we treat more fully on the matter in future pages, to remark, that each of the four forces, Heat, 
Light, Electricity, and Magnetism, are mutually producible; or, in other words, the presence of either agent may 
be, or generally is, united with that of another. For instance, by heating a substance to a high temperature, it 
becomes red or white hot, emitting rays of light just in proportion to the intensity of heat employed. By heating 
a few bars of antimony and bismuth, arranged in a peculiar manner, electricity and magnetism may be produced. 
Again, electricity continually produces heat, light, and magnetism, during its progress by conductors. Magnetism 
not only produces electricity, &c., but will, under certain circumstances, Spe 3" a ray of light; whilst a ray of 
light can be used to render a sewing-needle magnetic. 

We may remark, that with respect to all these forces, motion of some kind is necessary to their evolution ; and 
that, in most cases, they exist in what is called a latent state. Thus, for instance, the well-known article of food, 
sugar, may easily be made to afford heat, light, and electricity in a perceptible state, by means of chemical and 
mechanical action. It is also remarkable, that whenever any of these forces is set free, motion is, generally — 
speaking, communicated to matter, as in heating.a body, which causes its parts to separate or expand. Motion and 
these forces have therefore a mutual relation ; and philosophers have endeavoured to account for the existence of the 
imponderable agents, and for the phenomena they produce, by supposing that an “‘ ether,” which is presumed to be far 
more rare than matter, and to exist in the pores of bodies, is put into motion, and by its undulations, gives rise to 
the varied effects we observe when heat, light, d&c., become evident to our senses. Others have supposed, that each 
of these forces is owing to the emanation of a peculiar kind of matter from bodies, which, by radiating from any 
object, produces heating, lighting, and electric effects. We shall, however, not stop to discuss either of these 
theories, because we must take them in detail hereafter, and endeavour to satisfy, as far as possible, in the present 
state of scientific knowledge, all enquiries which may be made on this interesting question. 

We have stated, that most of the imponderable agents are mutually producible; but we must add, that 
between two of them a most remarkable analogy exists in some respects. We refer to light and heat, the rays’ 
of which can be both refracted, reflected, and polarised. Thus, if a heated or luminous body be placed in the focus 
of a concave mirror, the rays of either force may be reflected from one, and received on another mirror placed at a 
considerable distance from the first. The phenomena, as produced by either force, are found to be obe- 
dient to the same laws ; and the only difference we can detect, is in the nature or speciality of the force under 
examination. 
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By the term “‘refraction,” we mean that the rays of either heat or light are bent out of their straight course when 
passing from a rare into a dense medium, or vice versaé. A very simple illustration of refraction is witnessed when a 
stick is put obliquely into a vessel containing water. The stick will appear bent, or broken, owing to the rays of 
light which pass from it being bent or refracted from a straight line. | In a similar manner, if light is made to pass 
through a piece of glass of a triangular shape, such as a prism, the ray is refracted, and seven beautiful colours are 
produced. A ray of heat may be refracted or broken up by passing it through a prism of rock-crystal ; and although, 
of course, no colours are visible to the eye of the observer, still effects exactly like those produced by the glass prism 
on light are at once afforded. 

The effects of polarisation are not so easily understood without a lengthened description, which we shall give in 
its proper place. We may, however, state, that when a ray of light is passed through, or reflected from, a bundle of 
glass plates, or a piece of tourmalin, it is divided into two parts, one of which proceeds onwards, and the other is 
deflected at a certain angle. Our description would be more scientific, if we were to say that one ray is transmitted 
and the other reflected. The very same result happens to heat, if its rays are treated in a similar manner. 

For these and many other reasons, we may arrive at the conclusion, that heat and light proceed from the same 
cause, modified by circumstances with which we are at present but slightly acquainted. ‘This assumption, though 
most likely true, is not based, however, on an unexceptional foundation. 

Each of the forces of which we are now speaking, are termed central or radial, because their effects are observed 
to extend in straight lines from a centre. As we shall-subsequently prove, their intensity diminishes as the square 
of the distance from the source; and having any data of the amount of force first excited, its intensity becomes a 
matter of easy measurement. 

With respect to the speed with which these forces travel, little is known, except in reference to light ; and here 
we may speak with tolerable certainty. By observing the eclipses of Jupiter’s satellites, it is found that their light 
does not appear so soon after an obscuration as it should do, according to exact astronomical calculations. Now, 
as the latter are so accurate as not to vary in many instances to the extent of a second, even if the event predicted 
shall be months after being calculated in coming to pass ; and as the distance of Jupiter from the earth, and other 
data, are well known, it requires little stretch of the imagination to guess, that the error of observation is due 
to the length of time required for the light of the satellite to reach the earth after it had passed the solid body of 
its planet. Thus we judge that light travels at the rate of about 200,000 miles per second. To familiarise this to 
the mind, we may add, that a ray of light would pass round the earth eight times in one second ; that it requires but 
one second of time for light to pass from the moon to the earth; and if the sun could suddenly be obscured on the 
surface of its luminous part, and again exposed, we should not perceive its light, after first losing it, for the space 
of about eight minutes. 

We have no means of ascertaining the rate at which heat’ travels, except when associated with light, as in the 
rays of the sun ; and, so far, it has been judged that heat and light travel at an equal speed. 

Electricity seems to travel at a speed which varies according to the conductor through which it passes. In the 
earlier works on this subject, an extraordinary rate was assigned ; but recent experiments by no means countenance 
the idea. There are so many interfering causes, as to leave the best-tried results uncertain. As far as our present 
knowledge goes, it would seem that, in a conductor 3,000 miles long, the electric effect is observed at its extremity 
in about a second of time. There is, however, a very singular result perceived when a current of voltaic electricity 
is sent through a very long wire. Instead of the effect being instantaneous, the delivery of the current is protracted 
just in proportion to the length of the conductor, after the first sign of the presence of the current is manifested. 
The electricity seems, in fact, to have lost its instantaneous, and to have acquired a gradual, mode of evidencing its 
presence. 

Our means of producing magnetic effects are so small, as to preclude the chance of measuring the rate at which 
they are propagated. The comparatively small distance at which magnetism is perceptible from its sources in our 
experiments, and the impossibility of our cutting off the effects of terrestrial magnetism, present rs ee a 
difficulties in arriving at a knowledge of the speed of the magnetic force. 

After discussing the different laws which research has opened out to us, it will be our duty to present, in the 
following pages, some outlines of the applications of which the imponderable agents are susceptible, whether in 
respect to nataral occurrences, or for social, economical, and domestic purposes, It will be our endeavour to impress 
on the minds of our readers the truths of the different branches of Science ; and, presuming that those have been 
mastered, their varied applications will necessarily become interesting and valuable. And here we have a wide 
field opened for contemplation. There is scarcely a circumstance, or an object of daily life in our time, but which 
points to Science as having something to do with it. 

Let us, for instance, take each force in the order in which we have hitherto spoken, To Heat we are indebted 
for our steam-engines, our metallurgical processes, the infinite variety of manufactures which employ the 
industrial population of our country, and also for the comforts, conveniences, and vital necessities of our social 
exisience. Of some of these applications we shall speak under the head of Steam, and Warming and Ventila- 
tion. Many others we must defer to our Chemical section. The natural phenomena dependent on heat— 
such as Volcanic Agency, the heat of the Sun, Climate, &c.—we shall enter into in the subject of Terrestrial Heat, 
on which we shall have still further to expand when we treat on Meteorology. 

The Applications of Light—such as the Cause of Colour, Optical Instruments, Artificial Mlumination, Pho- 
tography, &c.—will immediately follow our consideration of the Laws of Optics ; and thus what has been by many 
cousidered to be a comparatively difficult subject, will be found to present a large amount of interesting and useful 
matter to the general reader, and valuable results to the practical man. 
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With respect to Electricity, we shall, after discussing the laws of that force as obtained either by friction or 
by chemical action, proceed to the consideration of Lightning Conductors ; the effects of Free Electricity on the 
Animal and Vegetable Kingdom ; the Production of Minerals, Ores, and Gems ; that instructive and interesting 
process called Electrotyping, &c.; and allied matters which we cannot now stop to mention. 

In the applications of Magnetism—the Mariner’s Compass, the Action of Iron and of Iron Vessels thereon ; 
Electro-Magnetism as a motive power ; the construction of the Electric Telegraph ; and those beautiful phenomena 

- which have been brought to light by the apparatus invented by M. Ruhmkorf, will engage our attention. 

We propose introducing, as an appendix to our discussion of the Undulatory Forces, a treatise on Acoustics, or 
the Laws of Sound. This may, at first sight, appear incongruous to those who are unaware of the analogy which 
exists between the four forces we have hitherto spoken of, and the effects produced by vibrations of the air. This 
difficulty will, however, immediately disappear, when we reflect that, as sound is certainly caused by undulations in the 
atmosphere, and as we can measure the lengths of these with great accuracy, it follows that sound actually becomes 
an explanatory key of all the phenomena which may arise from the undulations of a supposed ether. Indeed, tho 
reader may instantly combine his acewrate knowledge of the laws of atmospheric vibrations, with theoretical ideas of 
those produced in ether. We may, with advantage, dwell for a short time on their analogy. If a string be tightly 
stretched between two points, as in the violin and harp, and be made to vibrate, the sound produced is propagated 
by the vibration producing others in the surrounding air, just as successive waves are produced on casting a pebble 
into a still pond of water. 

Again, if the length or tension of the string is varied, the sound produced will be proportionally altered from a 
bass toa treble. Transferring our attention to light, we equally. assume that a vibration produces that force ; and if 
we increase the number of these vibrations in a given space, the intensity and nature of the light produced is at 
once affected. The analogy between sound and light is therefore undeniable. 

But we may go still farther: for if we cause a set of sonorous vibrations to cross each other, their sound either 
is doubled, or entirely disappears ; just as two waves of water, when coming in contact, either increase in size, or are 
destroyed. So with light, we find the interference of rays, or fits of transmission and reflection, produce analogous 
effects, which, by the aid of modern research, may be measured with great accuracy. 

In connection with Acoustics, we propose to deal somewhat extendedly with the construction of several kinds 
of musical instruments, so far'as they may relate to scientific laws. Some interesting applications of the Con- 
duction of Sound will be fully noticed. The human voice, and that of animals, will also be treated on. 

We have thus attempted to give a general epitome of the leading phenomena of what are called the Undulatory 

‘Forces ; and we now proceed to discuss them in detail. Our arrangement will be, first, to investigate the abstract 
laws of each force ; secondly, to point out and enter into the details of its applications; and, lastly, we shall furnish 
copious Tables, ahi will be equally valuable to the savant, the practical man, and the general reader. 

We may be permitted to offer a word of advice to those who may use our pages without the aid of a com- 
petent instructor. Whilst we have endeavoured to be as plain and as concise as possible, still we cannot conceal 
the fact that difficulties will necessarily arise to those who have not had the advantage of a course of -scientific 
training. On such we urge, that they leave no subject until they have mastered its details, If they do not pursue 
this course, they can only be compared to a general who, having passed through a hostile country, leaving behind 
him hosts of minor foes that he may press on to give battle to the powerful one, will, on his return, find that the 
petty enemies he had despised have combined against him, and are more to be dreaded than the apparently stronger 
foe. A general and superficial study of the laws of nature may give a smattering of knowledge, but can never afford 
solid pleasure, Of those who adopt that course, it may be safely said— 


* A little learning is a dangerous thing.” 
Such persons are always foremost in the rank of inventors: they strike out sparks of light; but the genial benefit of 
sound advantage is never a product of their career. 

Those, however, who will patiently and perseveringly devote a modicum of intelligence to Studying Nature, do 
not only derive great personal advantage, intellectually and pecuniarily, but they form a class of men on whom the 
world may reckon as its benefactors; and of whom it may be said, as of a Watt or of a Stephenson—. 

“Si tum queris, cir ice.” 


The following is the order in which we shall proceed in treating on the Undulatory Forces :— 
1st. —HEat anD ITs APPLICATIONS. 
2nd.—Licut PM 4 
Srd.—ELEcTRicrry ,, A 
4th.—MuaGnetism ,, 45 
5th.— Acoustics ,, ” 
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SECTION I. 
HEAT, AND ITS APPLICATIONS. 


Iw our a rebriges At ap, we referred prop to those | have a force which ordinary solid matter has not. In- 
= : 


facts may be considered as the basis of | deed, to state the case plainly, we must, assuming that 
Natural It will be necessary to recur fre- | heat is material, at once assert that a less solid body, by 
quently to what may be termed the axioms of science, on | its own inherent power, has the ability to overcome the 
which we there treat; and, presuming that a general idea | inertia of a mass possessing a resistance ter than the 
has been arrived at with respect to fundamental prin- | power which is exercised. The material theory of heat 
ciples, we proceed to consider certain forces, by whose want Pner Sec yi ph nweycrare ad absurdum; 
ee ee all kinds | and to the general reader, it may be better understood, 
matter are modified. ; ‘ if we illustrate our position through the idea of dividing 
To many, who are untutored in science, the heading of | a mass of gold as the solid, by a film of air as the 
this chapter may be tive of difficulty. We there- | mechanical agent. : 
fore proceed to define the term “‘undulatory forces.” The material theory of heat is, however, often em- 
In producing motion by mere mechanical action—such, | ployed to illustrate some of the phenomena whith occur 


during the abstraction from, or addition of caloric to a 
i is put into | body. We often hear at the lecture table such expres- 
operation by vital action. We will to do anything, and | sions as ‘‘forcing or squeezing out heat ;” and to the 
action may or does follow. The sequences of cause and qed pees! no er arises of misconception, because 
effect are so immediate, that we do not attempt to trace e uses and hears such terms as mere accommodations, 
their relationship. whose object is to popularise ideas, and to make them 
When, however, we do not apply directly the vital | accessible to those who have not had the advantage of 
such as heat, &c., to produce | scientific training. Astronomers take similar liberties 
a certain we necessarily inquire into the inter- | with the facts of their science. We thus hear them speak- 
mediate steps which exist between our will and the | ing of the ‘daily motion of the sun,” éc.; electricians 
i “ors owe eis Rote speak of ‘‘ currents of electricity,” d&c.: all ofewhich are 
ing causes have | permissible, but, at the same time, havea t tendency 
been aid. is more simple than to | to retard the of that rigid mental qualification 
ee ee ee, ee eee When, | called tru ess, which it would seem that Experi- 
ball 


| 
i 


ever, we employ an agent, as in the propulsion of a | mental Philosophy has for the base of its operations. 
from a cannon, we see that a variety of powers or Quitting the material theory of heat, or, as it has been 
Siiia'ban willed tat cpetalicn tnd tha oldest of eciouce sometimes called, the ‘‘ corpuscular,” because corpuscles, 
is to ascertain their nature, and to measure their extent | or small particles, of this quasi-material were supposed to 
and duration. emanate from heated bodies—we now proceed to investi- 
The most cursory observation will show that many na- | gate what has been termed the “ und theory,” or 
tural occurrences owe their origin to a quasi-animate | that which explains the production and efiects of Heat, 
force. cxietalty balaner two weights | Light, &c., on the supposition that an ‘‘ether,” by its 
at each end of a lever, we shall cause one to descend, or | wave-like or undulatory motion, is their mutual cause. 
the lever, if we expand that The term undulatory has been derived from the Latin 
by the application of heat. An intelligent observer | word unda, a wave ; and the reader will understand the 
not be content to ascertain the facts of the case: he | nature of the whole theory by performing what at first 
su ; | sight may seem a most childish experiment ; but which 
in reference to ‘ Thermotics,” or | has, in its application, as much effect on the scientific theo- 
we now direct attention. ries of the present day, as had the notable one observed 
by eee ees the wee Be an apple. papier! 
impresses the same causes into His wise purposes, whether 
We be- | that a hair shall fall from our head, or that a world shall 
a or 1 y ae ete ge dy insignifi —_ reg grandest 
occupies, is solely owing to comparative presence or ects alike owing their cause to the action of one uni- 
pease goal Avery Sipser. B versal law. 
ises as to the nature of a| Oncasting a pebble into a still pond, it will be observed 
force whose agency has so great an influence on natural | that the water forms a series of circles, all of which 
yey Amt thg ~ welt ollie ais to lige have the point where the stone first touched the water 
e been been supposed that heat, | as their common centre, These waves, or undulations, 
or may be made up of | thus created, continue to be produced, until the edge or 
as matter is presumed to be. | bank of the pond prevents their further propagation. 
to be a fatal objection. For | At first sight it would seem that the water really moved 
a body is what we may term solid, our experience | in a horizontal direction from the centre : but, on a care- 
bulk is rarely enlarged, except by the 2 Rages oe or Seri edt pec riderllgnd oe 
its Each particle of water communicates its motion to that 
a piece of | next to it; and thus each particle is scarcely disturbed 
another piece of exactly the same | horizontally; the action rather raises the particles in an 
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nature as itself, unless we nse also a force i | upright or vertical position ; and thus the ap t and 
to overcoming the inertia of the particles of tle body | actual motion afford a paradox, and also a tation to 
which we propose to divide. the general idea, ‘‘ that seeing is believing.” 


Now, if we presume heat to be a material substance, | © A very familiar illustration of the fact, that the body or 
we must, from our practical knowledge of its nature, | mass of the water does not move, is found in the case of a 
so subtle, it has yet escaped the evi- | swan or other bird floating on ruffled water, Instead of 

our senses so far as solidity is concerned ; and | the bird moving in the apparent direction of the waves, 

yet if it acts as matter in expanding a body, it must | in the absence of tide or current, its body will retain its 
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horizontal, although its vertical or perpendicular position 
will undergo continual change. 

By refining the ideas or imagination, and supposing the 
existence of an extremely rare substance, which has 
called ‘‘ ether,” undulations in this material have been 
suggested as the cause of the forces of which we have now 
to speak ; and, as we shall presently show, that although 
the idea or theory has no exact foundation, still it has 
the inestimable advantage of explaining a variety of phe- 
romena for which we have no equally suitable expression. 

Taking as a postulate the existence of an ether, we 
proceed to s of its motion as the cause of forces ; 
and we may here remark, that whilst the undulations of 
the ether may be prowimate causes, we assume the ex- 
istence of some unknown force, the action or suspension 
of which is the wltimate cause of the proximate. Of the 
ultimate cause we are ignorant ; we can only assign its 
origin to the First Cause, of whom it has been reco: 


* God said, Let there be light, and there was light.” 


When two sida are cast into the same still sheet of 
water, it will be found that the waves produced destroy 
each other when they come in contact in certain posi- 
tions. Jransferring our attention to the undulations of 
ether in a binary or twofold form, we can thus explain 
the cause of interference and polarisation; and assuming 
that any number of undulations may be produced by a 
similar number of initiative motions, we can, by applying 
the doctrine, explain a vast variety of the phenomena of 
the forces now under discussion. The reader will do 
well to study the effects produced by casting stones into 
still water, and by watching the results afforded when the 
radial waves intersect each other. Indeed, we cannot 
recommend any plan so effective for inducing an appre- 
ciative idea of the various laws to which the undulations 
of a fluid are subject. 

Presuming that ether has been put into motion in 
one direction only, we can at once explain the phenomena 
of the conduction,conyection, dc., of heat; for we have 
only to suppose motion to have been primarily imparted, 
and we can assume that it is propagated in every direc- 
tion, and in every part of the bode. from the centre to 
which motion had been first applied. 

Thus, if a nail or match be struck, the percussion is 
supposed to set ether in motion or undulation : hence 
the production, radiation, and diffusion of heat, &c. If 
we presume a double or any number of motions to have 
been induced, we can understand that they may interfere 
with each other, and so produce double ai ar polari- 
sation, and analogous phenomena. 

Again, as all forces from a common centre mustdimin- 
ish in power, because they extend over a space equal to 
the square of any relative distance from the central point 
so the undulation of an ether being at once a central an: 
radial cause, will produce effects obedient to the same 
laws. In practice, we observe that a body giving off any 
amount of heat, will, at a distance of two feet, seem to 
aftord but one-fourth of that which is perceived at one 
foot from it; at three feet, the intensity of its radiant 
heat seems to be but one-ninth, and so on. The calcula- 
tion, therefore, of the forces of heat, light, d&c., becomes 
one of mathematical precision ; and the laws of circles 
and conic sections are of extreme value, and, in fact, a 
necessity, in arriving at accurate measurements of the in- 
tensities of these forces, and in arranging such in a tabular 
form. 

Having thus shown the feasible, probable, and appli- 
cable nature of this undulatory hypothesis, we shall not 
further enter into the subject for the present. Under 
the heads of Light and Acoustics, we shall have to enlarge 
considerably on these remarks, Recapitulating our state- 
ments, and extending them for our present purpose, we 
presume— 

1. That Heat, Light, &c., are produced by the undu- 
latious of an ether, 

2, That these undulations may be propagated through 
space, and in the pores of a body. 

3. That the rapidity of these undulations, which is 
exceedingly great, and that their regularity in one 


direction, or their mutual interference, are the causes of 
the intensity of the forces to which we have alluded, and 
also of their modifications. 

Lastly. That the undulations of ether are caused by the 
application of a force which produces the motion of its 
parts, and consequently its phenomena, 


THE PRODUCTION OF HEAT. 


Tue best known source of terrestrial heat is the sun ; but 
the cause of its heat and light has been hitherto unas- 
certained. By some it has been suggested that an ex- 
tensive combustion is going on in that luminary. Recent 
observations on the solar spots, or black patches which 
occasionally appear on the disc, by no means countenance 
such views ; and, saeet, Je yoaie seem that the body of 
the sun presents the b) appearance thus observed, 
and that an external atmosphere has the power of either 
producing light and heat, or of, by some unexplained 
means, inducing these effects on the earth. Future 
researches, more especially in connexion with polarisa- 
tion, may eventually lead to more correct views in respect 
to the cause of the forces present in the solar rays. 

There is no doubt that the heat which all terrestrial 
bodies afford has been chiefly gathered from the sun: 
and thus, although generally unobserved by the 
may be educed, by various means, to a fon extent. 
The different processes employed for the purpose we 
shall now enumerate. They are chiefly Mechanical, 
Chemical, and Electrical. 

Friction is a well-known cause of the production of 
heat, and, in civilised and savage nations, is equally em- 
plored for affording flame for the ignition of fuel. 

e common lucifer-match is well known in Europe, and 
has succeeded the now old-fashioned flint and stecl. In 
Greenland, and in many tropical countries, the in- 
habitants produce sufficient heat, by the friction of dry 
wood, to ignite fuel, &c, The annexed engraving ilius- 
trates an instrument used in the arctic moon con- 
sists of a straight piece of dry wood (a), into holes in 
which the end of a small roller (6) is rapidly rubbed, in 
much after the same style that a hole would be bored inan 
solid ; and thus a piece of dry moss may be easily ignited. 


Fig. 1. 


7 
In the operation of boxing cannon, it has been found 
that the friction evolves sufficient heat to boil water; and 


it has been stated, that a brass cannon, about seyen-and- 
a-half inches in diameter, will, whilst the borer makes 
thirty revolutions in a minute, under a pressure of 
10,000 pounds, produce sufficient heat to boil eighteen 
pounds of water in two hours and a-half, ' 

In the Exhibition of 1851, in London, an instrument 
was used, which, by the friction of metal plates, afforded 
sufficient heat to keep various refreshments ready for 
use, such as coffee, dc.; and an arrangement has lately 
been patented, whose object is to introduce this novel 
mode of heating liquids into general employment. 

The axles wheeled carriages frequently become 
heated by their friction against their bearings. Steam 
and spinning machinery are often seriously injured from 
a like cause ; and many extensive fires have been pro- 
duced through neglect in oiling their different parts. The 
ordinary mode of grinding steel articles is an illustration 
of light and heat being evolved by friction ; and so ex- 
tended is the production of heat by such means, that two 
pieces of ice may be made to melt by being rapidly rubbed 


against each other. 
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Percussron is another source of caloric; and of this 
Numerous instances are found in daily life. The cap uni- 
versally employed in fire-arms, depends for its action on 
the sudden evolution of heat by rapid percussion, pro- 
duced by the hammer falling, and compressing the i- 
nating mercury which the cap contains. By hammering a 
stout iron nail on an anvil, sufficient heat will be afforded 
to ignite a match ; and at one period a similar plan was 


adopted by artisans, for the p of obtaining heat to 
light the fires of their forges. In the process of coining, 
the sudden percussion or com ion employed, produces 


considerable heat. By su ly compressing air in a 
suitable vessel, sufficient heat may be obtained to ignite 
a piece of ti The philosophical instrument-makers 
supply a syringe for the purpose of illustrating this in- 
teresting fact. 


A change of bulk is generally attended with the produc- 
tion or loss of heat, as a natural result of the contraction 
or expansion of a body. Further remarks on this subject 
will be found under the head of Latent Heat. 

Cuemicat Action is the source very generally resorted 
te, for the purpose of affording heat for social and eco- 
nomic ; and combustion, as being the most im- 

ds special attention. In the ordinary 

of burning fuel, the natural heat contained therein 

is called out by intense chemical action ; and just in pro- 
ion as this action is intensified, so is the amount of 

+ increased. The draught of a tall chimney, of the 


’ blast of the locomotive steam-jet, and of the fan or 


pump of the smelting-furnace, effect the rapid pro- 
motion of chemical action between the oxygen of the air 
and the charcoal, 4c. , contained in the fuel, and so produce 
an intense combustion and great heat. = 
The production of heat by chemical action, is so often 
to the notice of the chemist, as to embarrass 
our attempts to make a selection. The following experi- 
ments, however, will tend to illustrate various stances 
T Reperimsnd 1: Mix together two-parta of chlorate of 
_— er 0 orate 0} 
with one part of powdered lump sugar, and drop 
on the mixture a little sulphuric acid. The che- 
mical action which ensues will cause the rapid production 
of heat and light. Le 
Experiment 2.—Dissolve some phosphorus in bi-sul- 
phide of carbon, and pour the liquid thus obtained on 
some . Ima few seconds the liquid will evaporate, 
and solid phosphorus, being left in a minute state 
of division, will ignite, owing to the chemical action of 
the air ; and sufficient heat will be produced to consume 


the paper. 

icperiment 3.—Mix suddenly equal volumes of sul- 
phuric acid and cold water. The two liquids will 
condense into a smaller bulk, and great heat will be 
evolved. 


The addition of cold water to newly-made lime, affords 
another instance of the production of heat by chemical 
means. Amongst the bricklayers this plan is often used 
for the purpose of heating their tea. It has been pa- 
tented as a method of affording heat for domestic re- 
quirements ; and to so large an extent is caloric disen- 

in this manner, that stables and outhouses have 
destroyed by fire, owing to heavy rain-storms moist- 
ening lime which had been stored in them. 

Spontaneous Comsustion is often a dangerous source 
of heat, and is caused by the chemical action of air on 
oily substances, when these are in contact with fibrous 
matter, such as cotton and hemp. If a small piece of 
cotton wool is dipped into linseed oil, and then placed 
under gentle pressure, it will generally inflame at the 

i temperature of spring or summer. From this 
cause, destruction of -waste stores and mills 
often takes place. This result is greatly promoted by a 
minute state of exe one instance < which may be 
found by trying the following experiment :— 

Bapertment baactaton some dry tartrate of lead 
into a narrow glass tube, having one of its ends sealed. 
Heat the tube until no more acid vapours pass off, and 
then instantly seal the open end. If the tube is broken, 
when quite cold, the fine particles of the lead will inflame 


on coming into contact with the air, chemical action being 
the cause of the heat thus produced. 

The most intense heat which can be produced by che- 
mical eB that pao iden the combustion of a 
mixture 0: gas or pure hy: en, and 0 NM gases. 
This is generally effected by means of a peedhiar form of 
blow-pipe, so arranged as to prevent risk of explosion. 
As this will be fully described in the chemical section, we 
shall not further allude to it here than by stating, that b 
these means the most refractory metals may be ewe j 
and the earths fused: there are few solid substances 
which cannot by its agency be reduced to a fluid state, or 
be dissipated in vapour. 

Execrriciry is another source of heat, to which special 
attention will be called in the proper place. By means 
of electricity, produced by chemical ‘action, the most 
powerful effects of heat are afforded. ‘ 

Vrrat Acrron is a source of heat with which all 
are familiar ; and it seems chiefly to deperid on the slow 
combustion which the food undergoes, after being ab- 
sorbed by the stomach, and conveyed to the surface of 
the lungs, in the form of highly carbonaceous blood. The 
diarvadl contained in the blood undergoes combustion by 
coming in contact with the inspired air; and in every 
respect the process is analogous to that which is 
in the burning of coals in the ordinary fire-place. 

The intelligent reader will not fail to remark, that in 
every Source of heat which has been enumerated, motion 
has been the leading cause; and a general statement may 
be made, that whenever motion is produced in matter, 
heat is simultaneously evolved. It is true that daily ex- 
perience does not tend to confirm such a proposition ; but 
that is solely because the senses, and our means of mea- 
suring heat thus evolved, are far too gross to permit its 
detection. Heat, Light, Electricity, and Magnetism are 
mutually producible : ‘all matter seems to contain these 
forces ; and motion, at any time, is sufficient to bring them 
from a latent to a sensible state. 


THE EFFECTS OF HEAT.—EXPANSION. 


Havre spoken of the various sources of heat, we must 
next enquire as to its effects on matter generally; 
and it is n to bear in mind, that any results to 
which we shall allude, are produced, not in the atoms of 
which a body is composed, but rather arownd them, mo- 
difying and changing their relative positions. Many 
errors are often fallen into with respect to this point ; and 
nothing is more injurious to true in scientific 
study, than a careless appreciation of the lessons and laws 
which it teaches. 

There kre but three states in which a body is found: 
the solid, the liquid, and the gaseous or as vapour; and, 
as it has already been observed, these states are modifi- 
cations of each other, effected ease presence or compa- 
rative absence of heat. According to the generally re- 
ceived doctrine, it is assumed that a solid is so, because 
its particles are near to each other, or in close approxima- 
tion—that a liquid is produced from a solid by the addi- 
tion of heat, which has the effect of removing the parti- 
cles of a mass from each other ; and that by still further 

ing on the process, a gas or vapour is formed, 
wherein the separation of particles is still more effected. 

It would thus be seen that heat has what is called a 
repulsive power : in other words, it can lessen the cohesion 
of particles, and so enlarge the bulk they occupy in mass. 
As we shall presently find, the addition of heat almost 
always increases the size of a mass; and hence has arisen 
the idea that it repels the constituent particles of that 
mass. When, however, a body has changed its state by 
this expansion, other laws govern its further increase in 
bulk. Indeed, there is a special law of expansion inci- 
dent to solids, liquids, and gases ; and these considerations 
are of the utmost importance in physical science and its 
eee 

e ion of solid bodies varies considerably on 
their receiving an equal addition of sensible heat ; and 
they d in all directions, although differing in 
individual extent. A very simple way of showing the 
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expansion of a metal, both in respect to its length and 
breadth, may be thus tried :— 

Experiment 5.—Fit a brass ring very accurately on an 
iron rod; having removed the ring, heat the es 
to a red-heat, and attempt to replace the ring. It wi 
be found, that owing to the expansion of the metal, the 
ring cannot be passed on to the rod until the latter has 
cooled down. 

Experiment 6.—Fix an iron rod, whilst cold, so as that 
it may exactly rest between two points touching each of 
its ends. On heating the rod, and attempting to replace 
it, its expansion lengthways will be found to prevent its 
resting between the two points, because they will be at 
less distance from each other than are the two ends of the 
heated metal. The rod, on cooling, will again fit between 
them, owing to the loss of heat and subsequent contraction 
which it undergoes. 

Having thus illustrated the linear and general expansion 
of a solid by the agency of heat, we remark that differ- 
ent bodies expand at unequal rates; and perhaps-the 
simplest illustration of this is afforded by the following 
experiment :— \ 

periment 7.—A piece of brass bar, an eighth of an 
inch thick, one inch wide, and eighteen inches long, is to 
be firmly rivetted to an iron one of the same size, care 
being taken that the two shall form a straight bar when 
completed. On heating such an arrangement, it will 
immediately take a curved form, because the metals ex- 
pand mpegually. The brass, expanding more than the 
iron, will form an arch, enclosing the iron. The bar will 
regain its straight form on again becoming cool. 

A vast variety of interesting applications of this law of 
expansion by heat are made in daily life. The tires of 
railway wheels are made to embrace the spokes tightly, 
by seis # them a little too small when cold. On heating 
the tire, it expands, and can then be passed on to the 
ring of metal in which the spokes end. On cooling, the 
tire contracts with great force, and so remains completely 
fixed in its desired position, The tires of carriages and 
cart-wheels are affixed in a similar manner; and some 
parts of machinery are thus easily made to retain their 
position, such as in the case of rings or pulley-wheels, 
often secured on shafting. In constructing railway and 
other iron bridges, allowance is always made for expan- 
sion by heat; and in laying down the rails on the track 
of a railroad, sufficient space is left between each metal 
to permit free extension. On a railway where sufficient 
allowance had not been made, the rails were lifted, during 
a hot summer day, several inches from the ground. The 
rails on a line of railway of two hundred miles’ nominal 
length, will be some hundred feet longer in summer than 
in winter time, presuming the absolute length of iron 
surface is carefully measured. 

Tt has been noticed that a rod of metal will contract to 
its previous bulk, when the heat which had caused its 
expansion had been lost. An interesting experiment 
may be adduced in illustration of this fact. 

‘periment 8,—In an arm of cast-iron (a), represented 
in Fig. 2, have two holes made at 6b, so that a rod of 
wrought-iron (c) may be screwed tightly, by means of a 
thum! w,asat d, Remove this rod, and heat it red- 
hot, afterwards replacing it in this state, and screwing it 
firmly in the arms of the cast-iron frame. On pouring 
cold water on the hot iron, the metal will rapidly con- 
tract, and in so doing, will act so powerfully on the cast- 
iron frame as to break it into pieces, with a loud report. 


Fig. 2. 


An adaptation of this experiment has been occasionally 
employed for the purpose of restoring walls which had 
Sateed. outwards. Iron plates are fixed on the outsides 
of the wall, and a stout iron rod is stretched between 


them, and firmly screwed at its extreme ends, beyond the 
plates. On the rod being heated, it of course expands, 
and is again screwed up tight. On contracting, it draws 

ther the plates and walls with great force. A repe- 
tition of the process generally succeeds in restoring the 
pependne sy, of the walls of a building, and is easy of 


een 

ious accidents have happened in cases when builders, 
on fastening i a a between stone walls, 
had neglected to e allowance for the expansion of the 
metal. In many instances, extensive erections have been 
thrown down: for as the iron expands in length, it forces 
the walls outwards; and should no immediate apparent 
mischief result, still the alternate expansion and contrac- 
tion has the tendency of weakening the brickwork, and 
thus of endangering the stability of the building. 

The annexed table, which been arranged from 
various sources, gives the linear expansion of the sub- 
stances named, on their being raised from a temperature 
of 32° F. to 212°; and is to.be understood as expressing 
the ratio of their individual expansion, in the order in 
which that increases, 


Glass Tube 0.000861 
Platina 0.000884 
. 0.000992 
Tron 6.001220 
Gold 0.001466 
0.001555 

Copper. 0.001722 
Silver 0.001909 
ad 0.002848 
Zine 0.003011 


The above numbers are expressed in decimals, as giving 
a greater amount of accuracy than would have been 
arrived at by employing vulgar fractions; and the stan- 
dard is unity. Hence the length of a bar of metal will be — 
increased to the extent of its original length, multiplied 
by the factor in the table, on the temperature of the 
metal being raised the number of degrees above indicated. 

Various interesting applications of the law of the ex- 

ansions of solids will be mentioned in the section on 
echanical Philosophy: such as the regulation of pendula, 
watch-springs, and other similar matters. Their intro. 
duction in this place would tend to distract attention 
from the laws to which we prefer for the present to con- 
fine our remarks. 

Expansion or Liqurps.—As a general rule, liquids 
expand far more in bulk, by the same increase of tempe- 
rature, than solids ; and hence these changes become more 
evident to the senses. They have been chosen as the 
fittest media for the purpose of measuring the tempera- 
ture of bodies within a limited range. Hence the con- 
struction of thermometers of various kinds, to which we 
shall now devote our consideration. 

That liquids expand considerably on being heated, is 
often observed in daily life. If a kettle, completely filled 
with cold water, is heated, the liquid it contains gradually 
expands, and soon passes out of the vessel. A more 
philosophical mode of illustrating this effect, is that of fixing 
into a glass flask a long, narrow glass tube, and filling the 
vessel with coloured water, so that a portion of the liquid 
shall also rest in the tube. On heating the flask, the 
water will gradually expand, and will do so according to 
certain laws, indicating its expansion by rising in the tube 
until the boiling point is reached. On this principle the 
thermometer is constructed ; pear however, being 
eet employed in preference to other liquids, except 

or special a oer t 

Liquids, like solids, vary much in their relative expan- 
sion on receiving equal increments of heat; and aithog 
giving a tabular form of these, which could not be done 
with accuracy, we may state that mercury expands least, 
and alcohol (pure spirits of wine) expands most, on bei 
exposed to the same increase of temperature. The to 
expansion of a solid by heat is very nearly ascertained by 
multiplying its linear extension by three. In the case of 
liquids, they naturally accommodate themselves to the 
shape of the vessel which contains them, and as a 
solid that will expand also. It is therefore necessary, | 
in every instance, to make an allowance for this in 
constructing instruments for measuring changes of 
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temperature by means of liquids. There is in every case 


with but one a constant contraction sustain 
by liquids on their losing heat ; and thus they afford means 
of ascertaining which may be much below 
th : in daily Ii 

This exception is that of water ; and in it we find a 


boils 5 
‘e shall not enter, at present, into various corrections 
must for the expansion of the glass bulb and 
tube, each of which has the ten of inducing errors in 


each 
the other. 
1. To convert the degrees of Fahrenheit’s scale to those 
of Reaumur, multiply the number of d of Fahren- 
heit, from which has been subtracted 32, by 4; 


Example.—What number of degrees on Fahrenheit’s 
scale corresponds with 80 degrees on that of Reaumur? 
Multiplying 80 by 9, gives 720. 
Dividing 720by 4, ,, 180. ‘ 
Adding 32 to 180, ,, 212°—Ans. 212°. 
The above calculations evidently rest on the fact, that 


freezing and boiling points. Hence, five degrees on this 
scale correspond mF geriny degrees ‘of those on Fahren- 


3. To convert the degrees of Fahrenheit to those of 
the Centigrade, multiply the number of the former, less 
82, by 5; and divide by 9: the quotient will afford the 

ing degrees of the Centigrade scale. 

Example.—What is the number of degrees on the Cen- 
tigrade corresponding to 212° Fahrenheit? 

- 212 less 32, equals 180. 
180 multiplied by 5, gives 900. 
900 divided by 9, equals 100°.—Ans. 100°. 

4. To convert the Centigrade to the Fahrenheit scale, 
multiply the former by 9; and, dividing by 5, add 32 to 
the quotient. 

ELxample.—What number, on the scale of Fahrenheit, 
ts eo or with 100° on the Centigrade scale? 

ultiplying 100 by 9, produces 900. 
Dividing 900 ‘yeaeY 180. 
Adding 32 to 180, gives 212°.—Ans. 212°. 

The following skeleton table may be of assistance in 
many instances, and, occasionally, will save the trouble 
of calculation :— 


Comparative indications of thermometers of the scale of — 
. 7 Fahrenheit. Reaumur. i - anes 
Freezing point .. 32° O° 0° 
Boiling Pere |” y 80° 100°. 

Various forms of instruments for measuring heat will 
be fully noticed in other parts of the work, as coming 
more especially under other subjects: among these we 
include the air, registering, and dew-point thermome- 
ters ; as also Breguet’s, and an interesting instrument, 
by means of which electricity is employed for ascertain- 
ing minute changes of temperature. e have omitted 
to give exact directions for constructing a thermometer, 
because long practice is necessary to produce even a 
tolerable instrument ; and the cost of such is very slight, 
if ——— of the instrument-maker. 

ving thus described the thermometer as an instru- 
ment which enables us, by the expansion of a fluid, to 
ascertain the tive temperature of bodies, we 
proceed to notice some of those natural and ordi 
effects which depend on the expansion of liquids by heat 
for their proximate cause. 

In every instance in which a liquid is heated, it be- 
comes lighter than that of a lower ; hence it 
has a tendency to ascend. This effect is magnificently 
illustrated in the case of the gulf stream,which sets in 


water apparatus, in which the hot water rises through an 
pipe, and, when cooled, returns by one placed at 
clowns laude The character of these currents of 
heated liquid, and their tendency to rise, may easily be 
noticed by trying the cr php bor’ eng — 
Experiment 9.—Throw a iece of litmus, or 
indigo, into a flask nearly filled with cold water, 
and placing the 


or lamp, it will be noticed, that as the lower 
stratum of liquid becomes heated, the colouring matter 
will rise with it; and, on the liquid cooling, it will 
return to the bottom of the flask, again to undergo a 
Expansion or Gasrs.—Gaseous bodies, such as air, 
expand still more than liquids, on the addition of heat; 
and the cause and applications of this fact, form a most 
D 


of the flask over the flame of a - 


——! 


oo 
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interesting feature in Physical and Natural Science, the 
results being more definite and constant than those 
found in the expansion of solids and liquids. 

The simplest mode of illustrating the fact, that a gas, 
such as air, expands by an addition of sensible heat, is 
by plunging the stem of a retort or thermometer tube, full 
of air, beneath the surface of water, and applying heat to 
the bulb. On the air expanding, a portion will escape 
in bubbles through the water; and on the source of heat 
being Soniavel. tus water will rise in the neck, to take 
the place of the air which has been expelled by heat. 

Air thermometers are constructed on this See pal 
and a very simple one may be made by fixing a g 
tube, by means of a cork, into the neck of a glass flask. 
If the flask is partly filled with a coloured liquid, and 
inverted so that the end of the tube shall rest in a cistern 
of water, the air remaining in the flask will expand on a 
slight increase of its temperature, and the liquid in the 
tube will be driven downwards, recovering its position on 
the application of heat ceasing. Differential thermome- 
ters are of this kind, but have two bulbs, into one of 
which the liquid passes on the expanded air pressing it 
downwards. 

Nearly all gases expand equally on receiving an equal 
increase of temperature; at least, in practice, their 
differences may be neglected for all ordinary purposes. 
After careful experiments, it has been ascertained that 
they increase in the proportion of ;4,rd part for every 
degree of temperature rising from the freezing point of 
water, or 32° Fahrenheit. 

In other words, if a volume of air measure 493 parts 
at 32°, it would become expanded to 986 parts on attain- 
ing a temperature of 525°. Any intermediate result may 
be obtained for other temperatures by adding ;1,rd part 
for each degree of increase. The following formula ex- 
presses this rule, where « represents the volume sought, 
a the normal volume, and ¢ the number of degrees of 
increment of temperature; 32° Fahrenheit being the 
standard :— 

a 
e=at 493 t 

To illustrate this we will suppose that it is desired to 
ascertain the expansion which air will undergo by being 
heated from 32° to 212°. Supposing @ is taken as 100 


parts, ¢ as 180°, being the difference between 32° and 
212°, we shall have 


= 1004109 x 180° = 136.5 


or, one hundred parts of air, on being heated from freez- 
ing to boiling point, expand to one hundred and thirty- 
six parts and a-half. 

In applying this rule to other gases, an allowance has 
to be made for very slight variations in the ratios of 
expansion. We have, in our example, supposed that 100 
parts of air expands to a volume of 1363, on being heated 
from 32° to 212° Fahrenheit. In the following table, 
the ratio of the different expansion is stated for a similar 
c of temperature in various gases, unity being the 
8 and on the authority of Regnault :— 


Air ° . + 1.36700 
Hydrogen . Pe 1.36613 
Carbonic acid. 1.37099 


By multiplying any number of volumes by the above 
factors, the actual ex ion which they will undergo by 
being heated from 32° to 212° is at once obtained. 

Having thus explained the laws which govern the 
expansion of aériform or gaseous bodies, we may pass on 
to consider some instances in which their application 
becomes a matter of general interest. 

The various changes of the wind depend on the unequal 
expansion of the atmosphere by the agency of heat. 
Expanded air being lighter, of course tends to rise, and, 
consequently, air of a more dense and cooler nature 
rushes in on all sides to take its*place. We thus have 
either the gentle breeze, the hurricane, or the whirlwind. 
To the engineer, the expansion of gases and vapours is of 
the utmost importance; and, within the last few years, 
heated air has been extensively employed as a source of 


motive power by Ericson and others; of which we shall 
speak under the head of Mechanics. In daily life we 
have to study and apply the laws of expansion in 
ae the ventilation of public and private buildings 
—a subject to which we shall draw pe attention here- 
after. It would be impossible to enumerate all the 
instances wherein these laws exercise an influence. We, 
however, cannot fail to remark, that an astonishing range 
of application exists in the effects of expansion by heat ; 
for, under the same cause, the fierce storm in one place 
may be spreading desolation, whilst the gentle current of 
air is supporting existence, in its quiet obedience thereto 
in other situations. We thus observe how one cause may 
be productive of a multiplicity of effects; and, gm 
one of the greatest charms of experimental science, is the 
frequent disclosure of such interesting instances of design 
and adaptation of means to an end, which the attentive 
student is continually witnessing. 


THE EFFECTS OF HEAT.—LIQUEFACTION AND 
FUSION. 


WE proceed to consider the effects of increasing the tem- 
perature of bodies by the addition of sensible heat; and 
we shall find that unequal results are produced on equal 
increments of heat being made to various substances. 
We have already noti that whilst some bodies are 
generally found in a solid state, others take that of the 
liquid, or gaseous, at ordinary temperatures; and the 
most cursory observation will show, that an addition or 
abstraction of heat would be necessary to render all bodies 
of a uniform condition. 

The terms ‘‘liquefaction” and ‘‘fusion,” although they 
appear at first sight almost synonymous, have, neverthe- 
less, very different significations. We liquefy, or render 
liquid, ice ; but, generally speaking, the term ‘‘fusion” is 
applied to the process of melting solids, such as lead or 
rock-crystal ; and although ice is as much a solid as glass, 
still there is considerable convenience in maintaining this 
distinction of terms, 

On increasing the sensible temperature of a substance, 
the effects vary considerably. On heating ice, the solid 
is immediately converted into a liquid; and the most 
accurate observations fail to trace any notable effect 
intervening between these two conditions. If, however, 
zinc is submitted to the same process, we find that its 
solid state is considerably modified; and, whilst brittle 
at first, it becomes softer and more malleable before it 
enters into a state of fusion. The metal tin becomes 
pulverisable, or, rather, easily divisible at high tempera- 
tures; and masses of iron or platina may be welded or 
united together at a heat below their point of fusion. 

It will be thus observed, that a variety of phenomena 
may occur between the solid state and its conversion into 
that of aliquid. The separate causes which induce this 
chain of variation are entirely hidden from us; but we 
presume that the series of effects results from a peculiar 
arrangement of the molecules or particles of which a body 
is composed, and is thus owing to the relative position 
Mes they may assume whilst undergoing the process of 

eating. 

Tn th conversion of thesolid into theliquid state, bodies _ 
of different kinds absorb unequal amounts of caloric ; and, 
consequently, we find that their melting points vary ac- 
cordingly ; or, which is the same thing, the liquid state 
becomes converted to the solid at different temperatures, 

We shall have to consider the cause of these variations 
more fully when we treat on Specific and Latent Heat; 
but the following table will give an idea of the great 
difference which exists amongst solid bodies when changing 
their condition to that of the liquid state :— 

The Melting or Fusing point, according to the scale of 


Fahrenheit, of — 
Mercury, is a ’ . .—40 
Water (ice) te - +32 
Tallow . ° 5 . - 98 
Phosphorus ° ; . - 110 
Stearine (variable) . : - 120 
Sulphur . . : s 0 a6 


LIQUEFACTION, ETC. ] UNDULATORY 


FORCES.—HEAT. ; 19 


It must not, however, be assumed that the solid state 
of bodies can be directly attained by liquids on their 
‘ ible although such tro with 
the is true wi 
respect conversion of solids to the liquid state. 

various forces of nature act together; and thus water 
below its point of 
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to general law of expansion 
variety of the texture of clay, Mr. pe Sabah phn ng 
unreliable results, and has, therefore, dis- 


Other arrangements have been made, intended to facili- 
tate the registration of high temperatures ; but, in every 


case, the great difficulty which has to be contended with 
is, that the intense heat to which the indicating sub- 
stance has to be exposed, almost always vitiates the 
result obtained. 

As it is usual, in scientific works, to give a table of the 
melting point of various solids, we follow that course : 
however, the reader must bear in mind, that some of 
the figures in the following table have been calculated 
only approximately, and are liable to the sources of error 
= ve been pointed out. ~ 

elting point, according to the degrees of the scale o 
Fahrenheit, of the metals. : : 


Potassium - . 186°F 
Sodium . 4 a F « 194 
Bismuth 476 
Lead . A 594 
Zine e Fi > 700 
Brass 1869 


4 
f 


Co 
Gia] : 2590 
Cast-Iron : 3479 


The above may be fused means of furnaces of 
various kinds; but eres many other bodies, re- 
quire the powerful heat of the oxyhydrogen blow-pipe, 
or of the voltaic battery, to reduce them to the liquid 
state. 

Platina and wrought-i however, seem to enter into 
a partial fluid state long below their melting point; and 
hence separate masses of either of these metals may be 
united at a white heat, so as to form one piece. It is 
impossible to state definitively the reason of this property 
being confined to two substances; and it is the more re- 
markable because their physical and chemical character 
are wholly distinct, in many instances, the very anti- 
podes to each other. @ process, as we previously ex- 
plained, is termed ‘‘ welding.” 

Advantage is taken of the power of heat to fuse bodies, 
for the purpose of forming what are termed “alloys.” 
Thus brass is formed together copper and zinc. 
The consideration of this will be duly observed in our 
chemical section ; and to that we must also defer noticing 
the effect which heat has in rendering substances soluble 


in liquids, and of thus facilitating numerous scientific and 
economic 
A most si effect is observed when fusion is 


effected by heat produced by electricity. The combina- 
Wi of fhiete, dora Simoes aera pair pr potent 
sometimes fusing a body so y, an itti 
its peered oh as not to allow time for the heat to 
pass to surrounding bodies; and hence, during violent 
thunder-storms, instances have occurred in which metallic 
articles, such as coins, chains, &c., worn by a person who 
has been struck, have been completely melted ; whilst the 
linen or cotton on which such have rested has been en- 
tirely uninjured. We sere per 5 Pg that a 

werful Leyden discharge will superficially melt a wire, 
pa) yet leave a piece of r, on which the metal rested, 
perfectly unburnt. No uate reason has been as yet 
sealed for such coourreioe 


Fig. 3. Having mentioned the lead- 
ing methods of measuring in- 
tense heat by means of the 
expansion of solids, we must 
not omit to describe a very 
ingenious instrument, invented 
by M. Breguet, of Paris, for 
ascertaining minute changes of 
temperature. It is constructed 
on the principle that two me- 
tals, expanding unequally on 
receiving increments of heat, 
will assume a curved form— 
a fact ery: illustrated by 
Experiment 7. 
illustrates one of these inter- 
spiral is formed of a ribbon 
* Ante, p. 16. © 


The annexed engravi 
esting arrangements. 
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of silver platina and gold, soldered together. Its upper 
end is fixed to a stand; and to the lower one an index is 
attached, which, by traversing over a graduated plate, 
indicates a change of temperature, owing to the unequal 

ion of the metal forming the spiral. This is one 
of the most elegant adaptations of a scientific law which 
has yet been made; and for ascertaining minute changes 
between low rates of temperature, it is a valuable instru- 
ment in the hands of the philosopher. 

It is scarcely necessary tO point out instances in which 
liquefaction and fusion operate to our advantage in daily 
life. The processes of metall , such as smelting and 
refining, casting, moulding, and other such operations, 
are sufficiently familiar. We may remark, however, that 
the difference of temperature at which bodies cease to be 
solids is a matter of great importance, and leaves an ex- 
tensive choice of material for various p extending 
from the refracting crucible used by the chemist, to the 
more easily melted, and therefore more tractable, sub- 
stances employed for economic processes. 


THE EFFECTS OF HEAT.—EVAPORATION, 
VAPORISATION, Ero. 


Contrnurne to restrict our remarks to the effect of sen- 
sible heat, we now examine the processes of Vaporisation 
and Evaporation. At first sight, these terms seem conver- 
tible; but in scientific phraseology they hold a distinct 
meaning. Vaporisation is that process in which anything 
is converted into a state of vapour, by the addition of a 
considerable amount of heat; whilst the term ‘‘ evapora- 
tion” refers to a process continually and imperceptibly 
going on at or about the ordinary temperature of the 
atmosphere. Thus steam is produced by vaporisation, 
and clouds, &c., by evaporation. 

Tt will be here necessary to point out the distinction 
which is maintained between the terms “vapour” and 
‘‘gas.” By vapour we understand an unstable condition in 
which a body exists, so long as a comparatively high tem- 
perature is maintained. Thus the steam of water, alcohol, 
ether, &c., fall under this category. The air, coal gas, 
&c., are, however, under all Cents circumstances, in a 
constant state; and hence are ranked under the term 
“cas.” It is true that some gases, as carbonic acid gas, or 
fixed air, may, by great pressure and intense cold, be 
reduced to the solid state; but these results being extra- 
ordinary, are not considered to militate against the jus- 
tice of the rule which we have laid down. We may add, 
that vapours can easily be converted into liquids; whilst 

present great resistance to that process; hence the 
divtuction of the terms. The consideration of a perma- 
nent gaseous state, we shall take up under the head o: 
Latent Heat. : 

The process of evaporation is continually going on at 
the ordi temperatures. By placing an inverted 
on over grass during the heat of a summer day, it will 

found that moisture soon forms at the top of the 
vessel. The insensible perspiration which continually 
exudes from the skin of animals, the gradual loss of fluid 
from an uncovered vessel, and other similar instances, 
are due to this constant process. 

Whenever evaporation takes place, cold is at once pro- 
duced ; and hence, if a porous vessel, containing a liquid, 
is placed in any position where a draught of air can act 
on it, the result is that its sensible temperature is much 
diminished. The cause of these phenomena will be more 
fully dealt with presently. 

On applying heat to liquids, and some solids, they may 
be e to assume a vaporous form; but, as in the 
conversion of a solid to the et state, different liquids 

uire unequal increments of heat to effect this purpose. 
Ether, for instance, is converted into vapour at a tem- 
perature of 96° Fahrenheit ; whilst mercury requires 
that of 660° Fahrenheit: both of these, however, may 
evaporate at lower temperatures. The temperature of 
ebullition, or rapid conversion into vapour, is termed the 
boiling point. 

We here refer to vaporisation as taking place under 
ordinary circumstances ; but the boiling point of liquids 


varies when the pressure of the air is raised or lowered. 
We shall take these different cases in the order of—com- 
mon pressures, the vacuum of the air-pump, and extraor- 
dinary pressure, as in the high-pressure steam-boiler. 
The boiling point of liquids can easily be ascertained 
by immersing a mercurial thermometer in them ; but a 
metal vessel must be employed to hold them, because 
those of glass or porcelain have the effect of raising the 
apparent boiling point, perhaps through the inferior con- 
ducting power of their material, and from other causes. 
Annexed is a skeleton table, which affords the boiling 
point of some liquids; and it is supposed that the tem- 
perature has been taken whilst the barometer stands at 


30 inches. 

Boiling point, on Falrenheit’s scale, of — 
Sulphuric ether . was xe - 96 to 98° 
Pure alcohol (spirits of wine). - 173 

93 (WROUAES che @sedl Teun IAe, io remebe 
» Nitricacid . .. « om tg 2 
99°: Sulphuric aqds nis Sw Veco. osh50 
»» Sulphur rk ah Ak, # SEO 


3, Mercury G ‘ ‘ 660 
If liquids are heated under a lower pressure than that 
of the atmosphere, they will boil at a much lower tem- 
perature, as the following simple experiment will illus- 
trate :— 

Experiment 11.—Boil some water in a glass flask, and, 
when in full ebullition, fit a cork air-tight into the neck 
of the vessel. Remove the latter from the source of 
heat, and dip it into cold water. Because a vacuum is thus 
formed, and the pressure of the air removed, the water 
will recommence to boil. 

If ether, spirits of wine, or water heated to 989, is 
placed under the receiver of an air-pump, and the air is 
exhausted, each may be made to boil at ordinary tem- 
peratures, because the pressure of the atmosphere, of 
cirewm- 


course, cannot affect them in a vacuum. 
stance has been taken advan’ of by sugar-refiners 
and pharmaceutists, who are in the habit of boiling their 


liquids in vacuo at a low temperature, and thereby pre- 
vent the formation of certain products, which might 
prove injurious to their processes ; economy, also, is found 
to accrue thereby. 

The property of liquids boiling at lower temperatures 
when the superincumbent pressure of the Ege been 
removed, has been used as a means of ascertaining the 
heights of mountains. As we ascend in the Pen 
the pressure decreases; the mercury in the barometer 
descends ; and, therefore, water will boil at a lower tem- 
perature. An approximate ratio of the decrease of the 
boiling point, may be taken as one degree of Fahrenheit’s 
scale to an elevation of 520 feet above the level of the 
sea ; hence, on the top of a mountain 10,000 feet high, 
water would boil at a temperature of 192° Fahrenheit. 
Heights found in this manner are, after all, only rough 
calculations, inasmuch as that barometric changes may 
not be synchronous between the base and summit of 
the mountain. 

The following table gives the three elements to which 
we have pies, aati the boiling point of water, the 
barometric height, and the cuckeenoitiae elevation, in 
round numbers, above the surface of the earth. The 
barometer is presumed to stand at 30 inches at the level 
of the sea :— 


Boiling Point Elevation of Height of 
of Water. Observer. meter, 
212 surface 30 
210 1050 feet 29 
208.5 1850 ,, 28 
206.5 ” 27 
205 nearly 3700 ,, 


26 

Having occasionally employed the term ‘ atmospherie 
ure,” it is necessary that we should define its mean- 
ing before proceeding further. At the level of the sea 

the air presses on every surface with a force of near! 
fifteen pounds on a square inch. It is true that this 
pressure is not felt, because it acts on each and every 
side; and thus, on holding out the hand, we sustain as 
much pressure wpwards on its under surface, as we do 


. aa 
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— if hie 4, is an 
ployed for the purpose of ascer- 


is fixed a tube, open 
at both ends. The of 
the boiler contains m , and 


the vessel is half with 


sim’ dimini The 
thermometer will to 212°, and there 
free access is ween the 
boiling water. 
table exhibits the results obtained by an 
PeBurometer Tube. Temperature, 
30 inches 212° 
C- 250 
90 5, 275 
IBD 55 294 
150 ,, 310 
180, 323 


It will thus be observed, that the boiling point of water 
is increased in by no means a regular ratio under an 
increased re of vapour on its surface. Tables in- 
dicating this result have been extended to a much higher 

than that which we have presented; but the 
principle will be understood from what we have stated, 

Liquids, on er | converted into vapour, eR 
great expansion. ater, when changing its liquid to t! 
vaporous state, is expanded to about 1,700 times its pre- 
vious volume. The annexed table gives the relative 
bulk of a cubic inch, in the liquid state, to that of the 
condition of vapour, of water, alcohol, and ether. 


Balk at 60°F. Temperature. pa amr fs 
Water. . 1 cubic inch 212° F. 1690 cubic inches 
Aleohol. 1 ,, 173 4-5 
Ethr..1 4, 96 MBAo + 


In round numbers, it is estimated that one cubic inch 


_ of water is converted into one cubic foot of steam, by 


being raised to the boiling point. 

As the state of vapour depends essentially on the main- 
tenance of a high temperature, it follows that, on the 
abstraction of heat, such vapours regain their liquid state, 
and, in so doing, contract from their extended to a 
diminished bulk. Thus steam, of a temperature indi- 
cated by the thermometer of 212°, becomes ‘reduced to 
‘sgth of its bulk on returning to the condition of a 
quid. The following experiment may tend to impress 
—_ on the an the student :— 

‘periment 12.—In an air-tight tin vessel, having an 
open stop-cock, boil water until the vessel is filled with 
steam. A cylinder twelve inches high and three inches 
in diameter, made of thin metal, answers well for this 
parpoess When the vessel is filled with steam by the 
ebullition of the water, close the stop-cock, and immerse 
the arrangement in cold water. The steam will at once 
condense and return to its diminished bulk of water. 
The atmospheric pressure, acting on all sides, will com- 
rk the vessel, and prove that the vapour has lost its 


by the condensation and abstraction of heat, which | 


has thus been effected. 
On these principles the condensing steam-engine is 
of which we shall have to speak in the 
section of Applied Mechanics. A vast variety of natural 
phenomena also depend on the laws of vaporisation and 
evaporation. We must defer considering these in their 
amplitude; for the branch of science, called Meteorology, 

colonies these effects. 


CONDUCTION OF HEAT. 


Berore treating on Latent Heat, we shall consider the 
ility which bodies have of conveying the foree of heat 
by what has been termed ‘“‘ conduction.” 
All substances are divided by philosophers into two 
classes, so far as Thermotics are concerned ; and these are 
i ” and “non-conductors.” 


body can be called absolutely a good or bad conductor, 
the quality existing only in comparison with others rela- 
tively better or worse. 

Daily life affords familiar instances wherein the pro- 
perties of conductors and non-conductors are called into 
play. In many domestic contrivances, one part is made 
of a good conductor, and the other ion of a non- 
conducting substance. The body and 


len Of SP my 
a tea-k He, tng 4 piggy ie yeti made of me 
and wood: the latter being a bad conductor, prevents 
the heat ing from the hot metal to the hand. An 


illustration of the law of conduction may be noticed in 
the different rate at which sp ag he be i! “ yoo 
the bright metallic ion of a e. 

ten Sharcval. A Kettle filled with boiling water 


good 
but slowly, has been termed a 
Even metals, which are generally excellent conductors 
of hi vary very much in their power in this respect ; 


through the platina wire—illustrating the fact that cop- 
per rat rg heat quicker, and is, therefore, a better 


eee ee 
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conductor than platina. ~The annexed figure illustrates 
the mode of carrying out the experiment. 


Fig. 5. 
Wi) 


~ 
. ( 


a \ 


a, the source of heat, as a spirit-lamp; 5b, pieces of phosphorus; ¢, the cop- 
per wire; 4, the twisted part where the metals join; p, the platina wire. 
The wires may be held in the flame by a pair of nippers 
pressing the twisted part, and each wire should be of the 
same thickness, and, at the ends, of the same distance 
from the centre of the flame. { 
The following table illustrates the comparative conduct- ’ 
ing power of some of the metals, of which gold stands the 
ighest, and lead the lowest, in the list -— 


Gold conducts heat at the rateof . . 1000 
Silver ,, a5 ay é » 973 
Copper ,, ” ” . - 898 
Platina ,, “3 8 ‘ . 381 
Iron 5; ” ” . . 374 
Zine ” ” ” : - 863 
Tin ” ” ” ° - 304 
Lead 180 


’ ” 29 $ s 
It will thus be found, that the conducting power of gold, 
silver, and copper are nearly alike; as is that of platina, 
iron, and zinc. 

Why one solid body should conduct heat better than 

another, is by no means evident. It'may depend on some 

iar molecular constitution of which we are ignorant. 

+ is plain that solidity or specific gravity is not the sole 

cause, as, in that case, lead should be a better conductor 

than iron, &c. We shall have to remark on this subject 
when we deal with Specific Heat. 

Other solids besides metals, which, as we have observed, 


-are generally speaking good conductors, vary greatly in 


their powers of carrying off heat, and, for that reason, are 
used in daily life as economical arrangements for prevent- 
ing its escape. Of these may be named earths of various 
sorts, charcoal, &c. Whilst gold conducts heat at a rate 
of 1,000, clay, in the form of brick, has but the one- 
hundredth part of that power, compared to the metal ; 
hence the employment of fire-brick in the sides of 
furnaces, and of clay ‘‘ backs” in ordinary domestic fire- 
grates, &c. The same principle has lately been employed 
in constructing fire-proof safes, which are often made of 
plates enclosing a comparatively non-conducting material 
such as charcoal, by means of which heat is prevented 
from passing through and injuring the contents of such 
é ents. Steam-boilers, and the cylinders and 
pipes of steam-engines, are covered with wood or felt, to 
prevent the escape of heat, and the condensation of the 
steam which they contain. — 

A very general idea of the relative conducting power of 
various materials, may be obtained by placing the hand 
consecutively on paper, wood, stone, and a metal. Each 
of these, although of the same temperature, will seem 
colder than the other, in the order we have 
them, because they are successively better conductors of 
heat, and, therefore, more rapidly abstract caloric from 
the body. A more accurate mode of ascertaining the 
differences of their conducting powers, is by intro- 
ducing thermometers into closed vessels coated with 
each material, and noticing the time required for water 
of the same temperature in each, in attaining one of a 
lower degree. Or if rods of various metals, of equal 
length, have one end immersed in a liquid of high tem- 
perature, and if the other end is coated with wax, the 
time elapsing between the melting of the wax on each 
end will give an approximate ratio. 


The latter mode is subject to error ; because, as differ- 
ent bodies have different capacities for heat, the length 
of time they require to be heated to identical tempera- 
tures will be influenced thereby. 

Either method should be so tried as to avoid the 
effects of absorption of heat from other bodies ; and un- 
less each metal is exactly in the same state as to its 
external surface, error would be occasioned by its power 
of radiation, &c, 

One of the most interesting series of facts in connec- 
tion with the conducting power of solid bodies, is that 
which relates to the value of different sorts of clothing 
employed to retain animal heat; respecting which, in- 
structive experiments may easily be tried by immersing 
thermometers in closed tin vessels containing water of 
equal temperature in each, and noticing the length of 
time required fer each vessel, clothed externally with 
different materials, to come down to one standard. 

It is thus found, that the following articles conduct 
heat in the order we have arranged them ; in which the 
best conductor is first placed, and those of an inferior 
kind will be found in succession. The number indicates 
the time, in seconds, required for a heated body to cool 
to an even temperature, when coated with the su ces 
named. 

Comparative conducting er of clothing materials. 
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Cotton wool . 3 F - « 204 
Wool unspun . : . ° - 112 
Silk from the cocoon . ‘ » 128 
Beaver, eider, and hare fur, about . 130 


It is thus found, that the substances with which 
animals are generally clothed, are the best adapted for the 
preservation of vital heat; and, generally speaking, the 
thickness of the coating is proportioned to the climate in 
which the animal naturally exists. The reader will not 
fail to notice, that the animals, birds, &e., found in 
northern regions, are liberally supplied with hair, wool, 
&c., such as the polar bear and the wild goose; whilst 
those existing in tropical climates, as the giraffe, &c., 
are supplied with but a thin coating of ex non- 
conducting material. Man, whose intelligence enables 
him to adapt himself to circumstances, takes advantage 
of various materials for clothing purposes; and hence 
the employment of linen and cotton garments in the hot 
regions of the tropics, and the use of woollen and fur 
garments in colder countries. 

Convection or Heat.—Liquids are, generally speak- 
ing, very bad conductors of heat, and the process of its 

ropagation through them has been termed convection, 
heave the particles move, and thereby convey heat with 
them. This is true both with respect to liquids and 
aérifora bodies; and we shall therefore consider them 
together in reference to this property. 

If a solid body is heated in any part, the caloric so 
imparted at once travels in every direction; but that 
such does not occur in liquids, may at once be perceived 
on trying the following experiment :— 

Experiment 14.—Place a metal dish, containing spirits 
of wine, on the surface of some water, and immerse a 
thermometer in the latter, so that its bulb shall rest three 
inches well oe —— of the Beers vessel, sla 
igniting the alcohol, the water immediately touching the 
copper may be made to boil, but the thermometer will 
not show any increase of temperature ; which proves that 
heat scarcely passes downwards through the liquid. If 
heat, however, is applied at the bottom of the vessel 
holding the water, it will be observed that the tempera- 
ture will rapidly increase, owing to the convection or 
conveyance of caloric by the particles of the expanded 
liquid rising to the surface. 

In arranging steam or hot-water apparatus for heating 
purposes, this principle must always be observed. Steam 
and water-pipes are, therefore, placed at the lower part 
of a room, because the hot air they produce, being 
expanded, rises, and conveys with it the caloric from the 
heating apparatus. Ventilation is generally effected by 
adaptations of this principle ; and, as hot air always rises, 
an apartment may easily be ventilated by introducing, 
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at a low level, any source of heat. Much has been 
said and written in to the best modes of ven- 
tilation; and whilst the necessity of a supply of pure, 
and the removal of foul air, is universally i 
the different means of ining these results have been 
the subjects of a large number of patented inventions. 

In many of these, the projectors have lost sight of the 
principles, in ce to which success can only be 
insured. In some instances, the supply of fresh, and the 
removal of foul air, are pro to be effected by open- 
ings at the upper part of a room. Despite of the 
ingenious modes by which these arrangements are carried 
out, their success is but ial, and can never go beyond 
a dilution of the vitiated air contained in the room. We 
know of no iment which more completely illustrates 
the true principles which should govern attempts to effect 
ag ventilation than the following; and a careful 
study of its facts will be a better guide to success than a 
volume of precepts :— 

i 15.—Place a lighted candle on the floor 
of aroom at the open door ; and, if there is no other 
access for air into the apartment, it will be observed 
that a current of cold, and therefore dense, air, on 
entering, will drive the flame of the candle inwards. By 
holding the candle midway between the top and bottom 
of the doorway, the flame will be quite still, because no 


the door, it will be observed to be driven outwards, be- 
cause thence the hot and lighter air mazes its escape. 

F ing these principles, it is evident that a supply 
of plire air must be made at the lower part of an a 
Eilee ee srasease Sct lak ir serekitee enaaed for 
at the top, or near the ceiling, of a room. Within the 
last few years, openings, concealed by ornamental work, 
have been made in most of the rooms of new houses ; 
air, they permit 
the escape of noxious products, and so ensure, to some 


causes which oppose the application of such principles in 
practice ; but, in most cases, such may be overcome 
attention to the rules we have laid down; and just so 
far as natural effects are imitated, so success will attend 
endeavours of this kind. 


If cold water is allowed to come in contact with metal 
heated to 200° or 300°, the liquid is speedily converted 
into vapour, because the heat from the metal is rapidly 
communicated to it. If, however, the metal is heated to 
a en ~cge pee approaching red-heat, the same result does 
not take place—the liqui slag Sete ip Dang Lo 
face, just as mercury leaves a sheet o on bei 
pond thereon. The effectis termed the spheroidal pared 


case of the dew on leaves ; which, running over them, is 
nevertheless not in contact with them. 

If a vessel of copper, &c., is made red-hot, and cold 
water 29 ret into it, some time will elapse before the 
liquid boil, because a film of steam is formed, which 

ts the conduction of heat between the metal and 
the liquid. If, however, the vessel is allowed to cool, 
the liquid will flash into steam so soon as a lower tem- 
perature is arrived at. It will be seen, therefore, that 
vapour is a worse conductor of heat than the liquid from 
which it has been formed. 

Now, steam-boiler a may, in many cases, be 
explained on the principle here named. In almost every 
instance, the water supplied to steam-boilers contains 


earthy matter, such as lime, &c.; and, in the process of 
time, this forms a ‘‘ fur” on the shell of the boiler. The 
fur being a bad conductor of heat, permits the metal of 
the boiler to become red-hot, and this often causes the 
earthy matter to ‘‘ chip” off, and thus leaves exposed the 
red-hot metal, apparently in contact with the water. For 
some time no extraordinary effect results ; but if a supply 
of cold water is sent into the boiler, the metal gradually 
cools down, and the stratum of steam, which had kept 
the liquid from touching the metal, being removed, an 
immense evolution of steam takes place, and an explo- 
sion of course at once ensues. An inexperienced person 
would at once suggest the extinguishing of the fire as the 

course in such circumstances ; whereas, s' to 
say, the only safe plan is to increase the heat until all the 
water can be removed from the boiler by means of a 
valve, &c. By such a course the intermediate stratum of 
steam is maintained, and risk of explosion is diminished. 

By forming a stratum of vapour by means of sulphurous 
acid, M. Bontigny was the first to show that water could 
be frozen in a red-hot platina crucible. As the repetition 
of this experiment is by no means easy to many persons, 
we suggest one which may easily be tried, and which fully 
illustrates the principles to which we here allude. It is 
that of handling red-hot lead, without risk of injury to 
the operator. , 

To do this safely, the hand must be perfectly clean, 
and must be coated with a “skin” of steam. This is best 
effected by washing the hand in some strong liquid 
ammonia, which, by its alkaline action, removes all grease, 
&c,, that would otherwise prevent the moisture from 
completely wetting its surface. The lead should be red- 
hot; if used at a lower temperature, severe injury 
might sustained. The best manner of trying this 
singular experiment, is to pour the liquid ammonia (liq. 
ammon. forts. of the shops) into a basin, whilst an assis- 
tant presents the lead in a ladle. The hand is first to be 
carefully washed in the liquid, and may then be intro- 
duced into the red-hot metal. Any quantity may thus 
be cast into a pail of water; and, having repeatedly tried 
the experiment, we may say, that the only inconvenience 
which we have sustained is, that the hand becomes gradu- 
ally cold, and sometimes painfully so, if the experiment 
is much extended. 

Few persons have nerve enough to try this; but there 
is no danger, providing the precautions we have named 
are fully attended to. If, however, the lead is not very 
hot, it may solidify round the fingers, and so produce 
great inconvenience. 

A similar experiment to the above is that of walking 
on red-hot iron—the feet being prepared in a similar 
manner ; or they may be coated with a skin of glue and 
sand, which, as a non-conductor, will effectually prevent 
injury to them. 

Daily life presents us with innumerable instances 
wherein the conduction or non-conduction of heat is taken 
advantage of. Metallic vessels, because of their good 
conducting powers, are employed for the p' of heat- 
ing liquids for manufacturing and domestic purposes ; 
whilst the interposition of non-conductors—such as the 
glass or wooden handles of teapots, the cover of felt to 
the cylinder and boiler of the steam-engine, and numerous 
similar contrivances, are used for an opposite purpose. 
In vegetable life, we have the bark of the tree; in animal 
life, the skin or wool over the flesh—each of which, 
as a comparatively bad conductor, retains the vital heat 
of either system. The thick coating of snow which 
falls during winter, has the effect of preventing the 
destruction of vegetable life, through being a bad con- 
ductor of heat. e cells of the plant, which would 
otherwise be burst by the expansion of the ice, are 
thus preserved uninjured, and their delicate organisa-. 
tion maintained till the returning spring. Thus, in this, 
as in every other instance of natural laws, we find one 
cause having a universal and beneficial operation in its 
varied relationships. : 

Having thus spoken of the effects of sensible heat, we 
next proceed to a subject of great interest, wherein caloric 
will be considered in its latent or hidden state, 


a, 


trine of latent forces; and before p 
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LATENT HEAT. 


ConsIDERABLE difficulty is often found by those not far 
advanced in scientific study, in understanding the doc- 
ing to investi- 

te the theories and facts respecting latent heat, it will 
therefore be convenient that we should define our mean- 


<— the term. 

ose powers or forces which are evident to, and per- 
ceived by, the senses, are termed sensible, their presence 
being easily recognised; but in all matter there also 
exist forces which are not perceptible to the senses, 
until proper means are employed to call them forth. 
Thus, no one could predicate, by simple inspection, that 
a@ common match contained the forces of heat and light, 
although it is well known that friction easily educes 
them. 

It is manifest, that caloric, or its proximate cause, 
must, although unperceived, exist in a body; because, 
as we can create nothing, we can only call out that which 
really, altho imperceptibly, is present. Now forces 
thus disgui are called latent, because they lie hid, 
until called forth by special means. We have chosen a 
familiar illustration of the meaning attached to the term 
latent ; but we must give this a general signification, by 
stating that all substances contain heat, light, d&c., in a 
hidden state; and this is true even in those least likely 
to afford them. 

Ice would, at first sight, appear to be the most un- 
likely body from which heat could be obtained; but 
nothing is more easy than to produce such a result, 
as the following experiment will prove :— 

Experiment 15.—Make a hole in a piece of ice, and, 
into this, introduce a pea of the metal potassium. 


_ Owing to the chemical action which will take place, both 


heat and light will be rapidly evolved. 

From this instructive experiment, we learn that both 
heat and light must exist in a latent state; and, in this 
instance, chemical action is employed to render these 
forces sensible. Our introductory experiments on the 
production of heat are examples of a similar kind.* 

It is owing to heat being present in a latent form, 
that gases exist; and hence, when gases, vapours, and 
liquids are reduced to the solid state, they invariably 

ive out heat; and, vice versd, when solids are converted 
into liquids or gases, they absorb sensible heat, which 
afterwards becomes latent. On compressing air in a 
vessel by means of a syringe, the metal of the vessel 
omg} becomes quite hot, owing to the air forced in 
osing a portion of its latent heat. When the air is 
allowed to escape, it will be found that the reverse effect 
is produced, and the vessel parts with heat, and becomes 
cold to the touch. If a bottle containing soda-water, of 
the temperature of the air, is suddenly uncorked, and 
its contents are poured into a vessel containing a thermo- 
meter, the abstraction of heat, produced by the expan- 
sion of the carbonic acid gas, will be made evident by 
the mercury of the thermometer at once falling. 

The amount of latent heat in various vapours differs 
materially ; and the latent heat of steam exceeds that 
of any other. This will be evident from the fact, 
that it requires 5} times as much heat to convert 
a given quantity of water into steam, as it does to heat 
the same quantity of water from freezing to boiling 


point. ' ; 

in, steam, on being reduced to the liquid state, 
parts with the heat it had previously received, which 
passes into a latent form ; and hence, a pound weight of 
steam would heat 54 pounds of cold water to a tempe- 
rature of 212°. The reader will here perceive another 
proof of what has been already stated—that gases and 
Sc a owe their condition to the force or agency of 

eat, 

If we examine the effect of mixing water of two 
different temperatures in equal quantities, we shall find 
that the resulting temperature will be increased just half 
of the excess of the highest. Thus the addition of one 

* See ante, p. 15. 


pound of water, at a temperature of 100°, with one 
und at 32°, will give a mean ae of 66°. If, 
owever, equal weights of ice and hot water are mixed 
ther, the resulting temperature will not be a mean 
between the two; for it will not exceed 32° until the 
whole ice is melted. The heat of the hot water thus 
assumes a latent form, and is employed in Tiquefying 
the ice; or, in other words, in imparting sufficient heat 
to enable it tv assume the liquid state, As an illustra- 
tion of this, we may state that, if a pound of ice at 32° 
is mixed with a pound of water at 172°, the difference of 
140° will be apparently lost in converting the ice into 
water. 
The following table, collected from the investigations 
of Dr. Ure, represents the latent heat, at the boiling 
point, of 


Water, as equal to 3 : + 1000° 
Aleohol, s. gr. 0.825. . . 457° 
Sulphuric ether - 312.9 


The abstraction of its latent heat, and the conversion 
of water into ice, may be easily effected by means of 
rapid evaporation, by the air-pump, or in an instrument 
called the Cryophorus, or ‘‘ frost bearer.” 

Experiment 16.—Fill a watch-glass with water, and on 
the surface of the liquid place another watch-glass filled 
with ether. On introducing these into the receiver of 
an air-pump, and exhausting the air in the usual manner, 
the rapid evaporation of the ether will abstract the 
latent heat of the water, and will convert it into ice. 
Gone speaking, the two glasses become solidly frozen 
together. 

This peculiar mode of producing cold has been lately 
employed on a large scale, for the purpose of producing 
ice in tropical countries, Special arrangements are em- 
ployed for recovering the ether, which may thus be 
— used, and the economy of the process main- 
tain 


Experiment 17.—The Cryophorus is made by blowing 
a bulb at each end of a long glass tube. One of the 
bulbs being filled with water, heat is applied thereto, so 
as to expel all air, and the vessel is then hermetically 
sealed, For the purpose of this experiment, the whole 
of the water is retained in one bulb, and the empty one 
is immersed in a mixture of snow or pounded ice and 
salt. This reduces it to a temperature of 0° Fahrenheit. 
In a very short time the water in the other bulb will 
be converted into ice, owing to the rapid evaporation 
and loss of latent heat which it sustains. 

By the abstraction of latent heat, a great degree of 
cold may be produced—hence the employment of freezing 
mixtures, for the purpose of cooling wines, &c. Whilst 
these assume the liquid state, they abstract the latent 
heat of bodies eager} in as A pore fo ee instance 
of this is the use o t for the purpose of removing ice 
and snow from foot-paths. In the employment of these 
means, the snow, &c., melts, and a great decrease of 
temperature results. The practice, for this reason, is 
highly to be reprehended, because it is injurious to 
health. Persons treading in a mixture of this kind sus- 
tain a great loss of natural heat from the feet ; and to so 
great an extent does this take place, that the leather 
soles of shoes, if thus moistened, will, for the reasons we 
have named, become the cause of d i 
such as fever, diphtheria, &c, The following are mixtures 
which may be employed for the purpose of producing 
ane 8.—Mix togeth 1 weights of sal. 

periment 18.—Mix er equal weig' - 
Pr #* 04 and nitre, both in fine powder. Place the 
mixture in a tea-cup, and, having added cold water, stir 
the whole by means of a thin test-tube holding cold 
water. Ina short time the liquid in the test-tube will be 
completely frozen, owing to its latent heat being ab- 
stracted during the solution of the salts external to it. 

Experiment 19.— Mix equal weights of snow or 
pounded ice and chloride of calcium, in the dry state.” If 
mercury, in a test-tube, is introduced into this mix 
the metal will be frozen, owing to the intense col: 
produced. . ! 

Experiment 20.—Place a small piece of lint or cotton 
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wool on the bulb of a thermometer, and moisten it with 
a little ether or sulphide of carbon. The evaporation, 
which will thus take place rapidly, causes the mer- 
Ssiky ok his laracadtels th sustaining, as it will do, 
a loss of latent heat. 


diately on the steam entering, its latent heat is abstracted 
cold water, and it suffers condensation, suddenly 
contracting toa bulk of ;,4,,th of that which it occu- 
ied in the state of vapour. To the researches of Dr. 
and James Watt, this application of the laws of 
latent heat is nap J due. 

In the distillation, heat is applied for the 
yar converting a liquid into the state of vapour, and 
of thus separating it from others with which it had been 
previously mixed. The vapour thus formed is again 
(canal to psae Sli ate Pinata taal 

water. 


gs 
es 


of The “‘ wash,” or fi by infusing 
malt Mind fermenting it with yeast, is introduced into the 
body of the still, and, heat being applied, the spirit, 
which boils at a lower temperature water, passes 
over into the worm; and, being there condensed, it re- 
assumes the liquid state. The stills and general arrange- 
ment vary in shape, &c.; but a common tea-kettle, to 
which two or three feet of metal tu has been a ed 
at its spout, will illustrate the w principle of the 
process. The mechanical arrangements alone vary from 
this simple mode of distilling, when adopted by the spirit 


The latent heat of vapour seems to vary as the tem- 
ture is increased ; but the differences hitherto ascer- 
ined do not warrant any reliance on their accuracy. 

A very common 2 nomrwerchy hea laws of latent hea’ 
is that of i gt are Fe tenet taal 
beng Te me Sige. Pe aiaewienyh 

so t, it may a vehicle to carry heat to 
a Giataepes tcties tis Wiarton; ax 48 szaet be beene in 

that steam will heat six times as much space 
(nearly) as a piece of metal of the same weight and sen- 
sible temperature. Hence its employment for manufac- 
turing purposes, especially in bleaching, dyeing, calico- 
printing, paper-making, tallow-melting, &c. It is usual 
to cover the pipes conveying the steam with felt, until 
they arrive at the where heat is required, where of 
course they are uncovered, so that the heat may 
freely pass off. Steam is an economical agent for warm- 
ing apartments, and exceeds in this respect water, when 
similarly applied; because, whilst the water only gives 
up an amouut of heat equal to the difference between its 
own tem ure and that of the air of the nar in 
which it is employed, steam affords also its latent heat, 
and, therefore, more entirely and conveniently answers 


On ing the hand over a jet of steam i 
from a boiler, it will be found that the higher the pressure 
under which the steam escapes, the — will its sensible 
temperature appear. At first sight this seems 
doxical, but the difficulty at gave Uistipgeabs on applying 
the laws of latent heat to its explanation. Of course, as 
the steam rushes out of the jet, it must expand. In 
rode he Fae aheretrane pore hag 
to of its expansion ; ence, t 
pressure of emission, the cooler is the blast. When tried 
with a pressure of 120 pounds on the square inch, 
the jet of steam seems to have the same effect on the 


as a jet of cool air, A vacuum is also formed 
vou. 1. 


during this expansion, and a ball of wood may be thus 
kept playing in a jet of steam for any length of time. 

e abstraction of latent heat, together with pressure, 
has been applied by Dr. Faraday and others to the lique- 
faction of gases. Of all experiments of this kind, the 
condensation of carbonic acid gas has been the most 
successful. The gas is manufactured on a large scale, in 
a strong metallic vessel, and is then allowed to pass into 
a receiver. On issuing from a jet placed in the side of 
the receiver, the gas expands so rapidly as to produce 
intense cold, and undergoes congelation. A very usual 
course adopted to liquefy some gases, is to enclose the 
materials from which they are procured in a strong glass 
tube, bent at an angle at its centre. Each end being 
hermetically sealed, the gas is received in the liquid 


state in that end opposite to where it is being ae 
By these means, carbonic acid, cyanogen, &c., have been 
obtained in the liquid state. 


If a jet of air issuing from an orifice under a pressure 
of 60 to 100 pounds on the square inch, is allowed to im- 
pinge on a good conductor, its moisture will be imme- 
diately frozen. In some deep mines in Germany, where 
air is pressed by a high column of water for the purposes 
of ab it is no uncommon occurrence to observe snow 
produced from the moisture of the air issuing from the 
pipes, or from any crack in the arrangement; and it is 
the custom of the miners to place their caps against the 
jet, for the purpose of showing the effect to the visitor. 


SPECIFIC HEAT, 


Ir has been already stated, that if equal quantities of 
water, at different temperatures, be added together, the 
resulting temperature will be a mean between the ex- 
tremes. But that result will not occur when liquids 
of different kinds are similarly mixed. Thus, if mer- 
cury and water, at different temperatures and in equal 
weights, be added to each other, the resulting tempera- 
ture will be nearer that of the water, presuming that to 
have been the hottest of the two liquids. 

This fact has given rise to the term Specific Heat, 
which means that different bodies have various capacities 
for heat—some requiring — and some less, of sensible 
heat to raise them to an equal or standard temperature. 
The ratio of these capacities is found by mixing liquids, 
&c., at different temperatures, and noticing that which 
results from the mixture ; and, in most cases, the specific 
heat, or capacity of water for heat, is adopted as the 
standard, 


The best illustration of the mode usually adopted, may 
be found by taking mercury as the type of other bodies ; 
and we shall thus be able to explain the general law which 
governs all matter with respect to its capacity for heat. 

If one pound of mercury, at a temperature of 40°, be 
mixed with a pound of water at 100°, the resulting 
temperature of the mixture will not be a mean between 
the two, but will be found to be 974°. Thus the heat 
of the mercury will be raised about 573°; whilst the 
water will be reduced in temperature to the extent of 24°. 

Now, putting these figures into the ordinary form of 
proportion, we have 

Be : 2.5° po : vate 4 : 

In which 57.5° represents the number of degrees 

which the temperature of the mercury is raised ; 2.5° the 
loss of heat sustained by the water; and 0.04348 is the 
specific heat of mercury compared to water, as the 
standard, or 1.00000. The res here obtained are 
somewhat too high; but the illustration will give an 
insight into the means usually employed for the purpose 
of obtaining the ific heat of bodies. The plan is 
varied with solids ; but the principle is still the same. 

The following table gives the specific heat of some 


bodies, water being the standard :— 

Water . ie F . 1.000 
Alcohol . < ‘ ‘ : 0.660 
Iron . $ . ° ° F 0.114 

° 2 . ° . 0.095 
+ ee area re >" 
Platina. j ; F - 0,032 

x 


ee 


a 
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[RADIATION—DEW ON PLANTS, 


The student will find considerable difficulty in recon- 
ciling the laws of latent and specific heat with those of 
the undulatory (which we entered into at the 
commencement of this section), more especially if he 
observe such phrases as ‘‘the quantities of heat which a 
body contains ;” which are often employed in treatises on 
this subject. It is true that these are only used to 
popularise our ideas ; but still there will be a tendency 
to take a material view of the nature of heat whilst ex- 
perimenting with the force; and this will be, to some 
extent, confirmed when the effects of specific and latent 
heat are kept alone in view. Theories, however, are 
valuable only so far as they generalise numerous facts ; 
and the undulatory theory is insisted es by philo- 
sophers, because it collects under one broad view a 
chain of allied causes. In its application to the branch 
of Thermotics, with which we are now dealing, many 
difficulties arise, which cannot be cleared up until our 
researches have been so far extended as to give a greater 
insight into the nature of heat, &c., than we at present 
possess. When we refer to radiant and polarised heat, 
the value of the undulatory theory will be at once per= 
ceived, because we shall be able to range so many pheno- 
mena under one comprehensive idea. 

Whatever theory is employed to connect the various 
facts of Thermotics, it is evident that the actual amount 
of caloric in any body cannot be measured ; and that the 
specific heat of any substance is merely a term signify- 
ing its relative power of absorbing the force as compared 
with that possessed by other bodies, There is, however, 
a very singular relation existing between the atomic 
weight, or combining proportion, and the specific heat of 
many substances. 

In our prefatory remarks, we stated that all matter is 
composed of atoms; and by examining the chemical 
relationship of these atoms, we find that they have a 
tendency to combine in certain proportions only, and 
every elementary body has accordingly had assigned to 
it a number which expresses the relative value of its 
power of combination. As an instance of this, the 
analysis of water shows that eight parts, by weight, of 
oxygen combine with one part of hydrogen, and, by their 
union, nine parts of water are produced. These num- 
bers are called the equivalents, atomic weights, or com- 
bining proportion of these gases; and it is with these 
relative weights that the specific heat of a body seenis to 
have some relation in certain instances. If, for instance, 
the number 8.1 is divided by the number expressing the 
specific heat, say of iron, zine, or copper, we find that 
the guotient very nearly corresponds with the atomic 
weights or es Hater of those metals when expressed in 


a series of which that of hydrogen is unity. This will be 
observed by the annexed table. 
Equivalent obtained 
Specific heat of weed “by {Chenin 
Tron 0,114 27.2 28.0 
Copper 0.095 32.6 31.7 
Zine 0.095 32.6 32.0 


These relationships are, however, by no means xo evi- 
dent jn other bodies, although, generally speaking, the 
product of the specific heat and the atomic weight is 
either nearly a constant sum or one which is a multiple 
thereof. In this, as in many other connections of dif. 
ferent phenomena, we meet with difficulties which pre- 
vent our ing the existence of a law of which we 
have as yet but a glimpse. 

We have hitherto referred solely to the specific heat 
of solids and liquids; and, with respect to gases, the 
information which has been obtained is by no means 
satisfactory. This is chiefly owing to tho difficulty 
which exists in carrying out the investigations in an 
accurate manner, in any case, with aériform bodies, 
This is generally done by passing the gas under ex- 
amination, at a certain temperature, through water, also 
of a known temperature; and, in proportion as the heat 
of the liquid is raised by the same bulk of each gas, their 
relative capacity for heat is ascertained, and the specific 
heat arrived at. 


RADIATION, ABSORPTION, AND REFLECTION 
OF HEAT. 


Havrine directed attention to the Joncting Same which the 
study of sensible, latent, and specific t affords, we 
) to consider those phenomena which present 
themselves when rays of heat are emitted from a central 
source. 

The intensity of all radiant forces is diminished in a 
geometrical ratio as the centre of force is departed from; 
and it is found that this intensity is inversely as the 
square of the distance, The student will, perhaps, more 
readily understand this by placing before a pit dre 
a square piece of cardboard, of any size. If this gives a 
sladae of one foot square at a distance of a foot from 
the source of light, then that shadow will cover an area 
of four square feet at double the distance, nine square 
at three times the distance, and so forth. The intensity 
or amount of light will diminish in the same ratio as the 
space over which it spreads is increased. The law holds 
good with respect to gravitation,* light, electricity, mag- 
netism, and other central forces. far as heat is con- 
cerned, we shall at present confine our attention to its 
radiation through air; because, like light, it suffers both 
refraction and polarisation. when it is passed thro’ 
cnn media—subjects on which we shall subsequently 

Bodies vary much in their power of radiating heat; and 
those having a dark and rough surface hold the highest 
place in the scale. Pointed surfaces especially fall 
oar this class, whilst polished ones scarcely radiate heat 
a 

Absorption is a property by which bodies are enabled 
to take in heat age any Sen: thus have their 
temperature rapidly raised. nerally speaking, good 
radiators are also good absorbers, because each effect is 
due to a similar state of the body under examination. 
Of this class are lamp-black, cloth, and bodies of a dark 
colour; and the truth of this will be at once made evident 
by the following experiments :— 

Experiment 21.—Inclose a thermometer in a metal 
cylinder which has a polished external surface, and 
introduce one into a vessel which has been blackened by 
means of lamp-black and glue, Fill these with water, 
and expose them to the action of the rays of the sun. It 
will be found that, ae to the blackened surface, the 
rays of heat will be rapidly ee the temperature 
of that vessel will quickly rise. In the one having a 
polished surface, very little ¢ of temperature will 
be produced, because the rays of heat are reflected, and 
therefore not absorbed. 

Experiment 22.—If the two vessels are exposed in the 
open air on a clear night, it will be found that the 
temperature of the ened vessel will speedily fall, 
owing to the loss of heat caused by radiation, whilst that 
of the polished surface will scarcely be affected. 

Hence we find that good radiators are good absorbers, 
and that bodies having a polished surface reflect heat 
freely, but neither radiate nor absorb it to any extent, 
The best radiator, such as lamp-black, will emit eight - 
times as many rays in the same period as a polished sur- 
face, such as a silver plate would do er the same 
circumstances. 

A great variety of interesting phenomena in nature 
depend on these laws of radiation, &e. Dew is formed 
owing to the radiating power of the earth’s surface; and 
if a thermometer is p at night on a grass-plot, when 
the sky is quite free from clouds, the temperature indi- 
cated will be much below that shown by a thermometer 
raised a few feet from the ground. The radiation of 
heat thus cools down the temperature of the surroundi 
air, and the moisture, being condensed, falls down 
or teed surface of plants, grass, dre, 

e temperature at sea is always higher at night-time 
than on land, because the level pate of heseeies isa 
bad radiator. The peculiar effect of the sea and land 
breezes is owing to the changes resulting from the radiating 

* See Introductory Chapter; p. 3, ante. 
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cooler, the air sets towards the sea, and hence 


the earth then commences to radiate heat, and, 
the ing cooler "of the land-breeze. The following ex- 


tract auprepae a work of the Sox (Je Maury, entitled The Phy- 
sical Sea (Jan., 1861), will be read with 
pores as rat full confirmation of these ried 


tions of natural laws. 


png in tropical countries, wait every with i coo 
ce the co’ of the sea-breeze. It usuall 
about ten o’ Ra mara gto. argv e op- 


ve morning is ted, and there is a delightful 
Pinas te thette, Guads coanae give -eeerine coal 
for their daily labours. About sunset, there is again 
another calm. The sea-breeze is now done, and in a 
short time the land-breeze sets in. This alternation of 


nigh 
— countries, that they are Tooke for by the people 
as much confidence as hee rhe 


te i le of let 


ree for when the surface is ong and the 


soil barren, the heating power of the sun is exerted with 
most effect. apo pow Beatles si cng rede ent echt 
gale of wind. the summer of the southern hemis- 


the sea-breeze is fea erfully developed at 
than at an $5 Wiad ary servlocs 
afloat have led me. ont ly in the afternoon, 
Sea sn ee a lows furiously ; pebbles 
are torn up the walks, and whirled about the 
streets : people seek shelter ; the Almendral is deserted, 
terrupted, and ail communication from the 
the shore is cut off. Suddenl on 
if they had again heard the voice o} 
hushed, and there is a calm.” He 
remarks—“ Within the tropics, however, the land 
breezes are more gentle. The oppressive heat of 
limate of the sea-shore is mitigated, 
reshing and healthful by the alterna- 
those winds, which invariably come from the 
lace, the which is cooler by day, and the 
cxclet night. About ten in the morn- 

of the sun has played upon the Jand with 
it intensity to raise its temperature above that of 
A ion of this heat being imparted to 
— t air, causes it to rise, when the air, 
the beach, then from the sea, to the distance 
miles, begins to flow in with a most delightful 


i freshness.” 
gonna de of the radiation and reflection of 


lay be conveniently examined by loying two 
etal mirrors, which must be highly lished. 
nauk from eight to twelve inches in diameter, 
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and ae on stands of exactly equal heigh: " 
that a t line passing from one s be in a li 
Volished tis ir axes or centres. ‘Th may be made of 


polished tin, or sheet zinc ; perhaps the latter is to be 
pref oy ay —_ readily beaten into the proper 
ee by means of rotten- 
apse with tripoli, rubbed 
on by means of eT tone oad bs ih Their focus is found by 

placing a candle-flame some distance from the poe | 
ene, and if a piece of smouldering brown paper 
held so that the smoke shall rise between the light ah 
the reflector, the focal point will be at once observed as 


that place where all the rays from the reflector 
meet . In the focus of one of the mirrors, the 
source of heat is placed on a stand; and, in tho other, 


the thermometer 
which is employed 
to indicate the re- 
flected heat. Fig. 
6 represents a pair 
of these reflectors, 
arranged for the 
purpose of an ex- 
periment. : 
@ a, represent two metallic reflectors; 5, the source of radiant heat, as 
an iron }¢, a differential thermometer. The rays of heat pro- 
prt from’ 5 ‘are reflected to a, and thence to the bulb of the ther- 
mometer at c, in the course indicated by the lines. 

An ordinary mercurial or spirit Fig. 7. 
thermometer may be used for many 
sets | experiments, its bulb of course 

— — focus of the 
mirror. For delicate experiments, 
however, an air thermometer must 
be emplo oyed. A simple one may 
be constructed by filling a thermo- 
meter tube with any coloured liquid, 
and then inv the stem in a 
vessel of water. en so inverted, 
sufficient liquid should be allowed 
to escape, so that the bulb may be 
full of air, because it is by the ex- 
pansion of the air that the presence 
of heat is manifested, and which also 
drives down the liquid i in the stem. 
One of these thermoscopes, as they 
are generally called, is represented 
in Fig. 7. 

For many experiments on ra- 
diated and reflected heat, an in- 
mere i serge es a on ‘iaibee 
principles, but having two bul 
is always employed. This is the 
invention of Sir J. Leslie ; and it is “= - 
exceedingly sensitive in fodicating 1 minnte changes of 
temperature. It consists of two bulbs, each containing 
air, which are joined by means of a glass tube, nearly 
filled with any colo liquid. The tube is bent into 
two arms, one of which is Fig. 8 
graduated. In using the 
instrument, one of the bulbs 
only is brought towards the 
source of heat, and that 
should be the uated 
one. Its action is*due to 
the ion of the air in 
one bulb, and the conse- 
quent compression of that 
in the other; and according 
to the depression of the 
fluid in the graduated limb, 
so the amount of sensible 
heat is measured. When 
pars ope in one a My? = 

ecting mirrors, the 
attached to the graduated 
limb is so pl in the - 
focus of the eavohah, that the other may be removed 
to one side; the latter is thus not influenced by the 
reflected heat. ‘The annexed engraving illustrates the 
usual form of one of these instruments; and ¢, Fig. 6, 
onthe following t ts will give an idea of some of 
e following’ experiments give an idea of some o 
the most interesting facts, both as regards radiating and 
reflecting substances :— 
23.—Place in the focus of one mirror an 
iron previously made red-hot ; and in the focus of 
the other mirror, a thermometer bulb, which should be 
blackened, may be introduced. The heat reflected from 
one mirror to the other, and thence to the thermometer, 
will be evident by the mercury rising. The air thermo- 
meter is preferable for these experiments, That it is not 
the mere radiation of the heat from the ball which pro- 


duces the effect, is certain, because the mirrors may be 


SS = 
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removed a considerable distance from each other, and yet 
the mercury of the thermometer will rise, under the cir- 
cumstances above-named. By means of two mirrors, 
each six feet in diameter, and about ninety feet apart, 
we have seen a piece of meat cooked by the reflected 
heat of a gas jet. 

Experiment 24.—If the bulb of the thermometer is 
retained, as in the last experiment, and if the mirror 
before which the ball of iron is placed be coated with 
lamp-black, it will be found that no heat is then reflected 
thereby, because the blackened surface absorbs the heat, 
and is, therefore, incapable of reflecting it. 

It will thus be seen how igh tind of reflecting and 
absorbing heat may be produ in a body by merely 
changing the character of its external surface; and, in 
obedience to these laws, a great variety of instructive 
experiments may be tried. 

By way of parenthesis, we would remark, that the 
abstract teachings of science are valuable only so far as 
they give us an insight into natural laws, and assist us 
to make such applications of them as may conduce to 
intellectual nig ae and social benefit. In every case; 
however, these lessons so taught can only be appreciated 
and rendered of service in proportion to the intelligence 
of the student. Having this object in view, we shall 
suggest a few experiments which, whilst they may still 
further elucidate the ial laws to which we now refer, 
will also give a wide field for the exercise of the ingenuity 
of the experimenter, so far as their application to the 
Lar me of daily life are concerned. 

‘periment 25.—Instead of the iron ball mentioned in 
Experiment 23, place a tin vessel, having one side white, 
another polished, and one blackened, in the focus of one 
of the mirrors—retaining the thermometer in the focus 
of the opposite mirror. The vessel is then to be filled 
with boiling water, and must be closed at the top, so as 
to prevent the escape of heat. It will be found, on 
presenting the polished or white side to the mirror in 
whose focus it stands, that the vessel will scarcely radiate 
any heat so as to be apparent 3. bora rise of the mercury 
in the thermometer ; whilst the blackened side, if similarly 

laced, will radiate considerable heat, which, by reflection 
own the mirror, will immediately raise the temperature 
as indicated by the thermometer. 

The employment of dark-coloured substances for ab- 
sorbing and radiating heat is thus accounted for; and one 
well-known instance, where the opposite character of an 
absorbing and reflecting or naman material is often 
used in one vessel, is that of the common tea-kettle, whose 
lower side, in contact with the fire, absorbs heat rapidly 
when coated with charcoal, whilst the polished surface 
eee the escape of heat by its non-radiating nature. 

‘or similar reasons, a polished metal teapot will retain 
heat longer than a dark stone one. If, however, the 
latter is placed near the fire, this difference will not be 
so evident, because the absorbing power of the stone 
vessel will be exercised, and the heat apparently retained, 
although it really is being continually received, and so 
counterbalances the radiating power of the material. 

Experiment 26.—Place pieces of cloth of different 
colours on snow, so that the sun’s rays may shine directly 
on them. It will be observed, that the darker the colour 
of the cloth, the more heat will be absorbed, and the 
deeper the cloth will sink in the melted snow. Hence, 
dark-coloured cloths are warmer, as a clothing material, 
than those of a light colour, because they absorb more of 
the heating rays of the sun. 

Experiment 27.—Place a thin covering of any kind 
over a shrub, re as to arg the radiation of its heat 
during the night-time. On removing it next morning, 
no dew will be found beneath. The clouds act in pre- 
cisely the same way, and prevent the formation of dew, 
by impeding radiation ; hence dew is never formed during 
cloudy weather. 

Experiment 28.—Having blackened the bulb of the 
thermometer employed in the focus of one mirror, place 
) > vag of ice in the focus of the other one, and carefull 

— both, so that they shall be exactly opposite to 
other. If this experiment is carefully performed, the 


latent heat of the mercury of the thermometer will 
be reflected to the opposite mirror, and will be again 
reflected to the ice, which it will eventually melt, . This is 
a highly instructive experiment, and illustrates the action 
of the reflected latent heat of a body when its sensible 
heat appears to be comparatively low, or at natural 
temperatures, 

e different effects of reflection, radiation, and ab- 
sorption, are often observed in daily experience. 
ps ory for instance, reflect heat ; whilst trap and other 
dark-coloured strata absorb it rapidly. In ing be- 
tween walls which have been painted black, the radiation 
of heat, previously absorbed, is very great. Dark soils, 
for sirailar ilar reasons, more agg change their tem- 
perature than those that are light-coloured, and the 
atmospheric heat thus varies considerably, under such 
circumstances, over their surfaces. Some very ingenious 
applications of the laws of radiant heat are made for 
domestic pie tag amongst which may be named the 
American oven. One side of this being made of rough 
metal, absorbs heat; whilst the other, being polished, 
reflects it: the conjoint action of these makes the con- 
trivance an exceedingly valuable and economical one for 


baking purposes. 
REFRACTION OF HEAT. 


Iy our last section, Yih siesicane that the whole of the 
heat radiated from a body passes to any object at a dis- 
tance from it, without sustaining any loss from its 
absorption by the atmosphere. It is, however, found, 
that gases, liquids, and solids prevent the of a 
portion of the rays emitted from a heated body ; and some 
substances have the power of bending rays of heat from 
what would otherwise be their natural course. Those 
bodies which but slightly prevent the transmission of the 
rays of heat, have been termed ‘‘ diathermanous.” 

As some little difficulty may arise as to the meaning 
of the term ‘‘ refraction,” we suggest a simple experi- 
ment, which will at once illustrate its purport with respect 
to light; and, as heat is subject to similar laws, the 
student will easily perceive the nature of the refraction 
of Facil force, 1 a me 4 

eperiment 29.—Place a shilling in a basin, and re- 
tire from it until the edge of the coin is but just visible. 
If an assistant now fills the basin with water, the whole 
of the coin will appear in sight, owing to the bending, or 
refraction, of the rays of light. The effect is illustrated 
in the annexed Fig. 9. 
engraving, where 
@ represents the 
real place of the 
coin, and b its ap- 
parent position. - ; 

The above is an instance of what is termed single re- 
fraction. Light and heat also undergo double refraction 
in some circumstances; and the effect with respect to 
light is easily observed, by placing a rhomb of Iceland 
spar on a line drawn across a = of paper. The 
Se having the power of double refraction, will ex- 

ibit the line in a double appearance. Fig. 10 repre- 
sents this effect, where No. 1 is a piece of spar, through 
which the letters Fig. 10. 
appear double; 
and No, 2 illus- No, 2. No.1 
trates the sepa- sigs 
nature of the re- Na 
fractive effect. 

Having thus illustrated the single and double refrao- 
tion of light, we proceed to examine the analogous 
changes which the rays of heat undergo when passing 
through various media. 

It is n to bear in mind, that heat alone, and 
heat combined with light, pass through bodies in by no 
means the same degree. Thus the heat from a gas-light 
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the strength of the current; and hence the amount of 
radiant heat may be measured by the deflections of a 
galvanometer. One of these is illustrated in Fig. 12, in 
which we observe a magnetie needle suspended over a 
coil placed just beneath it. The wires proceeding from 
the thermo-electric battery, are observed on the left 
hand of the engraving. 

When this instrument is employed for the purpose of 
ascertaining the amount of heat radiating from a body, 
or in researches on the laws of the refraction and polari- 
sation of heat, the arrangement illustrated in Fig. 13, is 
py a0 ; wherein we observe, on the left hand, the source 
of heat; in the centre, are diaphragms, through which 
the rays of heat may be ing ; and on the right hand 
Silescmn gindad hos teammanteneie. bablecs, and the 
galvanometer, by means of which the intensity of the 
calorific rays is measured. 

As we have already remarked, this instrument is the 
most sensitive Fig. 15, 
which we canem- 
ploy for the pur- 

we have % AN 


eondaustnbes cy he ‘ 


minute changes = 


analrases : tenepecot. Hight A prism of rock- 
crystal is for this purpose, instead of one of glass, 
A vessel filled with boiling water is the source of heat 
usually employed. The rays of heat radiated from it 
aenstucsibomneninaeeaie sand leleio-agehan ak 
impinging on a prism of rock-salt, they at once unde: 

Sesianaiel aa tetamdiade pecans cine cone 


prism. 

The beautiful effects produced by the decomposition of 
light, are of course visible to the eye; whilst those of 
heat are not Sa Sag ame but are not perceived by the 
senses at all. thermo-multiplier, on being placed in 
the heat-spectrum, at once evidences the refractive power 
of the rock-crystal prism, and shows that the heat- 
giving rays have an unequal refrangibility, just similar to 
that of the rays of light. 

The discovery of this great similarity between heat 
and light, is of the dee importance in physical 
science ; and, as we have y stated, it goes to prove 

the undulatory theory of those forces, As 

anal in so many instances, the 

mind is naturally led to infer that heat and light are 
merely modifications of the same cause. 

The polarisation of heat may be effected in a very 
similar manner to that of light; and the effect takes place 


ners in ealoric. 
can notvonly be refracted by a prism of rock-salt; 
but if a lensis made of that material, the rays of heat may 
be collected and focalised, and their effect made evident 
receiving them on the LR cr A although 
e have ci 
another analogy with light iv this singular property. 
Splatt model teyine, this, is that of placing a lens of 
rock-salt in front of a vessel containing boiling water, 
having a screen before it. The end of the battery of the 
multiplier must then be adjusted to the focal point of 
the lens, The screen intercepting the rays of heat being 
removed, the needle of the multiplier will immediately 
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and violently diverge, and thus at once show that the 
rays have been collected into a focus by the lens. 
periments of this kind require considerable care and 
attention on account of their extreme delicacy, and also 
from the fact that the senses cannot judge of tho effects 
produced, as can be done when light is the force under 
examination. Much depends on the careful construction 
of the thermo-multiplier to obtain successful results, and 


on a proper adjustment of every part of the apparatus 
pte ah a 


TERRESTRIAL HEAT. 


Autnoven the subject of atmospheric temperatures, and 
the laws which govern their changes, are properly to be 
considered in detail under the section on Meteorology, 
it will, however, be convenient that we should enter into 
the examination of some of the causes and effects of the 
natural heat of the earth in the present section. The 
idea has long been held, that the centre of the earth is in 
a state of intense ignition. The gradual increase of tems 
perature observed in descending deep mines, certainly 
gives countenance to such an opinion. It is found, that 
the temperature of a shaft sunk beneath the surface of 
the ground, increases at the rate of one degree Fahrenheit 
for a descent of every seventy feet ; and, arguing on the 
assumption that this increase of temperature continues to 
progress at the same rate, it would follow that, at a depth 
of ten miles, all substances would be at a red heat, and 
those melting at a lower temperature than 1000° Fah- 
renheit would be in a liquid or gaseous condition. The 
existence of voleanoes, and the boiling fountains or 
geysers of Iceland, indicates that, at some depth beneath 
the eke surface of the earth, the temperature must be 
v 

me very ingenious speculations have been made as 
to the cause of the internal heat of the earth. Many 
have ascribed it to chemical action; and, shortly after 
the discovery of the metals potassium and sodium, it was 
suggested that their combustion might, to some extent, 
account for many of the phenomena observed in voleanic 
countries. Intense combustion has also been suggested 
as another cause. Against this idea, however, a difficulty 
arises, inasmuch as, according to our daily experience, 
combustion cannot © anwar! occur except in the pre- 
sence of oxygen. e most feasible mode of explaining 
the matter seems to be, that at some remote period the 
earth’s surface has been at a much higher temperature 
than at the present time, but that it cooled down 

“_, by the radiation of heat, into space. It is highly 
improbable that any definite notion of the cause of this 
internal heat of the earth will be ever arrived at, because 
the depth to which we can penetrate in mining and other 
operations, is very trifling com with that which 
would be required to verify speculation, or even to obtain 
reliable data for calculation. : 

The application of the laws of the conduction, absorp- 
tion, and radiation of heat, as applied to the earth’s 
surface, is of the most extended kind. We have already 
noticed some of the phenomena which arise from the 
action of those laws. There are, however, two special 
instances of such in the gulf streams and the trade winds, 
which deserve further notice, inasmuch as both pheno- 
mena 7 on the expansive powers of caloric acting 
on liqui 

There are three parts of the earth’s surface where 
extremes of temperature naturally exist ; namely, at the 
north and south poles, and under the equator. Bearing 
in mind the laws which we have mentioned in our 
previous pages, in reference to the expansion, and conse- 
quent diminution of density, which all gases undergo 
when heated, it follows that an ascending current of air 
should always be found in the —— which is replaced 

the flow of air from the er regions of temperate 
climes, and the still colder se? blast. As the heated 


air, proceeding at a great pei oar Md pera the poles, 
itstemperture is gradually di ; and, eventually, 
the hot current is so cooled down, as to become succes- 


sively the return cold current towards the tropics, It 


will thus be observed, that by the heat of the sun’s ra 
absorbed, and afterwards radiated by the earth at t 
tropical regions, an enormous current of air is constantly 
kept in motion, having a definite direction of its own, 
and com ong in anor “ minor disturbing 
causes which it may meet wi uring its progress, 
There is, however, eae cause which modifies the direction 
of this great calorific current—which is the rotation of 
the earth on its axis. Now, owing to the levity of the 
atmosphere, it does not partake so completely of the 
motion of the earth as it would do if solid, The result 
is, that the current just spoken of does not take a due 
north or south direction either pole, but divides 
into one passing towards the south-west from the north 
pole, and another blowing towards the north-west from 
the south pole. Hence the origin of the trade winds so 
well known to, and so highly prized by, navigators. 

Besides the currents here referred to as result of 
the agency of heat, there are an infinity of minor and 
modifying effects produced by various disturbing causes. 
The land and sea before mentioned, owe their 
origin to partial or local radiation of heat ; and the same 
may be remarked in reference to the mountain storm of 
wind and rain, where similar causes are always operating 
on the small scale. The monsoons of India, and the hot 
winds of the arid Arabian and African deserts, simply 
result from the effects of the heat absorbed by the sandy 
plains on the air resting over their surface. A little 
reflection will at once point out, that the law of the 
convection of heat by gases, produces results of the 
utmost importance, and of the most beneficial character 
throughout nature. Without heat was thus conveyed 
by ‘means of these expanded air-currents from the 
tropics, those regions would become a scene of desola- 
tion, and of the absence of vegetable and animal life; 
and were it not that such currents convey the excess of 
heat from the tropics to colder regions, the latter would 
lie in one ocean of ice, or in a winter of tual frost. 
The grand arrangement or chain of these laws of heat 
prevents either catastrophe, and insensibly but surely 
spreads an airy mantle of fertility and fruitfulness over 
every part of the surface of our world. 

It remains for us to speak of another current which 
prevails in the waters of the ocean. This is called the 
gulf stream; and it has a great effect in modifying the 
annual temperature of the polar regions, An immense 
body of water, of a temperature of about 84°, proceeds 
continually from the Gulf of Mexico, in a northerly 
direction, eventually reaching the shores of Great Bri- 
tain, where it divides into two streams—one passing 
northwards, and the other bearing easterly on to the 
coast of France. The heat of the tropics is thus con- 
veyed towards our own coasts, and hence the prevalence 
of rain when the wind is in the south-west, because the 
air is loaded with moisture, which condenses on reach- 
ing land. The force of this + current of heated 
water is such, that plants and fruits, the products of 
tropical countries, are often cast on the shores of the 
Western Isles, along the coast of Scotland. 

The thermal effect of the stream may be judged 
of from the fact, that whilst the whole of the American 
coast, in the same latitude as our own country, is locked 
in frost during winter, and unbenefited by the genial 
warmth of this stream, our sea-shores never present the 
Flees of a mass of ice, through the whole length of 
the western sea-coast. There is even a less extreme 
annual range of temperature in the north-west of Scot- 
land, than on the south-east coast of England, although 
the latter is about 400 miles nearer the equator. e 
same comparison may be instituted between the climate 
of Scotland and that of some portions of Denmark, 
situated in the same latitude. 

It has been discovered that there are return currents 
in the ocean, corresponding to those we referred to as 
occurring in the atmosphere, and as producing the trade 
winds. e gulf stream is bounded, and, in fact, rests 
over such currents; and hence the analogy between it 
and the trade winds is com igre, e 

Without trenching on the subjects of physical geo- 
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hy and meteorology, we may state, that there are 
arg places on the earth’s surface which have an equal 
annual average temperature. This arises from a variety 
of local and causes ; and the lines rfowc'egr hue 
expressing ical position o' p are 
called isothermal lines—a term derived from two Greek 
words, signifying ‘‘ equal heat.” 

The range of temperature in any country varies for 
the same latitude, according to the altitude of the place 
of observation above the level of the sea. In our own 
climate, the limit of tual snow is rarely seen, on 
account of our highest hi ing below that point. In 
the north of Scotland, there is, however, one hill, Ben- 
Wyvis, on which, as we have been informed, snow may 
generally be found at all periods of the year. This, 

haps, is partly owing to the winter drifts being so 

eep as not to allow the high temperature of summer heat 
to melt them entirely. more southern climates, the 
Alps, the Pyrenees, the Andes, and Himalayan range, 
at all times present a place of continual congelation. In 
some parts of India and South America, every known 
climate may be met with, from that of a tropical to one 
of a polar nature, within a few hours’, or, at most, a day 
or two’s journey. Hence the inhabitants of those hot 
regions of the earth’s surface, are enabled to seek and 
enjoy comparatively temperate climes, and thus to 
escape the effect of that intense heat which so often 
proves fatal to European constitutions. 

The cause of these temperatures varying with the rise 
above the sea-level, is easily understood, if we bear in 
mind *he fact, that as a gas expands, its capacity for heat 
is i and that atmospheric rarefaction is always 
attended by a loss of heat. ‘The reader will remember, 
that the loss of latent heat in the vacuum of an air-pump 
is ene when ether is thus evaporated from a 
watch- laced in another containing cold water, the 
latter liquid is’ thereby easily frozen. Now, at great 
—— the atmospheric pressure is greatly diminished, 
and ts analogous to those producible in the vacuum 
of the air-pump are thus presented, Even in a small 
tract of country, great difference of temperature may be 
found. These often are owing to rapid evaporation, as 
in the case of marsh lands, which always maintain a com- 
paratively low temperature. In countries abounding 
with chalk, such as Kent, the temperature does not 

so rapidly, although in summer-time the heat is 
highly refi by y soils, Many tracts of land 
powerfully absorb and radiate heat, and hence their tem- 
perature is undergoing incessant change. 

We cannot here enter into some most interesting 
instances of the laws of radiation and absorption, which 
affect the fertility of the soil. We must not, however, 
omit to remark, that in these inquiries we continually 
observe evidences of design, and complete adaptation of 
means toan end. In winter we have the surface of the 
earth covered with a mantle of snow, which, by its non- 
conducting power, prevents the escape of heat, and also 
prevents ation. So soon as the snow melts, or the 
shower of rain falls, the colour of the soil is darkened, 
and it is thus rendered a better absorber of the genial 
heat of the sun’s rays. As the heating process goes on, 
the earth dries and becomes of a lighter colour, and is 
made to radiate less; it is, indeed, thus changed from 
being a good absorber of heat in its moist state, to be a 
comparatively bad radiator in its dry condition. B 
these successive arrangements the soil is enabled to drink 
in the solar heat, which at the same time so changes the 
surface as to enable it to store up heat. The seed is thus 
made to germinate—to grow and to bear fruit—not by a 
variety of complicated natural causes, but by the appli- 
cation of one re and unchangeable law, 

We might add a vast variety of illustrations which 
some under our daily experience, in connection with the 
influences of heat on the vegetable and animal kingdom. 
As we must confine ourselves, however, in this section 
to those considerations which strictly belong to Ther- 
motics, we shall reserve our further observations on 
these and allied matters for our section on Agricultural 
Chemistry. 


HEAT, APPLIED FOR THE PURPOSES OF 
WARMING AND VENTILATION, 


Tue continual variations of the temperature of the 
atmosphere in climates situated beyond the tropics, 
necessitate arrangements for the production of artifici 
heat ; and the different plans adopted for this purpose are 
but so many accidental or intentional applications of the 
laws of Thermoties, which we have previously discussed 
in the earlier pages of this section. 

The contrivances of various nations depend very much 
on the kind of fuel employed as a source of heat. The 
interior of an Esquimaux snow-hut may be considered as 
perhaps the rudest, but, at the same time, a very effectual 
mode of warming, but certainly not of ventilating, a 
dwelling. Access is generally obtained to the house by 
means of a long and narrow tunnel, through which the 
natives creep on the hands and knees. On emerging 
from the tunnel, a kind of lamp is observed in some part 
of the snow-house. The fuel employed is common seal 
oil, which produces plenty of heat and smoke during its 
combustion. Such lamps serve the double purpose of 
affording heat and light, and also are employed for that 
of cooking food. In the arctic regions, wood of course 
is very scarce ; yet nature casts at the feet of these boreal 
natives the snow, which, as a bad conductor, makes an 
exceedingly warm house; and the seal, which, like the 
cocoa-nut of India, serves for food, clothing, fuel, and 
material for various purposes, to the inhabitants of these 
inhospitable regions. 

Even in the northern parts of our own country, the 
cooking and warming arrangements of some classes are of 
the most primitive kind. We have visited many huts in 
the north Highlands of Scotland, where the only fire- 
place was a stone, the chimney a hole in the 
thatched roof, and the fuel dried sticks, gathered from 
the neighbouring woods. In many instances, the top of 
the door of the bothy forms the only means of exit for 
the smoke of the scanty fire. 

The employment of coal as fuel, necessitates that 

ents should be made for an adequate supply of 
air to support combustion, and also that means should 
be rovided by which the dense and offensive smoke 
produced may be readily got rid of. Hence the invention 
of fire-grates and chimneys, having the objects just named 
in view. It is, however, exceedingly curious to remark, 
that modern arrangements, such as are employed in our 
houses both for cooking and heating purposes, are, gene- 
rally speaking, constructed on principles diametrically 
opposed to those which sound science would suggest, 

‘or instance, the whole of the grate intended to contain 
the burning coal is made of metal, which, being a good 
conductor, rapidly abstracts a | porn of heat pro- 
duced by the combustion of the fuel. The chimney, by 
means of which the smoke should escape, is often so wide 
at its mouth as to defeat its object, by drawing up cool 
air, which thus diminishes the draught; and generally, 
the grate itself, which is intended to supply warmth to 
the room, is often ‘* set”? so far back, as that a greater 
proportion of heat escapes — vent than ever reaches 
the apartment. It is true that all these objections have 
been met by the construction of various stoves; but as 
the use of this kind of heating apparatus rarely finds 
favour in the majority of cases, our existing arrangement 
is almost universally the open fire, involving as it does 
loss of heat, and, therefore, of fuel, besides producin, 

draughts, of air, which are frequently prejudic 

bad ra hay tion t that full one-half 

tis, 8, no exaggeration to say, full one- 
of the tal Soaioyed in open fire-places is entirely wasted, 
In the grates used by the working classes, the loss may 
even be greater, because such are generally constructed 
of heavy masses of metal, very different to the more 
complete contrivances used by their opulent neighbours. 

ing to the mass of metal containing the fuel, the heat 
rapidly passes off on all sides. If, however, the back 
and sides of the grate were made of some non-conducting 
material, such as fire-clay, &c., this important cause of 
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waste would be at once removed. Although this can 
rarely be carried out, still, if plates of clay are so 

as to completely enclose the burning fuel, a great saving 
would result, As an illustration of this, we may remark, 
that a rough fire-place, constructed of bricks, and only 
having metal in the bars to hold the fuel in front and 
beneath, will afford more heat for all domestic purposes, 
at an expenditure of one hundredweight of coal in seven 
days, than one of the same size, constructed entirely of 
metal, would give at an expenditure of more than two 
hundredweight of the same kind of coal, and for the like 
period. The reason of this is obvious, for the bricks are 
very imperfect conductors of heat, and, after a time, 
they become red-hot, and so form, if we may term it, a 
heat-jacket to the burning fuel, whilst the metal grate 
has an exactly opposite effect. 

Several inventions have been patented and applied for 
the purpose of diffusing the heat produced from the ordi- 
nary fire-grate. Polished reflectors are sometimes placed 
beneath the fire-bars; and, whilst forming a receptacle 
for the falling ashes, they at the same time reflect a large 
amount of heat into the apartment. The top of the 
fire-place, or the metal arch over and in front of the fire, 
is often made of polished metal. This, of course, is in 
direct opposition to the laws of science; because, as this 
portion of the arrangement is in front of the fire, it can 
only receive heat by absorption, and throw it off by radia- 
tion; and, therefore, it should be of a dark or unpolished 
surface, which, as we have already explained, forms the 
best kind of radiator. It is, of course, very difficult to 
retain that part of the grate forming its sides, above the 
fire, in a polished state ; but just so far as this is managed, 
so an additional amount of heat is reflected into the 


room. 

It would be impossible for us to enter into detail with 
respect to the construction of the various kinds of stoves 
which have been proposed as substitutes for the open 
fire. In every case, their heating power is obtained at 
less cost than by means of the ordinary grate, because 
the whole of the heated surface is placed bodily in the 
apartment. In most instances, the employment of metal 
stoves is decidedly prejudicial to health; for not only is 
the atmosphere dried, and a high temperature induced, 
but there are certain obscure chemical changes which 
take place between the atmosphere and the metal (iron), 
which produce highly injurious effects. These are 
entirely apart from those results afforded by the products 
of the comibustion of the fuel being allowed to escape 
into an apartment. Indeed, this very rarely happens in 
any stove to which a chimney is attached. 

With res to the employment of gas stoves, which 
have been lately introduced into such general use, it is 
impossible to speak too strongly in their condemnation. 
We of course refer to those from which the products of 
combustion, together with the heated air, are allowed to 
escape into the apartment. All coal gas contains arsenic, 
sulphur, ammonia, and other impurities. Duri 
the combustion of the gas, these substances are diffus 
in a gaseous form; and, being inhaled by the lungs, are 
eventually absorbed into the blood. To speak of the 
substance most commonly present—arsenic—is sufficient 
to remind our readers that it is a deadly poison, and one 
from the use of which we almost instinctively shrink. 
There is, however, scarcely a room in the kingdom 
wherein gas is burned, and no means are employed to 
get rid of its products, that is not more or less a poison 
propagator; and, by chemical tests, arsenic may easily 
be detected in its gaseous form, floating in the air. Ifa 
small portion of the solid poison is taken into the stomach, 
we at once seek for remedies with the utmost anxiety ; 
whilst it is much to be feared, that there are thousands of 
our countrymen, in our warehouses and shops, &c., who 
are unconsciously and yet daily inhaling its , the 
effects of which, whilst manifested in the decay of health, 
are really ascribed to other but undue causes, 

Similar objections exist to the employment of any 
source of heat when the products o} iexsocainaaan 
are permitted to escape into the apartment, and so to 
mix with and vitiate the air. The ordinary chauffer in 


which charcoal is burned, and which is much employed 
on the continent, has been the cause of numerous fatal 
accidents. Whenever charcoal undergoes combustio: 
carbonic acid gas is produced in great quantities. i 
if inspired into the lungs, produces speedy death—not 
perhaps from its poisonous qualities alone, but owing to 
its containing no free oxygen, which is so essential to 
animal existence. Ifa chauffer is used in an apartment 
wherein abundant means of ventilation do not exist, the 
carbonic acid or fixed air, as it is sometimes called, 
at first descends by its weight to the ground, and then 
ancy? accumulates, until, rising in the room to the 
evel of the mouths of persons who may be sleeping, is 
inhaled into the lungs. It unfortunately produces no 
painful effects, and some have even descri the sensa- 
tions as really pleasurable ; but a heavy sleep is eventually 
induced, from which the sufferer never again rises alive. 
It is a matter of great surprise, that, although cases of 
this kind are continually occurring, the use of these instru- 
ments of death largely prevails at the present day. It 
may, perhaps, be not out of place to name, that a person 
thus affected with the fumes of carbonic acid gas, may 
be sometimes restored by removing him immediately into 
the open air, and dashing cold water in the face. 
Generally speaking, the patient should be treated as in 
cases of drowning, inasmuch as that death occurs in fatal 
cases from the same cause—asphyxia mers place from 
the gorging of the lungs with carbonic acid gas. The 
process lately introduced by Dr. Marshall Hall, for 
restoring suspended animation (and which has been 
adopted by the Humane Society of London), is of essen- 
tial value in such instances, 

Having so far noticed the ordinary modes, as adopted 
in our domestic arrangements, for the purpose of affording 
heat, we shall next proceed to mention some facts in 
reference to ventilation; because the two processes—that 
of producing artificial heat, and of obtaining a supply of 
pure air—are so intimately connected. Indeed, as we 
shall presently show, the only means of heating and 
ventilating the apartments of many modern houses is that 
of the fire-place, which at best is but a poor and ineffec- 
tual contrivance, After haying explained some facts in 
reference to the necessity of ventilation, the products of 
respiration, &c., we shall treat on the modes of producing 
warmth by means of steam and hot-water apparatus, 


VENTILATION. 


We have already stated, that the ventilation of an apart- 
ment can peng be carried on successfully so Jong as the 
laws of expansion by heat are implicitly obeyed. We 
now proceed to investigate in detail the application of 
those laws. 

Our daily experience teaches us that a constant supply 
of pure air is essential to our existence; and, in the ab- 
sence of this, that disease and death will take place. Like 
many other generally received truths, to which we readil 
give our assent, this, while believed in abstractedly, is 
rarely put into full practice; and hence, in most cases, 
the complete ventilation of our churches, school-rooms, 


‘houses, &ec., is at present, to a great extent, a desidera- 


tum, and often a matter of chance. We have alread: 
suggested a very simple experiment,* which wi 
materially assist at arriving at a knowledge of those 
general laws on which the principles of ventilation 
depend, We have also observed, that hot air, being 
light, ascends in a room, and should escape at its upper 
part; whilst cold air, being denser, remains, till heated, at 
the lower part, and must also be admitted there. How- 
ever, at ordinary temperatures, and in a room in which 
no artificial heat is being produced, a double current of 
air always exists, provided that openings, such as an open 
door or window, are there. If any persons are present, 
then the heat of their bodies and of their expired breath 
tends to increase the flow of this current, and so to assist 
the ventilation of the apartment. 

In ordinary circumstances, however, the doors and 
windows of houses are kept closed, for the purpose of 

* See ante, p. 23—Lxperiment 15, 
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‘ting the escape of heat; and the opening of the 
te into the chimne: essacnhees tee ont 
heated air can escape. As, 


of 
can 
The constitution of the atmosphere is such as to afford 
a gas, pg ae pa which, by combining with the char- 
coal of the f uring respiration, is ex: in the form 
of carbonic acid gas on the expiration of the breath. In 
fact, the process carried on.in the lungs of man is exactly 
identical, in its chemical character, to that which we ob- 
serve in the combustion of the coal in our furnaces or 
domestic fire-places. The food we of is converted 
into a iar substance, called chyle; and this bei 
by the vessels of the stomach, becomes conv 
into blood. The blood thus produced is conveyed, by 
means of vessels, eae ee nnn 
charcoal it contains is consum its 
latent heat set free. The charcoal is thus converted into 
waevete. 806; pe Bch gp of sixteen parts of 
oxygen to six parts in every twenty-two parts 
of gas produced. It follows, therefore, that we are con- 
tinually ing a poison into the air at each expiration 
of thé breath. Besides, having robbed the atmosphere of 
a portion of its vital we also set free at same 
time its nitrogen, which forms four-fifths of its bulk, and 
which is a gas that will not support life. On an average, 
about twenty pints of air thus vitiated is expired in each 
minute from the lungs. Exhalations are also continually 
passing from the skin of the human body, and to an 
extent far greater than is generally known. Taking 
these well-ascertained facts into consideration, it is a 
matter of no ise that the air of an ordinary-sized 
room becomes ‘‘ ” and unpleasant, when even only 
a few persons may be livinginit. Careful chemical tests 


parts of oils, always escape unburnt, and hence increase 
the vitiation of air Tayend that produced by their 
com combustion. The annexed table we have calcu- 
lated from data supplied by Dr, Frankland ; and it shows 
the amount of carbonic acid produced per hour, by 

ities of each material sufficient to produce a light 
equal to that of two sperm candles of six to the 


trl candles ; : + 1,00 cubic foot. 
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The products of gas combustion are not only prejudicial 
to animal life, but are also injurious to femmes books, 
&ec., on account of the production of sulphuric acid, or 
oil of vitriol, by the sulphur in the gas uniting with the 
oxygen of the air. The effect of this acid is found in the 
complete destruction of the leather of bound books, and 
of most animal and vegetable substances with which it 
comes in contact. The colour of many articles, such as 
curtains and window blinds, is also injured by it; and 
hence an absence of ventilation is at once a source of both 
disease and expense. 

Our remarks have been confined to instances where a 
want of good ventilation can be chiefly ascribed to the 
ignorance, and not the want of means of those who suffer 
from it. When, however, we descend in the social scale, 
it is scarcely possible to exaggerate the physical and even 
moral evils which result from inhaling and living in an 
atmosphere of foul air. Those who have made it their 
business to visit the houses of the majority of our work- 
ing have no difficulty in discovering the causes 
yeep uce fevers of the typhoid class, and the conse- 
quent fearful mortality which ensues. It is by no means 
an uncommon case to find four or six persons cooking, 
eating, and sleeping in one room, of very contracted 
size, from which foul air can scarcely escape, and into 
which pure air rarely flows, except in the smallest quan- 
tity. For the purpose of economising fuel, these apart- 
ments are always kept closely shut up. In towns where 
gas is generally laid on even to the poorest houses, such 
as Glasgow, Edin burgh, &c., the room is often kept 
warm by the gaslight, and another source, of impurity is 
thus continually in active operation. The expenditure 
incurred, and the time necessarily employed in washing, 
is often a barrier to cleanliness, especially in manufactur- 
ing districts, where oy member of the family is ordi- 
narily engaged at the factory. Disease of the lungs, 
phthisis, &c., are natural results of the sudden changes of 
temperature which are undergone by persons thus living 
in confined apartments, who are necessarily exposed to 
the cool air, as they pass to and from the place of their 
daily avocations. In a moral point of view, the results 
are equally lamentable. Want of pure air, and a con- 
tinual breathing of impure air, induce a languor of the 
system, which in most cases is relieved by spirituous 
drink. Add to this the contrast of the handsomely 
fitted and often well-ventilated public-house to the hovel 
the man has escaped from, and we at once find a solution 
of the social enigma of drunkenness, poverty, and desti- 
tution. 

Having stated some of the causes which tend to render 
the air of an apartment impure, we proceed to consider 
some of the different plans which may be adopted, or 
og been proposed, for the purpose of remedying the 


The simplest mode of ventilating a sitting or bedroom is 
that of leaving a space between the bottom of the door 
and the doorway, for the admission of fresh air, and of 
having an opening at the top of a room communicating 
with the outside of the house, by which the foul air may 
escape. The latter may easily be effected by the removal 
of a brick, and by covering the opening by means of an 
iron grid, or a piece of perforated zinc. A still better 
olan is that of having a — opening in the centre of the 
ceiling, communicating with the open air. This may be 
con by means of an ornament of any kind. Many 
objections have been made to admitting air at the lower 
part of a room, owing to the strong draughts which are 
thus produced. A very ingenious arrangement has lately 
been patented, whose principle will easily be understood 
on trying the following experiment :— 

Experiment 30,—P. a glass bell-jar, as represented 
in Fig. 14, at (a), so that its lower end may rest evenly on 
any flat surface, and thus prevent any air entering. In- 
troduce a lighted candle into it, and, after a short time, 
tho candle will be extinguished for want of air, although 
the top of the jar (6) may be open. ory o> and replace 
the candle, but now divide the neck of the glass jar by 
inserting into it a card © so as to form two sections or 
openings. It will now be found that a current of air 
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enters the vessel on one side of the card, whilst another 
leaves it on the other side. These currents will be better 
observed, by holding a little smouldering brown paper 
Fig. 14. near the neck of the ves- 
c sel, when smoke will be 
; seen to enter, and to leave 
4 the oprcee openings. 
ith such an arrangement, 
the candle may be made 
to burn any length of time ; 
because a continual supply 
of cold air is admitted, and 
mm, the carbonic acid gas is re- 
By dividin i re oe ing i 
viding a pipe, rom any opening in a 
ceiling, into two parts, in a similar perio as is done by 
the card in the neck of the glass jar, or by inserting 
within each other two cylinders, separated by a distance 
of a few inches, and placing them in an orifice at the top 
of a room, a system of ventilation may be tolerably 
carried out. 
Kite, about twenty years ago, for the purpose of venti- 
lating ships’ cabins. His arrangement consi of an 
aa divided into two parts by means of a slip of 
me Mr. McKinnell, of Glasgow, has improved on 
this, and has been ‘very successful in his attempts at 


ventilating many public buildings. The annexed en- 
gravings illustrate both of these inventions. 
Fig, 15. Fig 16, 
ae 
Kite’s Ventilator. McKinnell’s Ventilator. 


The arrows show the direction of the currents of air. 

{n this, and similar modes of ventilation, an entiro 
change of the air of the a ent is never produced ; 
because the, supply of and the escape of foul air, 
are never carried on to sufficient extent for that end. 
Dilution alone is effected, so that a considerable amount 
of impurity necessarily remains. 
' A very ingenious, but complicated plan, was adopted 
some years 260, by Dr, Reid, in the ventilation of the 
houses of parliament. Arrangements having been con- 
structed for warming the air when necessary, it was 
allowed to enter through an immense number of small 
holes in the floor of the house; the upward draught 
being produced by a tall ventilator, fixed on the roof. 
This, whilst highly seientific in plan, was unfortunately 
not successful in practice. Of course every one present 
was necessarily in a continuous draught of air; and the 
result of this, in most instances, is injurious to health, 
and productive of cold, dc. Few are aware of the differ- 
ence of being exposed to either an extreme high or low 
pci wat in age oy ag veqgenae g air of the 
same perature. In the rapid evaporation 
takes place, and consequent cold Eonodaead.: Thus, in 
the Arctic regions, the most intense cold may easily be 
sustained, provided no breeze is blowing; but the same 
would be productive of the greatest inconvenience, and 
possibly of death, during a strong wind. Modifications 
of Dr. Reid’s plan are now often adopted in many 
large buildings, such as churches, concert-rooms, dc. 
Air is admitted through openings or grids in the floor; 
and a number of concealed openings are made in the 
roof, through which the foul air es its . The 
burning of gas papi aha ipo this Seinen of ventila- 
tion, by causing a continual upward current of hot air. 
The introduction of ‘sunlights,” which are always placed 
in the ceilings of rooms, also aids in promoting ventilation, 


This principle was adopted by Mr. James. 


We may here inquire into the cause of those down- 
ward cold draughts which frequently produce so much 
unpleasantness in churches, dc. ; and which, from the 


ignorance of those in charge of the toon, arrange- 
ments, are often ascribed to causes. In nearly 
every instance, these downward draughts are chiefly 
found at the sides of a building; and in the case of 
churches, sf are oe § observed near the walls and 
windows; and despite attempts to make the latter 
air-tight, still these draughts will be felt. Their cause is 
easily explained. The hot air, rising in the centre of the 
building, impinges on the roof, and escapes, if suitable 
openings are made for that purpose. At the same time, 

e and windows being of a lower temperature than 
the air, cool it, and thus the air descends to the floor of 
the church, being denser than the central rising volume. 
If, however, the of the windows is covered by 
means of calico, blinds of any sort, or a thick coat of 
paint, its conducting power is lessened and the down- 
ward draught s ily diminished. Hence the value 
of double windows, which, by enclosing a body of air be- 
yen ares prevent the cooling effect which we here 
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It is much more difficult to overcome the cooling effect 
of the walls, because their extent is too great. In 
ated ane oy tee eS aaa modi 
owing to their being ently occupied ; 
dusthel are rarely warmed more than once in a week, 
and never attain a genial temperature until the daily 
services are compl and the requirement has ceased. 

A glass window has a power of cooling the warm air of 
a church, twenty times greater than that of the walls; 
whilst a double glass window reduces this immense waste 
of heat to about a fifth of that caused by a single one. 

Some years ago, the writer was consulted in reference 
to this subject, by the trustees of a church in the neigh- 
bourhood of London. Having placed a number of ther- 
mometers in different parts of the edifice, whilst the 
usual heating apparatus was in full operation, the cooling 
effect of the glass windows was at once evidenced by the 
lower degree of temperature registered beneath them. 
The officials, however, could not be persuaded that the 
conducting power of the glass was the cause of the ob- 
noxious draughts, until it was made evident to their 
senses by filling the building with smoke from brown 

per. The currents of air were then easily distin- 
guished, and the cause was at once seen. The remedy 
applied was thick calico blinds, so arranged as to lie close 
to the glass, and the evil was thereby greatly lessened. 

The employment of steam and hot water for heating 
purposes, at all times affords a ready means of ventila- 
tion. In summer-time, considerable difficulty is expe- 
rienced in obtaining an upward draught for ventilating 
purposes, because the external air is often at the same, 
or even of a higher temperature, than that inside the 
building. In some instances, large furnaces have been 
erected on the roof. Through these, the air is drawn by 
the draught of the burning fuel; and thus an upward 
current may always be ensured. There is, however, 
great danger from and also the expense and trouble 
of carrying ? the fuel—objections which strongly mili- 
tate against the adoption of plans of this kind. 

In winter, when Tot air is allowed to enter into the 
lower part of a large room, an ascending current is easily 
obtained; and thus, if proper means for its escape are 
furnished, ventilation may easily be effected. 

Omitting to mention the use of fixed stoves on a level 
with the floor of any large room, d&c., there are three 
different means at present adopted for the purpose of 
warming and ventilation. In each of these, the source 
of heat is placed beneath the audience, and warm air is 
admitted from it, and diffused by openings in the floor. 
Hot air is sometimes produ by allowing external 
air to pass over iron or brick surfaces enclosing a fur- 
nace. This plan is objectionable, because of the ex- 
treme of the air thus produced; and also on 
account of smoke and other volatile products frequently 
Sp and mixing with the current, to the annoyance 
of all who have to breathe it, 
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HOT-WATER APPARATUS. ] 
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Hot water, conveyed in iron pipes, is generally 
adopted, at the present day, as a source of artificial heat 
in most of our public buildings ; and many points of 
considerable scientific interest are involved in the con- 


edifice, so as its temperature is higher than that 
of th surrounding Havbse boon eocleds the expan- 
sion which it when heated, is lost, and becoming 


have frequently seen the small-pipe coils red-hot, and 
have observed a temperature of F,, at a distance of 
fifty feet from the in the pipe conveying the 


water, in fact, would merely flow 
out: thus the apparatus may at all times be left to itself 

uires that the furnace should be supplied 
= ape tn ee gab me 
immediately), care is requ ta supp 
of neil tekert ep; t t the safety-valves shoul 
be in proper condition ; and other details requiring intel- 
ligence and care are involved. The expansion of the 
ee ee a is always sate me 

sn some part of the piping an upright tu 

Soman ithe weeny et fatrcdased, on eresting 
A space containing air is left inside this 
the water gradually rises as it is heated, an 


ds. 
t would be beyond the plan of our work, were we to 
i those practical Retails involved in applying 
tus, so far as questions of the size, &e., re- 


which must be left to the engi 
depends on various local and incidental circumstan 
which can only be determined as they arise. Our object 
has been to present the philosophy of warming and ven- 
tilation in such a manner, that the principles may be 
understood and carried into effect by any workman of 
ordinary intelligence, on the exercise of whose skill and 
judgment success must of course depend. 


STEAM, AND ITS APPLICATIONS. 


Tux process of converting water into steam is so fami- 
liar to ye Be to require no description. The physical 
changes w! the liquid undergoes are, however, of the 
highest importance, so far as the laws of its change of 
state are concerned. 

Evaporation takes place at nearly all observed tempe- 
ratures. If a piece of ice be in the receiver of an 


E 
i 
: 
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air-pump, and a watch-glass, filled with strong sulphuric 
acid, be placed near it, the ice will gradually evaporate, 
provided that a good vacuum is maintained. Vapour pro- 
duced at even low temperatures, exerts a pressure on a 
column of m contained in a barometer tube; and 
“1 on fr pes of this, the following experiment may 
Experiment 31.—Pour a little ether into a tube of 
md sealed at one end, and about thirty-two inches long. 
en the tube is completely moistened by the liquid, fill it 
with mercury. If no vapour existed in thetube, the mercury 
would stand as high as in the barometer, if the glass tube 
were inverted into a cistern of mercury, and would act as a 
barometer at the moment this experiment is tried. But 
owing to the ether being converted into vapour, and so 
partially occupying the upper portion of the glass, the 
m will not stand at a height of thirty inches, or 
thereabouts, but be depressed nearly ten inches below 
that point, owing to the elasticity of the vapour of the 
ether. ao — be lieth aoe the depression at: as 
mercury wi ight at low temperatures—perhaps 
not ex i halt. an inch; because it is less volatile 
than ether. It will be thus perceived, that liquids not 
only continually evaporate at low temperatures, but that 
their vapour exerts a pressure on the barometric column 
proportional to their ready evaporation, or easy conver- 
sion into a vaporous state. ; 

It has been already explained, that the atmosphere 
presses with a force of about fifteen pounds on every 
square inch of surface at the level of the sea, in ordinary 
circumstances. The vapour of water presses with an 
equal force when of a temperature of 212°, the barometer 
indicating a height of thirty inches of mercury, The 
annexed table gives the pressure which aqueous vapour 
exerts at different temperatures, calculated in parts of 
an atmosphere of fifteen pounds; the column of mercury 
which the vapour would sustain; and the pressure rela- 


tive to that of the atmosphere. 
Pressure in es of Mercury Pressure in Pounds 
Temperature. Atmospheres, ges at per —- Inch. 

60°F. 0.017 0.5 0.25 
120 0.120 3.6 1,75 
180 0.500 15.0 7.50 
212 1.000 30.0 15.00 
250 2.000 60.0 80.00 
275 3.000 90.0 45.00 
290 4.000 120.0 60.00 
305 5.000 150.0 75.00 

6 180.0 90.00 


320 000 . 

It will be thus observed, that the pressure of 
increases in proportion as the temperature is raised ; but 
when the temperature exceeds that of the boiling point 
of water, the tension of the vapour rises more rapidly, 
for the same number of degrees, than between lower 
temperatures, 

It is generally reckoned that one cubic inch of water, 
at ordinary temperatures, is expanded into 1,690 cubic 
inches, on being converted into steam at a temperature 
of 212° Fahrenheit; and so long as that temperature is 
maintained, the steam exerts a mechanical effect equal 
to fifteen pounds pressure on every square inch of any 
surface with which it is in contact. 

If, however, steam be confined in a vessel—such, for 
instance, as an ordinary steam boiler—and the production 
of vapour is carried on continuously, high-pressure steam 
is produced, which exerts a greater pressure than that 
afforded in an open vessel. Its density is thus increased, 
the steam being compressed into a small bulk, in pro- 

as the pressure augments; and when the 
steam thus formed exerts a force exceeding that of the 
atmosphere by fifteen pounds, the vapour has been com- 
pressed by the pressure into one-half of the space it 
would occupy if allowed to escape freely into the open 
air. The bulk of the vapour is thus inversely as its 
density. In practice, 100 to 150 pounds per square inch 
is the maximum pressure used in steam boilers; and 
these are chiefly confined to the locomotive 


es employed on railways. 
"Besides bee employed in the high-pressure engine, 
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steam of a density exceeding that of the atmosphere, 
has been extensively used in what is called the expansive 
engine. As the mechanical details of the steam-engine 
will be fully entered into hereafter, we confine ourselves 
to stating, that in engines of this class, the s after 
being ee to the cylinder of the engine, is allowed 
to expand till the end of the stroke is arrived at; and 
thus its pressure is gradually diminished, whilst its bulk 
is as gradually increased. In other forms of this class 
of engine, two cylinders, of different sizes, are provided, 
into the smaller of which, the high-pressure steam is 
first introduced. As soon as the stroke of the piston is 
completed in this cylinder, the steam is allowed to escape 
into one of r size; and there exercising its expan- 
sive power, a further mechanical effect is gained ; and 
thus the same weight of steam is made to do double 
duty whilst expanding to its normal bulk at 212°F. 
This employment of steam is highly economical where 
water can be obtained for condensing p' If very 
high-pressure steam be employed, as in locomotives, it 
can be similarly expanded, and is then allowed to escape 
at a lower pressure in the usual manner, instead, of 
being condensed, as in the low-pressure engines, Great 
economy in the consumption of fuel is thus effected; and 
the application of this plan has materially lessened the 
cost of motive power on railways. In most marine 
engines, steam of comparatively low pressure is em- 
ployed, varying from ten to twenty pounds on the 
square inch, above the atmospheric pressure; and after 
the steam has exerted its mechanical effect on one side 
of the piston, it is allowed to escape into the condenser, 
where, by coming in contact with cold water, it regains 
a liquid state, by the abstraction of its latent heat. 

In an earlier of this section, we have already 
directed attention to the doctrine of latent heat; we 
shall, however, inquire more fully into that law as in- 
volved in the production and condensation of steam. 

If water be kept boiling in an open vessel, a thermo- 
meter immersed in the liquid will not indicate any rise 
of temperature beyond the boiling point of 212°F. If 
another thermometer be immersed in the steam which 
passes off, it will be found to register the same tem- 
perature. It therefore follows, that the steam, after 
attaining a temperature of 212°, must carry off all the 
caloric which passes into the liquid; and this must pass 
off in a latent state, because it cannot be appreciated, by 
any instrument, in a sensible form. The attempt to 
ascertain the amount of latent heat contained in steam, 
has received the attention of some of the most able ex- 

rimenters, who have arrived at various results. It is, 

owever, generally considered, that 1000° of heat, ac- 
cording to the scale of Fahrenheit, are absorbed, and 
become latent, during the formation of steam. As an 
illustration of the mode of conducting such investiga- 
tions, the following yelp tne is suggested :— 

Experiment 32.—Allow steam to pass through a pewter 
worm contained in a vessel holding a known weight of 
cold water—say at a temperature of 60°F. As soon as 
much condensed water, equal to an eighth part of the 
bulk of the cold water, has been pesuivel from the worm 
of the condenser, ascertain the temperature of the 
water surrounding the-worm. It will have risen to 
about 188°. Now, as one part of water, in the form of 
steam, has heated eight parts of water from a tem 
ture of 60° to 188°, or a difference of 128°, it follows 
that the latent heat of steam is not less than eight times 
128°, or 1024°; but as there is a difference between the 
sensible heat of the water surrounding the condenser, 
and that of the steam which has passed through it, of 
212 —188, which is equal to 24°, this must be deducted ; 
and hence a carefully conducted eae gives 1000° 
as the latent heat of steam at 212° F. 

In the condensing steam-engine, cold water is em- 

loyed for the purpose of absorbing, or taking away the 

tent heat of the waste steam. As, however, it is 
necessary that the temperature added to the water 
should be as little as possible, so as to keep the vacuum 
perfect, a much larger proportion of water must be em- 
ployed than we named th lispecinent 32, because eight 


parts were there heated to a temperature of 188°. As, 
therefore, the temperature of the condenser is never 
allowed to exceed 110° if possible, about twenty times 
as much water is employed as the weight of steam which 
has to be condensed. 

It will not be required that we should here enter into 
the question of economy in the employment of super- 
heated steam, because we shall have to investigate that 
subject when treating on the steam-engine. 

g ape ps proceed to speak —_ pete ae for 

eat and warming p ; and in we have an 
interesting instance of the application of the laws of 
latent heat. 

By Experiment 32, we found that steam at 212° will 
raise the temperature of eight times its weight of water, 
at ordinary temperatures, by 128°. And here we have a 
most valuable means of conveying heat to any point we 
wish, without the necessity of erecting numerous fur 
naces, or other heating apparatus. if steam- 
pipes are carefully covered with some non-conducting 
material, such as felt or wood, the steam may be con- 
veyed to very great distances without undergoing con- 
densation. As an instance of this, the whole of the 
steam-engines at the Exhibition in Hyde Park, in 1851, 
were worked by steam thus conveyed from boilers in a 
distant shed; and the same plan is now adopted at the 
Crystal Palace, at Sydenham. In most of the large 
bleach and printing-works in the north of England and 
in Scotland, the whole of the liquids employed are heated 
by means of steam conveyed into them through pipes, 
or by steam being admitted into an external vessel, 
surrounding that which has to be raised in temperature. 
In many cases, pages sqrdlgiersatt gerseade wre basis 
pressure engine, is made to raise temperature of the 
water supplied to the boiler; and this plan greatly 
economises the consumption of fuel. 

In our remarks on warming and ventilation, we 
deferred describing the use of steam, from the idea that 
such would be most conveniently dealt with under this 
head. For such purposes, an ordinary steam boiler is 
used, from which iron pipes are carried. These are 
carefully coated with a non-conductor, until they arrive 
at the place where the heat of the steam is required. 
By the radiation of the heat of the steam, at a tem- 
perature of 200°, from the iron pipe, a room sixteen 
feet square by twelve feet high, and of ordinary con- 
struction, can be well warmed and ventilated by means 
of a steam-pipe, twenty feet long and four inches in 
diameter, or by any other form of metal casing exposing 
an external surface of twenty square feet. According to 
this calculation, which was made by Dr. Arnott, it 
follows, that in rooms or large buildings having the usual 
amount of window and wall surface, every square foot 
of steam piping, at the temperature of about 200°, will 
warm, to an agreeable extent, a space of 150 cubic feet, 
allowing for imperfect fittings, and for the admission, for 
the p of ventilation, of air, which is also heated. 
during its passage into the apartment. This estimate 
supposes the external air to be at a temperature below 
freezing point. Of course, when the external temperature 
is higher, the same heating surface will have a greater 
warming effect on the air in the apartment. As we have 
already explained, the amount of window surface mate- 
rially affects the success of any heating arrangement. 

We have hinted at various objections which apply to 
the use of steam in churches, theatres, dve.: these, how- 
ever, do not exist in manufactories where engineers are 
always employed. Hence, steam is much used in such 
places as a drying B agent, and for various objects which 
our limited space will not permit us to detail. 


TABLES OF THE EFFECTS OF HEAT ON 
BODIES. 


Havine endeavoured to lay before the reader an exposi- 
tion of the laws of heat, and their general application, we 
conclude our section on this subject by supplyi 
various tables, skeletons of which have already ap, 

in some of the previous pages. 
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Whilst e endeavour has been made to afford accu- aS 

rate orsieae for general reference, we must confess, Radiating Power of— 

that no branch of science presents so many ities Lamp-black . e * : » 100 
when the tabular results of researches are arranged Writing-paper . + ae 
together. Nearly every imenter differs as to i eR We a! nwt | eae 
numerical values from those arrived at by his fellow- SCG, a ee a 2 a 
labourers. And although the science of has occu- China ink = : ;: 88 
pied the attention of many prof still it Me ate fe al ts <* a 
cannot boast of so great a number as the sister branch of Plumbago F E 2 : 75 
Light ;—hence their discrepancies become more glar- Lead, oxidised se <x 
ing. Any may soon satisfy himself that our a. a er ‘ 19 
remark has sas Sees, Wo eerie, Sen saitene, polished . oe ee 
to a few tables of the melting point of solids; and it is at pa . aa. + | ae 
more than probable, that work on the subject will nig Sad sive. oT es ee 


R It, Tho Daniell , 
ctor lending wets on the subject ; of kteerr chee 


we have ly availed ourselves in constructing the fol- 
lowing 
Cine I ion of Solid 
Showing the length of a bar which has been heated 
itd "Length of bar at 32° 
at 32°=1.00000 
Gimtub . «....- .» ,,, 3.000898 
OS OP Sar remeron Ait 
ad ae ct eye, de O008ED 
» (crown). : . ‘ 1.000897 
° ° ° : ° 1.000884 
Lie ° : ; : 1,000991 
Antimony . . ° : 1.001083 
CY) a ne cr or 1.001111 
: © « ‘tes sjey “LOOLIS0 
Tron (soft) . A Sai res 1.001220 
USS Cae ee ae 1.001440 
Gold . P . . : ; 1.001460 
y ammealed . . . . 1.001513 
a$ ed CAT Miner ie Ait | 
Sorel a 6 ret te, +, ODT 
hea . ° . Fy : 1.001918 
Se eto a eg eee POOLED 
apt: ° F 5 ° . 1.001918 
Silver. 2 3° f°) 1 Loorg09 
a ee eee eee, 1.002082 
a red age, ee ROOF ARIES 
Zine . . - ° ‘ : 1.002942 
hammered .. : - 1,003011 
Conducting Power. 
The following table gives the conductin, er of 
various bodies, gold being the standard :— Ser 
Golds" pe) Ae 2000 
Copper paliey ena! 898.2 
Platina ny tly ‘ 381 
Iron . ‘ . : ¢ ‘ 374.3 
Zine. gong F ° 363 
vo ae . : ‘ ’ : 304 
Lead . P F j iat 179.6 
Marble Sr stery i owt, dati, 23.6 
Porcelain . é pens i 12.2 
Fire-brick . . ‘ 11.4 


ing Power, 


We cannot give a table whose indications of the rela- 
i power of various bodies can be 


The 


following, however, indicates the order in which 


on. 
the substances named stand in reference to each other ; 
ath sa? yaaa, ee rurponaraaltep aaa rp presenta iid 


pers on =o renanee Ppt 

‘olished go! ing-glass, 

8 silver. Pioskeed glass. 
” brass. ” metal. 


Mixture. Parts. . Thermometer sinks. 

Salammoniac . . 65 
Nitre . ~ aie F al from + 50° to + 10° 
Water ‘ : Putt | 
Sulphate of soda <8 
Nitrate of ammonia . et 93 50° to — 14° 
Sag nitric acid . 

now . a, . % 
Commonsalt . . 1 ” 50° to— 5 


Snow - : é 3 

Cold aut spins acd 2} n 82° to — 28° 

OW . . . . 

Chloride of calcium . 3} > oa 
Table of Latent Heat, 


It will be observed that the following numbers varv 
much from each other. They have been obtained from 


experiments by Ure, Despretz, Regnault, Andrews, and 


Southern :— 
Boiling Point. Latent Hest. 
Water . . - 212. =. Ure 1000 
wn < % ae . ~ seem 942 
os 3 . 21 . .Regnault 966 
Alcohol . ‘ 7 so Bi Sie! 
a ve . . - 172. +. «Andrews 
Ether... 104. |) Despretz 312.8 
gp: Weil cantare MO wenvane andrew 1628 
Bisulphide of carbon 1148. . . ,, 186,0 
Table of Specific Heat. 
Water being the standard=1,000. 
Water . . . . . 1.000 
Alcohol Fy ° . ’ ° 0.660 
Ether Hisenje ¢ pte ingitl 2. ARELG 
i" ° . Py 0.520 
Salphinr ij. (sets secs aw Swe) (0202 
. . . 0.188 
Iron, wrought . . .« . 0.113 
at Pat 4 a fey bees a pl OS 
Cobalt . . . ai AT Lp 0.107 
Gold aGb eee, See en SOTO 
pene hig Ay Sduaniyh pik A OMSS 
Plating. a Site: patieeee el ae OMS2 
Silver fen ete ae ce et LOOT 
Copper ° . . . 0.095 
Mercury . . ap duis 0.033 
Lead ait, tale A wiles: 2a". | OOSL 
= ae ine eral fee iow. 0020 
Elasticity of Vapour of Water— 


In inches of mercury, supported in the barometric 
column, from a temperature of 32° Fahrenheit ;. from 
tables by Drs, Dalton and Ure ;— 


Temperature. Inches of Mercury. 
$22. . * * . Both 0.200 
40 . . . Ure 0,250 
Wierda hecles) cov ic Delton 0.268 
50. . ‘ ° ” 0.375 
50 . ° . Ure 0.360 
Shae MR cot. we ae foci » 0.516 
60 . ° ° . . Dalton 0.524 
Os>6 . é ° sgl 0.722 
POran Ns) Si ax 6 Ure 0.726 
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Elasticity of Vapour of Water—(continued). Melting Points of various Substances, » 
Temperature. Inches of Mercury, Sulphuric Ether .  .  . . —47°R, 
F ° . ‘ Ure 1.01 ercury . . ‘ ‘ . —38 
80 : . ‘ . Dalton 1.00 Vinegar, and Milk ‘ : + 28 
90 - eke Sa eeBROt SaaS Ice Rs as Lae bees ae. 32 
100 : i 1.86 Phosphoras 63 oe) hy) WO 
110 ° Dalton 2.53 Pothesiant* 450 4, 6 Gon Se Tee 386 
120 ° . ss 3.83 Alloy of Cadmium, 3 parts 
130 . 2” 4.34 ” 9 . 45, 140 
130 A Ure 4.36 $n: iy ead Ry ed. 4 
140 3 5.77 » », Bismuth 15 ,, 
150 : 3 7.53 ium P { y . 104 
150 5 Dalton 7.42 Alloy of Tin, . 3 parts 
160 4 : +5 9.46 sft hy teed he BS, geet SAG 
160 : . FA Ure 9.60 » 3, Bismuth 8 ,, 
170 : » 12.05 Sulphur Be te ye IBS 
170 Dalton 12.13 Tin é i : A . - 442 
180 ‘ Both 15.15 Bismuth QE TEE et BE Lan 
190 Ae » 19.00 sgt Od ln Our Sen teeknay owl Bet Yaa 
200 ; py! Ques + 23.60 Lead. Lael kde here Shar tk | 
212 aes bas » 30.00 wit ‘ Peet Pe pet eink 
Boiling Point of various Liquids. Brass ivith 25 cent. of zinc). itea 
Sulphuric ether, of an average specific gravity 96° F, Brass oad og TL, Te ee 
Alcohol, of an average specific gravity . 174 Silver 3 . oie 
Water 3 . ; : : . . 212 i : " F . e - 1873 
Saturated solution of common salt . . 218 Copper . 4 * . Daniell 1996 
Nitviongid\5 ee ete nn ee 5 a Ae oh SEG, See 
Oilofturpentine. . . . 7s. OU Gold ‘ Daniell 2016 
Sulphuricacid . «© . > « 680 3 . Oe a ae a 
” sy of lower specific gravity + 550 Cast Iron 1786 
oil . . . . . . 600 “88 ” ® . . . . 3479 
LCi) 5 Dalton 660 Platina, and metals associated with it, are infusible 
Diet te ae S$) ee except under the flame of the oxy-hydrogen blow-pipe, 
ADDENDA ON RADIANT HEAT. 
Wuttst the previous pages were passing through the | vapour, which is always present in the air in temperate 


press, some highly interesting observations and experi- 
ments, by Dr. Tyndall, F.R.S., of the Royal Institu- 
tion, have been communicated to the scientific public ; a 
summary of which we append to this section. 

cane, et reader to our remarks on Radiant and 
Terrestrial Heat,* he will find, that we explained, under 
those heads, the general laws of Radiant Heat; and 
also alluded to some of their applications in reference 
to many natural phenomena. We found that various 
substances had different powers of absorbing and radiating 
ealoric. In another portion of our pages,t we stated, 
that some gases, liquids, and solids, prevent the passage 
of calorific rays more than others; and, also, that heat, 
radiating from any source, undergoes. at times both re- 
fraction and polarisation. Our remarks also extended 
to the ‘‘diathermancy,” or general power of various bodies, 
in permitting the transmission of calorific rays through 
their substance at unequal speed. : 

Dr. Tyndall has extended our knowledge of these 
various facts, more particularly in reference to, the radi- 
ating power of the earth, and the absorbing or preventing 
influence which the atmosphere, resting on its surface, 
exerts. By numerous experiments on vapours, with 
respect to 
mit transmission, we learn from him, that non-luminous 
rays pass most completely through dry air ; whilst some 
gases and vapours entirely stop their progress, such as 
olefiant gas and the vapour of ether. 

Carbonic acid is found to a limited extent in our 
atmosphere; and Dr. Tyndall states, that this, in its 
gaseous form, permits of the rapid transmission of radiant 
and non-luminous heat, and the consequent cooling of 
the radiating surface of the earth. An antagonism to 
this result is found not only in the dense clouds so com- 
mon in our climate, but also in the action of aqueous 

* See ante, pp. 26, 30. + See ante, p. 28; ** Refraction.” 


@ amount of rays of heat of which they per-: 


climes, and prevents the radiation of non-luminous heat. 

Viewing these facts in their practical results, we can- 
not help being impressed with a deep sense of their 
value, Under a clear sky, and in dry air, as observed so 
frequently in the Arctic regions,‘ intense cold continually 
prevails, and, at the same time, the atmospheric tempera- 
ture is such as not to allow of the presence of aqueous 
vapour. As, however, we app the tropics, the 
average temperature of the air increases, and with it the 
amount of aqueous vapour existing init. Now this, as we 
have already mentioned, has been pointed out by Dr. 
Tyndall as acting after the manner of an invisible screen, 
and Eroventang the great loss of terrestrial heat which 
would occur through its absence, in the ordinary process 
of terrestrial radiation. The general application to Me- 
teorology, of these principles, has yet to be made; but we 
can easily perceive, that the production or modification 
of an immense variety of atmospheric phenomena may 
result from the action of these laws. 

Heviognes given a general idea of the facts which 
Dr. Tyn has developed, we quote from the Saturday 
Review, of March 2nd, 1861, a more detailed account of 
his experiments, as the best résumé to which we have 
had access; and which will afford our readers considerable 
information on the subject. 

‘With his admirable thermo-electric apparatus, 
Melloni was unable to detect any trace either of the 
absorption or radiation of heat by air; and we possess 
no knowledge regarding the action of other gases or 
of vapours. In the Bakerian lecture, recently delivered 
before the Royal Society, by Professor T the fol- 
lowing new results in connexion with this subject were 
enunciated. 

‘‘ Oxygen, hydrogen, nitrogen, and air, enclosed in-a 
tube four feet long, absorb respectively about three- 
tenths per cent, of the calorific rays emanating from a 
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source of 212° Fahrenheit. This is the feeblest action 
which has been observed. At the other end of the 
scale stands olefiant gas, which absorbs more than eighty 
per cent, of the same ra; This gas, which is perfectly 
transparent to rays of light, is opaque*to the rays of 
obscure heat. S ing into the atmosphere, it is not 
seen by the eye ; but if a sheaf of calorific rays be caused 
to cross it, its presence is at once declared by a proper 
instrument ; it arg such rays almost as effectually 
as a screen of cloth drawn across their path. Coal gas 
acts in a similar manner, 

** When a volume of olefiant say one-thirtieth of 
that ergecen Ge fill it, is sent into an exhausted tube, 
through which calorific rays are passing, it destroys so 
many of these rays, that a second equal volume does not 

ce aca ty bag the same effect. In fact, the rays 

are not there to ceecres by the second discharge of 
But when small volleys of gas are used, the num- 

4 of rays shot down is exactly proportional to the 
number of shots. For example—when a measure pos- 


mneing. * capacity of one-fiftieth of a cubic inch was 


phere, exercises a measurable tion, 

-Between atmospheric air and olefiant gas, the other 
compound gases occupy intermediate positions. In the 
case of yapours, the most ic is that of sulphuric 
ether ; the least energetic is that of bisulphide of carbon. 
Comparing small volumes at equal tensions, the absorp- 


tive energy of sulphuric ether is ten times that of olefiant 
This vapour, in 


ek re or bgt air. 

which, tested by light, is as + as the diamond, 

tested by calorific rays of low intensity, is almost as 

black as pitch. Between sulphuric ether and bisulphide 

of carbon, stand chloroform, wood-spirit, benzol, alco. 

hol, the iodides and chlorides of ethyl, methyl, and amyl, 
other vapours. 

‘* The influence of the aqueous vapour in the atmos- 
s may be judged of from the following fact. On a 

air November day, the quantity of transparent vapour 
ded in the air produced fifteen times the absorp- 
tion of the true air itself. Philosophers have long specu- 
lated on the influence exerted by a diathermanous 
envelope, like our atmosphere on the climates of a 
et. D. Saussure, M. Pouillet, and Mr. Hopkins, 
ve shown the effect of such an envelope in preserving 
the terrestrial rays from being wasted in space. But, in 
reality, the atmosphere itself exerts a vanishing influence 
compared with that of the aqueous vapour it contains. 
Here we have a constituent, whose chang: 
duce co ing alterations of temperature at the 
surface of earth. Whether it is com t to ac- 
count for the variations of climate revealed by geologists, 
future investigations must decide ; but it is a vera causa 
which can never henceforth be overlooked in specula- 
tions on the subject. 

**Tt is known that oxygen, obtained from the decom- 
position of water by an electric current, contains a trace 
of that si su ce ozone. Such oxygen exerted 
four times the absorptive energy of the same substance, 
after it had been passed through the iodide of potas- 
sium, and thus freed from its ozone. 
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i 
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“The radiative power of gases was examined by 
causing them to pass over a sphere of heated metal, and 
to ascend in a column in front of a thermo-electric pile. 
It was here found that the order of radiation was pre- 
cisely that of absorption. The theory of heat now uni- 
versally accepted is, that it is a kind of motion of the 
atoms of bodies, and radiant heat is the pro tion of 
this motion through an ethereal fluid in which all bodies 
are immersed. A popular exposition of this theory is 
given by Professor Tyndall, in his Glaciers of the Alps; 
and his recent experiments prove, that every atom, or 
molecule, which is competent to accept motion from 
agitated ether—or, in other words, to absorb heat—is 
competent, in precisely the same degree, to impart mo- 
tion to still ether, or, in other words, to radiate heat. 
His experiments have one peculiarity which preceding 
ones did not They deal with free atoms, and 
thus fix upon them individually the responsibility of the 
effects observed. In solids and liquids the atoms form 
joint-stock companies; considerations of cohesion and 
aggregation come into play, from which the molecules, in 
a state of gus or vapour, are free. Hence the experi- 
ments are calculated 4 to throw light upon the physical 
characters of the atoms themselves. 

‘*The lecturer pointed out, that the reciprocity of ab- 
sorption and radiation is a necessary Ma conse- 
quence of the theory of an ether. But the question 
here arises—‘ Why is one molecule competent to stop or 
to generate a calorific flux so much more powerfully 
than another? What is it, for example, which enables 
olefiant gas to transcend so enormously in these respects 
its constituent hydrogen?’ To this question the experi- 
ments prompt the following reply :—The elementary gases 
which have fecwacn | all exhibit extremely feeble 
powers of absorption and radiation as compared with 
the ones. Now, in the former case, we have 
oscillating atoms, but in the latter case oscillating sys- 
tems of atoms; and if we unite the atomic theory of 
Dalton with the 
ether, it follows that the compound molecule, or group of 
atoms, which furnishes points d’appui to the ethereal 
fluid, must be capable of accepting and generatin 
motion to a far greater degree than a single atom, whic 
we may figure to our minds as an oscillating sphere. 
Thus oxygen and mameogee, which, taken separately or 
mixed nically, uce a scarcely sensible effect— 
when united chemically to form oscillating systems, as in 
aqueous vapour, produce a powerful effect. Thus, also, 
ni and hy which, separate or mixed, pro- 
duce but little action—when combined to form ammonia, 
produce a great action. So, also, nitrogen and oxygen, 
which, as air, are feeble absorbers and radiators—when 
combined, as in nitrous oxide, are very powerful in both 
capacities. Comparing small volumes at equal tensions, 
the action of nitrous oxide is fully 250 times that of air; 
and there is, perhaps, no fact on record which shows so 
conclusively that air is a mixture, and not a compound, 
as this one. Carbonic oxide is about 100 times as power- 
ful as its constituent oxygen; carbonic acid, 150 times 
as powerful; while olefiant gas, as already stated, is 
1,000 times as powerful as its constituent hydrogen. In 
the case of the hydro-carbon vapours, where the atomic 
groups attain a higher degree of complexity, the action 
is still greater than that of olefiant gas. The lecturer 
also referred to the influence of the rate of atomic oscil- 
lation on the amount of heat absorbed. But this subject 
is difficult to be rendered popular, and is, therefore, 
omitted here. “The discourse concluded by applying 
considerations similar to the foregoing to the conduction 
of heat. It was shown how radiation, absorption, and 
conduction were connected together, and that the phe- 
nomena of all of them might be deduced from simple 
mechanical principles.” 


CONCLUDING REMARKS, 


In the foregoing pages, we have endeavoured to present 
to the reader, he leading facts and principles involved 
in that branch of science which treats on heat, as one of 


fectly independent conception of an — 
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the forces of nature. We have found, that whether calo- 
ric be considered either as a material substance, or as 
resulting from the vibrations of an ether, it has certain 
definite effects on matter. These, whilst characteristic 
of the action of an individual force, are yet analogous to 
those of light, as we shall see in our next section. 

We erred to call the attention of the student to 
caloric, as the first in our arrangement of the undulato: 
forces ; because the principles we have enunciated, 
for less mental exertion to comprehend, than those of 
the forces which we have now to consider. We mu 
however, presume, that what we have already sta’ 
has been full understood ; and that we shall only have 
to refer inci any in future, to those laws we have 
attempted to unfold. This will be necessary, as tending 
to save space, time, and useless repetitions. 

It may, however, be desirable, that we should point 
out those epee analogies which exist between the laws 
of heat and light, to which we shall have to give promi- 
nence in our future progress. ‘To this end, the student 
should pay particular attention to the facts connected 
with the production, conduction, radiation, absorption, 
reflection, refraction, and polarisation of caloric; because 
we must go over exactly the same ground under the 
sections of Light and Sound, and show the nature of those 
phases of force under similar but non-identical circum- 
stances. It is also advisable that a clear knowledge of 
the doctrine of undulations should have been acquired ; 
and this is more easily arrived at whilst studying the 
effects of heat, than those of other forces; because such 
are highly palpable to the senses, and familiar to us in 
the occurrences of daily life. 

In conducting the experiments which we shall adduce 
in the next section, in support of the principles of opti- 
cal science, much delicacy of manipulation is frequently 
required, This, we are aware, is not to be obtained ex- 
cept by long practice. Still, the experiments we have 
already offered, will serve as an introduction to those 
which follow; and a frequent repetition of the past, will 
much assist our progress in the future. Clever experi- 
menters often achieve more success in the study of 
natural ompinsege A than deep thinkers; and the latter 
class often owe the greater part of the success which 
attends their speculations, to the ready and accurate 
manipulation of their more expert, but not less valuable, 
co-workers in the pursuit of scientific research. 

There are remote analogies existing between the 
latency of heat and light, so far as their separate or 
mutual production from matter, by mechanical or other 
agency, is concerned. The student will find examples of 
this in our remarks and experiments on the production 
of heat ;* a re-perusal of which may assist him materially 
in understanding similar phenomena, belonging more ex- 
clusively to luminous effects. 


* Sce ante, pp. 14 and 24, 


Under the head of double refraction and the polarisa- 
tion of light, we shall have an opportunity of consider- 
ably e ing on similar effects to which caloric is sub- 
ject ; to which allusion has already been made.t In the 
course of the work, we shall continually make the re- 
marks in one section to relate to those of the preceding 
one; conceiving that such a course has the twofold ad- 
vantage, of impressing the truths of science on the 
minds of our readers, and also of maintaining that 
intimate and interesting connection which exists in every 
d ent of imental oy osophy. 

e subject of Terrestrial Heat is 7 pen interest, in 
relation to that of Physical Geography and Geology; to 
each of which we shall hereafter devote an entire section. 
Dr. Tyndall’s discoveries—a résumé of which precedes 
these remarks—may be studied advantageously in con- 
nection with it; and if our readers should wish to 
pursue the subject more fully, we would recommend the 
perusal of Captain Maury’s late work, The Physical 
Geography of the Sea; from which we have made a 
quotation. t 

Fa Bieber ta! i Rinse, 
on Ventilation, Warming, &c., to practi urposes, 
will find these subjects abl diuoaleek in vais by Dr. 
Arnott, Mr. H Mr. Tomlinson, and others. We 
have only attempted to explain general principles, and 
their immediate application, because our limits would 
not permit of lsngteied details: we, however, hope that 
the suggestions and observations we have made, will 
tend to excite the interest of many, who may have both 
the means and opportunity of applying them to the 
physical advantage of their less favoured dependents 
and neighbours. We may especially urge such consi- 
sees ae connected with paleo tag SS 
wherein large numbers of persons are congrega 
as hospitals, workhouses, schools, &c. os 

To many, it would seem desirable that we should 
have included a popular description of the steam-engine ; 
but as we intend, in another part of this work, to de- 
vote a section to that interesting subject, any further 
exposition of its construction, dc., would have been out 
of place. We shall also have to extend our remarks on 
the laws of vapour and gases, when treating on Pneu- 
matics. The various forms of land, marine, and loco- 
motive engines, will naturally fall to be considered 
under the head of Mechanical Philosophy. 

Having thus endeavoured to apr the student in 

ing out a connected system of self-instruction, we 
nrobeed, in the next section, to discuss the doce toas of 
Optical Science, or that branch of philosophical inquiry 
in which the nature, laws, and applications of Light are 
investigated. We shall also deal with the construction 
and management of Opti en’ h 
and other allied subjects. Paes eae 


+ Ante, p. 28, et seg. 


$ Ante, p. 27 


SECTION II. 
LIGHT, AND ITS APPLICATIONS, 


CHAPTER I. ‘ 
OPTICS, AND OPTICAL INSTRUMENTS. 
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ing and fascinating subject. 
ier Vevdastory Obsster on the Undulatory Forces, 
i e thereon in our section 
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mode of carrying out this experiment. 
Fig. 1. 
a 
Violet, 
[| Indigo. 
b a Blue. 
| =] Feito 
~ Orange. 
| Red. 
‘Cc — 


Ara * Legey alps oa dh pe rire 
room, through ol ina shutter (6), acaba na aboct 
ism (¢ i on m the opposi 

Se Fe i alte Sic aes 


order 

them ; the red being always the lowest in the series, and 
the violet at the upper end. An image of coloured light 
so formed, is termed a (d); and each of the 
rays varies, both in respect to its luminous and calorific 
Goch, 28 we shall perceive in our further experiments. 
We have stated, that seven different pas ang oor | 

ee ae oa ion, it wi 
that four of : 


produced by a greater number of undulations taking 
place at that part of the spectrum, than at the place 
where the red rays are evident. The subjoined table 


gives the length of these undulations for ray of the 
Number of | Number of 
an Inch. ig rer in 
37640 458 
oe |g 
41610 
42510 517 
45600 
47460 577 
51110 622 
52910 ou 
54070 658 
55240 672 
57490 699 
727 


It will at once be perceived, that a great difference 
exists in the number of undulations which produce the 
different coloured rays of the spectrum ; we should 
luminous rays in which certain 
chemical phenomena of light are produced, are those of 
the violet end; whilst those in which the heating effects 
are most observed, are placed in the red inal of the 
= This is a point of great importance, as we 

observe when we have to enter into the examina- 
tion of the chemical effects of light, under the head of 

If any substance be placed in any of the pris- 
matic rays, it will ene ane the colour of that 
ray; hence we perceive, that the cause of the colour 
of bodies is due to the absorption of all the rays of 
the spectrum but that which they reflect from their 
surface. - 

Whilst by means of a prism we can decompose white 
light, and produce its colours, an experiment may be 
tried by which the colours can be reunited, and white 
light at once be reproduced. For this p another 
prism is to be placed on the one by which light has been 
decomposed, so that the two may form together a square. 
The ray of light will pass through without ering 
much pre Indeed, the two prisms thus become 

ual to a solid pi ef og A slight amount of 
aon may be visible ; and this is iamne A oo refraction 
of light occurring when it passes ugh a dense from a 
aa <ceci phenomenon to which we shall have to 
refer at length in our future pages. 

Another mode of illustrating the recomposition of 
white light, is by painting on a circular card the different 

i colours, in divisions extending from its centre, 

the card be made to rotate rapidly on its axis, a kind 
of greyish-white colour is produced. This experiment is 
often employed at the lecture-table, for the purpose of 
illustrating the composition of white light. 

We have already spoken of the speed with which the 
rays of light traverse space; the experiment, however, 
which we have just mentioned, is another illustration o 
the rapidity with which light travels. The first experi- 
ments which were made with respect to the speed of 
light, were conducted by means of a wheel filled with 
spokes, and which was made to rotate rapidly on its 

Gg 
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axis. Of course, in ordinary circumstan all the 
spokes seem to be lost to sight when the wheel goes 
rapidly round. If, however, a flash of electric light is 
‘made to illuminate them, at the instant the light is pro- 
duced, each spoke at once becomes visible, because they 
pass through space in a much longer iod of time 
than does the light which has fallen on them, In 
ing through a railway tunnel, a red-hot cinder produces 
asimilar optical effect. Previous to the production of 
its light, the divisions of the sides or bricks of the 
tunnel would be undistinguishable; but at the instant 
of the fall of the cinder, every part is immediately ob- 
served, Now these effects are due Pete / to the rapid 
flight of light, and also to the fact, that the eye cannot 
appreciate or separate rays of light whose interval of 
appearance is less than the eighth of a second of time. 
ence all the rays passing from the sides of the tunnel 
seem to be merged together. When, however, only one 
powerful ray reaches the eye, it at once produces an im- 
pression on the retina; and each surface from which it 
has been reflected becomes instantly visible. This fact 
may be easily verified by turning round rapidly a piece 
of red-hot wood, by means of a string, ina dark room. 
A ring of light will thereby be formed. If, however, 
an assistant discharges a highly charged leyden jar, so 
that the light of the spark may fall on the rotating wood, 
it will at that instant appear stationary, for reasons we 
have just assigned. 

Light, like all radial or central forces, diminishes in its 
intensity from the source of emission, at a rate equal to 
the square of the distance. We refer to our remarks on 
this subject,* in which we fully entered into this law, both 
in reference to heat and light. 

Having thus pointed out some general facts res 
ing the nature of light, we now proceed to investigate 
some of those laws to which it is subject in its 

from the surface, or through the mass of various 
ies, and the changes which it thereby undergoes. 

All natural substances may be divided into three 
classes, so far as the of light through them is con- 
cerned. Those which prevent the passage of light, or stop 
the undulations of luminous ether, are called opaque. 
Some permit freely of its passage, such as glass, crystal, 
dc. ; and these are termed transparent substances. Others 
only permit the partial transmission of light, as in the 
case of ground glass, milk, and other substances ; and 
these have accordingly been termed translucent. 

When light passes through a body, it undergoes vari- 
ous changes, such as single refraction, double refraction, 
and polarisation, When a ray of light falls on some 
substances, such as polished metals, it is reflected ; but 
if it falls at certain angles, it may also be polarised, 
as we shall more fully point out when we deal with 
polarised light. 

We shall treat on the phenomena of reflection, refrac- 
tion, and polarisation, under separate heads; because 
each subject has so many matters of both scientific and 
general interest attached to it. In our progress, we 
shall include special applications of the various laws we 
have to examine, including the use and construction of 
various optical instruments. We shall also add some 
remarks on the eye and its structure, which will illus- 
trate the application of many of the laws of the reflection 
and refraction of light, 


THE REFLECTION OF LIGHT, OR CATOPTRICS, 


In our chapter on heat, we stated that that force, as 
well as light, could be reflected from a polished surface ; 
and this may be of any form; but the shape of the 
reflective surface has various effects on a ray of either 
force. The term Catoptrics has been applied to those 
investigations which are connected with the laws of the 
reflection of light; and to this subject we now direct 
attention, 

Tf a ray of light fall on a plane or level surface, such 
as a piece of ge or polished metal, it is reflected at an 
papel which a definite relation to that by which it 
‘ * See ante, p. 14. 


Ea 


arrived at the reflecting surface. The angle by which 
the ray arrives at the reflector, is called the angle of in- 
cidence ; and that by which it leaves the reflecting sur- 
face, is termed the angle of reflection. 

These terms will be better understood by a reference 
to the annexed diagram. 


Fig. 2. 


In Fig. 2, @ being the source of light from which a 
ray passes to b (the reflecting surface), then the angle 
¢, a, d, is called the angle of incidence ; ¢, e, being the line 
pe Brown, the reflected ray travels to the eye of the 
Pager a then the angle ¢, e, d, will be the angle of re- 

ion. 

Now the law of reflection from plane surfaces is, “ that 
the angle of incidence and the angle of reflection are 
equal to each other ;” so that by being acquainted with 
either of these angles, the other is known 

a adler id 4 of Herd sn! are often 
employed in daily life, By means of properly arranged 
plane reflectors, light may be BB sis, to remote 
places i and bP source mer) be made my eee Med 
a variety of purposes, ms remote from - 
light are often illuminated by such means. Coal and 
other mines have been lighted by reflectors, so arranged, 
that one large source of light—as, for instance, the 
electric light—may be made to illuminate distant 
sages; and thus lh dengan Sete the ignition of 
damp is entirely avoided. The whole of one end or 
length of a street may be observed from an apartment, 
by a person sitting inside it, if a mirror is placed at an 
pin (dart adr da outside of the mindem | 8 Te Ee 
genious contrivance was suggested for emplo: simi- 
lar means in warfare, It was proposed pa they Sear 
the wall of a battery, an arrangement of mirrors, b 


which a view of a distant fort might be constantly ob. 
tained, without danger of the observer being ‘ picked 
off” by the enemy’s riflemen. This plan is illustrated 
in our next engraving; and, we believe, was employed 
during the Crimean war. 

Fig. 3, 


successively reflected over the wall (e), and observed b 
the spectator at f. . Thus, any person placed at f, 
under protection of the wall, will be enabled to observe 
all that is going on at a distance from him, and yet be 
unseen by the enemy. 

The amount of light which is reflected from any sur- 
face, is not equal to that which snags on it, is is 
owing to the absorption of some of the rays. We may 
here remark, that light, like heat, is absorbed in different- 
proportions by various substances. We thus observe 
jie A little light reflected from a body of a black colour ; 
and as no metallic body can be perfectly polished, so, 
from this cause, some of the rays of light are lost before 
reflection. But even from the most polished surface 
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hich form 
tonous appearance. tint which form 
the beauty of the landscape, and the variety of our 
fields and gardens—the fine effect which a stream of 
water or river has in the distant 


instance 
elt a at once universal and beneficent in 
The reflection of exists on a 
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In the Debusscope, any object placed between the mir- 
‘Se mlipliel, so n't) piteent ® fourfold - 
th ge an tt aca expansion of any 


REFLECTION FROM CURVED SURFACES. 
We have hitherto referred only to the effects produced 
by the reflection of light from plane or level surfaces ; 
but we shall _examine the results obtained when 


are incident on any polished body of a 
; and also enter into various applicati 
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holding some burning paper before the mirror, when the 
junction of the reflected rays will be detected.’ 

It thus follows, that parallel rays of light, passing 
from a distant source, may, by means of a curved mir- 
ror, be brought to a fi point, and their combined 
effect be concentrated 

If, however, the source of light be placed behind the 
focus (f, Fig. 4), and nearer the mirror, the result will 
ifferent. e rays of light will be still refi 
will pass from the luminous object to the curved 
and will then di in directions, The 
ent will do well to remember the following epitome 
of what we have stated, viz. :—When rays of light from 
a distant source impinge on a curved reflector, they are 
focus; but when the source of light is 

behind the focus of, and near to, such a reflec- 
the rays are diverged by the reflecting surface. 

Before we enter into more minute details in reference 
to curved surfaces, we shall give an illustration of the 
use of the reflector, which will make plain the state- 
ments we have above mentioned. An ordinary reflector, 
such as is used in carriage-lamps, is an instance of the 
curved surface we have described. If such a reflector be 
e to the rays of the sun, as a distant source of 

t, it will collect the rays, and bring them to a focal 
point. If, however, a candle be placed behind the focal 
point, then the rays of light will be refleeted in all direc- 

i after the surface of the mirror. These 
two modes of employing the same mirror, will thus 
illustrate the difference between the convergence and 
divergence of the rays of light; and show that the two 
reflective results are the reverse of each other in effect. 
When the rays passing from the reflector are examined 
Ne fre the focus, it is found that they have crossed each 
; and if an object be placed near the focal point, 
and observed some distance therefrom, it will be found 
that an inverted view of it is obtained. We are here 
ing our attention to a concave mirror, or one in 
which refl surface is ‘‘ hollowed out,” or bent 
} rie We now ssoneee Sve meanies into 
results obtained in employing this form o: ecting 
by ing the fetti ofa. sbudes.ok lighten 
of an object p! at different distances from its focus, 
together with some of the practical applications which 
result from the principles at which we arrive. 

We shall refer, in the following remarks, at first to re- 
flectors of a spherical form ; that is, such as would be pro- 
duced by taking any ion of a globe of glass, or metal 
in a polished state. type of this class of reflec- 


et oe 
one point, 
reflection 
e first 
which we shall deal with, is that in which the 
rays of light arrive at its surface in parallel lines. This 
occurs only from objects at a great distance from the 
reflector—as the and stars. In Fig. 5, we 
have an illtettestion of the affects which result om parallel 
rays arriving on a concave mirror. 


Fig. 5. 
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Referring to Fig. 5, if a b represents a spherical con- 
cave reflector, ¢ is the centre of concavity, or that point 
from which, if straight lines are drawn, they shall touch 
the mirror, and be of equal length; they are, in fact, the 
radii of the circle, of which the mirror is but.a portion: 
fight the 57 of a rags d or. ray of 
ight passing e axis, and incident on the mirror 
at d. This reas Bee sern trac along the line of the 
centre of the mirror to d, will be reflected back in the 
same straight line. But if another ray, gh, impinges 
on the mirror at A, it will not be refi back in the 
same line. The direction which such a ray will be 
reflected in, will be towards f, and will be in the line h f. 
This will be evident if a line be drawn from h to c; for, 
as the angle g h c, which is the angle of incidence, is 
equal to the angle ch f, which is the angle of reflection, 
the law of reflection is at once satisfied; and the point 
f, in the line of the centre of concavity, becomes the 
focus of the mirror, and is situate half-way between the 
centre of concavity and the centre of the reflector at 
d. This may be better understood to the general reader, 
if we deal with the subject in the following form. (See 
Fig. 6, in which we employ the same letters as in the 
last engraving). 

Supposing g h to be a ray of light touching an ex- 

ing small plane, forming part of the sphere, and 

Fig. 6. that the line hc is perpen- 

hf dicular toh. Now the angle 
J of incidence, g hc, must 

equalled by the angle of re- 

flection. ‘To find the latter, 

draw the line h f, so that 

J shall be any point on the 

straight line ¢ d; and in so 

doing, let the angle ch f 
equal the angleghe. It will be found, that the point 
f is necessarily half-way between c and d, and, as we be- 
fore stated, is the f point of the mirror. This illus- 
tration can easily be repeated, by the non-mathematical 
etree n Se a pencil on paper; and that plan will assist 
materially in relieving the difficulty of understanding 
this portion of the laws of reflection. 

It also follows, that all parallel rays impinging on the 
mirror, except at the point d, will necessarily be nearly 
focalised at f; because, with every ray, the circumstances 
are almost exactly the same. To understand this, sup- 
pose the = h to be moved nearer to d, and that a 
ray of light impinges on it in a straight line. In such 
case, a line perpendicular to its new position must be 
drawn from it toc, the centre of concavity; and as the 
same course of reasoning must be adopted to explain the 
results so obtained, the focus of the parallel rays will 
still be found at f. 

As an application of the above remarks, we may penn 
that an image of a star, if its light were thus refl 
by a spherical mirror, would be found at f. 

We may, at this place, urge on those of our readers 
who may not be accustomed to strict scientific reasoning, 
that they should not pass any fact or illustration without 
having thoroughly mastered its details. In every branch 
of science in which mathematics are employed, it is neces- 
sary that succeeding facts should have a relation to those 
already explained. A chain of argument is thus formed ; 
and if one link be broken, the whole arrangement becomes 
defective. ‘‘Slow and sure” should be the guiding maxim 
of every tyro in philosophy. 

If the source of light be placed in the focus of such a 
mirror, all its rays would be collected on the surface, 
and be reflected therefrom in straight lines. This will be 
at once evident, on considering that by such an arrange- 
ment we simply invert the progress of the rays by send- 
ing them from, instead of to, the focus of the mirror. 
If the source of light were nearer to d, the centre of the 
mirror, than to f, its focal point, then the rays would 
not proceed in parallel lines from the reflecting surface, 
but would diverge outwards, because the angle of inci- 
dence would be greater than those which are produced 
when the luminous object is placed in the focus; and as 
the angle of reflection must equal it, that must be 


ter also. This will be evident on inspecting the 
ollowing diagram. 

Using the same letters as before, and arg ice tag 
to represent the new position of the source of light 
tween f and d, we ob- Fig. 7. 
serve, that if a perpendicu- é 
- is cron ioe h toe, 

e angle whe is ter 
than the alee ator h I 
as xhc, the angle of inci- 
dence, must equal the angle 
of reflection c h i, it fol- @+-—¥ c 
lows that the ray of re- 
flected light will diverge as 
at h i; and thus the fact 
of the divergence of the rays from «, is at once made 
erie ay comparing the direction of h 4 with g h, 

e parallel ray. 

The foregoing illustration of the properties of rays 
reflected from a spherical surface, may possibly be dif- 
ficult to a beginner. We have been compelled to use a 
circumlocutory description, because we presume that some 
of our readers will be uainted with geometry. To 
a mathematician, the proposition will appear self-evident ; 
and we trust that, we, a little study, others may find 
the matter easily understood. In every case of reflec- 
som ee ge should hag e oe ee eee of ta 

ent ecting angles, and, by strictly applyi 
them, many of the es ceed of optical science mill be 
readily apprehended. 

We now proceed to investigate the results which are 
arrived at when rays of light fall on a spherical mirror 
from objects at but moderate distances from it, and in 
lines which are not parallel to each other. To simplify 
our observations, we shall suppose that a ray of light, 
from any source, falls on the reflecting surface, as repre- 
sented in our annexed diagram. (See Fig. 8). 

Fig. 8. 


h 


In our illustration Cig. 5), we presumed that the source 
of light was at an infinite distance from the mirror, and 
that all these rays were consequently reflected so as to 
meet in one point distant from the reflector, and called its 
focus. In Hig. 8, we suppose the case of the source of 
light being placed at s, and s ax to be the axis of the 
mirror ; ce the centre of curvature. Let ag se A ee 
in the mirror on which a ray s p shall e line 
tee being perpendicular thereto, the angle p ce f will 

the angle of reflection, and the focal point of this 
ay will be found at f. But suppose another ray of 
light, s p’, to fall on the mirror at p’, then s p’ ce will be 
the anne of incidence. Draw a line, p’ f’, so as to form 
an angle equal to s p’ ce; then, as NN a 
s p’ ce, which is the angle of incidence, ce p’ f’ will be 
the angle of reflection, But f’ is not at the same point, 
in the line s ax, as f, but is nearer toce. Hence it is evi- 
dent that all the rays passing from a source of light at s 
will not aaitny oge one point, and of course, therefo: 
their focus will be removed from that place which woul 
be found between ce and aw if all the incident rays 
were parallel, This produces what is termed aberration, 
or what we may call, in plain language, the straying of 
some of the reflected rays of light from one convergi 
point, and, baggy pst the pene of several foci 
instead of one. e optical effect which this produces, 
we shall more fully inquire into presently. _ 

As the reflectors to which we have referred have been 
assumed to be portions of a sphere, we generally term 
the effect of the departure of rays from a common focus 
as spherical aberration. It would take up too much of 
our -space, and we should have to presume a ter 
amount of mathematical knowledge on the part of some 
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called an ellipse answers a similar p i 
Without, ores entering into any mathematical dix 
quisition on the subject, we may state, that, obeying the 
law <meta Sd incidence iia op ost 
being always to er—ra ight incident 
al eipebetinlls or elliptic reflector, will. owing to. the pro- 
perties of these curves, be con to one focus ; and, 
vice versd, all rays passing from the foci of these curves 


oy agg i se seportaons emp stete Fae 
an ellipse, a we annex a diagram illustra’ 
ing each of these curves. (See Fig. 9). 
Fig. 9. 
ad d d 
@ a 
a 
. 
In 9, N 1 adi porti of 
0. a ion of a ; 
ge o. 3, of a parabola, In each.-of 


reflected ray from its source to the focal point. 
Having thus endeavoured to explain the laws of reflec- 
tion of concave we to examine 


. ) 

are inci ona 

verging to a point in it 0 

hed tains then son! foe] point 

would be found at h, or that 

place which would be the focus 

of rays incident on a curved 

A surface of a concave form, hay- 
ia 


ing the same centre of curva- 
The ray thus incident will take the direction ¢ ¢ 
, if not in the same line with the axis of the mirror. 
y in the axis of the mirror will be reflected back 


st 
Ht 
if 
e 
; 
5 


ined. 
lic reflector, the internal or con- 
that point from which rays incident 
will be diverged. This is illustrated 
bt? 11, where f is the focus 


. of the abe,andda 
se or Haht, which ie incident 
d on its convex exterior, and 
diverged in the direction a e. 
. ving 
special 


i 


uced in bodies capable of allow- 
through them; and shall deal 


those changes to which a ray is thus subjected. 


REFRACTION OF LIGHT, OR DIOPTRICS, 


Havine examined the results which take place when a 
ray of light falls on a reflecting surface, we proceed to 
investigate the phenomena of refraction, or the effects 
produced when light passes through transparent media of 
different densities. 

If a ray of light pass perpendicularly through any 
medium of equal or homogeneous character in every 
part, it will do so in a straight line. If, however, the 
medium vary in its density, then the ray will be bent out 
of its straight course ; and, to use philosophical terms, we 
say that it is ‘‘refracted.” If the ray pass obliquely, 
the same effect will occur. We shall i better under- 
stood if we give instances wherein this refraction takes 
place. Amongst them are the following. 

On looking from the banks of a river ata fish swim- 
reat = bar sy we cages fish at some distance 

m i , owing e rays of light passing 
0m its body being bent or refracted rong straight 


A stick introduced gg” into a pail of water, 
appears broken, because the rays of light from that 
portion in the water, and from that remaining in the air, 
do not reach the eye at the same angle. 

In looking down a long trough of water, the bottom of 
the trough seems to touch the surface of the liquid at 
that end furthest from the eye of the spectator. Again, 
if a coin be placed in a basin, and the observer retreats 
until he just loses sight of it, the piece of money will 
reappear on water being po’ into the vessel ; because, 
by the refractive power of the liquid, the rays of light are 
bent upwards, and so reach the eye. 

On looking through a piece of window-glass of different 
thicknesses, all straight lines so observed will appear 
curved. A similar effect is observed when the eye is 

laced in a line with the surface of a wall strongly heated 
the sun’s rays. Objects viewed through the heated 
air arising from the surface, will appear to assume most 
ee owing to the ion of light thus 
produ 

The refraction of light causes the heavenly bodies to 
appear, if viewed by the naked eye, much larger when 
near the horizon than when at the zenith. This effect is 
often noticed at those seasons of the year when moisture 
is abundant in the air, or when the atmosphere is 
heated. The apparent ition of the sun is thus 
altered by refraction; and we therefore observe the disc 
of that body some time before it has actually risen. 
This effect is illustrated in the following engraving (Vig. 
12), wherein the in- Fig. 12, 
ner circle represents 
the earth, and the 
outer one the at- 
mosphere. The 
per line points tothe 
apparent position of 
the sun before ris- 


spectator by the re- 
fraction which its rays undergo whilst they pass through 
the air. 

Having thus given familiar instances of the effects of 
the refraction of light, we proceed to investigate the 
laws in accordance with which its phenomena are mani- 
fested. 

For this Purpose, we annex diagrams which illustrate 
the progress of a ray of light from a rare to a compa- 
ratively dense medium, and vice versd; and at the same 
time they indicate the refraction or bending of the rays 


during their progress, 

In Fig, 13 we observe the progress of a ray from ¢, at 
an oblique position to the dicular line a 6, On 
arriving at the surface of the water, f g, the ray does 
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is refracted or 
the ray arrives 
Fig. 14 

a 


c e% 
\ IN 
f “J F I 
\ 
ad 


not proceed in the straight line ¢ d, but 
bent backward towards e; so that when 


Fig. 13, 


\ 
o 


e 

at a certain position in the water, it will be observed at 
e. The student must carefully bear in mind the direction 
of the ray in our illustration, as entering the water. 

We wil now examine the result of a ray passing from 
any object under the surface of the water; and, for this 

uurpose, refer to Fig. 14, in which we find ¢ as the point 
Hon which the ray proceeds. Instead of progressing 
from ¢ to d in a straight line, wre Sind thes Ee a eae 
or refracted, during its progress, from ¢ towards ¢; ab 
still remaining as a line perpendicular to the horizontal 
surface f g. 

In Fig. 13, the angle ¢ 2 a is the angle of incidence ; 
and b ze the angle of refraction. In Fig. 14 we have 
the ray of light passing from ¢ towards d, but refracted 
pete d e. Hence bac is the angle of incidence, and 
ea the angle of refraction. Now if the student will 
carefully compare the results we here obtain, with those 
exhibited in the experiment with the coin and a basin of 
water, he will at once perceive how it is that the ray 

ing from the coin is refracted or bent back, as we 
have cheady mentioned. The case of the fish and the 
stick in the water are similarly explained; but in these 
cases we deal with the ray as passing from an object 
through a dense into a rarer medium, 

We next proceed to examine the ratio which exists 
between the angle of incidence and the angle of refrac- 
tion; and for this p we shall have to call into our 
aid some of the laws of the mathe- 


Fig. 15. 

a matical science called Trigonometry. 
Tn the annexed diagram we have a 
circle, in which we have drawn seve- 

6 yallines. (See Fig. 15). 


The lines a ¢ and c 6 are termed 
radii; and stretch, like the spokes of 
a wheel, from the centre of the circle 
to its circumference. The line bd 
is called the sine of the angle b c d; 
and it is to this line that we have to 
call attention in reference to the index of refraction. 

In the annexed diagram we have a circle, in which we 
haye drawn two angles. (See Fig. 16). 

In this, a@ ¢ b represents the 
angle of incidence of a ray of 
light entering a dense medium; 
and dc e the angle of refraction. 
Now the straight line, f g, is the 
sine of the angle of incidence, 
and the line h 4 the sine of the 
angle of refraction; presuming 
that the line k J represents the 
surface of any refracting medium, 
such as water, &e. The index of 

d refraction is found by taking the 
ratio which éxists between the two lines or sines f g 
and h i; and the ratio varies for different substances, 
as we shall see by the following table, which gives the 
index of refraction for several bodies. We shall give a 
more extended series in an ap; i 


_ Fig. 16. 


Table of Indices of Refraction, 
Refracting Medium. Index of Refraction. 
Vacuum . ° ’ 1.000000 
The atmosphere . . ‘ 1.000294 
Ico. ’ . : : . 1.308500 
Water . ’ . . 1.336000 


Alcohol . ; . ‘ ‘ 1.370000 

% mS ‘ ; ‘ ‘ 1.374000 
Florence oil . R ‘ ‘ 1.485000 
Camphor . ° . ° ° 1.500000 
“Plate glass . ‘ ’ ; : 1.514000 
Crown ,, . ‘ ; ‘ r 1.526000 

Te ae 5 ‘ ’ 1.533000 
Brazil pebble. . ‘ 1.532000 
Rock crystal . RELI 1.547000 

” » ; : é ‘ 1.568000 
Amber ‘ . . ri 1.547000 
Flint glass 3 : ‘ ‘ 1.578000 

is , : < 1.601000 
Sulphur . . » 2.148000 
Phosphorus , é : d 2.260000 
Diamond , ‘ ; 5 ; 2.439000 


of ‘ 3 Yee 2.470000 

_ In looking over the above table of the index of refrac- 
tion for various bodies, it will be noticed that they differ 
very much with respect to their bending a ray of light 
passing through them from its ori straight course ; 
and we shall o e that inflammable bodies this 
power to the greatest extent. Sir Isaac Newton noticed 
this fact, and he guessed that the diamond was composed 
of some inflammable substance, on account of its 
sessing so high a refractive power—an opinion which 
has been verified by chemists, who have shown that that 
valuable gem is simply a pure form of carbon or char- 


coal. 

Having thus pointed out the nature of refraction, we 
proceed to explain the principles on which lenses are 
constructed. Of these there are several kinds, the 
nature of which will be at once observed, as they are re- 
presented in Fig. 17. 

Fig. 17. 


-C1¢ 


In the above diagram, the various lenses illustrated 
have the following names :— 
No. lisa wae pion lens. 
3) 2 5, double convex lens. 
3 ,, meniscus lens. © 


3) 4 5; plano-concave lens. 
sy 5 4, double concave lens. 
6 ,, concavo-convex lens. 


’ 

In the plano-convex lens, we observe that one side is 
a plane surface, whilst the other is convex, and forming 
of a sphere. In the double convex lens, both sur- 
‘aces are curved, The meniscus lens has a similar 
appearance to a watch-glass, and has its opposite surfaces 
concave and convex. In the plano-concave, we have one 
plane, and one inwardly curved surface. In'the double 
concave lens, both surfaces are concave ; and in the con- 
cavo-convex glass we have two curved surfaces, in some 
res: like to the meniscus glass, with the exception, 
however, that, in the concayo-convex, the two curves are 

about equi-distant in every part. 


We now proceed to trace the course of the Wide 
light ing through the lenses of the different forms 
ove desta commencing with the plano-convex lens, 
as, perhaps, the simplest for our purpose. 

Fig. 18. 
U 
a 
a 
b 
a, a 
@, a 
Let a a a a be a number of el rays of light 
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Fig. 20, where a represents the object, b the lens, and ¢ 
the inverted image. Rien 
ig. 


e/ C 


Now, if the rays pass from d in the object 7 they will 
be found refracted as passing wen pe through the lens. 
and their image will be seen at , on the screen ¢; and 
so with the rays passing from the object at e, their image 
will appear on the screen c at e’, of course inverted. 

One of the simplest methods of illustrating this pro- 
La ag convex lenses, is that of allowing the rays of a 
can whose flame is placed beyond the focus of a 
double convex lens, to pass through the glass on to a 
sheet of paper placed on the other side, e inverted 
image of the flame will be at once observed. If a lens, 
again, is held towards a window, and the rays of light 
passing from external objects be received on paper or 
ground-glass, as before mentioned, Ngee gr but inverted 
representation of them will be seen. this principle 
the camera-obscura is constructed, an instrument of 
which we shall give a full description under the head of 
Optical Instruments. 

On placing a plano or double convex lens between the 
eye and an object, the latter will present a magnitied 
- Sine es eee ae cc Fe ge 

length: this effect is @ magni power 
of a lens, pon reste Ja _peopecticn $C the difference of 
hues sey in lenses, when compared with each other. 
Se ae 

power o 

instrument.« This effect in convex lenses is owing to 
our being to view any object at a larger angle, 
by their assistance, than could be done by the eye alone. 

Perhaps the most ready mode of illustrating this law, 
will be that of referring the student to the apparent 
diminution of an object as we recede from it. The 
further we are from any form, the less angle does it 
subtend to the eye: the nearer we aes to it, the 
larger this angle of vision becomes; and thus the object 

of greater size. Now the effect of a lens is to 
cs) the rays passing from an object placed at its focal 
point; and, by refraction, these rays reach the eye, 
subten: a greater angle on the retina than that exist- 
ing from centre of the unassisted eye itself; hence, 
of course, the image is . The effect of concave 
lenses is directly the reverse of this, for they diminish the 
angle at which an object is seen; and hence the apparent 
size is also lessened, 

We have thus endeavoured to give an explanation of 
the laws of lenses, and of many phases of single refraction, 
We shall enlarge on the various uses of lenses under the 
head of Optical Instruments, in respect of the micro- 
scope, telescope, &c. We defer the consideration of 
double refraction to the subject of Polarisation, with 
which it stands so intimately connected; and shall now 
attempt to show the application of these laws of lenses, 
so far as they refer to the structure and use of the eye, 


THE EYE AND ITS STRUCTURE, 
Fig. 22, 


the cornea, taining the aqueons humour; 8, the pupil; ¢, the 
ne yetaliing fae . ¢ nthe iat chamber of t vitreous humour; hy 
the optic nerve; i i, the sclerotica; kk, the choroides; / /, the retina. 
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(STRUCTURE OF THE EYE. 


Presumrne that our readers have become familiar with 
the laws of reflection and refraction, as well as of the 
construction and use of different kinds of lenses, we now 
purpose to apply our knowl in investigating the 
structure of the eye, We shall also inquire into the 
different modifications which are found to exist in the 
eyes of various creat and which are essential to the 
particular conditions in which they exist. 

We shall look in vain for any ter instance of 
perfect adaptation of means to an end, than is found in 
the construction of the organs of sight. As we proceed 
in our inquiries, we shall find that every necessity has 
been provided for; each part is exactly adapted to its 
purpose ; and that simplicity of construction is, after all, 
the characteristic of this masterpiece of the handiwork of 
the Deity. ‘ 

‘At the head of this section we have introduced two 
engravings, which give a sectional and general view of 
the human eye; and we now proceed to’ describe the 
uses of each part. 

We need scarcely state that one engraving represents 
the eye as seen from the front. By means of Fig. 22, 
we shall be able to examine each division, and to aseer- 
tain its separate purpose. . 

We commence with that part which forms the external 
visual portion of the eye, termed the cornea. This is a 
transparent horny substance, and encloses what is'called 
the aqueous or watery humour. . It forms the first lens in 
the eye, and refracts rays of light incident on its surface. 


Referring to Fig. 22, it will be found as marked @ 


therein. On the other side of the cornea, the pupil } is 
next observed, which is an aperture through which light 
passes into the eye from the cornea. A most admirable 
contrivance exists in front of the pupil—called the iris, ¢ f. 
This is a movable diaphragm, which lets in or closes out 
light from the eye; and which, by’ its contraction or 
expansion, regulates the amount of incident rays in their 
pane to the retina. The student may easily satisfy 

imself as to the object of the iris, by observing the eye 
of the domestic cat during dusk and in full sunshine. 
When but a Gin He exists, the iris will be expanded, 
and the pupil will appear large. In full daylight, 
however, the iris is contracted, and the pupil of the eye 
Saga only the versa of a narrow slit—almost, in 
act, shutting out light from the inner portion of the eye. 

Beyond the pupil 6, we next observe the crystalline 
lens ¢, which has a double convex form. This lens is 
filled with a fluid of mixed chemical character, and of 
higher refractive power than that found in the cornea. 
The centre, g, of the eye forms a cell of a nearly circular 
form, filled with what has been termed the vitreous 
humour. 

At the back of the eye, facing the talline lens, we 
find the retina, so called from its net-like construction, 
This is at 1 lin our illustration. It is on this membrane 
that the images of objects, whose rays pass through 


abe, are depicted. It, in fact, forms a kind of sebee! 


very similar in its use to the ordinary screen employ 
in the exhibition of dissolving views, dc. 

Surrounding, and next to the retina, is the choroid 
membrane k k, which has a black colour, whose office is 
to absorb the rays of light after they have passed on to 
the retina. An external coat, the sclerotica, encloses 
this, and will be observed at +4. This extends to the 
cornea, and forms what is called the ‘‘ white of the eye.” 

‘At the back of the ball of the eye, we observe a pro- 
jection extending from it. This is called the optic nerve, 
i, and, by its action, the image painted on the retina be- 
comes perceived by the mind. In fact, it forms the con- 
necting link between mind and matter, and is the channel 
of nervous sensation between the eye and the brain. 

The reader will thus perceive that there are three dif- 
ferent cells, each filled with fluids. These differ in their 
refractive power; the index of that of the cornea, a, being 
1.337; that of the crystalline lens é, 1.384; and of the 
vitreous or centre of the ie 4 1.339. 

Having thus described portion of the eye, we 

to examine the course of a ray of light from an 
object incident on the cornea. 


‘move the external coatings of 


In Fig. 23, retaining the same letters as those we em- 
Fig. 23. 


ployed in describing the eye in Fig. 22, we observe the 
rays of an ‘object,’ 0,9 proceeding to the cornea, 4, and 
passing to the crystalline lens, c. Here the eadeg? 
refraction, just as they would it pean’ throu =. a double 
convex lens made of glass; eventually we find that 
an image is painted on the retina, as seen atll, It may 
be more satisfactory to the student to try an experiment 
with the eye of an ox. For this purpose he should re- 

e eye, including the 
retina; and by placing a piece of ground-glass against 
the cell, which contains the vitreous humour, in the same 
position that the’retina had previously occupied, he will 
at once perceive an inverted image of any object whose 
rays have passed through the cornea, the crystalline lens, 
and the vitreous cell, 

The reader will at once perceive that the image painted 
on the retina is inverted, and will, doubtless, inquire 
how it is that we see all objects in an apparently vertical 
position? The answer hitherto given to this question is 
at least unsatisfactory. It is generally sta that the 
distinctions between top and bottom, and such expres- 
sions, are merely the results of habitual experience ; or, 
in other terms, we express ourselves in such a manner as 
accords with the impression of our minds. ‘‘ Seeing 
properly,” therefore, tSsonube a mere question of educa- 
tion, just as the sense of touch, &c., may be similarly 
explained. This, however, is a subject on which it is 
useless to spend space and time in iscussing, and any 
attempt at analogical illustration would by no means 
clear away the diff culty of the question. 

One of the most astonishing capabilities of the eye, is 
its power of adapting itself to view objects at different 
distances. It is evident that some change must take 
place in the shape of the lens of the eye, when rays of 
greatly different positions as to distance pass through it. 

e mode of action aay be twofold. ‘The crystalline 
lens may be enabled to alter its shape, and therefore its 
convexity, of its own accord, or the entire ball of the 
eye may perform the same operation by the contraction 
of.the-muscles surrounding it. Each view has had its 
advocates and its opponents. It has been properly re- 
marked, that the crystalline lens has no muscular struc- 
ture sufficient for the purpose; and, on the other hand, 
that the contraction of the muscles surrounding the eye- 
ball would, if exerted sufficiently, tend to disorganise the 
whole structure of the organ: This subject is one of 
great difficulty, and not to be easily decided. We are 
at present much in the same position on the question, as 
the man who, although his blindness had been removed, 
could not explain the chain of causes existing between 
the fiat of his Great Physician and its result. We may 
explain our position safely and correctly by quoting his 
words, as one of “the most logical and. satisfactory of 
conclusions: ‘One thing I know, that whereas I was 
blind, now I see ;” and thus we likewise must be content 
with a simple statement of facts. 

Having confined our attention to the Structure, dc., 
common to both eyes, we have now to speak of another 
subject, which also presents some difficulty ; namely, how 
is it that we see singly by means of two eyes! The 
readiest answer to this is, that if any image be presented 
to each eye, at such a distance from either that the two 
images overlap or join each other, then the object will be 
viewed singly. e student will understand what we 
mean by trying a very simple experiment. Place the 
fore-finger between the eyes, parallel to the nose, and not 
exceeding an inch in distance therefrom—the finger will 
thus be seen double, Now, move the finger gradually 
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from the face, and observe the effect produced. It will 
ees cane aapahaned, we eottenl “eat : 

io ly merge into one, so 
that, at dalente of six cers ore <r oy ane 
image will be observed. fact, a junction o: 
Sagatn, taleg An cyetalin foto. tick as ponition thet al 

Agai e in’ a position 2 

distant objects peti double—just, in fact, so that the 
axes of both eyes shall be directed to a point close to the 
line parallel with the nose. If the finger be now held at 
a distance of two feet from the eyes, it will appear 
double : if, however, it be gradually ‘ht so as nearly 
to touch the nose, its two images will quaaally coalesce, 
and one image will be formed in the same place as that 
in which two images were observed in our last experi- 
ment. In this case we have brought, by the process of 
“squinting” (as it is sometimes termed), the two axes or 
lines of vision of the eye, so as to join each other at 
a distance much less than that adopted in ordinary sight, 
and have so produced an inversion of effect. In either 


case, however, the cause was the same; namely, the 


overlapping of the two images impressed on the retina, 
but at different distances from a point situated midway 
between the two eyes. 

We may here explain two instances of defective sight, 
which we observe many persons to be troubled with. 
They are those of long and short sight. In aged persons, 
ated that the shape of the cornea has become altered, 
and less convex than is the case in a healthy state of the 
— The remedy for this is very simple; for what is 

cient in the eye is easily apt pros by means of convex 
lenses ;—hence the general use of spectacles by old persons 
and others, in whom the cornea is deficient in convexity. 
This state of the eye permits a person to see well enough 
any distant object, because the rays proceeding thence 
are sarees penta to those emanating from an 
— nearer to eye. 
the case of ‘‘ short-sighted” the cornea is 
more convex than in ordi cases. 6 use of con- 
cave glasses is therefore essential to such, and they at 
once supply the requisite remedy. 

We speak more fully on this subject when we 
treat on optical instruments; and shall defer the con- 
sideration of some peculiarities of vision, in reference to 
colour, to our section on the phenomena of colour. 

In many of the mammalia, the uses of the eye being, 
to some extent, similar to those of the human subject, 
its construction is mostly similar. Considerable suscepti- 
bility to the action of light, in some animals, is goes 
attended by a greater irritability of the iris; and thus we 
S those creatures which me bs sg = — common 
cat, possess better power of sight during dusk than at 
— times. As me have pear Pra ‘ked, 7 yee 

eye contracts during strong daylight, and expan 
as the light becomes less falaates The same tation 
of organism to special circumstances is found in the owl, 
chee oF th fish adapted to the condi 
eye e is peculiarl: to the condi- 
tion of its existence, and may be Ses as a kind of anti- 
type of the organs of sight of insects. The fish naturally 
exists in a liquid whose refractive power is scarcely 
different to that of its organs of sight. In the insect we 
find a most remarkable construction of the eye; and of 
this class we may refer to the eyes of the bee and the fly, 
which are formed of a multitude of lenses. In general, 
we may state, that the shape of the cornea is made to 
on the circumstances in which the creature has 
to maintain its existence. Thus, fishes have the cornea 
flat, and the ine lens more spherical; whilst the 
cornea of the eye of the bird has greater convexity, and 
the crystalline lens is less convex than that of other 


There are some in’ ing facts relating to the con- 
struction of the human eye as indicating design, which 
we must not omit to place prominently before our 
readers, Our remarks on aberration* gael ay sgyo toad] 
expect that special provision has been e to prevent 
the consequences of that defect which causes so much 

* See ante, p. 44. 
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loss and diffusion of light in spherical lenses. In the 
human eye, the curvature of the cornea and crystalline 
lens is such as entirely to prevent any chance of such a 
defect existing; they, in fact, being elliptic, and hence 
exactly of that form as would be required for a non- 
aberrant lens. The voluntary motion of the iris regulates 
the amount of light which can enter the eye. The change 
of the convexity of the cornea provides for a distant or 
close view of any object at pleasure. The mobility of 
the eyeball enables us to instantly change the direction 
of sight. The refractive powers of the Faisiotine of the 
eye are exactly such as are bet ga for the medium in 
which we live. External to the eye, we have the pro- 
tection of the eyelashes, which serve as a screen to 
preserve the organ from the intrusion of foreign matter 
on its surface. The prevalent colour of both the air 
and the surface of the landscape, is just that which 
agrees with the optical necessities of sight. Whilst the 
ear cannot be closed to external sound, the eye, which is 
an infinitely more delicate organ, can be shut off from 
external impression, by the motion of the eyelids, at any 
moment, and thus injury to its delicate organisation may 
be almost entirely prevented. In no point of view, 
therefore, is perfection and completeness more evident 
pe in the arrangement of the different parts of the eye 
of man. 

It may also be remarked, that the eye is less subject 
to renga wa general, than any other organ of the human 
system. Despite its constant use, and apparent exposure 
to external injury, we find, on an average of instances, 
that it stands the wear and tear of life to an astonishing 
extent. The of the healthy organ are very 
gradual; and thus it is only towards the close of life, 
when all the faculties and senses become dulled by age, 
that the power of sight becomes seriously affected. Even 
then, science gives to a “‘green old age” a ‘“‘second 
sight”—the very disease, indeed, suggesting its own 
remedy. ilst, during life, the eye is the exponent of 
the sentiments of the mind—alternately beaming with 
pleasure or dimmed with pain—it generally maintains 
vitality to the closing scene, and, by its last glance, indi- 
cates the farewell of its possessor to the changes and 
shadows of earthly existence. 


THE PHENOMENA OF COLOUR. 


Havrye investigated the are laws of the reflection 
and refraction of light, we now enter on the con- 
sideration of a most interesting branch of optical science ; 
namely, the cause of colour. 

We have already stated that white light is composed of 
certain rays which have been called primary colours; and 
we shall presume that the reader has become acquainted 
with these, by examining the spectrum produced from a 
ray of light refracted by means of a glass prism. We, 
however, must remark, that the characteristics of a spec- 
trum vary according to the substances employed as a 
prism; and by having a trian vessel arranged so that 
it can be filled with liquids of various refracting powers, 
the student will soon discover, by its use, the results to 
which we here refer. 

The chief effect produced by employing various sub- 
stances in place of glass as a prism, is, that some have a 
greater dispersive power over the rays of light passing 
through them than others. Thus, a prism of flint-glass 
increases the extent of the image of the coloured rays 
much beyond that produced by one of crown-glass. And 
the same may be stated of many other substances. Some 
have the power of extending certain of the spectral rays 
in preference to others, and of thus having a special action 
on one or other end of tlie prismatic image. 

We have already stated that the different rays of the 
spectrum may be divided into three kinds—the luminous, 
the calorific, and those having a chemical action on cer- 
tain bodies. The chief of the luminous rays are found 
in the yellow; the greatest heating effect in the red; and 
the chemical power exists entirely in or beyond the blue 
band. By placing a thermometer in the various bands 
of colour, the student will be enabled at once to perceive 
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(THE RAINBOW, 


how much more heat is to be found in the red than in 
the blue rays ; and if a piece of note-paper be well soaked 
in a solution of common salt, and, when dry, moistened 
with a solution of nitrate of silver, it will be a test of the 
power of the chemical rays. If placed in the blue or 
violet band, it will be 5 ily darkened, owing to the 
chemical action of the violet ray on the salt of silver on 
its surface. In the red ray it will scarcely undergo any 
perceptible change. 

The most convenient mode of conducting this instruc- 
tive experiment, is by stretching a piece of paper, pre- 
pared as above, along the entire length of the spectrum, 
so that all the rays from the red to the extreme violet 
may fall on it. The paper will be darkened just in pro- 
portion to the energy of the blue rays, and unaffi in 
the yellow and red. Both the calorific and chemical rays 
extend, however, beyond the visible spectrum, and are 
more energetic than at the point where light ceases to be 
perceived: of this, however, we shall speak fully here- 
after. 


The well-known phenomenon of the rainbow is easily 
explained, on principles similar to those involved in the 
roduction of the prismatic spectrum. Indeed, each 
p of rain, by refracting the rays of light incident on 

2 ge as a prism, and produces the coloured image 
which is impressed on the retina of the eye. The reason 


of this will be better understood if we examine the effect 


produced on a ray of sunlight falling on the rain-drops, 
as illustrated in the annexed engraving. (Fig. ae? 
Fig. 24. a 


e will sup- 
pose a to be a 
ray of light fall- 
ing on the rain- 
drop b, the sun 

i behind 


with the sun 
6 and his eye. 

On entering the drop, the ray is, of course, immediately 
passing as it does, in an oblique direction, 

from a rare into a dense medium. It will arrive at 
some point in the drop (say c), and a portion of it will 
be transmitted. Another part, however, will be re- 
flected to d; and as it leaves the drop the emerging ray 
will be divided, and its colours will be evident to the 
tor ate. It will be at once perceived, therefore, 

that the rain-drop acts precisely as a prism; and in like 
manner the different coloured rays reach the eye, in the 
same order as in the prismatic spectrum; the blue rays 
being observed at the top, and the red rays at the lower 
at of the rainbow. Of course, what is true of one 

p is equally applicable to all, and their great number 
combines to produce the unparalleled splendour which 
the ‘‘bow in the heavens” presents to the eye of the 
admiring observer. With respect to the order in which 
the colours of the rainbow are seen, we must add, that 
each coloured ray has a special angle of its own; and as 
these emerge from each drop of water, they successively 
reach the eye in the order of the least refrangible or red 
rays in an inferior, and the more refrangible or blue 
rays in the superior, position. The student will thus 
perceive a beautiful illustration of all the laws of reflec- 
tion and refraction to which we have already alluded in 
the phenomena of the bow, whether produced by the 
shower of rain, or by any means where water, in a minute 
state of division, can be placed in the proper angle of 
light incident on it. 

A most beautiful effect is Beecuces by rerige the 
prisma’ he eS Pe m hot water, 
which affords an appearance much resembling a rainbow. 
Artificial means can easily be employed for producing 
the appearances of a “bow,” by casting light on water 
issuing under pressure from an orifice, so as to form 
spray. Ina similar manner a “rainbow” may often be 
ooserved over a waterfall, and at the bows of a steamer, 


or near the paddle-wheels when they are in motion, be- 
cause the water thus cast up is in a favourable state of 
minute division for affording the bow-like appearance on 
a small scale, 

The rich variety of colours observed during sunrise 
and sunset, is equally due to the refraction of light 
produced by the moisture held in the state of vapour in 
the atmosphere. General ag the more dense 
the state of the vapour or clouds, the more inclined to a 
red appearance is the effect produced ; and by a gradation 
in the amount of moisture present, every variety of tint 
is thus produced. Hence, we invariably find, that the 
colour of the clouds towards sunset is of a deep red 
tint, because the refraction is greater at the horizon than 
at the zenith, whether in the presence or absence of 
cloud. There are many other appearances of coloured 
light observed round the sun and moon during cloudy 
weather ; and all these are easily explained, on the prin- 
ciple of the refraction of light, by its passage through, 
or reflection from, ne of aqueous vapour. 

Tf the student p a round and solid ball of glass 
so that the light of a candle may impinge on it in a 
manner similar to that observed when the sun produces 
the rainbow, he may easily observe all the effects of 
coloured light, produced by the rays from the candle 
being refracted by the glass. 

The best mode of Fig. 25. 
carrying out this sim- a 
ple experiment, is that 
represented in Fig. 25, 
where a represents the 
flame of a candle, ba 
solid globe of glass an 
inch in diameter, and . 
¢ the position of the Cc 
eye, some way between 
the glass and the can- 
dle, so that the latter may be behind the spectator. The 
ray of light will pass to the back of the glass globe, and, 
having been refracted, the observer, if at angles 
varying from 40° to 50° with a straight line drawn from 
the glass globe, between the eye and the candle, will 
perceive the coloured rays of light in their natural order 
of succession. As the head is moved towards the light, 
the blue rays will be perceived as reflected from the 
glass; but, on gently moving the eye from the candle, 
all the prismatic colours will gradually present themselves. 
An easily understood experiment will be thus afforded, 
giving a good insight into the laws which govern the 

roduction of coloured light in atmospheric phenomena 
Even a glance at an ordi chandelier pendant, will 
give the same effects, and is a still more common illus- 
tration of the points we have mentioned. 

On similar causes to those we have here vt ome 
the beautiful play of colours seen when a brilliant is 
viewed by reflected light, depend. The light is refracted 
by entering the substance of the diamond, and, on sub- 
—— reflection, the coloured rays are perceived by 

e eye. 

hatter ore of all _—— is simply caused by their 
absorbing every ray of the prismatic spectrum, except 
that which fesitios ths eye. Thus, if we look at ared 
article, we state, as the reason of its colour, that all the 
rays of every other coloured light are absorbed by the 
material, that of red only being reflected from its sur- 
face. Of course, the same argument is applied in refer- 
ence to all colours which can be perceiv We must 
here refer to those admirable researches instituted by 
Sir Isaac Newton, which have thrown great light on this 
most interesting subject. 

Every one must have noticed, that when oil, tar, and 
other liquids are dropped on the surface of water, a 
variety of beautiful colours is produced. Sir Isaac 
Newton, by forming thin plates of air through pressing 
two glass surfaces together, was enabled to even measure 
the thickness of these plates for each colour afforded. 
As these results are of + importance, we give direc- 
tions, by following which the student may easily repro- 
duce them at his convenience, 
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car nalipe ome 2.—Boil some water in a Florence flask, 
or —— and throw into it a pea of Castille 
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however, the observer look th instead of 
te of glass, he will see what are the comple- 
mentary colours, which, combined with the colour observed, 
ould Vyas white light. These experiments enable 
the thickness of a plate of air; 

length of an undulation of light of any colour; for 
¢ have only to learn the distance lens and 
ah oe at any point where we notice a colour 
whose undulation we wish to study, when the length of 


4 
E 


between the 


This will be easily understood 
Fig. 26. 


by referring to Fig. 26, 
in which a b 
viene agers 


easily found. 
angle existing 
thinner will be the plate of air between 
the glass plateab. As the measurement 
of all intermediate distances involves only the ordinary 
mathematics, the student will at once perceive 


thus endeavoured to explain how we are 
to measure the thickness and length of these 

plates of air; and having once ascertained the facts of 
their general application is easily arrived at. 
we observe that a soap or oil film presents the 
same colour as that which we find st any pert between 
plate, we at once infer that the 
‘ is equal. There is, however, a limi- 
tation of the law. which we must careful bear in mind. 
ts) 


It is, that the thickness of plates of different materials 
Siting the aus’ aclocted light to invuesly' asthe 


ratio of their index of refraction. Hence plates of vari- 
ous transparent media, such as air, water, glass, oil of 
cassia, &c., are of different thicknesses when producing 
similar optical coloured effects. 

We append a rough illustration of the position of the 
colours as observed between the lens and the plate, and 
a table of the thickness of the coloured plates; but must 
here state, that for the sake of simplicity, we have con- 
fined the attention of the reader to the production of 
only one order of rings. There are, however, several of 
these produced. The relative thicknesses and positions 


of the first order are Fig. 27. 

Pere. site as 
ey | 
plate b, and ¢ is the 


interval exi be: 543212345 
tween the two. In the annexed table, the numbers in 
the figure above indicate the position of the reflected 
colours placed before them ; aul the thicknesses of these 
are also given for the series of rings, commencing from 
the nearest or central point of contact, 


the annexed engray- a 


Colour. Thickness in of an inch, 
Hoi. Black... .000005 
BNC os Blue . 1 ‘000024 
safe oP Whe, "000052 
Se ERE, AT 5000071 
5 Red 000090 


a apa. Mieas Oh oa: re 

The above being the reflected colours, it follows that 
their complementaries will be seen by transmitted light. 

The means of measuring the length of an undulation 
mre as 7 we can next proceed to calculate their 

We have already given a table of these ;* to 
which we now refer, whilst we enter into their calcula- 
Wier eal length, 

ving f the in parts of an inch, of an 
undulation, and neteice. Og the eclipses of Jupiter's 
satellites, that light travels at the rate of 192,000 miles 
second, in round numbers—it follows that there will 
as many undulations of any coloured light, in a second 
of time, as there are parts of an inch equal to the length 
of one wave in a distance of 192,000 miles, which the 
ray has travelled during one second. (See also p. 168.) 
e have previously mentioned,+ that an extreme red 
ray has a length of undulation of 0.0000266 of an inch; 
and if we divide 12165120000, the number of inches in 
192,000 miles, by this length of one undulation, we 
obtain the result of about 458 billions of vibrations in 
one second of time, as producing the extreme red ray of 
the prismatic s m. ‘The same result is afforded by 
multiplying the number of undulations per inch by the 
number of inches in 192,000 miles. Thus :—37640, the 
number of undulations inch for the red ray, multi- 
plied by 12165120000, the number of inches in 192,000 
miles, gives 457,898,116,800,000 as the number of undu- 
lations second of a ray of red light. 

We have been particular in detailing the mode em- 
ployed in calculating this result, because we are not 
aware of any work in which the entire process has yet 
been mentioned. The student will not fail to be im- 
pressed with the astonishing minuteness and rapidity of 
the undulations which uce the magnificent effects of 
colour; and ‘perhaps we can scarcely point out any in- 
stance in the range of science, in which so great a number 
of proximate causes is constantly required to produce 
one well-known, and therefore, perhaps, often unappre- 
ciated result. : 

We need scarcely add that the undulations of each of 
the other coloured rays are calculated in a similar manner 
for every band in the spectrum. As a matter of practice, 
and to im the laws which we have been here illus- 
trating, the student will do well to continue these caleu- 
lations of the speed of each undulation, taking the table 
before mentioned as a guide, and as affording the requi- 
site data. 

* See ante, p. 41. + Anie, p. 41. 
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An immense variety of similar effects of colour to those 
to which we have ‘alluded, is found to occur from a 
variety of causes. Thus we see the curious play of 
colours on the surface of melted lead, and heated copper 
and steel; the beautiful ap ce of mother-of-pearl, 
fringes in thick glass, which, after heating, has been 
dipped in cold water, &c. : but we must enter more 
parca A into the philosophy of the question, by inquiring 
into the laws of what is termed the interference of light. 

This subject may present some little difficulty at first 
sight: we will, however, by illustration and analogy. 
endeavour to make it as plain as we can; and we 
connect the remarks we have often made in reference 
to the undulation of an ether, as illustrated by sound, 
and the circles produced in water when a pebble is cast 
therein. If two sets of waves are produced on the sur- 
face of still water, it will be found, that at such places 
where the waves are of different depths, there they will 
naturally destroy each other. This is easily seen by 
casting two pebbles into a pond, at some little distance 
from each other, and watching the intersection of the 
waves thus produced. If the two sets of waves are of a 
similar nature, or in a like phase, their resulting effect 
will be double that of each taken separately. Now, in 
the same way as in the cases we have instanced, when an 
undulation of ether is interfered with by what we may call 
a half undulation, ys iret erg ean darkness, 
that is, absence of light, is u or colours varying 
in their nature, as obsaeved ta the spectrum, occur. 

The subject may be still further illustrated by means 
of a tuning-fork and two ‘glass cylinders.» On striking 
the tuning-fork, and placing it over one of the glasses 
standing in a vertical \ position, the air in the glass, and 
the vessel itself, will vibrate. If, however, the other 
glass is placed so that its mouth is at right with 
that of the vertical glass, all sound will immediately cease, 
pects | to the interference of the two sets of waves of 
sound thus coming in opposition to each other. The 


mode of conducting this experiment is represented in 

Fig. 28, wherein the glasses are found in that 

which the interference of sound ¢an be effi 
Fig. 28. 


ition in 


Now, substituting ether for the air (so far as light goes) 
and water in the two instances we have just selected, 
the student may imagine two sets of waves thus inter- 
fering with each other, one of these being represented by 
the line a in Fig. 29, and the other by the line b. 

Fig. 29. 
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We here find, instead of the depression and altitude of 
each of the waves being synchronous, or co-incident with 
each other, they are actually opposed to each other, and 
that the difference of the position of each curve of the 
wave is equal to half an undulation. The result is, that 
at the end of an undulation, the two waves are in differ- 
ent phases or positions, and interference results there- 
from. 

We might extend our analogical illustration still further 
if necessary, and compare the different coloured plates 
| produced by the interference of light with the chords 
which a skilful player on a stringed instrument is enabled 
to produce by the combination of vibrations of different 
lengths. We trust, however, that our readers have 
understood the drift of our remarks, and we shall, there- 
fore, not pursue our explanations to any further extent. 

To apply these doctrines, we may add, that the colours 


of thin plates, dvc., are the result of the interference of 
two sets of re rays with each other, when such are 
viewed from the surfaces of the glass plate and lens; and 
the complementary colours observed ‘4 loo! through 
the lens and glass, are the effect of the interference of 
the transmitted rays with each other. 

We may here explain more fully than we have hitherto 
done, the meaning of the term ‘complementary colours.” 
If the eye watch one colour intensely for some time, 
on removing this from the sight, an image of the object, 
2 perme decor robe 7 kee acL aha any 
ple way of trying this, is placing a er on a 
sheet of paper. After looking at this intensely for a few 


colour va agian 

The colours so observed are ponrmenvery fy those 
of the object; or, in other words, are those which, with 
that of the object, would er produce white light. 
For the information of the student, we append a table of 
the different colours of the spectrum, or of any object, 
and of their corresponding complementaries. 


Colour of Object. Its Complementary. 
lattes See UCSC Coit» 6 SELON. 
n 
Blue } . . F . . Orange. 
Tiles esos Violet. 

é Orange . . oe .« . ue, 
Red Danse et 6 oe: GROON, 

_- A very interesting application of this pro _ of 


is often made in economic and comm: 
Coloured fabrics are generally sare in covers, or 
papers of such colours as are complementary to the 
articles they enclose. Thus a green silk or cotton fabric 
appears of a far richer colour when veepped with, or 
placed on, a sheet of reddish paper, than when p' on 
awhite one. By judiciously choosing such arrangements 
the saleable nature of the article is often enhanced. This 
is another instance of scientific laws being often applied 
by persons ignorant of their existence, who, however, by 
long practice have blindly arrived at truth. Great taste 
is often exhibited by ladies in the arrangement of the 
colours of the different parts of their dress, in their un- 
wittingly following the principles we have laid down, 
We may here, perhaps, be permitted to become the 
apologists for some of the fair sex, who do not seem to 
be characterised with correct taste in this respect. We 
do so by stating, that it frequently occurs that such have 
not the optical power of judging of such matters, and 
therefore are not to be blamed for what, at first sight, 
would appear to indicate an absence of refinement or 
judgment. We shall enter more fully into this question 
ereafter, when we consider certain physical defects in 
the construction of the eye, which poe ener many 
persons, more or less, in discriminating coloured objects. 
The law of contrasts of colours, as applied to dress and 
to commercial purposes, although of great interest, falls 
scarcely within the scope of our plan. We have, how- 
ever, much pleasure in recommending the perusal of 
a work entitled Colours and their Contrasts, by M. 
Chévreul, a French chemist ; in which the subject is 
treated in a complete and masterly manner, and in which 
all the laws of complementary colours are fully entered 
into, and their applications judiciously pointed out. 


DIFFRACTION. 


1n connection with the interference of the undulations 
of light, we must now refer to the phenomena of diffrac- 
tion, or the production of coloured fringes by means of 
special arrangements acting on a diverging ray of light. 
A very easy mode of observing the effects of the dif- 
fraction of light, is by admitting into a dark room a ray 
of light throug! a short-focus lens, and placing a knitting- 
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| fibre or of metal wires ; perforations in any opaque object ; 
interfering with the 
rays of the diverging beam, will tend 
ace the phenomena we have mentioned. 
n certain instances, the centre of the shadow will pre- 
* Sze ante, p. 52. 


sent a black line, or pans where the undulations have 
destroyed each other by their mutual interference. In 
other cases a line of white light is produced. The student 
will here perceive a practical illustration of our previous 
remarks on the production of light, or its absence, by the 
motion of the waves of ether being destroyed in certain 
cases, and intensified in others, just as these undulations 
do or do not interfere with each other. 

It will be noticed that the rays passing from an inter- 
fering object are not in straight lines. They follow the 
curve of a tf pela and so reach the screen, as men- © 
tioned in our iption of the saga a wiry whose 
use we suggested when introducing this subject. 


DISPERSION AND ACHROMATISM. 


We have already mentioned, that different transparent 
media have varied powers in dispersing or spreading the 
rays of light transmitted through them. We now pro- 
pose to investigate ject more fully, and also to 
refer to a very valuable application of the laws we shall 
meet with; namely, the construction of achromatic 
lenses. 

_ If solar li 
crown and 


which the prism is composed ; hence arises that 
which has been cule the irrationality of the specrum. 
As we have already remarked, two prisms o; different 


into a p yrtedien 
and but comparatively little coloured light wi thereby 
be produced. By an i achromatic 


analogical process, 
lenses are ; that is, lenses which do not give 


coloured images such as those which one material always 


jane , wot ests Non tie leo ie 
which general point exists from t en 
will ive a ring of a blue colour. If the paper be 
leer the lens than the focal point, then 
Pang wal. be chacered. This effect may often be 
noticed when the le: 


of a common ems. rtp 6. are 

being focussed, the light proceeding being re- 

ceived on a white screen. A red, or blue hazy colour is 

and is an instance illustrating the fact, 

red and blue rays focus at different points after 

Reveeins from the Hone, ori to ual refrangibility. 
is effect is what is chromatic aberration. 

The student will observe the effect of chro- 
matic aberration by looking at an object through a com- 
mon lens, when he will perceive the external parts of the 
i to be coated with coloured fri 

is gives rise to + inconvenience when such lenses 
are employed in telescopes, microscopes, photographic 
and other optical instruments. However, a 


® 


know! of the cause of any defect very often s ts 
its remedy; and this occurs in reference to the subject 
with which we are now dealing. 


It has been found that, by combining lenses composed 
of materials having different dispersive powers, a single 
lens almost achromatic—that is, giving no coloured 
images—may be produced which affords a focus where all 
the rays meet simultaneously. In practice, this is done 
by combining a flint with a crown or plate glass lens. 
In some instances more than two lenses are employed; 
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and the result is, that the coloured fringes are almost 


entirely neutralised, the lens becoming perfect for all the 
purposes of the optician, 
Fig. 31. We defer entering into the great value 


and essential nature of these improvements in 
the construction of lenses, until we deal with 
optical instruments. It will be desirable, 
however, that the student should fully master 
the principles which we have here explained, so 
b a as to avoid the necessity of circumlocution, on 
our part, when we have to refer to their 
applications. 
Fig. 31 represents a section of an achro- 
matic lens; wherein a double concave lens of 
flint glass, a, and a double convex one of crown 


glass, b, are united together. 


EPIPOLIC DISPERSION. 


A rrovttar kind of dispersion of light is effected by some 
substances both in a solid and liquid state; which, from 
its connexion with the chemical rays of the spectrum, 
has become a subject of considerable interest in the 
science of Optics. ‘ 
If a solution of sulphate of quinine in dilute sulphuric 
acid be poured into a glass of water, it will be observed 
that a peculiar blue tint pervades the liquid, whether it 
is viewed by reflected or transmitted light. The attention 
of scientific men was first called to this effect by Sir J. F. 
W. Herschel; and it has been since fully investigated by 
several physicists. 
Similar effects to those produced by the solution of 
uinine may be observed in an infusion of the bark of 
the horse chesnut; the green colouring matter of leaves, 
obtained by leaving them some considerable time in 
spirits of wine; a solution of the colouring matter of 
some kinds of sea-weed; glass coloured by the oxide of 
uranium, &. We have lately noticed the epipolic 
appearance whilst pouring semi-congealed oil from a glass 
bottle, and also when the juices of some kinds of lemon 
are squeezed into a glass of cold water. The cause of 
oe is a peculiar and internal dispersion 
of the refrangible rays of light. “Indeed, Professor 
Stokes shows that the refrangibility of some rays is 
changed. It is found, that light which has thus been 
affected, has not the power of transmission through 
a solution similar to that which has been employed to 
produce it. Thus, a solution of quinine placed in a glass 
vessel, and viewed through another vessel containing a 
similar solution, does not present the blue appearance 
which may be seen when it is viewed alone. In other 
words, the passage of the epipolised rays is completely 
stopped by the second solution. The investigations which 
have been made on this subject have much assisted in 
illustrating the nature of the rays of light existing beyond 
the visible portion of the spectrum, where the chemical 
power of light is found to be most active. To this we 
shall further allude under the head of Photography, 
when we enter into the philosophy of the various processes 
involved in that interesting application of the effects of 


t. 

Having thus pointed out some of the chromatic effects 
resulting from interference of rays of light and the 
undulations of ether, as producing these effects, we now 
proceed to investigate a series of lar and interesting 
phenomena connected with mono-chromatism, and the 
production of Fraiinhofer’s lines or spectral bands. We 
shall also introduce an account of a very interesting dis- 
covery made by continental chemists; from which we 
shall not fail to observe how close is the connexion be- 
tween the matter with which we are surrounded, and 
those forces which are at once latent in it. 


MONO-CHROMATIOC LIGHT. 


In previous pages we have supposed that ordinary 
white light has been employed for our experiments and 
investigations. Under certain circumstances, however, 
a variety of interesting phenomena is presented when 


light of a single colour is used, Mono-chromatic light, 
as its name Cre Speak presents one colour to any 
object on which it falls; and such objects, therefore, oul 
reflect that colour in its simple or partially modified 
state, to the eye viewing them. 

As all the objects generally perceived by the eye are 
seen by the aid of white light, which (with comparatively 
trifling exceptions) is composed of the colours presented 
by the spectrum; it may be well that we should afford 
some instances which will illustrate the peculiar pheno- 
mena gas | when single-coloured Lght is similarly 
employed. For this purpose the following experiments 
may be tried. 

axperiment 4.—Put a table-spoonful of common salt 
into a glass bottle containing two ounces of strong spirits 
of wine, and agitate them together until as much as 
possible of the salt is dissolved. Pour some of the clear 
solution on a piece of tow or on a sponge, and inflame it 
in a room where no other light is present. All objects 
of a light colour will present a pale yellow tinge ; whilst 
those of a dark tint, such as deep biue, &c., will appear 
of a gray or black colour. The human face presents a 
most ghastly appearance when viewed by this light, 
simply because it reflects no colour except that afforded 
by the burning spirit. 

Experiment 5.—Hang a few light-coloured ribbons on 
a stick, and view them by means of the light produced in 
the last experiment. If light prints, yellow, and orange 
are used, each ribbon will present the same colour, 
owing to the mono-chromatic nature of the light employed. 

Experiment 6.—After observing for a short time the 
effect of this colour on the ribbons, introduce the light of 
acandle, This source of light being nearly equal to white 
light, will represent the original and natural colours of 
the ribbons. 

As some of our readers may be desirous of repeating 
this experiment in public, or as a class illustration, we 
may mention, that the best mode of so doing is, by 
burning a large quantity of the spirit on a piece of tow; 
and instead of employing ribbons, a very effective mode 
is that of clothing the upper ag of the experimenter 
with folds of glazed calico of different colours. The 
effect on the face and the clothing is thus perceived 
simultaneously. If the oxy-hydrogen light be then 
suddenly thrown on the operator, or the light. of a 
powerful gas flame, the original colours will be at once 
restored. They are, of course, immediately lost on the 
extinction of the white light, and subsequent employment 
of the mono-chromatic. This, if well forms an 
excellent experiment for the lecture-table; and is a good 
illustration of the effects produced by either the presence 
or absence of those rays which are essential for viewing 
bodies in their ordinary state. : 

Other solutions of salts in aleohol produce flames which 
have characteristic colours, Thus a solution of nitrate of 
baryta or boracic acid in spirits, produces a flame of a 
green colour; and nitrate of strontia gives one of a rich 
red colour. In the same manner these salts afford rich 
green or red flames when burned with charcoal; and, 
under the names of green and red fire, are largely em- 
ployed in theatrical representations for numerous scenic 
effects. By the use of these mixtures the transformation 
scenes of the pantomimes are always illuminated. We 
have already referred to the effects produced on the natu- 
ral colour of bodies by the spectrum at a previous page ;* 
and that, with the experiment we have just mentioned, 
afford illustrations of the effect of single-coloured light. 

We have sup that ordinary artificial light is 
identical in its physical character with that of the sun; 
but such is not actually the case. The nearest approach 
which we have to solar light is that produced Rf means of 
charcoal points, forming the terminals of the voltaic 
battery. This light (commonly called the electric light) 
is one of great appear and every coloured body 
appears, as near as ible, of the same tint as when 
viewed by means of sunlight. The lime light comes 
next in order, with respect to the purity of its rays; but 
is much inferior to tiv electric light. A very beautiful 

* Ante, p. 49, et seq.. 
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white light is produced by burning phosphorus in a jar 
of oxygen gas; which has a similarly optical effect to that 
produced from the two previously named sources. 

When certain colours, jally blue and green, are 
viewed by means of a gas or candle flame, it is found 
that, in many instances, the actual tint is quite lost; for 
some blues when thus seen appear of a green hue. This 
is owing to the predominance of the yellow rays in the 
source of light; which, by mixing with the colour re- 
flected from the object, produce a green hue. We have 
already explained the reason of this when speaking of the 
prismatic spectrum, as a result of the overlapping of two 
colours. In commerce, it is therefore impossible to judge 
of natural colours by ordinary artificial light ; ot | this 
is well appreciated by ladies in purchasing articles of an 
in iate spectral tint. This fact is another, though 
partial, illustration of the laws of mono-chromatic light. 

In connection with this subject, and also with a dis- 
covery made by Fraiinhofer, we shall introduce some 
remarkable facts lately published by MM, Bunsen and 
Kirchkoff. These gentlemen, by means of the prism, 
have been enabled to identify the peculiar colour of the 

of each metal whilst the solid is undergoing 

combustion. Most of our readers will be familiar with 
the colours produced by some metals when undergoi 
combustion—as seen in the blue flame of zinc, the 
of strontium, and the green of barium. Instances of the 
two latter we mentioned in the previous Now 
these are easily distinguished from each er when 

tely in combustion; but the eye might fail to 

their presence when they are burned in contact 
with other substances. however, each coloured or 
mono-chromatic light has a peculiar effect of its own in 
aaa a speci ete when refracted by a prism, 

Bunsen and Kirchkoff have ayailed themselves of 
the fact, and have thus made the prism an instrument 
which may be va, woe or as an agent in chemical analysis. 
As the discovery orgs ar ob enna but recently, 
we cannot, at present, afford more information than that 
which we append, and which is a condensation of their 
published experiments, extracted from the London Re- 
view, of January and March, 1861. 

ves — and sesarype have, by a rE pray 
arrangement isms telesco: arrived at suc 
certainty and delicacy in their vena to be able to 
see, by a glance at the most complicated mixture (of 
burning metals), through the eye-piece of their instru- 
ment, its constituents side by side, each indivi- 
dual metal ing with its own peculiar colour. By 
thus oo interfering action which coloured fires 
would ly have if all were united and burnt toge- 
ther, they were at once placed in ion of a very 
delicate method of chemical analysis. Not only could 
they have visible proof of the existence, in any mixture, 
of a body capable of giving a colour to flame; but this 
effect was uced by such an inconceivably minute 
quanti the element as the mind almost fails to 
com: i—thé one hundred millionth part of a grain 
being thus capable of detection. During their examina- 
tion of these phenomena, every mineral substance which 
came to hand was optically interrogated in this searching 
manner, and in all cases with remarkable results—bodies 
which had hitherto been looked upon as so rare as to be 
merely chemical curiosities, being seen to form constitu- 
ent parts of most rocks, soils, and waters. Some mineral 
waters, however, gave results whichcould not be accounted 
for by any of the previously observed facts ; a new colour 

up before their eyes, and occupying a hitherto 
blank space in the glowing row of metals. Evidently 
this was a new element, which has thus revealed itself to 


an inspection. 

Whe nest point was to collect some of the unknown 
body. * * * After boiling down twenty tons of 
mineral water, and submitting residue to various 
chemical agents, the latest accounts report that they 
have at their di upwards of one hundred grains of 
cesium ; this being the name under which the new metal 
enters the domain of science, given to it to recall the 
colour which it communicates to flame.” 


In another number of the same periodical (March 30), 
a further account has been published respecting these 
interesting facts; from which we make the following ex- 
tracts :— 

‘*Mr. Crookes, the editor of the Chemical News, has 
just discovered that the sulphur group of elements con- 
tains another member. The appearance shown by the 
spectrum of this new body, when a little of it is burned 
in a gas flame, is very remarkable; and, as the dis- 
coverer has repeated before us many of his experiments 
in his laboratory, we are enabled to give a full account 
of the grounds upon which he bases his claim for the 
elementary character of this newly discovered body. 

‘** Nearly every elementary substance in nature (and 
recent developments of this branch of science would 
almost warrant us in saying every element) possesses the 
property of imparting certain colours to a flame, provided 
that the latter is hot enough to volatilise the body ; and 
this holds good not only with the elements in the free 
state, but to all their compounds. When these colours 
are examined by a prism, in an appropriate spectrum 
Riper they are, in most cases, resolved into a series 
of brilliantly luminous lines of every conceivable tint 
and colour—some sharp and defined as if ruled by hand, 
others shaded off at the edges, and having a nebulous 
appearance; but each system of coloured bands being 
invariably associated with the same element, and thus 
being as accurate a test of its presence as the most rigid 
chemical analysis could devise: in fact, far better; for 
chemists, being human, may err; whilst the laws of 
light and refraction can never fail.” * * * * * * 

**The new body which we have mentioned above 
as having been just discovered, came to light in this 
way. A new mineral from the Hartz mountains havin, 
given some very discordant results in ordinary Chena 
analysis, a portion was subjected to spectrum examina- 
tion, when the disturbing cause was at once seen in the 
shape of a beautiful green line, glowing on a pale back- 
ground of the same colour. Our experimentalist having 
an intimate knowledge of the appearances which the 
bodies present ought to give, at once pronounced this 
line to be an interloper, and set to work to isolate its 
cause. After numerous trials and failures, constantly 
appealing to the spectrum for information as to how the 
stranger behaved under the various and unusual methods 
of treatment to which it was being subjected, success at 
last crowned his effort, and Mr. br is - the 
happy possessor of a whole grain of the new element, 
The appearance of its spectrum is very striking. The 
discoverer stationing himself at the gas-burner, placed 
us in front of a powerful telescope, with which the in- 
strument is fi At first, only the green and blue 
bands due to the gases in the burner were visible; but 
suddenly a bright flash of green light illuminated the field 
of view, and the new element was glowing before us as a 
sharply-cut brilliant green line, on a jet-black ground. 
The only elements which at all give a similarly striking 
spectrum, are sodium and lithium ; and the equally beau- 
tiful lines of these, which were afterwards exhibited 
simultaneously with the green line, are in entirely dif- 
ferent portions of the spectrum, besides being of different 
colours—one being crimson, and the other yellow.” 

These results are obtained by viewing the spectrum 
produced from the flame by means of an achromatic 
telescope, which is employed in a similar way to that 
we shall presently describe as adopted for viewing 
Fraiinhofer’s lines. We need scarcely add, that this dis- 
covery, althéugh still in a crude state, is of the highest 
importance in experimental science, and promises to add 
largely to our stock of knowledge of the chemical cha- 
racters of elementary bodies, and also to add to their 
number, 


FRAUNHOFER’S LINES. 


Ir was discovered by Dr. Wollaston, and independently 
by M. Fraiinhofer, that there exists, throughout the 
length of the spectrum obtained from any source of light 
by means of a flint-glass prism, a number of black bande 
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or lines, which cross the spectrum perpendicularly to it. 
One of the most surprising facts connected with these 
lines is that their number and position vary for every 
| kind ight. Thus, there is a set of lines for solar, 

lunar, planetary light; which being obtained from 
the same independent source, the sun, are productive 
of identical bands; whilst the light of the fixed stars, of 
coloured flames, &c,, each presents these bands in different 
numbers or positions when compared with each other, or 
with solar light. 

Bearing in mind the remarks which have been made in 
reference to the discoveries we mentioned in the previous 
section, the reader will not fail to perceive, that this 
phenomenon of pee lines is of great importance both 
in physical and chemical researches; we shall, therefo’ 
endeavour to explain their characteristics, and to afford 
an opportunity for the student to observe them, by de- 
scribing an apparatus which will answer that purpose. 

Fig. 32. In the annexed engraving we 
; have an illustration of the ap- 
pearance of these dark lines, 
as obtained from solar light. 
We have, however, represented 
but a small number of them, 
because the limited size of our 
page would not admit of a 
greater extension, 

We are indebted for the 
annexed cut to Sir J. F. W. 
Herschel’s article are doa 
the Encyclopedia Metropoli- 
tana; ras it affords the reader 
a representation of the mutual 
position and comparative fre- 
quency of these bands in a 
. puriang of solar light; and 

owing, at the same time, 
their connexion with the dif- 
ferent coloured rays. The 
Roman capitals at the upper 
part of the diagram show the 
position of the larger and more 
defined lines ; the italics repre- 
sent narrower lines placed close 
to each other. Between the 
capital letters numerous fine 
lines are exhibited ; and their 
position in reference to the 
coloured rays is indicated by 
the names of those rays at the 
foot of the engraving. In all, 

about 1,000 lines have been 
i counted as existing between 
each end of the spectrum. 

Our remarks on interference* 
will prepare the student to un- 
derstand the cause of these 
lines, We there stated, that 
when undulations of different 
phases, either of sound or light, 
met each ce atl ye 

haps, uni together, the 
od ger be their mutual 
destruction. Now there is no 
doubt that these black lines 
arise from a somewhat similar 
; cause; and as they show the 
z absence of light at any particu- 

lar point where they exist, we 

can but conclude, + certain 

undulations which would, if 

unimpeded, have produced 
5 oo in such places, must have been destroyed, lost, or 
absorbed from the rays nem on the refracting prism 
during their passage from their source. 

We have alienay remarked that every light presents a 
different series of these lines. In some they are compa- 
ratively absent, or are differently placed. 

* See ante, p. 52. 
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we cannot but perceive a most astonishing instance of 
design in that in which we could least have expected to 
have discerned such. Every ray of light can be identified 
from its fellow; und there is not a greater distinction 
between human faces in different nations than exists 
here. The generic likeness is complete, but the indi- 
vidual characteristic and difference are not less so. 

We have, at a previous page, t entered fully into the laws 
of single refraction ; and also explained how the index of 
opted. bh may be ao for Mpeg A ner eutenl tas 
appli owever, the position of the ines 
to ascertain still cid doontakily the refractive indices of 
different media. The pa of this system will be 
easily understood, if the student bear in mind that, if 
the rays of the same kind of light are refracted through 
different transparent media, then the black lines thus 
produced by each medium differ in their distance from 
each other according to a fixed law. Now, by comparing 
these mutual distances in terms of each colour of the 
spectrum, the refractive and dispersive power of any 
body can be ascertained, and measured with mathematical 
accuracy. 

It would, of course, be impossible for us to ill 
by means of engravings, this most interesting fact. Such 
is entirely a work for exact experimenting, and can 
only be conducted by those who, through long experi- 
ence, are prepared to enter into such delicate researches, 
Having, however, given an exposition of the principles 
on which these investigations ave conducted, we proceed 
to describe the ent which may be employed for 
the purpose of viewing these lines, and in measuring the 
distances between them. 

Sir John F. W. Herschel recommends that the lines 
should be viewed by means of a good achromatic tele- 
scope. For this purpose, by means of which a magnified 
view of the spectrum is gained, the colours obtained by 
the use of the prism{ are allowed to fall on to the object- 
glass of the telescope. The lines, which are too close 
together to be seen by the naked eye, being magnifi 
may thus be easily perceived, and those in each colour 
the spectrum may be separately examined. In using the 
telescope, the object-glass takes the place of the screen 
usually employed to receive the spectrum “tk 

Mr. Ladd, of Beak-street, London, has lately manu- 
factured an apparatus, constructed on the same princi- 

les as that which was employed by MM. Bunsen and 

irchkoff, which can be used also to discover the pre- 
sence of M. Fraiinhofer’s lines in various spectra. Itisa 
modification of that which we have just described, and 
will, doubtless, prove of great value as an instrument of 
research in the new branch of what we may call Optical 
Chemistry. 


THE EFFECTS OF LIGHT ON ORGANISED 
BODIES. 


Iw a former pages we have noticed, generally, the effect 
which light on the colour of vegetable and animal 
bodies, We here propose to enlarge on that interesting 
subject, and to suggest some experiments which may 
easily be repeated by the student. 
The most cursory observation of the appearance of 
lants in a growing state, is sufficient to show that light 
a great influence onthem. This may be well observed 
in a garden whose walls run east and west. Plants grow- 
ing on that side which is shaded from the solar rays will 
be found generally in a sickly state, and their flowers, 
fruits, dvc., are few, and imperfect in their development ; 
whilst those growing beneath the north wall, with a 
southern aspect, and thus continually exposed to the full 
rays of the sun, reach their proper maturity and size. 
We may also notice that plants, trees, &c., invariably 
shoot out more branches on the side on which they are 
exposed to the sun. This may be well illustrated by 
placing a geranium or other quick-growing plant in a 
window with a southern aspect, and retai it in one 
position for two or three weeks. It will be found that 
numerous shoots spring out towards the window; whilst 
+ See ante, pp. 45, 46. + Ante, p. 49. } Ante, p. 50. 
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that portion of the t which is not exposed to the 
external t, scarcely evinces any sign of growth. If, 
however, shaded portion be turned round, it will, 
CO Pe ere Heer: Some ow aveive clans of 
life, and will rapidly bud forth. The common hollyhock, 
which has a long stem, may be thus twisted into a screw- 
like shape by exposing its sides alternately to light. Its 
pa ne lee th Racal ing its 
gone it may thus be cited as another and excellent 
ion of the effects of light on the growth of plants. 

Hic Anncmhedeat mere light, plants may be grown 


even artificial light, two equally healthy plants should be 
chosen, and whilst one is exposed to the light of the 
lamp, the other should, for an equal space of time, be 


entirely secluded from light of any kind. The latter~ 


will speedily fade, whilst the former will flourish pretty 


well. 

Now, it is found that certain of the rays of light have 
more effect on germination and growth than others. Mr. 
Hunt tried a very ingenious experiment for proving this. 
He cast the rays of coloured light obtained in the usual 
way from DF eg upon some cress, and found that that 
portion of lant growing under the blue rays grew 
vigorously, whilst that under the red rays bent away 
eae enter, 

sim es of trying this experiment, is 
that of exposing cress seed to coloured light, produced 
by Das ing white light through glasses of different colours. 

re portions of common cress may be placed behind a 

iece of red, yellow, and blue glass respectively, and the 


mical effect of the blue rays of light, 
the iples to which we have alluded have been put 
into ice in the construction of greenhouses. In- 
stead of using white glass, which permits the flow equally 
ys of light and heat, greenish or blue-coloured 
is much peplored, amt great advan thus 
in respect to the growth of the plant, and the pro- 
duction of its flowers and fruits. 

The “a. however, as we have peer ——— 
presents rays having three characteristics—the being 
associated with the heating, the yellow with the luminous, 
and the blue with the chemical effects of light; and each 
of these emanations has a specific office in connexion 
with vegetable life. It has been stated, as the result of 


organic chemistry, we may state, that all plants thrive 


decomposition of the ic acid, and 
the ion of its carbon or charcoal to the body of 
vegetable. During the day-time, the rays of light 
give vital energy to the plant. Its leaves 

absorb the carbon from the carbonic acid, and set free 


oxygen ; whilst at night their 
in intensity, are found to undergo a partial decom- 
position, and to give off carbonic acid gas. 


we may state, that by excludi ight entirely from a 
ect! estroy its chance of 


effect ocx Pct be readily observed. Since the: 
the 


vitality and growth, as we should ‘do in the case of a 
human being by sinking him in a pond of water. In- 
deed, the analogy is quite complete, because the cause of 
death is identical; namely, the asphyxiating effect of an 
undecomposable gas on the “‘lungs” of either object. 

We cannot omit here to mention a beautiful ‘illustra- 
tion which is found in this instance, of the universality 
of design in nature. All animals expire from their lungs 
carbonic acid gas, which is to them a deadly poison. 'The 
lungs—that is, the leaves of trees—actually breathe this 
poison, and, assisted by the rays of light, they decom- 
pose it, returning to the air the oxygen, which is to us 
its vital portion, and retaining the solid part, or carbon, 
for their own subsistence. us, what we poison, the 
plant purifies, and a grand compensating action is con- 
tinually kept up between the products and requirements 
of the animal and vegetable kingdoms. 

The cause of those peculiar effects produced on vege- 
table and other objects by the blue rays of light, and to 
which the chemical changes observed in the photographic 
process are due, has been termed actinism; and when we 
refer to the actinic rays of light in our future the 
reader will understand that we speak of those which have 
the powers to which we have here alluded, in contradis- 
tinction to those of the luminous and calorific rays of 
the spectrum, which do not possess them. ; 

To render our remarks better understood, we here in- 
troduce a diagram, which will give a clear idea of the 
relative position and space occupied by those three classes 
of rays in the s image, as received on a screen; as 
also of those rays which extend beyond the visible spec- 
trum, both at the red and blue apparent terminals. 


(See Fig. 33). 


Fig. 33. 


tral blue, obtained 
by a solution of qui- 
nine, and some of 


ie of extra 5 
the mineral oils. 
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Violet. 
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In this figure we observe, on the right-hand side, at the 

, the place of the epipolic rays, to which we have already 
uded.* Below these we have the lavender, violet, in- 
digo, and blue, which are the chief seat of the actinic, or 
chemical rays of the spectrum. This is indicated at E, 
on the left of our engraving. The green rays, which seem 
to form the middle of the spectrum both in a physical 
and in actual ep are succeeded by the yellow 
and orange, which are those most luminous in their 
character, as shown at ©. Following these are the red 
rays; in which, as at D, the heating effects of the prism 
are most manifest. The student will thus, by studying 
the above ving, be enabled to expérinuaattalns directly 
with an these three classes of rays independently ; 
and of thus repeating some of the interesting effects of 
coloured light on plants, &c., which we havealready named. 
With res to the extension of the rays beyond the spec- 
trum at B, it is found, that the actinic or chemical effect is 
active, as are the calorific effects beyond A. These re- 
present the position of rays which cannot be observed by 
* See ante, p. 54. 
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the eye, but which are respectively discovered 4 placing 
paper coated with chloride of silver beyond B, and a 
thermometer beyond A, when these peculiar properties 
will become evident. Progressing below the spectrum at 
A, and still further from the red rays, we shall gradually 
arrive at another spectrum, wherein the red of the first 
will merge into the extreme blue of the second; and 
hence, after passing the last heating in red rays, these 
are necessarily succeeded by others of an actinic nature, 
or capable of producing chemical changes. 

Tn our section on Photography we shall have to avail 
ourselyes of these principles to a large extent. We 
must, however, to save space, presume that our readers 
will at this point fully master the details of our analysis 
of the spectrum, and thus render continual repetition on 
our part unnecessary. 

Before leaving this interesting subject, we recommend 
the student to try the following experiments, which will 
tend to impress the truths we have stated on his mind. 

Experiment 7.—Prepare a strong solution of sulphate 
of copper in cold water, and add liquid ammonia to it 
until all the precipitate is dissolved, and a rich blue colour 
produced. Pour this into a flat glass vessel, and allow 
the rays of sunlight to pass through the liquid, and to 
impinge on a pave of paper coated with chloride of silver. 
This is made by dipping one surface of a sheet of white 
paper into a solution of common salt, and, after drying 
it, the salted side is placed in a solution of nitrate of 
silver, and subsequently dried. The actinic rays of light 
pass freely through the solution, and will speedily turn 
the paper black. 

Experiment 8.—Repeat this experiment, but employ a 
weak solution of bichromate of potass in cold water. 
The prepared paper will scarcely change at all; because, 
in this instance, the liqnid permits the luminous and 
calorific rays to pass, Sat entirely stops those of ac- 
tinism. 

Experiment 9.—Prepare three solutions—one as in 
Experiment 7 ; another as in the last experiment, so as to 
be of a rich yellow colour; and another with the same 
salt, so as to give a deep orange or red tint on looking 
through it. Expose at the back of each of these 
solutions a small thermometer, so that its bulb may 
receive the transmitted rays. That behind the blue 
solution will exhibit no increase of temperature; and 
that behind the yellow one will not indicate any extra- 
ordinary change; while that which receives the rays 
from the red solution will speedily evidence that heat 
easily and that to a very much greater extent 
than through the two other liquids. 

Tt will thus be perceived, that the three effects of light 
may be separated from each other; or, in other words, 
that which we conventionally call ‘‘ light” may be divided 
into three phases, so far as its effects are concerned; 
namely, those of actinism, luminosity, and caloric. 

We here append a few instances in which the action of 
the rays of light effect either physical or chemical changes 
on some substances; indicating, at the same time, the 
nature of the change which is produced. We, however, 
need scarcely remark, that our list is only illustrative, 
and, of course, far from exhausting the p ae infinite 
number of such changes which are constantly occurring 
in nature, although they are rarely observed by us, be- 
cause they take place so gradually. We shall omit those 
which more particularly pertain to pho’ phy, because 
such will come under our consideration when we treat on 


that subject. 
The Human Skin,—Every one is familiar with the fact 
that the natives of the tropical regions are generally of a 


colour approaching to black. There are many causes 
which tend to produce this appearance besides that of 
light; and as such pertain rather to physiology, we 
cannot, of course, enter into their consideration in this 
place. We shall, however, deal with them in our section 
under that head, and also under Ethnology. We 
need scarcely remind our readers, that a lengthened 
exposure to strong sunlight, of inhabitants of tempe- 
rate regions, tig: 5 effect of darkening the colour of 
the skin. This takes place most readily with persons 


whose complexion is fair, Light, however, has not only 
a colouring effect, but also must be ed as having a 
decided sanitary influence on all constitutions. . We 
hence find the ruddy and healthy appearance of out-door 
labourers, of sailors, and locomotive engineers. Instances 
are on record of persons who, having acquired deformity 
and disease through close confinement from daylight, 
have been speedily restored to health by subsequent 
removal to places where free exposure to the sun was 
obtained. Our experience of the beneficial effects of 
a temporary residence at the sea-side, is another illustra- 
tion of this result; and such arises not simply from a 
change of air, but also from the fact, that the rays of the 
sun shine purer, and more free from loss and absorption 
of their actinism, when passing through an unclouded 
atmosphere, than through the smoke of our large cities. 
We have repeatedly tried experiments, during the same 
day, in different parts of London and Glasgow, with pho- 
tographic apparatus; and have been surprised to find the 
variation of time required to obtain a good image on a 
sensitive plate, at places respectively free from, or be- 
clouded with, the smoke of the city. Any one, especiall 
of a fair complexion, may repeat these trials in a ro 
but interesting manner, by walking for an equal length 
of time, on two clear days, during the heat of summer—on 
one in the streets of a large city, and subsequently in 
the opén country adjacent to it. In the former instance 
the skin will be scarcely affected ; whilst, out of town, an 
exposure to sunlight will often prove extremely painful, 
from its action on the skin of the face and hands, That 
such is the effect of light, and not of heat, is evident, 
inasmuch as the red heating rays are more prevalent 
under the smoky sky than in a clear one. The former 
absorbs, whilst the latter permits the free passage of 
actinic rays; hence the results to which we refer. We 
may, perhaps, be Be sa to adduce an illustration 
which we afford, individually, of this effect. Whilst ex- 
perimenting, some years ago, with the substance found in 
the Russian ‘ infernal machines,” we had the misfortune 
to receive serious injury from the sudden combustion of 
several pounds’ weight of chlorate of potass and sugar; 
by which the face and hands were severely burnt. 
Although not the least external evidence exists of this at 
the present time, an exposure of a few hours to a 
summer’s sun induces extreme pain, whilst we never find 
the least inconvenience from the intense heat of a wind 
or steam-boiler furnace, We have also observed, that the 
electric light from a large voltaic battery has a similar 
etfect, even ey we may not perceive the least 
sensation of heat. e have named this as an interesti 
physiological fact, and one which we trust that none o 
our readers may ever be in a position to verify. 

It has been stated by Dr. Edwards, that tadpoles, 
if entirely deprived of light, are never changed into com- 
plete frogs, but remain growing in what we may term the 
tadpole state. Without affirming the exactness of this 
statement, we adduce it as one which is frequently quoted 
in illustration of the effects of light. 

We have already referred to the fact, that brady. 
of colour both of the leaves and flowers of plants, are due 
solely to. the action of the actinic rays. We may here 
add, that some gum-resins are much acted on by the 
same agency: amongst them, as a good example, we may 
name guiacum, which becomes of a green colour when 
ex to the light of the sun. 

long as flowers retain their vital state, the brilliancy 
and richness of their colour is enhanced by light. When, 
however, their tint is conveyed to fabrics, as in the pro- 
cess of dyeing, such colours speedily fade on exposure to 
the solar rays. Pink and rose-red colours, produced from 
safflower, and the blue colours afforded by litmus, are 
instances of this kind. Tincture of litmus, which is often 
employed in thermometers, and which although in a 
vacuum where no ordinary chemical change could take 
place, often loses its colour. This, however, is speedily 
restored by exposing the litmus to the action of the 
oxygen in the atmosphere. 

ny chemical compounds change their colour or 
character from the action of light. Nitric acid, if very 
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strong, will thus be decomposed, and become of a deep 
yellow tint. Chlorine and hydrogen gases will rapidly 
unite when e to the sun’s rays. White paint is 
often darkened only in those places on which solar light 
has long impinged ; and, similarly, the effects of light are 
observed on nearly every surface which has been artifici- 
ally coated with the colours usually employed by house- 
painters, their hue being either increased or diminished. 
Some of these effects, dca ag eae cain edhe woR 
agencies, which modify, ough they do not prevent, 
that to which we have alluded. White-lead paint Give 
ee reek he hich, 1 fh the Lind oon " 

uretted gas, which, wi ‘orms a 
sulphide of that metal. 

ides being affected by the purely chemical or actinic 
rays, many plants seem susceptible of what we may 
SERUM A mireies iaftnenes, feces the resence or 
absence of light. 


several others. Of all these, however, the sunflower is 
the most extraordinary for its apparent affection for solar 
light; and hence its name. 


OCULAR DEFECTS IN RESPECT TO COLOUR. 


IyprvipvAts are occasionally met with who are quite in- 
of distinguishing the difference between colours, 


(ohne Nee phe acemdametatmetade 
amusingly related, that having on one occasion purchased, 
as he a pair of gaiters of a drab colour (he being 
a phe of ie oo of Frien Aga pare 
oa hep ener dre Beycrates 
through Manchester those of a flaming 
iments are detailed in Sir J. F. 
ight, which were tried on a person 
affected. So as to securethe true complementary 
(nenaag hed br B ames oem agg 
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manner :—‘*It appears that the eyes of the 
in question are only capable of fully appre- 
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indifferently exciting 
to the latter of ‘yellowness,’” In some cases red is 
confounded with green, green with brown and red, and 
violet with blue. 


in some 
existe, 
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individuals; their statements bei aran: 
respectable medical Ye pera aon: peouinttion scafie ‘ 
incorrect detail or wilful misrepresentation, 


OPTICAL INSTRUMENTS. 


WE now proceed to apply the laws which we have been 
previously explaining ; and if our readers have succeeded 
‘in mastering the statements and doctrines we have been 
investigating, they will have little difficulty in understand- 
ing the use of the philosophical instruments we are now 
about to describe. Although in these we shall find alike 
the toy of the child and the splendid instrument of dis- 
covery of the astronomer, still each and all depend, both 
in their use and construction, on the laws of the reflec- 
tion oe refraction of it : a eeg ue 

Still pursuing our plan of passing from known to un- 
known matters, we commence with the Camera Obscura, 
as one of the simplest of optical instruments, We shall 
then pass on to the Magic Lantern, Phan’ ria, Dis- 
solving Views, &c.; thence to Microscopes, simple and 
compound—the oxy-hydrogen and solar; Telescopes, re- 
fracting and reflecting; and shall then describe minor 
arrangements, such as the Kaleidoscope, Debusscope, 

the use of concave and convex mirrors, with 
others cab we need not mention here. 

Besides detailing the construction of the instruments, 
we shall give extended directions for their general ma- 
nagement, repair, &e.; affording our readers the results 
of some experience in the practical use of each, under 
the belief idbek Ganmgipanbota whe snd-arseerote pages 
will be desirous of availing themselves of as much infor- 
mation as we can offer on the subject. 


THE CAMERA, 


One of the most simple and easily constructed of all 
optical instruments, is the camera obscura; and of this 
there are several kinds. a aor class of instrument 
is chiefly emplo for photographic purposes ; and as 

‘atiention poo be paid to the character and make 
of the lenses and their adjustment; and as its value also 
is only to be properly appreciated when employed for 
the purposes we have named, we reserve its consideration 
for that branch of our remarks included under the head 


of Photography. 


5 a ne Senay may be thus 
made :—Into one end of an oblong for ger » fone 
long, i, inches wide, and six inches deep, fix a double 
convex lens 

view of the instrument. A piece of British plate look- 
ing-glass must be fixed at an angle of 45°, as at E, so as 
to receive the rays of light ing from the lens a, and 
at a distance dependent on the focal length of the lens. 
The top of the box must have a flap fitted into it, and 
fixed on a hinge as at B C; and between B and the edge 
of the box a piece of ground glass or thin paper must 
rest, ny ahh pared empha: desir ay os 
mirror E, and which are thus spread over the glass at F, 
The inside of the box should be blackened, so.as to pre- 
vent the reflection of its sides from ing the picture. 
If an arrangement of this kind be placed with the lens a 
turned towards any object, the image of the latter will 


as at a, in Fig. 34, which gives a sectional | 


AQ 4 


60 


UNDULATORY FOROCES.—LIGHT. 


[1HE CAMERA LUCIDA, 


at once appear on the ground-glass plate at F; and if a 
iece of paper be placed thereon, an excellent outline or 
wing of the i may easily be taken, by simply 
tracing the lines and shading by means of a blacklead 


No difficulty need be experienced by any one in con- 
ing a camera of this kind, because the position of 
each part of the apparatus can easily be arrived at by 
trial, We may, however, point out two chief matters 
which should be attended to; namely, let the distance of 
the lens @ from the mirror be a little beyond that which 
would permit its focal point to touch the glass ;* and 
secondly, care must be taken that the glass mirror is 
peery adjusted, both for receiving the image from the 
ms, and of transmitting it to the ground-glass plate 
placed over it. 

*- The above instrument is an exceedingly valuable one 
for teaching the art of landscape sketching to young 
persons, The idea of distance and perspective is thus 
easily acquired ; and as they have not to trust to their 
imagination, either in sketching or shading, they speedily 
acquire considerable accuracy in delineating objects, and 
to an extent far greater than would be at first supposed. 

Our remarks on aberration + will prepare the intelli- 
gent reader to expect that there will be considerable 
error in all the external parts of the picture. This may 
be avoided by employing a lens of the meniscus form, in 
place of a convex one. It is, however, more expensive, 
and less easily obtained than a double convex one. 

A very ingenious application of the camera, on a large 
scale, is often employed for the purpose of obtaining, on 
a level surface, extensive views of distant scenery; and 
some of these answer the purpose extremely well. One 
of the best we have yet seen is that of the observatory 
and museum of Dumfries, in Scotland. By it, views 
extending over a radius of ten or more miles are accu- 
rately represented on the receiving-surface of the table. 
One of these arrangements is represented in Fig. 35, 


Vig. 35. 


The arrangement is very different to the simple camera 
we have just described. In Fig. 35, a represents a re- 
flector, on which the distant view is first received; the 
light is thence transmitted through the lens 6, and at last 
received on a table covered evenly with white paper, as 
atc. The spectators should be placed, with the table, in 
a room or tent from which all light is excluded but that 
which passes through the lens. An arrangement of this 
sort can be easily fitted in the roof of an attic; and if the 
reflector be made so as that it can be turned round in any 
direction, or the angle of its elevation altered, the spec- 
tators may have either a view of distant or proximate 
objects in any direction around them. 


* See ante, p. 47. + Ante, p. 44. 


a 


This form of the camera is highly applicable to the 
purposes of the artist ; and if the lenses and arrangements 
are carefully fitted, the picture produced on the paper 
screen is of great beauty and accuracy. As an illustra- 
tion of this, we may observe, that by means of the camera 
to which we have already alluded, we were enabled to 
trace the ridges of hills and the windings of a very dis- 
tant river, in a far more distinct manner than the painter 
or sketcher ever attempts to delineate them either on 
canvas or paper. , 

The camera lucida, which consists of a four-sided glass 
prism, is a very ingenious and simple contrivance, which 
may also be used by artists for sketching purposes. One 
of these is represented in the succeeding cut. 

In Fig. 36, Pig. 36. 
aa, a’ a’, repre- 
sent the direc- 
tion of the rays 
proceeding from 
an object, and 
their subsequent 
reflection bothto 
the eye and, ap- 
penny) to a 
piece of paper 
placed beneath 
the instrument ; 
bc and b d are 
two sides of the 
glass prism ; the 
angle c bd being 
a right angle. 
The other two 
faces of the glass are cut at different angles; ¢ being 
at one of 135°, and f at an angle of 674°. The rays 
a @ first fall on the face f, and being thence reflected 
to e, reach the eye, which seems to observe their image 
on the sheet of paper, g, placed beneath the prism, 
The spectator, looking through the glass, is thus enabled 
to sketch an image on a surface placed parallel to the 
rays of light proceeding from the object. On careful 
inspection, the reader will perceive some similarity to the 
camera obscura which we previously described—the eye, 
in fact, receiving the rays as did the ground-glass plate. 

We shall here bialatle a description of a well-known 
optical toy, called the Multiplying Glass. It has one 
flat surface, on the other side of which numerous facets 
or planes are cut. It may be described as a plano-convex 
lens, whose curved surface is formed of a variety of 
planes ; and, like that instrument, the multiplying glass 
produces its effects by the refraction of the rays of fight 
incident on one of its surfaces. Fig. 37 represents one 
of these arrangements with 
three planes. a represents 
the flat or entire plane sur- py 
face of the glass, and bc d “ 
three planes cut on the op- Ax. Mb 


Fig. 37. 


posite surface. Ifa ray of 
light pass from an object 
e to the eye of the specta- 
tor, through a ¢, it will not 
undergo refraction, for reasons already stated ;t¢ but the 
rays ¢ b and e d, falling obliquely on the planes 6 and d, 
will suffer refraction, and will be therefore viewed at a 
different angle by the eye than that which passes perpen- 
dicularly through, as at ace. Of course, the same rea- 
soning applies to any number of facets cut on the glass ; 
and as the number of these will increase the number of 
angles under which one object will appear to the eye of 
the observer, so the appearance of the object will be 
proportionably multiplied. 


THE MAGIO LANTERN, PHANTASMAGORIA, 
DISSOLVING VIEWS, CHROMOTROPES, AND 
PHYSIOSCOPE. 


Tuere are few optical instruments which are of so 
amusing a character as those named at the head of this 
+ See ante, p. 45, 
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section; and as they are all constructed on similar | 


principles, we have deemed it desirable to treat on them 
collectively. ae P 

In all, except the physioscope, the object is strongly 
illuminated by light from a lamp or other arrangement, 
and the rays passing through the picture are subsequently 


and the image received on a white screen. 
In the physioscope, the rays reflected from the object are 
magni Ed and their image received in a shailar manner, 


solving views employed in the r arrangements of 
public institutions ; and, indeed, only differ in their size 
and ity of workmanship. 


quali ; 
The best form of oo ee is that of 
two sets of lenses, each of which generally consists of 
two plano-convex lenses. The of these two sets is 
cedar ed the source of light; and is called the con- 

. This receives and ee the light, Bh or 
then passes through the pain glass or other object ; 
and is Sreteeant tcoamuiteto to en mag Sov ela 
object is to magnify the rays so travelling. ie relative 
peed piconet Ag two sets of lenses can easily be 


yin that olin or, being in a tube which fits 


their centres, the instrument will not give suc- 
cessful results. The source of light must be so 
that its most brilliant portion is also in 

the same straight line. In other words, a hori- 
zontal line passing from the centre of the light to 
the outer lens, eat om exactly through the centre 
of all the lenses. following engraving illus- 
trates the section of a magic lantern of the most 


improved form. ves a 


In Fig. 38, a a represents the box of the lantern; 5, 
the porter or mpl ine vowel mali rnd dary 
source ight ; condensing lenses; e, the magni- 

lenses; f, a stop to cut off the superfluous rays, 


od rae aatapedee no cxthcldae react i A 
rapal “rg ing tt ‘ 
contre of the light and of the le ; 


beer eget Men wot d 
lenses are aoe focussed. n purchasing 
pasay instrument, should be taken that all the lenses 


maker man’ 


ployed to illuminate the objects exhibited in any of the 
arrangements to which we are now referring; and this, 
therefore, demands our attention before we proceed to 
describe their separate details. 

For instruments of a small size, an oil lamp, or gas 
flame may be employed; but when large arrangements 
are used, the oxy-calcium, oxy-hydrogen, or electric 
light becomes necessary. 

The oxy-calcium light is a very simple and useful con- 
trivance ; by means of which, considerable illuminating 
power may be obtained. It depends on the fact, that 
almost any flame, on being ged by a jet of pure oxygen 
gas on to a piece of burnt lime, will produce an intensely 
white light. Various arrangements are sold by the 
instrument-makers for this purpose. oxygen is 
produced from chlorate of potass mixed with half its 
weight of black oxide of manganese. The mixture is 
placed in a glass retort, to the stem of which an india- 
rubber tube is attached, connecting the retort with a gas- 
bag or bladder. On applying heat to the mixture, by 


means of a spirit or gas lamp, abundance of pure oxygen 

is afforded; which passing into the bag, soon fills it. It 

is advisable to allow the gas to run through some water 

in a bottle, so as to prevent the passage of injurious sub- 

stances, which may injure both the brass connections and 

the texture of the bag itself. The following engraving 
Fig. 39. 


illustrates an apparatus of this kind; which we adopt 
ourselves for ing oxygen on a small scale, and for 
filling a bladder. : 


This arrangement is thus constructed and managed. 
After tying a bladder to a stopcock, drive out all the air 
it contains by gentle pressure, and leave it moist. Then 
tie to the end of the stopcock a piece of india-rubber 
tubing about two inches long. Into a wide-mouth bottle 
holding about a pint of water fit a cork which has had 
two holes bored through it, just large enough to receive 
two pieces of pewter gas-pipe. One of these must reach 
to the bottom of the bottle, and the other should just 
pass into its inside through the cork. The bottle, which 
we will call the purifier, should then be three parts filled 
with water; and having the retort or flask ready for 


making oxygen, attach its stem, by means of another 
piece of india-rubber Pipe, to the pewter tube which 
reaches to the bottom of the bottle. short pipe is to 


be attached to the stopcock of the bladder. On the right 
we have the Florence flask, in which the oxygen mixture 
is contained ; in the centre the purifier, whose object is 
to retain any ry mg or chlorine which may pass 
over; on the left, the bladder is observed in the 
process of filling. After all is prepared run a little 
melted cobbler’s wax over the cork of the bottle, to keep 
it air tiglit; then open the stopcock of the bladder. On 
lighting the spirit-lamp, the gas will pass from the retort 
Geteak the water in the bottle, and, proceeding through 
the pe ae will gradually fill the bladder; as soon as 
this is filled, remove the retort before taking the spirit- 
lamp away, lest the water might pass into it and destroy 
it. The above is a very simple and yet effective arrange- 
ment; and its cost is trifling. 
Having thus obtained a supply of oxygen, the next 
point of importance is its application to the required 
; and for this, a blowpipe and a lamp of some 
Kin are requisite. “Almost every optical instrument- 
tures these in what we may call a special 
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form. We shall therefore, we trust, be not considered as 
making an invidious selection, if we state, that as a 
engravings which i ad a sold by Mr. J- J Grin 
ing; which is e by Mr. J. J. Gri 
of anhil-row, London. 
In Fig. 40, a represents the spirit-holder ; b is the wick- 
holder, eittch aes exe three tubes for separate wicks ; 


ei gr abackiiennticaa ad oie | 


{Sy a MRA TN 


¢ is the tube which brings oxygen gas from the gas-bag, 
the supply of the gas being regulated by the stopcock h; 
d is the jet by which the gas is directed into the flame of 
the spirit-lamp, the wicks of which must be so arranged 
that the gas does not strike upon the cotton and produce 
a ragged flame, to which end the wicks must be carefully 
spread on the two sides; e is a wire for supporting the 
lime cylinder, which is shown apart by f; and gis a milled 
head for turning the cylinder, so as to present different 
sides of it to the action of the flame. The front end of 
the apparatus is put bodily into the lantern, through an 
ek made tor that purpose in the back of the lantern. 

he cylinders of lime, fixed at e, may easily be made by 
tiling a piece of hard fresh-burnt lime into a cylindrical 
form; they may be about an inch long, and half an inch 
in diameter. In using this arrangement the spirit-lamp 
is first lit, and the lime brought into its flame. This 
drives off the moisture which the lime always contains ; 
and which would cause it to split into-pieces if-it were 
suddenly heated. The sto h, is then opened, and 
oxygen gas is allowed to pass through the jet d, so as to 
force the flame on the lime cylinder. Weights should 
be placed on a board covering the gas-bag or bladder, 
which may lay on the floor, and be connected with ¢ by 
means of au india-rubber tube, A most beautiful white 
light will be thus obtained, which gives the excellent 
results when applied to the magic lantern and similar 
arrangements. Of course, the light may be kept up for 
any length of time, by maintaining the supply of gas 
through the jet, and of spirit in the lamp. ‘The lime 
cylinder should be continually turned round, so as to 

revent it burning into holes, which would speedily 
sot the amount of light; and sometimes might 
throw back the flame, and crack the glasses of the con- 
denser. 

In using the oxy-calcium light no danger of any kind 
can arise ; and as such, it is eminently fit for home use. 
This cannot be said of the next arrangement; which 
should never be employed except by those well ac- 
quainted with the risks which are incurred. Despite an 
experience of some years, and although from such we 
naturally have become careful during its employment, 
we have had several accidents with the oxy-hydrogen 
arrangement, which might have proved serious; and 
which, if occurring to inexperienced persons, would have 
possibly ended in fatal results. The force of our remarks 
will be appreciated as the student peruses the following 
. description of this apparatus. 

The oxy-hydrogen, or lime light, is always employed 
when large dissolving-view lanterns are used ; and whilst 
not so powerful or so pure as the electric light, it has 
the advantages of constancy, steadiness, and greater 
convenience of application. An intensely hot flame is 
produced by the combustion of hydrogen or coal 
together with oxygen gas ; and for this purpose a pectaine 
form of blowpipe is required, whose object is to keep the 
two separate until the moment of their com- 
bustion. If this be successfully done, all danger will be 
obviated; in the absence, however, of this precaution, 


the most dangerous explosion will certainly ensue. We 
shall not enter into a description of various kinds of 
these blowpipes, but at once recommend that which we 
prefer for our own use. (See Fig. 41). 

In the annexed Fig. 41. 
engraving, H re- 
presents the pas- 
sage by means of 
which the hydro- 

or 

enters the blow- 
pipe, and passing 
on, it at last es- 
capes at the jet. 
O shows the open- 
ing by which the 
oxygen gas enters 
a pipe, which is 
entirely isolated 
from thehydrogen © 
compartment un- P 
til the two gases mix at the small orifice at the top 
of the oxygen tube; and this being near the mouth 
of the jet, prevents any previous admixture of the two 

Stopcocks are attached to each tube to regulate 
the supply of the gases, and the cylinder of lime is 
placed in front of the jet, as represented above. The 
lime cylinder is almost always mounted on a pin con- 
nected with clock-work, which, by its rotation, causes 
different surfaces of the cylinder to be successively pre- 
sented to the jet. ; 

In using the blowpipe, the following directions should 
be carefully attended to, both as regards questions of 
safety and success ;—lIst. To fill the bags with gases. The 
oxygen bag may be filled as already described, for the 
oxy-calcium light. Care should be taken always to use 
the same bag for the same gas; and never to employ the 
bag containing hydrogen left from a previous exhibition 
if a few hours have elapsed, lest any air may have 
entered, and have so formed a dangerous and explosive 
mixture. The student should always remember, that 
both bladders and india-rubber bays are porous; and 
that gases have an astonishing tendency to mix together, 
by what is called endosomic action. Coal gas is best 
employed, as being easily obtained ; and the bag may be 
filled by connecting it with an ordinary gas-pipe. Before 
doing this the bag should be completely emptied of air, 
by rolling it up and pressing it. It may then be left to 
expand by itself, through the pressure of the incoming 
gas. Pure hydrogen may be used; and is produced by 
adding one oe of strong sulphuric acid to six parts of 
water, which, when cool, should be poured on zine 
cuttings, or iron nails, contained in a stoneware or leaden 
bottle. Water is thus dec-mposed, and its bata 
set free. The gas should be allowed to pass through a 
bottle of water, pet th it,* before being received in 
the bag. i ill prevent corrosion of the brass 
and other metal parts of the stopcocks and blowpipe. 
—2nd. In attaching the bags bythe india-rubber pipes to 
the blowpipe, care should be taken that each should be 
affixed to the proper connection. The hydrogen should 
pass barr i that tube which rey the ee tg 
su ing ox ; this is a matter o! + importance, 
Care held as be taken to have all the connections 
perfectly air-tight or loss of gas, and risk of explosion may 
ocour.—3rd. The hydrogen stopcock being opened, the gas 
should be lit, and allowed to burn gently on the lime 
cylinder till it is quite dry.—4th. When this is done, 
the light may be produced by the hydrogen cock being 
first turned on full. The oxygen cock may then be 
opened, and afterwards the ga Po hydrogen dimin- 
ished, until a full, brilliant, and white light is obtained. 
The operator should always make it a rule to turn on the 
hydrogen tap fully first, when producing the light ; and 
to turn off the oxygen tap first when he desires to ex- 
tinguish the light. It is also a safe precaution always to 
have a little excess of hydrogen over the oxygen supply. 
This slightly lessens the light, but adds to the safety of 

© See ante, p. 61, Fig. 39. 
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the arrangement.—dth. When india-rubber bags are | lit for some time before the exhibition takes place; and, 


employed, the weights pressing each should be equal on 
both moe This will ensure a uniformity of supply. In 
large institutions, gasometers or gas-holders are always 
used, and these are sometimes of considerable size. They 


are, however, unfitted for private use, for which nothing 

is better than the bags to which we have alluded. 
In Fig. 42, a very convenient form for a small gas- 
Fig. 42. 


holder is illustrated. It consists of a 
trough to hold a supply of water, 
from which runs a pipe fitted with a 
stopcock, into the bottom cylinder 
which is intended to contain the gas. 
On the right-hand side is a cock, by 
means of which the gas passes when 
the holder is in use. When such an 
arrangement is to be filled with gas, 
all the cocks are first to be opened, 
and water must be poured into the 
trough. This will run into the cylin- 
der and fill it. Each cock is then 
= closed, and a screw, observed at the 
left hand of the lower part of the holder, is removed. 
If the vessel be quite air-tight, only a few drops of 
water will escape. Into the opening thus made, the 
end of a retort from which oxygen is being made, is 
introduced, so that the gas may pass into the holder. 
The water will escape as the gas passes in, and it is 
therefore advisable to place the vessel over a tub during 
the process of filling. Of course, two gas-holders will 
be required for the purposes we have referred to—one 
for oxygen, and another for hydrogen. The latter is 
filled ne in the tube from the hydrogen bottle ; 
or, if gas be used, an india-rubber pipe may be 
attached to the stopcock on the side, the other end 
being connected with an ordinary gas jet. The holder 
must first be filled with water, and the lower screw 
afterwards removed, as when filling with oxygen. 
In public institutions, where large gas-holders are used, 
a su. it quantity of gas is prepared to last for a few 
days ; and the slight admixture of air, through accidental 
leakage or otherwise, which always occurs, is a matter 
neither of im ce or of danger. In using small 
holders, such should be first entirely emptied of all gas 
by means of water, and then they may be refilled at as 
short a time as possible before their contents are required 
for use: an equality of pressure should also be main- 
tained in each, so that the gases shall from their 
respective vessels at an equal speed and pressure. A 
stock of lime cylinders may easily be made by means of 
a file and some hard lime ; and that obtained from 
Ireland is best for the purpose. The cylinders, which 
may average an inch and a-half in height, and three- 
quarters . seg ge have a ho a pierced half- 
way, or wholly em, to permit of their resti 
on the wire-holder which sustains them before the jets 
and until ——— for use, they must be kept wrapt up 
an 


in paper, in a glass-stoppered or tightly corked bottle, 
to prevent access of moisture, which would s ily 
made 


destroy them. As they are of next to no cost i 
at home, a fresh one should be used on each occasion. 
If p of the optician, they become rather an 
expensive affair ; and yet these have no advantage, in any 
respect, beyond such as may be made by any person in 
the manner we have explained. 

Having thus given sufficient directions respecting the 
management of the light, we proceed to speak of the 
cleaning and general care of the lenses. 

Most persons attempting to show views by means of 
any of the instruments to which we are now direct- 
ing attention, have to experience the annoyance of 

ing the lenses covered with moisture at certain 
seasons of the year—a circumstance which almost entirely 
ts the appearance of the picture on the screen. 

sage arises from the vapour evolved by the com- 
bustion of the materials from which the light is pro- 
duced ; indeed, water is formed in abundance when an 
oil or gas flame, and the lime light, are employed. . This 
evil is, however, easily remedied by having the light 


in the case of the lime light, by allowing the hydrogen to 
burn gently against the lime cylinder, and thus drying it 
also at the same time. In every case the lenses should 
always be a little warmer than the air of the apartment; 
and thus, of course, all chance of the condensation of 
moisture is at.once removed. I¢ is a good plan to cover 
the whole of the lantern by means of a thick sheet of 
baize, so as to prevent the deposition of dust or dirt on 
the lenses when they are not in use. 

The lime light causes a considerable quantity of volatised 
lime to settle on the lenses, and soon dims their surface. 
This requires that they should be frequently cleaned. 
Unless care is taken fn this operation, the polished 
surfaces soon become scratched, and of course are so 
far deteriorated: The plan we have always adopted, is 
that of first removing all the lenses from their seats, and 
wiping each perfectly with a damp old linen towel, to 
take off the ‘‘rough coat” of dirt. Each lens should 
then be carefully washed, by means of cotton wool, with 
spirits of wine (not methylated spirits, because these 
contain a resin in solution), and afterwards it may be 
polished with a soft chamois leather, or what is still 
better, an old silk handkerchief. No polishing powder, 
or anything of a solid nature should be used, because 
these almost invariably contain gritty hard matter, which 
soon spoils the glass. The towels should be kept in a 
place where no dust or dirt can settle on them. Almost 
every one has an idea that nothing is more difficult than 
to scratch glass; but chemists, opticians, and photogra- 
phers know, to their cost, that the difficulty lies in pre- 
venting, rather than in producing, that result. The 
lanterns should afterwards be well cleansed from all dust, 
both inside and out ; and the lenses may then be replaced 
in the exact position which they had previously occupied. 
The slides or views. should also be kept scrupulously 
clean, or ugly black spots of dust may appear on the 
screen; and when not in use they should be kept in 
racked shelves, or in boxes in which they may be kept 
separate, and thus any risk of fracture be avoided. 

We have thus given minute directions in reference to 
the general management of the magic lantern, cc. ; and 
may here remark, that the only difference between it and 
the phantasmagoria, is, that the former is so used as to 
show the pictures on the same side of the screen as the 
spectators are placed; whilst, in the latter, the views 
are cast on a transparent screen, and the lantern is on 
the side opposite to the position of the spectators. By 
this arrangement the size of views is diminished by 
bringing the lantern nearer to the screen; and increased 
by removing it therefrom. This is an advantage when 
the instrument is employed to amaze young folks, who 
are greatly puzzled to know where the views come from ; 
and also at the sight of the figures apparently retreating 
or advancing. An opaque screen or thick linen sheet is 
best for the magic lantern; whilst a thin calico sheet, 
moistened with water, answers best for the exhibition of 
the phantasmagoria. In either case the screen should 
be kept tightly stretched at each side, and at the corners, 
and should be in such a position that draughts of air may 
not cause it to swing to and fro, 


DISSOLVING VIEWS, AND CHROMOTROPES. 


At one time the exhibition of dissolving views was con- 
fined to the London Polytechnic Institution; and they 
have invariably proved a most interesting and instructive 
addition to entertainments uniting science and amuse- 
ment. ° 
Two magic lanterns placed side by side, and throwing 
an equal-sized picture on the screen, are the apparatus 
required. There are additions, which we proceed to 
describe, by means of which the ‘‘ dissolving” effect is 
roduced. All our previous remarks on the magic 
tern are therefore equally applicable to this arrange- 
ment in every other respect. The following engraving 
illustrates a very usual form of the dissolving view ap- 


paratus. 
In Fig. 43, letter a represents the slider-holder; b is 


of 
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a slider partly inserted into the holder; ¢ is part of the 
Fig. 43. 


rack-work for adjusting the lens to the picture. The 
adjustment is regulated by the appearance of the picture 
on the screen. ddis the dissolving apparatus; that is 
to say, the apparatus for making one picture gradually 
disappear while another gradually comes into view before 
the spectators. This change of pictures is managed 
thus :—The bar f, which is attached to the screen de d, 
ascends and descends in a collar; this is screwed to the 
front of the box on which the apparatus is mounted. It 
is provided with a rack, which is acted on by a pinion 
marked g, and the pinion is turned by a handle. Sup- 
sored the pair of lanterns to be in action, and each 
tern to contain a slider, one of these sliders will give 

a picture upon the white screen, while the other is 
stopped by the upper limb of the screen d. If, then, the 
screen d e d is 'y raised, by the turning of the 
handle h, which causes the racked bar f to ascend, the 
acting slider will be gradually covered by the rising 
comb of one end of the dissolver, while the other will, in 
the same po become uncovered by the rising 
comb of the other end of the dissolver; so that, when 
the first picture is quite obscured, the second will be 
quite developed. In that manner, the first picture is 
made to dissolve or gradually fade into the second 
— At e¢, in Fig. 43, the dissolving screen, d d, 
a hinge, the use of which is to admit of suddenly 
cutting off the action of the picture in the corresponding 
lantern. This action is required for the exhibition of 
lightning and other sudden effects, The change of sliders 
in the lanterns is made when each nozzle is alternately 
obscured. The turning of the rack-work, by which the 
ee pai is effected, must be slow, regular, and noise- 

ess. 

. We have here given the plan usually employed in the 
dissolving-view lanterns. We, however, will give another 
one, which we used ourselves in the lanterns of the 
Glasgow Polytechnic, which is extremely simple in its 
construction. (See Fig. 44). 

No. 1 is a piece of wood with holes, which are placed 
exactly opposite to the ends of the lantern lenses. 

No. 2 is a slip of wood made to slide at the back of 
Ne. 1, also having holes, but in different positions. It 
is evident that only one of the holes, as cut in this, can 


those on the right hand are open; but supposing that 
Fig. 44. 
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the slip is moved to the right hand, then the right hole 
will be closed, and the left one opened. Thus by sliding 
No. 2 to and fro at the back of No. 1, the views are 
dissolved, 

This arrangement is an exceedingly useful and effective 
one; and any person having a pair of lanterns, can’easily 
arrange them as dissolving-view apparatus, by having 
two slips cut as illustra’ in the engraving, and by 
fixing them in a frame in front of the nozzles of the 
lanterns. 

In arranging the lanterns, they must be placed at a 
slight angle with each other, so that the light they cast 
on the screen shall fall equally on it. In other words, 
the centre of each picture, cast. by each lantern, must 
fall on the centre of the screen: this is technically termed 
‘*centre-ing” the lanterns. 

Much care is required to focus the lenses, so that a 
clear and distinct picture be obtained. As, however, 
this can only be arrived at by practice, we forbear giving 
special directions on the subject, except so far as to 
state, that the pictures should be so focussed as that 
their centres may present the best possible image on the 
screen. 

It will be beyond our plan to give any directions in 
reference to painting the slides, as that belongs to the 
art of the glass painter. An unlimited supply, either on 
hire or for purchase, is kept of all kinds, whether views, 
astronomical di , chromotropes, &c., by most 
opticians in our large towns. Chromotropes are simply 
two pictures so arranged that they may revolve over 
each other on a common centre ; and the lines painted on 
the glass thus intersecting each other, produce a very 
pleasing optical effect. 

In concluding these 


No. lL. 


directions and remarks, we would 
mention, that the ic lantern and dissolving-view 
apparatus, may be e an excellent medium for the 
instruction of youth; and they certainly should be an 
adjunct to the means of communicating knowl to 
every public school. We shall not, however, 

here on this subject, because we propose to do so when 
describing the construction and arrangement of the oxy- 
hydrogen microscope. 

The physioscope is a modification of the ic lantern ; 
but instead of the light being transmitted through the 
object whose image is to be represented, a powerful 
light is cast thereon: the reflected rays are collected by 
lenses, as in the magic lantern, and the magnified i 
is cast on the screen. The human face may thus be 
presented in a highly magnified state; as, indeed, any 
other solid object may be. The difficulties of the ar- 
rangement are, however, very great ; and the comparative 
rarity of its use will not demand from us a more 
detailed account of its construction. 


MICROSCOPES. 


One of the most popular of all optical instruments is the 
microscope; and perhaps throughout the whole of the 
different applications of the laws of the refraction of 
light, we cannot discover one to which we are so indebted 
for a knowledge of the beauties and wonders of natural 
history, and the varied appearances of almost every kind 
and form of matter. e shall first describe a consider 
able variety of microscopes, commencing with the most 
sin.ple kinds, and passing to those of a compound and 


be open at the same time with those of No. 1, Thus | achromatic form ; and afterwards illustrate the arrange- 
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ment of the oxy-hydrogen microscope, by which a large 
number OF apertntors:az6' Giahiled to seo the magnified 
image of an object simultaneously. With our remarks 
on these instrumen 
student, which 


Fig. 45. 


obules of melted glass may be thus employed. For 

ne perpen. instruments, lenses of precious stones, such 
as the diamond, have been applied. These are valuable 
on account of their purity, homogeneity of 


also 
ze of glass is almost always, however, as a rule, 
used ih the manufacture of lenses for microscopic 


ordinary spherical lenses there exists an objec- 
their uelity, owing to eather incgre of 7 t 
which is a necessary consequence of their form. e 
have explained the reason of this;t and to 
remedy it, and other evils, two Mag! ie ~radi simple 
Microscopes are constructed ; namely, Stanhope and 


Boy Ma lenses. 

Ths hope microscope consists of one lens, whose 

surfaces are so ground as to have different 

each terminates near the 

of the other. Hence, in using the arrangement, 
Seta Wediadned ts plea cat ev eortace of 

ends of the lens, and is viewed through the 


ire 


other. This is a most useful and complete contrivance ; 
and, in the absence of more complicated instruments, 
will be found of great value student. It is of 


of ue to 
size, and but of slight : 


instrument itself. ae 

dington is an equally 
valuable little microscope; and its 
peculiarity consists in the fact, that 
a portion of the lens between its two 
curved surfaces is removed by grind- 


Either of the above instru- 
ments may be for 
two or three shillings; and as 
some of those who peruse our 
may not have the means 


ill be 
beautiful objects, both of an animal and vegetable nature. 
The structure of flowers and leaves, the wings, down, 
and other parts of insects, may be ually weodied thereby. 
cals) “ta chadana 
rar. 
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We know of few more interesting amusements than a 
morning spent in the microscopic investigation of the 
infinite variety of objects which the bountiful hand of 
Nature spreads in all directions about us. Whilst we may 
view, with awe and admiration, those immense results 
of the Creator’s power which the telescope reveals to us, we 
can, by means of the sister instrument, the microscope, 
dive into the minutize of Creation, and reap an immense 
amount of intellectual pleasure therefrom. 

Having drawn attention to some of the best kinds of 
simple microscopes, we shall now pass on to consider the 
construction and uses of those called ‘‘ compound,” in 
which an extensive power of examining the most minute 
objects is afforded by means of a combination of lenses, 
and other apparatus. 


x COMPOUND MICROSCOPES. 


From the remarks which we have made in our previous 
pages, when s ing of lenses, the reader will have 
observed that the magnifying power of a lens is inversely 
as its focal length; or, more plainly, the shorter the 
focal 1] the greater is the magnifying power of the 
lens employed. It would follow, therefore, theoretically, 
that a single lens may be manufactured which would 
afford any magnifying power which might be desired. In 
pennies however, this is impossible; because, when the 
‘ocal length of a iens is exceedingly small, the eye, lens, 
and object would require to be so near each other for the 
purposes of microscopic investigation, as to entirely pre- 
vent every chance of the observer using such an arrange- 
ment, 

Lenses of almost the shortest possible focal length may, 
however, readily be employed, when combined with an- 
other lens which magnifies the image produced by the 
former. Such is the combination found in the compound 
microscope, in which the object-glass, or lens of shert focal 
length, receives the rays passing from the object under 
examination, and produces an i thereof; such image 
is viewed by means of another lens of far less ifying 
power, and therefore of greater focal length, which, being 
next the eye of the observer, is called the eye-glass, 

By such an arrangement an extended field of view is 
obtained, and the magnifying power which may be em- 
ployed is only limited, practically, by the skill of th in- 
strument-maker, 


rays except t ing nearest to the centre of the 
lenses of ti the eam Kes be cut off by means of 
stops, which of course would cause a great loss of light. 
This difficulty has, however, been remedied in another 
way, by using achromatic lenses; and such instruments 
as the compound achromatic microscopes, manufactured 
by Ross, Smith and Beck, and other eminent makers, 
are perhaps amongst the most perfect productions of 
human skill and ingenuity. 

It, of course, wil be out of our power to recommend 
the form of microscope for the student, varying as 
they do in so many particulars. As, however, the means 
of many of our readers may not permit the purchase of a 
high-priced instrument, we may state, that for ordinary 
Pp’ , & good microscope, containing most of the 
modern improvements, may be obtained for from three 
to five pounds, from the maker. And sometimes, at 
sales by auction, a very good instrument may be purchased 
at a comparatively low cost. In such cases, however, the 
purchaser should not trust -to his own judgment, if in- 
experienced, but should first have the arrangement 
examined by an optician, so as to prevent disappoint- 
ment. We may state, that in nearly all our large towns, 
philosephical instruments are made expressly for public 
sales, at which both the article and the purchaser are 
frequently ‘‘sold” together. As an instance of this, we 
may mention the case of a friend who purchased, in one 
of the large towns in Scotland, what he thought to be a 
first-rate galvanic coil machine. On attempting to obtain 
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a shock from it in the usual manner, he discovered, that 
instead of the machine containing 300 or 400 of 
covered cop; ca or a were only a few inches con- 
necting highly-poli brass binding-screws; the re- 
mainder of the apparatus being what is technically called 
a “dummy.” 

As we cannot properly recommend any particular form 
of microscope, or the production of individual makers, 
consistently with fairness to all—we have, therefore, an 
equal difficulty in presenting an illustration of one of the 
most approved kind. 

That represented in the annexed engraving will, how- 
ever, give a general idea of the most essential parts of 
compound microscopes, and will also assist the tyro in 

utting any of the ordinary class of instruments together. 
Tn almost every instance the essential parts are similarly 
constructed by the different makers, the improvements 
or special characteristics being generally connected with 
comparatively minor details of the instrument. 

In Fig. 48 we have an illustration of an excellent form 
of compound microscope. 


a, the stand; 5 b, two sup on which the microscope rests; c, a peg 
fitting into the frame; it holds a lens, a, which is used to cast light on 
opaque objects; d ¢, the stage on which the object is placed; f, a mir- 
ror which throws light through transparent objects; g, a rack-work for 
raising and lowering the tube J; A A, two thumb-screws for adjusting 
the focus; i, a branch on which the tube / is fixed; /, the brass tube 
holding the eye-piece, o.—The other parts here represented will be 
more fully described as we proceed. 


We may now refer to certain modifications of detail, 
which cause some instruments to be highly valued b 
microscopists; and for this purpose we commence wit! 
the lower part of the microscope. The use of the mirror, 
f, is to illuminate objects placed on the stage, de. In 
this Mess y' is a circular hole, throngh which the light 
refl from f passes. Of course the reflector is em- 
ployed only for transparent objects. During day-time, 
the mirror should be so placed as to reflect as much light 
as possible to the stage, and this is best effected by 
exposing the reflector to ap at a window. At 
night-time, an d, oil, or p may be employed, 
the light of which should be ed by means of a chim- 
ney-g of a very light-blue colour. This corrects the 
yellow colour of artificial light, and so renders it whiter 
than it otherwise would be, The mirror is so fixed to 
the arm which supports it as to allow of its being placed 
at any favourable angle with the stage, and thus to secure 
at all times sufficient reflected light. 

A very ingenious arrangement has been: proposed, in 
which a piece of pure white unglazed stone or ceramic 
ware is employed as a reflector. Such an arrangement 


t. 


revents erent nan _— ight reflected 

m a surface gene ordinary 
Soloiled pa easily be Pines into one of these by 
covering the surface of the glass with any white er, 
of which, perhaps, sulphate of lime (plaster of Paris) is 
the best. 

The stage, d, on which the object rests, is of con- 
siderable importance in the microscope. It is gene- 
rally made in two parts, which easily and yet firmly slide 
on each other. By means of these ‘combined pages | 
the objects placed thereon can be readily shifted to an 
fro, so as to be in any required position with the object- 
glass. An accurate and readily shifting stage is of great 
use when high powers are employed. Its motions are 
generally guided by means of a small lever, working in a 
universal joint; various arrangements, however, are 
employed by different makers. . 

one side of the stage is fixed, by means of a peg, c, 
a lens, represented at u, in Fig. 48, whose object is to 
illumine opaque bodies whilst under examination, and 
for which the mirror would be useless. The focal point 
of the lens is brought to bear on the object, so as to 
afford as much light as possible. The student, however, 
must not employ the direct solar rays for the Purpose ; 
for not only will the light be too powerful, but it is 
more than probable that the heat so concentrated would 
immediately destroy the object, if of an organic nature. 
Next, above the stage, screwed into the long brass 
tube, 1, is the object-glass, by which the rays passing from 
the object are first received, and subsequently transmitted, 
by means of the eye-piece, to the eye of the observer. 
Several of these, having different focal lengths, are sup- 
plied with the compound microscope; and, as we have 
already intimated, it is essential that such should be 
achromatic. The image formed by the object-glass is 
viewed by means of the eye-piece, 0, of which two or 
three are generally pore, each having different mag- 
nifyi wers. y means of the latter, the image 
afforded by the object-glass is magnified and presented 
to the eye. ka ry 

Arrangements are required for focussing the lenses; 
or, o ‘other bay oe a hs ee the best 
possible image to the eye of the observer, by regulatin 
their mutual distance. This is generally done by ans 
of two sets of screws and a rack-work motion; the latter 
of which is represented at g in Fig. 48, the thumb-screw 
being seen at h. This is what we may call the coarse 
adjustment, which is still further improved by means of 
a similar but much finer arrangement represented at p. 
On the exactness of adjustment of the lenses, and their 
distance from the object under examination, depends the 
excellence of the image as seen by the observer. 

Objects may be mounted, if intended to be preserved, 
under thin squares of glass, secured at their edges by 
means of pasted paper. The mode of doing this is 
described under the head of ‘‘Oxy-hydrogen Microscope,” 
&c. Many objects may, however, be temporarily placed 
in the microscope by means of pincers or forceps, re- 
spectively illustrated at v and w. It is often neces- 
sary to examine water insects in a living state, and for 
this purpose a trough containing the liquid must be 
used; of this kind one is represented at x. 

We have thus endeavoured to illustrate, for the use of 
the student and our readers generally, the chief parts of 
modern compound microscopes. Some excellent works 
have been published on the subject, in which all details 
are fully treated; and, perhaps, the best that we can 
recommend for those of our readers who are disposed to 
enter fully into microscopic investigation, is that by Dr. 
Carpenter, entitled The Senate and its Revelations ; 
in which the subject is almost exhausted. Other yalu-. 
able treatises, of a more elementary character, such as 
Half-howrs with the Microscope, and similar productions, 
form excellent hand-books to the student. 

We may here describe a very simple form of micro- 
scope, which can be frequently employed in the stead of 
larger instruments; and it can be purchased of most 
optical instrument-makers for a moderate cost. 

Fig. 49 represents one of these. Its principal parts 


Cause al the hun -hew Soe Vage 0 The Gregorian Telescepe. See Page 74, 
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lating screw; @ mirror 
casting light through trans- 
parent objects. e other 


fyi we 

fixed int the ‘holder, d; and 
forceps, &c., for holding the 
objects to be examined. In 
observing an opaque object, 
light may be thrown upon 
it by holding a double con- 
vex lens or burning-glass, 
so that its focal rays shall 
be cast on the object, in the 
manner we have already 
mentioned. It will be observed, that this arrangement 
somewhat resembles the compound microscope, but 
differs in this respect—that the object is viewed by the eye 
through the eye-piece, which is, at the same time, the 
power, and not the image, as is the case in the compound 
arrangement, 


THE OXY-HYDROGEN MICROSCOPE. 


Tue oxy-hydrogen microscope is an instrument of 7 
value = Bs employed for the perce of exhibiting in a 
er, some of most interesting facts 
sught to light by means of the compound microsco’ 
It is quite unnecessary for us to remind our readers, that 
the use of the latter-named instrument is necessarily 
confined to orie person ata time. Now, the advantage 
in the use of the oxy-h microscope, is 
that of permitting any number of persons to observe, at 
the same moment, almost any object, in a magnified state, 
which can become the subject of microscopical investiga- 
tion. Of course there is a limit to its uses, irises: J from 
the colour, de sarge or other affections of the objects ; 
but still, these being of rare occurrence, do not interfere 
with its general utility. The extent of ae ing power 
which may be employed, is only limited by the tuncund 
of light which can be obtained for the purpose of illumi- 
nating the objects; and for this, the electric and oxy- 
hydrogen lights afford every assistance, 
In its general construction the instrament resembles 
the apparatus employed for exhibiting the ordinary dis- 
solving views; one lantern, however, only being used. 


ic lantern, grea’ 
its lenses, and the adjustment of every 
part must be very exact. We may here remark, in 
reference to the light employed, that M. Da has been 
very suc so far as intensity goes, in applying the 
electric light for the microscope. We may, however, state, 
that in most cases, any dpe ay so gained are more 
than counterbalanced by the trouble and expense required 
to keep a galvanic battery at work; and that the lime 
light is decidedly to gol og beyond any other for 
practical purposes. We 


microscope, 
The lenses placed nearest to the source of light are 


ic 


laced 

front of tho arrangement) and by 
Page ; obje Mar Mil erecta 

scope 1s always of very small size, an uires stro 

illumination. "The object is not Haced, as in the magic 

pyar aryl cons ye but close to the focal point 

of the last magnifying lens; which, in future, we shall 


* See ante, p. 62. 


term the power. In an arrangement which the writer 
had constructed for the Glasgow Polytechnic (which, 
however, has since been destroyed by fire), the first con- 
denser, next to the light, had a diameter of twenty-eight 
inches; and between it and the power, three sets of 
achromatic lenses, of twelve, eight, and six inches dia- 
meter respectively, were placed. By this instrument an 
ordinary flea was magnified so as to present a very highly 
illuminated image, only a portion of which covered a 
screen thirty-two feet square. If, therefore, the insect 
is supposed to be a quarter of an inch long, and an eighth 
of an inch broad, the superficial magnifying power, in this 
instance, was ar a total of some millions beyond the 
natural size. ically, we reckoned that, with a power 
of a quarter of an inch focal distance, the magnified 
result was equal, in round numbers, to five million times, 
su cial measurement. This microscope was the most 
perfect which has yet been constructed; and was an 
adaptation of the dissolving-view arrangement employed 
in the institution, of which a further account will be 
found under the heading ‘‘ Magic Lantern,” &c. 

With respect to the powers cneree in ae He fre 

og microscopes, we may observe, t several should 

provided, ranging from about 20,000 to 1,000,000 
times or more. It must, however, be remembered, that 
the illumination or distinctness of the image on the screen 
decreases as the magnifying power is increased ; and this 
result limits the power of the instrument. Again, unless 
the glasses are truly achromatic, spherical al acess 
aberration interfere seriously with the employment of 
high magnifying powers, and also destroy that vivid and 
distinct appearance so essential in microscopic illustra- 
tions. It is, above all things, essential that each lens 
should be exactly in the line of centres ;+ and to neglect 
on this point, the frequent failure of many ms in 
their yer ie to use the instrum sy oe ese and 
other incidents ing in manipulation, have greatl 
restricted the use of this interesting instrument ; al. 
though, if properly managed, we know of no apparatus 
which can so amusingly or more instructively em- 
ployed, admitting, as it does, of a popular illustration of 
some of the most minute, beautiful, and complete objects 
of the Creative Power. 

In the annexed engraving we have a section of one of 
the most usual forms of oxy-hydrogen microscopes. The 
arrangement of each part is varied by almost every 
maker of the instrument. Those manufactured by the 
British opticians are similar, in their external appear- 
ance, to the best forms of magic lanterns ; sided; thes 
microscope is often added to a good dissolving-view 
arrangement, in which form it is of great value to 
Mechanic Institutions. The instruments made in France, 
by M. Duboseq and seksi taal all the lenses fixed to 
an arm of brass extending from the body of the lantern, 
beyond the condensers. ‘This form is liable to derange- 
ment of the line of centres, should the brass arm receive 
an accidental blow. 


Fig. 50, 


@ a, represents the box of eee 5, the lime light; ¢ ¢, the india- 


rubber tubes bringing the gases; d, the first pair of condensers; ¢, the 
d f md SSS, the rack-work used for focussing ; gv. the 


object to > ifled; A, the power, or magnifying lens; 4, a stop or 
diaphragm domme oy cut off superfluous rays. 

We need give no further directions, in respect to the 
| general management of the microscope, than those already 
+ See ante, p. 61. 
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afforded in respect to dissolving views, &c.* In cleaning 
the lenses, great care should be observed in replacing 
them exactly in their proper position in reference to each 
other, and in the seat or frame. It is a good plan to 
introduce a small piece of thin paper round the rim of 
each lens, so that if the lantern be accidentally shaken 
the lens not be shifted. é 

With respect to the objects which may be used, we 
may remark, that those that can be examined by the 
compound microscope, are equally available for the oxy- 
hydrogen instrument. It must be remembered, how- 
ever, that the objects are inverted thereby; and, to be 
viewed in their ordinary appearance, must be introduced, 
on the slide which receives them, in an inverted con- 

ition. 

As our pages may fall into the hands of managers and 
others connected with public societies, we shall suggest a 
few matters which, unless they have been Seon, 
seen, might not be thought of. Amongst these, the fol- 
lowing form extremely interesting applications of the 
powers of the instrument, 

1. The Crystallisation of Salts—To show this, a hot 
saturated solution of Epsom salts, sal-ammoniac, common 
salt, &c., should be kept in separate watch-glasses, close 
by the operator. One drop of each of these may be suc- 
cessively introduced on a slip of glass into the slide. 
The heat of the lime light will cause speedy evaporation, 
and the gradual and sometimes rapid formation of the 
erystals produces a beautiful object on the screen. 

2. Magnetic Attraction.—This is easily exhibited by 
placing a few iron filings in a glass trough, such as we 
shall presently describe, and introducing amongst them a 
piece of soft tron wire, whose end should hang outside 
the trough. If this be occasionally touched by means of 
a horse-shoe magnet, it will become magnetic so long as 
the magnet is in contact with it. This will be shown by 
the filings arranging themselves in curves on its surface. 
On the removal of the magnet, the filings will at once fall 
down. TIé a piece of steel wire be substituted, it will be- 
come permanently magnetic on the horse-shoe being made 
to touch it; and thus the difference between soft iron 
and steel, in a magnetic point of view, may easily be 
demonstrated. _ 

Several glass troughs should he made for this and the 
following purposes. These are easily constructed 4 
cementing two pieces of thin, clear window-glass on eac 
side of a frame of wood left open at the top. One of 
these is represented in the next engraving (Fig. 51), in 
which a a a are the wooden sides and bottom; b b, the 
pieces of window-glass; and, the opening of the trough 
into which the objects are introduced. We scarcely 
dare offer any cement which we can recommend as cer- 
tain to keep the trough water-tight. We have used 
solutions of shell-lac, india-rubber, gutta-percha, wax of 
all kinds, white lead, &c., but haye never succeeded in 
producing ourselves, or of obtaining from the opticians, 
a trough that would long hold water. However, they 
are so easily repaired as to make this a matter of secon- 


dary importance. 
Of course, the size of the trough must depend on that 
Fig. 51. of the slit in the mi- 


croscope in which it 
isto be placed. One, 
two inches square, 
and three-eighths 
of an inch wide, 
is convenient for 


most purposes. 

3. Vive Insects, 
Larve, &c.—Per- 
haps the most 
amusing objects for 
the oxy-hydrogen 
microscope are found in the insects which abound in 
ponds, ditches, and the edges of rivers. A few of these 
may be placed in a trough with some water, and intro- 
daced into the slit, The insects being lorgely magnified, 
and also stimulated by the heat and light, will be 

* Sec ante, p. G4. 


observed swimming rapidly about the trou biting, 
fighting, and otherwise amusing thémselves. The larvee 
of the water-beetle is a most beautiful object; and if two 
of these are introduced into the same vessel, a fierce 
battle generally ensues, which often ends in the destruction 
of one, and perhaps of both the combatants. Water- 
beetles, water-fleas, worms, and many other insects in- 
habiting the water, may thus be exhibited to great 
advantage ; and the internal construction of their bodies, 
together with the circulation of the blood, may be ob- 
served at the same time. These insects are easily col- 


lected by employing a gauze net mounted on an iron ring. 
One of these is represented in Fig. 52. ~ 
Fig. 52. 


_ 4. Land Insects, in the living state, may also be shown 
in a trough, if the top is covered by means of a piece of 
card-bourd to prevent their escape. Dead inseets may 
easily be mounted, by placing them between two pieces 
of glass whose edges are pasted together, as shown in 
Fig. 53. = 

. 53, 


We need not here extend our list of animated or other 
objects which may be exhibited, inasmuch as there are 
few matters to be met with in daily life, of this kind, which 
will be otherwise than interesting: and we shall enlarge 
on the subject further on. 

5. The Decomposition of Water by Galvanism,—To ex- 
hibit this, a little zinc and mercury should be placed at 
the bottom of a trough, which must then be filled by 
some dilute sulphuric acid, and then introduced into the 
slit. Ifa piece of copper wire be gi air into the water, 
no gas will be given off until it touches the zinc. When 
this occurs, a small voltaic battery is formed, and torrents 
of hydrogen rise from the wire surface. On destroying 
Se. conan bie ‘ie ‘re metals, the effect im- 
mediately ceases. By this simple arrangement the action 
of peered batteries may be readily explained, “a 

Having thus given general hints as to the variety of 
uses to which the oxy-hydrogen microscope may be ap- 
plied, we shall now point out two most interesting 
Speionsons, which were first introduced by M. Duboseq, 
of Paris—namely, the exhibition of photographs, and of 
photographie copies of blood globules. 

Photographs of landscapes, likenesses, &c., may be 
introduced into the slide, and magnified by a low power. 
It is essential that they should be transparent, and yet 
that the lights and shades should be very distinct. Tho 
best of this kind are those taken by the albumen 
on glass plates; and of all we have yet seen, we have 
found none to equal those supplied from Paris. The 
magnified image, under a power of 20,000 times, is of 
the most interesting character. Some which we have 
tried, of a size of about two inches square, reproduced 
most perfectly the inscription on monuments and tomb- 
stones ; whilst every crevice or crack in the stone of a 
building was vividly depicted on the screen, 

The pho’ phs of blood globules of animals, drc., 
are of the deepest interest to the physiologist. Each 
living creature has a distinct blood globule for the 
species it represents. Hence photographs of them, when 
magnified by the oxy-hydrogen microscope, represent 
the distinctive features of the class of animal from which 
it has been taken, both in respect to size and shape. It 
is thus perfectly easy to name any animal by its blood, 
if a few globules are examined, and compared with what 
we may call standard specimens. The blood of different 


em... 


eee 


ee 


MICROSCOPIC OBJECTS. ] 


= 


UNDULATORY FORCES.—LIGHT. 69 


person, 

state definitely whether such have belonged to animals 
or to the deceased person. The investigations and re- 
searches of optical science have thus advanced another 
claim on the esteem of civilised society; and may be 
called in to solve doubts, which are often the cause of 
ee ere ee: Se res bare: te: bok! 
in their hands the balance between the life and death of 
a fellow-creature. 

Another application to which we have often applied 
the instrument, is that of exhibiting the effects of 
chemical tests, when the quantity of a substance under 
ne reracoraae top weak gs Ape ae OF course this is a 


solid or liquid to be tested, and to in 
the slide. A drop of the test solution is then placed on 
the plate, and allowed gradually to run into the solid or 
iquid already on its surface. The characteristic colour 
i uced. By these means we have often 
exhibited the mode of testing for strychnine, by the 


either public or private, as an excellent means of con- 

veying information, on an immense variety of subjects, 

to a number = poreqeew simultaneously. By 
pl eo iginal obj di 

é&e., the principles of arithutetio, shaders where 


trigonometry, botany, cry: hy, astronomy, physics, 
mechanics, Lee Liashas i gp se every branch of 


’ * perdaea to that of rs oxy- 
microscope, it wi unnecessary for us to 
ibe more fully its different parts, 


OBJECTS FOR THE MICROSCOPE. 


As many of our readers may be desirous of learning the 
best plan of obtaining, preparing, and mounting objects 
for the microscope, we shall now give some general in- 
structions, which may be of value, and assist those who 
are unacquainted with certain minutix of the modus 


i= - 

It would be impossible to enumerate the various 
objects which come under microscopic observation, as 
of course there is no limit thereto. We may, however, 
select some which may serve as a general type of others, 
and thus guide the student in many respects. In 
carrying out this idea, it may be perhaps. as well that we 
take our subjects separately from the mineral, vegetable, 
and animal ki ms; and we shall thereby be enabled 
to offer considerable variety of illustration. We may, 
however, remark to all our readers, that the interest 
of microscopic study does not consist solely in following 
the beaten track of previous observations. Indeed, one 
of the greatest charms which the microscope presents 
as an instrument of investigation, is the opportunity of 
engaging in entirely novel and independent researches 
by those who use it. The field it opens out is unlimited ; 
and thus every form or kind of existent matter, whether 
animate or inanimate, presses into the service of the 
student and observer of nature. 

Our aim will therefore be, to point out ‘how to ob- 
serve,” rather than ‘‘what to observe;” and in this 
attempt we shall endeavour to be as practical and definite 


as poate. 

uming that the reader has furnished himself with 
a good achromatic compound instrument, we will now 
proceed to describe the best methods of collecting, ex- 


amining, and preserving objects. 
We ya given special directions respecting some 


objects in the previous page, to which our present 
remarks are supplementary. Perhaps the most inter- 
esting objects of microscopic study are found amongst 
the insect tribe of ani life. It cannot fail to as- 
tonish every one, especially those unaccustomed to 
scientific gpelegeer. when they Sppdte) the eegere 
minuteness, yet perfection o! which are 
Dotioed. amsbingsd ihe inviaibie bul erdnate Reltign Water 
exist both in the air and in water. In spring, summer, 


_| and autumn, we cannot inspire a breath of air without 


ing numbers of floating therein; and the 
re draught of water taken from the river or 
brook, equally abounds with. living creatures. Even 
the very dust of the ground, and of our houses, and 
many articles of our daily food, present living orga- © 
nisms, thousands, and even millions of which may be 
covered with a pin’s point. Some of them are so 
small as not to ex the twenty-thousandth of an 
inch in length; and yet they are provided with mouths, 
stomachs, &c. Their process of feeding, and their 
delicate organisation, may be easily detected by means 
of a good microscope, and the liarities of their 
construction observed, which alike puzzle the natu- 
ralist to explain, and interest the observer in their 
examination. 

Ascending in the scale of life, we find the various parts 
of insect organisation to become a subject of the deepest 
interest; and we may state, that the same laws as to 
generation, reproduction, growth, and death, alike affect 
the existence of the est creatures as are found to 
govern the same occurrences in our own lives. Indeed, we 
perceive by our researches, that unity of design, simpli- 
city of causes, and identity of effects, are alike operating 
on all forms of existence, eg any ieee in in- 
stances where special purposes have 

the mating objects of insect life to which we 
can direct attention, are those included in the infusoria. 
These abound in many places, and may often be observed 
covering water in brooks and ditches, with an appearance 
resembling oil. ; : : 

A stagnant pond, if examined during a hot day in 
spring or summer, will be found to be literally alive 
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dipping with a basin from the pond; and must then be 
transferred to a tall glass v filled with water. Into 
this a few plants should be in uced ; and those growing 
beneath the surface of the pond from which the insects 
haye been withdrawn, will perhaps be the best. A 
little of the earth should be removed with them, and 
the plants will thus thrive in the vessel; and by their 
action on the water they will tend to keep it fresh, and 
fit for animal existence. Indeed, such an arrangement 
forms a small aquarium. By similar means we have 
been able to keep a good stock of insects throughout the 
ear ; and have often surprised our microscopical friends 
ve em | many curious and interesting little crea- 
tures in the depth of winter, by aid of the oxy-hydrogen 
microscope. Fresh water should be occasionally added ; 
and the temperature should never be allowed to go 
below 60° F; In such a collection the student will 
be surprised to find an immense variety of objects. 
We shall speak of many of these under the head of 
Natural History ; to which, or to any work of a similar 
kind, we must for the present refer our readers. 

The unlimited number of land insects, places at the 
disposal of the microscopist a most interesting field for 
investigation. As it would be impossible for us to enu- 
merate or classify such objects, we shall content ourselves 
by pointing out only those parts of most insects which 
require ial notice. We must first say a few words 
as to catching, killing, and mounting. 

Generally speaking, insects of the moth kind are best 
caught about dusk; and this should be done by means 
of a fine gauze net, similar to one already described and 
illustrated * the sack, however, being larger, and of 
lighter materials. By this method, the wings, antennz, 
&c., are uninjured. ith respect to killing insects, the 
best plan we know of combines the advantages of pro- 
ducing instant death, and retaining the colours, &e., quite 
uninjured—which is by means of carbonic acid. In 
endeavouring to simplify the process of making the 
gas, we suggest the following plan :—Place an ale- 
glass in a confectioner’s show-glass; and into the for- 
mer put a teaspoonful of ¢ or whiting. On this 
pour some vinegar and water, or a little hydrochloric 
acid, diluted with five times its bulk of cold water. 
On the top of the ale-glass place a small card, so as to 
eritirely cover it. The carbonic acid will gradually es- 
cape, and, being heavy, will flow out of the ale-glass, 
and fill the larger vessel. Any insect dropped into the 
latter will instantly fall down dead to the bottom, with 
wings extended ; and, in fact, will preserve in death every 
external appearance of life. The card of course prevents 
the insect from falling into the mixture; and none of 
this should be allowed to flow into the outer vessel. 
Fig. 54 represents this simple 
and effective arrangement. 

The insect, if small, may 
then be placed between two 
slips of window-glass; but 
this should not be done until 
‘all the moisture has been 
dried out of the body. This 
is best done by leaving the 
insect for some days in the 
ag air, and in sunlight, 

mode of mounting, and 
the actual ro 3 the wae 
‘ plate, are al scribed. 
“lege cottage intieure Considerable delicacy is re- 

ucing carbonic acid gas. piyreet in separating the 
various parts of insects, such as the antennm, eyes, wings, 
legs, stings, &c.; but such can only be gained by long 
practice, and great care. Instruments, such as forceps 
aud small lancets, are often supplied with compound mi- 
croscopes for such purposes ; ani whilst attempting these 
operations, a magnifying glass should be used, which will 
enable the operator to proceed with greater certainty, 
When the part has been removed, it should be placed on 
the centre of a piece-glass, half an inch wide and three 

* See ante, p. 68, Fig. 52. + Ante, p. 68, Pig, 53. 


with insects. These should be carefully collected by | inches long, and on it a drop of Canada balsam may be 


Peitting as By ode the object ren rea 
ifting, : the arrangement is comp! y i 
another slip of glass over the balsam when dry, cn the 
edges of the two slips may then be pasted together, as 
already mentioned. In a similar manner, the hair, down, 
&c,, of insects, birds, or animals; and the scales, &c., of 
fishes, may be preserved from injury, and placed in a fit 
condition for microscopic purposes. 

The ova or eggs of insects are generally found in cre- 
vices or slits in wood, &e.; att from their extreme 
minuteness they actually require, in many instances, a 
microscope to discover them. Dust and dirt, so called 
(which, however, has been defined as ‘‘matter in the 
wrong place”), are often prolific with these objects. 
Indeed, we would venture to suggest the use of the 
microscope to many housewives, who might thus dis- 
cover the cause of the appearance of “such swarms” 
of certain insects; and being so forewarned, might take 
the necessary steps for preventing their subsequent pre- 
sence in a lively and predatory state of existence. 
So extremely small, indeed, are some of these ova, 
that they have not been seen by aid of even the most 
pow: microscopes. Hence has arisen the absurd 
theory of ‘‘ spontaneous generation,” an idea as discre- 
ditable to the reasoning powers of a man, as it is an 
evidence of the crudeness of his imagination. We need 
but further say here, on this subject, that if any creature 
could create itself, a Creator would be unnecessary ; for, 
as the most minute living thing that has yet been ex- 
amined, has organs which, in their construction, func- 
tions, and use, are analogous with those of the t 
size of animals, it follows that the creative power should 
exist in every being, small or great ; the result being only 
modified by the individual ability or strength of seli- 
creation in each species—an argument too ridiculous to 
require refutation. Moreover, the advocates of the 
theory must admit, that inanimate matter must also have 
been self-creative, to be consistent in all their proposi- 
tions: of this idea, however, they decline to take the 
responsibility ; and thus they attempt to build an edifice, 
but forget first to lay its foundation. 

An interesting class of objects is found in insects which 
are bred, grow, and feed in various animal substances. 
Amongst these we may mention the mites in cheese, the 
maggot, and parasitic creatures, such as the louse, the 
tick, &c. These are generally regarded with a de; of 
disgust, which, however, should not be shared in by any 
student of science. Duties of the most offensive kind 
are necessarily undertaken by those experienced in scien- 
tific pursuits, for the purposes of jurisprudence, which 
require the exercise of great nerve in their pursuit. The 
student, however, is not called to these, and may not 
object to examine any of the productions of nature be- 
cause, under certain circumstances, these may prove 
offending—bearing in mind, that whatever the Deity has 
made is worthy of man’s investigation. 

Directing our attention to the organs of animals, we 
may mention, that a most instructive branch of inquiry 
is found in comparative physiology and anatomy. m- 
mencing with the heart, we may remark, that that organ 
has its representative in every kind of breathing crea- 
tures. The circulation of the blood, the nervous and 
muscular systems, the perspiratory ducts, the skin, bo 
fibre, hair, down, feathers, are mostly found in actu 
existence, or substituted in each order; and an intense 
interest is created in the search for these in different 
species, or the discovery of their modifications. Under 
—— of the oxy-hydrogen microscope and its 
uses, we have made special mention of the nature of 
blood globules, and their characteristic differences in ani- 
mals; a subject of importance in a philosophical and 
even legal point of view. 

We have thus indicated some of the interesting objects 
to be found in various departments of the animal king- 
dom, and must leave our readers to complete that which 
we cannot further extend without encroaching on the 
limits of our plan. 

A very interesting field is opened out in the vegetable 
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kingdom study; and in it the analogies 
coieereeseis oa pana eicssiaen bol s rominent 


2) onl apt wm 

to detect their sceasiin, 4d ees 

larger Kinds, with whic. all are familiar Some of these 
very ppearances under the microscope, 

therefore well worthy of the attention of the 


Ascending to the higher classes of vegetables, we ob- 
the most interesting traces of analogy between 
plants and animals. The leaves take the place of lungs ; 
the solid fibre that of bones ; the sap is as the blood ; and 
we 


are 
student. 


istence by an almost continuous chain. It will be suf- 
ficient for our to indicate some of the | 
Steed, sd we talon aogeeh 2 einariler dt 


ay cut coer The form 
the arrangement @ successive 

ea ae Ranetiten 

form beautiful 

nigga leah bon rt gas portion sf p lants is, as it 

were, their feah, bone, and m eda differs, in its 
gee character, in every production of the v 

Thus we have the strong and close fibre of the 

oak and ash, and the delicate fibres of the cotton plant. 

The fibrous matter of grasses is easily obtained by soaking 

the leaf in a little solution of carbonate of soda, and then 
i d. 


more 
y’ 


The cuticie or skin of plants is analogous, in its office, 


to the animal skin. Hairs, down, pores, &c., may be 
detected in the leaves of most lane the pores 
being very numerous on them, and serving the double 
office of respiratory and perspiratory organs. 

Tn some, or most grasses, in wheat, barley, and oats, a 
silicious skin is observed, which is composed of minute 
erystals of silica or flint. A coarse and rank grass, 
growing in stagnant ponds, affords it in considerable 
quantities. 

Starch is a substance abounding in all ae and pre- 
sents a variety of a Pe, ge when the granules are 
obtained from vege Fig. 55 illustrates the form of 
some varieties. 

We need not remind our readers, that Rote are 
in objects for microscopic investigation, and their 

variety an almost endless field for research. The 
seeds and fruits of all kinds of plants are equally interest- 
ing; and perhaps the most instructive matter to which 
we can direct the attention of the student, is that of the 

of germination, from the first change of the starch 
into sugar, until the radicle has made its appearance on 
the outside of the seed. We must not, however, enl 
here on this subject, because we shall have to enter fully 
into the comanieansices of these points in our section on 


Botany. 
Tn the mineral kingdom, we find less variety of objects 
than in those on which we have been treating. This is 
partly owing to what_we venture to term a comparative 
monotony of external form which exists therein, in con- 
trast to the infinite variations of animated structures. 
The mineral, in fact, forms the raw material, which, 
in the hands of the Creator, has been fashioned 
into life. Organised existence, indeed, depends on the 
pcg ee he of but few elementary ies. The means 

limited ; whilst the number of products 
we ty bonne ty the skill of Hien who in wisdoes hath 
made ‘aha all. 

There are, however, many points of interest to be dis- 
covered in the mineral id cay more especially in re- 
ference to the molecular and crystalline structure of 
bodies. It is trae that we cannot perceive those ultimate 
atoms of which a mass is com ; but, as the power of 
our microscope is increased, so we "can often detect the 
existence of Hefinite forms utterly unperceivable by the 
naked eye. A most remarkable instance of this is found 
in the discovery of Professor Ehrenberg, who has detected 
the presence of exceedingly minute shells in common 
chalk ; which indicates that that substance is simply the 
remains of an immense destruction of animaleules, whose - 
exuvie are now the only testimony of their previous 
existence, Similar facts have been t to light 
during the examination of the bed of the Atlantic, pre- 

paratory to laying the electric cable between this country 
rnd. America, Quantities of what ji of mac at first to oe 
been sand, turned out to be the shells of 


rap similarly, j in the pret of mineral: 
nature pal pcm can Rein 4 
shall, however, defer for the t any on these 
subj nem reserving ¢ our remand until we deal with them 
We ive thus endeavoured to give some general idea 
of the diversified objects which fall under our notice, as 
subjects of microscopical examination in the three king- 
dies the animal, vegetable, and mineral ; and conclude 
by saying, that our observations can only ed 
as indicating the nature, rather than the extent, of 
valuable knowledge which the microscope opens out to 
our understanding and examination. 


TELESCOPES. 


Tar next optical instrument to which we shall call 
attention is the telescope, with its various modifications 
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of form, &c., which arise from the different purposes to 
which it is applied. Before entering on this subject, the 
student should have become familiar with the principles 
on which lenses and curved reflectors are constructed, 
ba which we fully explained in the earlier pages of this 
work.* 

Telescopes are of two kinds; namely, refracting and 
reflecting. In the former, the rays of light passing from 
the object are successively refracted by two or more 
lenses before reaching the eye. Of these, again, there 
are two classes, the ordinary and achromatic; in the 
latter, the coloured fringes produced by the employment 
of lenses of one kind of glass, as in common telescopes, 
are avoided by the use of lenses composed of two kinds ; 
namely, crown and flint, which, by their different dis- 
persive powers, destroy their natural tendency to produce 
colo images. The principles on which achromatic 
lenses are constructed have been fully explained in our 
previous pages ;+ to which, for the sake of saving space, 
we must refer our readers.—Reflecting telescopes, on the 
other hand, receive the rays passing from a distant object 
on a peculiarly curved reflector, called a speculum; and 
these are reflected to the eye Saves an eye-piece. 
Henee, generally speaking, reflecting telescopes combine 
the principles of both reflection and refraction in their 
construction. Their forms have been varied according to 
the special views or requirements of their inventors. 
We shall select those most known and appreciated as 
the subject of our explanation; and give a general outline 
of the means employed to cast and to grind the speculum 
to a proper shape. 


REFRACTING TELESCOPES. 


From the time of Galileo, to whom is generally accorded 
the merit of their discovery, telescopes of this kind have 
been the object of great care on the part of the instrument- 
makers. e value of a telescope depends, essentially, 
on its affording a well-defined, colourless, and correct 
i of the object viewed by it; and these results are 
only obtained by the employment of lenses as free as 
possible from either spherical or chromatic aberration. t 

For ordinary purposes a combination of lenses is re- 
quired, which will present the image, to the eye of an 
observer, in a vertical position; or, in other words, the 
object must appear, in all respects, with the exception of 
size, as if it were viewed by the naked eye. In instru- 
ments used for astronomical purposes, this precaution or 
peculiar arrangement is unn , because size and 
position are the chief objects which are sought after ; 
hence, two lenses are sufficient in many cases. 

Before proceeding to describe various forms of the 
refracting telescope, it may be as well that we should 
call the attention of the reader to the names of the two 
chief lenses—the eye-piece and the object-glass. The 
former term is applied to the lens which is placed next to 
the eye of the observer; whilst the object-glass is that lens 
furthest from the eye, and next to the object ; it, indeed, 
first receives the rays of light entering the instrument, 
The definition of these terms will save us much circum- 
locution hereafter. 

As nothing conduces more to interest the student in 
physical science than assisting him to the personal appli- 
cation of its laws and principles, we s now give 
directions, by means of which any one may construct a 
simple telescope at a trifling expense, and yet of sufficient 
power to enable him to view many interesting astro- 
nomical appearances. We are indebted to Dr. Dick for 
the following description of an instrument of this kind, 
which we have slightly modified. 

Fig. 56. 


ee aa . r 


_ “Procure a double convex lens of about thirty-six 
inches focal length, and place it at the end of a tube, as 
* See ante, p. 43, et seq. + Ante, p. 53, + Ibid. 


at A B, Fig. 56. At thirty-seven inches distant from 
this lens fix another, as at C D, whose focal length is one 
inch, This should be fixed in a te short tube, 
E F, which rage be so made as to slide backwards and 
forwards in the large tube, for the purpose of adjusting 
the focus of the telescope to the eye. The following 
particulars require to be attended to, The aperture or 
opening which lets in the light at A B (that is, in front of 
the lens), should not ex one inch in diameter, other- 
wise the image of the object will be somewhat confused. 
There should be a hole (or stop) in the focus of the eye- 
glass, C D, rather less in diameter than the breadth of 
the lens, for the purpose of excluding extraneous rays.” 
The tubes may be made of tin or zinc, and the insides 
should be blackened by painting them with a mixture of 
lamp-black and size. The stops at each end of the tube 
are easily made out of circular pieces of zinc, from the 
centre of each of which a neat round hole must be cut; 
that for the object-glass being an inch in diameter; and 
that for the eye-glass may be about half an inch. 
These can easily be soldered into their places on the 
tube. Such an instrument can be a for five shillings, 
and it will have a magnifying power of thirty-six times. 
Of the question of magnifying power, however, we shall 
speak more fully as we proceed. Simple as this form of 
telescope is, we may inform our readers that, in using it, 


they will be enabled to observe Saturn’s ring, Jupiter's: 


satellites and his belts, the lunar mountains, and the 
spots on the surface of the sun. For the latter purpose, 
however, the eye should be protected by means of a 
piece of dark-blue or blackened I glass, placed between the 
eye and the eye-piece of the telescope, or the intensity 
of light and heat would be seriously injurious. We 
must also impress on all who may attempt to make 
such an instrument, the necessity of having the axes of 
the two lenses in exactly the same line. In other words, 
a line drawn through the centre of the object-glass A B, 
must, in a properly-constructed instrument, also pass 
through the centre of the eye-piece, C D. In the con- 
struction of optical instruments of all kinds, wherein two 
or more lenses are employed, this is certainly the ‘‘ pons 
asinorum ;” and neglect of this simple rule often 
involves a vast amount of annoyance and expense. Of 
this we met with an amusing instance in the case of a 
friend, who had expended upwards of thirty pounds in 
remedying a vast number of imaginary defects in an 
oxy-hydrogen microscope. On inspection, we found that 
the only fault existing was, that a brass arm, at each 
end of which a lens was fixed, required to be straightened, 
an operation which was performed in a few seconds by 
the aid of a vice. . 

We must now —— the cause at pee of the 
magnifying power ©: escopes; and the simple one 
which pe just described will enable us to do so 
without danger of distracting the attention of the student 
by unnecessary detail, because the principles involved in 
its construction are equally so in every other form of 
telescope. In this telescope, the eye-piece is the medium 
by which the image produced by the object-glass is 
viewed and magnified; hence the magnifying power of 
any telescope of this kind will be in the ratio which 
exists between the focal distances of these two lenses. 
For instance, the focal length of the eye-piece, in the 
instrument we have described, is supposed to be one 
inch, whilst that of the object-glass is thirty-six inches ; 
we thus obtain a magnifying power of thirty-six times. 
It also appears, that if the focal length of the object- 
glass is increased, and that of the eye-piece diminished, 
the ifying power of the telescope is increased in the 
ratio which these two measurements bear to each other. 
We should here observe, that when we speak of the 
power of a telescope as magnifying so many times, it is 
meant that the diameter, or linear measurement, is 
increased. Of course, the total superficial result will 
equal the square of the linear one. Our telescope, for 
instance, is supposed to have a linear magnifying power 
of thirty-six times; but its superficial power will be 
equal to the square of 36, or 1,296 times. 

Tn the following diagram, we have an illustration of the 
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optical effects produced in the ore ee of telescopes 
(See Fig. 57). The larger lens at L being the object- 
glass, receives the rays of light, which, for our present 
purpose, we shall suppose to proceed from a star, A B; 
and are therefore, practically speaking, el to each 
other. The image of these rays is found at a b, and is, 
of course, inverted. The lens, or eye-piece, L’, magnifies 
the image, a 6, in the manner represented at b’ a’. 

. Fig. 57. 
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smallest extent; and the magnifying power of a telescope 
constructed of two such lenses, will, as we have already 
explained, be just in the ratio of the large focal distance 
of the object-glass divided by the short one of the eye- 
piece. But practically, there are limits, both of con- 
struction and use, which forbid the employment of 
lenses beyond a certain size and focal length. In the 
earlier days of telescopic discovery, object-glasses were 
used which had focal | varying from three to three 
hundred feet. these it will be unnecessary to 
do more than state, that their use was highly in- 
convenient, But to employ lenses of ordi 
A glass for high magnifying power, and at but a 


¥ 
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In all telescopes, arrangements are made by means of 
which the relative distances between the object-glass and 
the eye-piece can be varied. This is for the purpose of 

ing the instrument to the optical peculiarities of 
observer; and is necessary, because the point of 
distinct vision varies considerably in different individuals, 
owing to the convexity of the eye in some, and its com- 
eh concavity in others. e have already spoken 
lly of this subject in our remarks on the human eye ;* 
to which we refer those of our readers who be 


ewssively between the object-al 


considering, is found b: — 
object-glass oy that of one 


object-glass 
than at mo ten Wig te rays Sbintis taxoen, 


ment of this 
kind, in which 
a bis the distant 
object ; 1, the ob- 
ject-glass ; I’, the 


concave ileus; 

b a, the place at 
b which in- 

verted image 
produced from fo would be formed; and 
|a’ bis the non-inv image, as observed by the eye of 
the spectator. The length of the instrument is much 
diminished by this ment; and hence it is a con- 
ee eee otypwd iv or Aageaeerteggiaia 
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distance of any assignable length, whilst 
piece. may equally have one of the 
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eable distance from each other, was an un- 
solved problem until Mr. Dollond discovered, that 
a combination of lenses of two kinds of glass 
whose dispersive and refractive powers would 
correct each other, effected that purpose. An object- 
glass com of a concave lens of flint glass, into 
which is fixed a double convex lens of crown 
meets the difficulty; and telescopes fitted with such, 
give not only a clear and distinct image, owing to an 
almost entire freedom from both chromatic and spherical 
aberration, but also supply another great boon to the 
astronomer, arising from this effect—namely, that of 
eee the use of a telescope not exceeding a few 
eet in length, in place of those of the extraordinary size 
to which we have just alluded. In such arrangements, 
magnifying Lig of astonishing extent may be em- 
ployed; and thus the astronomer is supplied with 
an instrument whose capabilities are, practically, only 
limited by the means of its owner, and the skill of the 
workman employed in its construction. 


REFLECTING TELESCOPES. 


WE now proceed to examine another kind of telescope, 
whose use is almost entirely confined to astronomical 
purposes, and in the construction of which great in- 
genuity has been manifested. 

A reflecting telescope consists chiefly of three parts— 
namely, the speculum, or reflector, which receives the 
rays from the object (this takes the place of the object- 
glass in the refracting telescope); the smaller reflector, 
which is sometimes employed to receive the i from 
the large one; and the eye-piece, by means of which the 
image is viewed and snified. These arrangements 
either vary or are modified in different telescopes, as we 
shall presently see. 

It will be a bo bp ga over the 
same ground again in describing the gen A 
&e., of vations forms of curved reflectors. This we have 
already done in a former part of this work, somewhat 
minutely ; and we therefore refer our readers thereto, f 
and will proceed to describe each of the parts of the 
telescope in detail. 

The speculum is generally made of an alloy composed 
of variable quantities of copper and tin ; in addition to 
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depends, The largest nlum yet made is that be- 
longing to Lord Ross. It has a diameter of six feet; 
weighs about three tons; and its focal length is about 


received by the angularly placed speculum, and reflected 
to a b, at which point they are viewed. 
‘ Fig. 61. 


wok rs feet. This reflector is com of copper 
tin united, in what, in chemical language, would 
be termed atomic proportions ; or, in other words, 
such quantities of each metal were employed as are 
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represented by those in which they would combine 
with acids, &c., in forming definite compounds. 

Recurring to the proper shape of the speculum, we 
must refer to our re’ on spherical aberration,* and 
also to those on the properties of reflectors which have 
curves of one of the conic sections. In obedience to the 
laws of reflection from curved surfaces, the specula used 
in reflecting telescopes are usually made in the shape of 
a “amend and thus, as far as possible, the pelle. of 
spherical aberration are avoided. 

It will, perhaps, be more convenient that we should 
now illustrate the principal forms of reflecting telescopes 
which have been employed; and include, at the same 
time, the description of the small reflector and eye- 
pieces specially adapted to their construction. 

In the annexed figure we have a representation of Sir 
Isaac Newton’s reflecting telescope. In this (see Fig. 
59), M is the speculum on which the rays from a distant 
object, A B, impinge. These are reflected from M to N, 
which is a plane reflector, placed at an angle of 45° 
to the axis of the mirror. The image reflected from 
N is received and magnified by an eye-glass placed at O. 
The eye of the observer is of course placed at the 
opening beneath O, in a position which is extremely in- 
eonvenient. The mirror is placed between the focus a b 
and the speculum, and the image is formed at a’ 0’. _ 


The Gregorian telescope—so called after its inventor, 
Dr. Gregory—has a very different and much more conve- 
nient arrangement. In using an instrument of this kind, 
the observer views the image in a line which forms the 
axis, instead of being at right angles thereto, as in Sir 
Isaac Newton’s telescope. A hole is bored in the large 
speculum, at its centre; and the rays of light reflected 
from the surface are received by a smaller concave mir- 
ror, which again reflects them to the eye-piece, and so 
they reach the eye of the spectator. Fig. 60 illustrates 
the construction of a Gregorian telescope ; and the same 
letters are employed as in our last engraving, which will, 
therefore, at once point out the different parts, their 
position only being varied. = 


MISCELLANEOUS OPTICAL INSTRUMENTS. 


Havixc mentioned the genes optical instruments, 
their construction and their uses, we now proceed to’ 
speak of those which, whilst highly interesting and use- 
ful, are still of comparatively minor importance, and, as 
such, will not require so extended notice. 

Amongst these we may include the followi 
Concave and Convex Mirrors, Spectacles, ig 
Glasses, Puning See the Kaleidoscope, Debusscope, 
Thaumatrope, otrope, &c.; of each of which we shall 
give a short explanation. 

We have already explained the principles of concave 
and convex mirrors, and have, to some extent, alluded 
to their various uses, In doing so, however, we confined 
ourselves to strictly scientific illustration, and now pro- 

to show a variety of amusing uses to which many 
of them can be applied. The same may be said of the 
other instruments to which we have alluded; all of 
which are constructed on the principles already laid 
down—modified, however, by peculiarity of construction 
and object. 

As a variety of interesting experiments may be tried 
with both concave and convex mirrors, we may here 

enter more fully into the practical part of their con- 
struction, than we have in our previous pages.+ We 


; namely, 


A there stated, that unless a parabolic or elliptic form 


sp _ be employed, great loss of light and heat is sustained 
during reflection. For the purpose, however, of the 
following experiments, those of a spherical sha 
will answer very well. We may add, that such will 
be equally useful to the student during his studies of 
heat and sound; because they, like light, obey the laws 
of radiant forces. 

Where the means of the student will permit, we advise 
the purchase of reflectors having a polished silver surface, 
which may be obtained of most of the optical instrument- 
makers. As, however, some of our readers may not be 
in a position so to do, and it being our desire to facilitate 
the repetition of all our perigee Hage following direc- 
tions may be useful; and if carefully carried out, they 
will enable almost any person to become practically ac- 
quainted with the laws and amusing applications of 
curved reflectors, 

Either metal or glass may be used for the purpose. 
Generally speaking, metallic reflectors are preferred. A 


sheet 0’ Pease! is to be hammered into a hollow 
shape, which can be readily done by any copper or 


tin smith. Instead of copper, tin or zinc may be 


The jan telescope has a convex mirror, placed 
at N, oa a concave ahs as employed in the Gre- 
i Both these forms of instrument have been vari- 
ously modified, by astronomers and others, since the 
time of their invention. 

The celebrated Sir William Herschel introduced an- 
other form of reflecting telescope, in which the observer 
looked down the tube enclosing the lum, and of 
course with his back to the object. The speculum was 
placed at an angle with the axis of the instrument, and 
so cast the reflected rays towards one edge of the tube, 
at which they were viewed by means of an eye-piece. 
By this arrangement a second reflector, as employed in 
the previously described instruments, was rendered un- 
necessary. Fig. 61 represents a section of this form of 
telescope, in which the rays proceeding from A B are 

* See ante, p. 44. 


used, as either of these metals will receive a good 
polish, They are, however, liable to tarnish ; and 
just in proportion as that takes place, the value of the 
reflector for experimental p is diminished. Tho 
size of the reflectors may vary from eight to twelve inches 
in diameter, the reflecting power increasing in the ratio 
of the diameter. If copper reflectors be preferred, they 
should have their surface polished as brightly as possible, 
and be pega silvered by means b- Se electro 
rocess, or in the ordinary manner of plating. 

Sian require repolishing ; and such have us aivsinaee 
of retaining the areas ‘or a long time, and also reflect a 
sd amount of incident rays of light than any other 


m 

Tf glass be used, the outside surface may be “‘silvered” 

in a similar manner as is adopted for ordinary looking- 

glass if a convex mirror is required, and the inside for a 

concave; in either case, the side opposite to the reflecting 
+ See ante, p. 43, et seg. 
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surface is that which is to be coated with mercury. Re- 
flectors of this kind must form a portion of a sphere ; and 
a watch-glass, of the ordinary form, illustrates the pape 
of such a reflector. The ‘‘silvering” process is y 
performed ; and for this purpose the glass must be care- 
fully cleaned, so as to be quite free from dust, spot, or 
dirt: a piece of clean tinfoil is to be pressed on one of 
its surfaces, so as to evenly cover every part; a little 
mercury is then poured on to the tinfoil, and evenly 
spread by means of a hare’s foot, the hairs of which an- 
swer the purpose extremely well: a piece of thin tissue- 
paper may then be laid on the foil and mercury; and 
gentle pressure is to be applied, so as to force off the 
superfluous metal. The will adhere to the 
gees surface, and thus form a good reflecting coat. 
ither concave or convex reflectors are thus made; and 
although inferior to metals in their reflecting power, they 
will illustrate many interesting laws and applications 
of light. The most convenient way of ing two 
reflectors is by placing them on stands, allowing them to 
slide on a rod, to which they can be fixed in any desired 
Fig. 62. yen by means of a binding-screw. 

wo should be obtained; and their ap- 
pearance is illustrated in the annexed 
engraving. Referring to our remarks 
on curved reflection,* it will be found 
that we there enter fully into the ex- 
planation of such matters as focal dis- 
tance, &c. ; and these data, in reference 
to any mirror which the student may 
employ, must be cae apg ey SSE 
experimentally, according to es 
we have laid down, and which we shall 
not repeat here. Such having been 
found, the following uses of curved re- 
flectors may easily be examined, and 
several interesting experiments may be 


and heat from the 
focal point, and ete v heat and light will be 
there produced. It does not matter whether the re- 
flector is entirely spherical; for if made-up of a number 
planes, the same effect is produced. Very 
‘*burning-glasses” have been thus constructed, 
y building up a number of small plane reflectors in a 
curved form. By means of these the most. re- 
ry metal may be fused; and other substances which 
the heat of the most powerful furnaces are con- 
verted into the liquid o. a reflectors have been 
in constant use in lighthouses, for the purpose of casti 
the rays of a lamp to a considerable detenee. Barbies 
the most re: le instance of this sort was that of the 
reflection of the lime light in Scotland, during the survey 
made, On one occasion, the rays reflected by a concave 
mirror were distinctly perceived at a distance of ninety 
miles from their source. By similar means, the light 
produced by Holmes’ magnetic arrangement was cast 
across the ish Channel from the South Foreland 
lighthouse, seen on the French coast, shining with 
great brilliancy. Concave reflectors, combined with 
enses, are similarly employed on railways, as ‘signal 
lights ;” and in any case, where a powerful and concen- 
trated light is required, their use is of great value. 

If an object be placed somewhat beyond the centre of 
curvature of a concave mirror, an inverted image of it 
may be seen in the air. This effect can be applied for a 
variety of amusing purposes. Thus, a jug of water, if its 
contenta, Te: poured ont, will seem to be filling. An 
excellent plan of illustrating this amusing fact, is that 
of allowing thin smoke, as from smouldering brown 
paper, to pass between the observer and the mirror, when 
the inverted will be distinctly perceived. The 
object is to be p a little beyond the focus of the 
mirror in such experiments: the proper position is easily 
ascertained, however, by a trial or two. A person 
standing before a concave mirror, beyond the centre of 
curvature, will see an inverted and smaller image of 
* See ante, p. 44, et seq. 


himself ; and by moving to and fro, the image will appear 
to advance till the centre of curvature is reached: 
passing that, the image will seem to recede from the 
observer. 

Some amusing optical illusions may be effected by 
means of concave mirrors; one of which we shall here 
illustrate, and leave to the ingenuity of the reader to 
extend them in any other form he pleases. 

Tf an object be placed, as we have just described, before 
aconcave mirror, the spectator will see an inverted image, 
when placed in certain positions. If, however, the object 
be inverted, then an upright or vertical image will be pro- 
duced. Availing ourselves of this fact, and placing before 
the mirror a screen having an opening of less diameter 
than the mirror, a spectator will see an image of any object 
placed between the screen and the reflector, apparently 
suspended in the air. Cameos, statuary, and other 
matters may be employed for the purpose; and for the 
amusement of young people, objects of a comic character 
may be employed. ‘The arrangement will be fully under- 
stood by inspecting the annexed engraving; in which a 

Fig. 63. 


c a 


represents the concave reflector; b, the object which 
must be inverted; c, the screen; d, the aperture therein; 
e, the image formed in the air; and f, the eye of the 
spectator. (See Fig. 63), The use of smoke, as before 
recommended, improves the effect; and if the desire be 
to startle or surprise, the mirror and object should be 
placed in one room, and the observer should look through 
an opening in a doorway, from the apartment in which 
he is p' adjacent to that contaming the mirror. 
The cause of the image will thus be entirely concealed 
from him ; and the effect on his imagination will be pro- 
portionably increased. 

From our observations on convex mirrors, the reader 
will be prepared to find, that an image cast thereon will 
be magnified, at certain positions, instead of being dimin- 
ished, as is the case when concave reflectors are similarly 
employed. On bringing an object near to a convex re- 
flector, its image increases in size until the object and 
the reflector come in contact. This may be observed by 
Hissin Chong effect on the image of the face, whilst 
bags ing or receding from a polished teapot, whose 
, generally speaking, is of a convex form. Some 
concave and convex mirrors, which are sold by the opti- 
cians, have an amusing effect on the minds of persons 
looking thereon, especially if they are ignorant of the 
laws of optics. These mirrors are constructed so as to be 
viewed both widthways and LE and they respec- 
tively produce a ludicrously enlarged image of the face 
and features generally. These were often used as mirrors 
for the drawing-room, some years ago; and, perhaps, 
many of our readers may have seen them in houses 
furnished after the old fashion. 

By means of concave mirrors of a cylindrical form, 
some very curious optical effects are produced, similar to 
those we have just named. Objects are painted, say of 
a landscape, &., presenting an irregular or distorted 
form when seen by the eye. If, however, such are 
viewed by means of the mirrors we have been describing, 
they at once present a definite form. Such are called 
anamorphoses, on account of the peculiar change of effect 
which is produced by the arrangement, 


SPECTACLES. 


We have already mentioned, incidentally, instruments of 
this kind :{ we shall, however, enlarge on the subject, 
t See ante, p. 45. ~ t Ante, p. 49. 
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so that our readers may more fully understand the 
principles on which spectacles, &c., are constructed. 

In our remarks on the structure of the eye,* we men- 
tioned that the cornea is of a convex form, like an 
ordinary convex glass lens. It performs that office to 
the eye which a Jens does to a microscope or telescope ; 
that is, it collects the rays of light passing from any 
object. Each part of the eye, however, is exactly 
adapted to its special purpose, and any disarrangement, 
no matter how trifling, is followed by inconvenience. 
Even in early life, the eyes of some persons have the 
defect of being either too convex or too flat; and such 
defects are remedied by employing glasses or spectacles of 
an opposite character, us a highly convex cornea 
requires a concave lens; and one too flat is remedied by 
the employment of a convex glass. When the defect 
arises from the cornea not having sufficient convexity, 
then the rays of light received and refracted by it, have 
their focus behind the retina. The effect is very similar 
to that found when the lenses of the magic lantern, 
&c., are out of focus. The result, of course, is, that the 
person so affected suffers from great indistinctness’ of 
vision. This will be better understood by reference to 
the annexed diagram, in which it is supposed that the 
cornea has not sufficient convexity for the ordinary pur- 
posés of vision. 

Fig. 64. 


- 


Tn Fig. 64, a represents the cornea, to which rays of 
light are supposed to be passing, unimpeded, from da. 
Owing to the want of proper convexity, they pass on 
from e f, and do not reach the focus till they arrive at 
¢, a point beyond the retina, b. If, however, a lens, g, be 
interposed between a and dx, then, by its convexity, 
it mig ep a focus all the rays on the retina of the eye 
atb. e difficulty experienced by all persons so affected, 
is to find what is called their “‘ sight ;” that is, the focal 
distance of the lens, g. This can only be done by trial ; 
and when successful, the result will be due toa choice of 
a glass whose focal point exactly falls on the retina when 
the spectacles are placed in their proper position before 
the eyes. The use of any pair of spectacles is, however, 
limited to special purposes ; because, unlike the eye, they 
cannot accommodate themselves to the ch of position 
or distance, in which objects are ordinarily found. A 
very ingenious arrangement, however, is sometimes em- 
ployed. Instead of using one glass in each eye-hole of 
the spectacles, two, of different focal distances, are placed, 
so that four, instead of two lenses are em loyed. The 
two at the bottom of the spectacles are Bem for reading, 
sewing, and other pt requiring close vision. The 
upper lenses are useful for viewing distant objects; and 
such a combination is of great value to elderly persons. 
We cannot help remarking on the imperfection of all 
human contrivances when put into comparison with those 
of the Creator. The eye, in its perfect state, can in- 
stantaneously adapt itself to any purpose for which we 
. require it; all the intermediate steps of its arrangement 
are unperceived by us. But despite the skill of our best 
workmen, all attempts at imitating this are eminently 
faulty, partly from our ignorance of the necessary 
mechanical arrangement, and still more so from the 
absence of vitality in the instruments we employ. 

We may now examine into the opposite defect of sight 
—namely, that in which the eye is too convex; and we 
need scarcely say, that the remedy is exactly the con- 
trary to that we have just proposed. This will be at once 
understood by inspecting the following engraving. 

In Fig. 65, we presume that the rays are proceeding 
from an object, dx, to the cornea,a. The cornea being too 
convex, converges the rays too rapidly, and they therefore 
come to a focus at c, between the cornea, a, and retina, 6. 

* See ante, p. 48. 


If, however, a double concave lens, g, be interposed’ be- 
tween a and dx, then the rays impinging on e f will not 
focalise except at b (which is the retina), providing the 
lens is chosen of the proper focal length. 

Fig. 65, 


In the absence of glasses, individuals affected in the 
manner to which we have been adverting, endeavour to 
accommodate either objects or the eyes, so as to par- 
tially overcome the inconvenience to which they are 
subject. Thus a short-sighted person, or one whose eye 
is too convex, sees better if the objects are placed close 


to the eye ; whilst those whose cornea is too flat, remove 
the object to some distance from the e In either 
<a alteration of the vi focus is thus 
e ‘ected. 


MAGNIFYING AND BURNING GLASSES, 
We have classed under this head two instruments, whose 


properties arise from a similar cause—that of simulta- 
neously concentrating the rays of light and heat when 
these two forces are present at the same moment. Of 
course our remarks are now chiefly directed to those 
circumstances in which solar or analogous influences are 
experimented on. In no case do we find the light of the 
sun unassociated with calorific effects; and as each force 


is subject to the same laws, these effects may be con- | 


sidered together. 

In a former page,t we stated, that light, emanating 
from a distant source, does so in what may practically be 
considered as parallel rays. As such, the results are 
nearly coincident in a point called the focus. The 
effect varies according to the distance between the centre 
of the lens and the focus of the lens. If, however, the 
lens have a large curvature, and consequent distant focus, 
it will have the power of collecting from a greater areaa 
larger amount of each radial force. We therefore find 
that the magnifying and burning power of any lens are 
not coincideut. Added to this, we must take into ac- 
count the effects of spherical aberration, The influences 
which may control the latter source of disturbance have 
been already discussed in our previous pages,t to which 
we must refer our readers. 

Some extraordinary statements have been made in 
reference to the power of different kinds of reflectors and 
refractors, which have been employed for the purpose of 
concentrating the solar rays of light and heat. By large 
mirrors reflecting these forces, platina, quartz, and 
other refracting substances have been easily melted. 
The most successful experiments have been tried by 
means of reflectors which have been built up in segments, 
forming part of a sphere or ellipse. Such are most 
effective when arranged as reflectors of a parabolic form. 
Our own experience leads us to believe that there is a 
limit which entirely prevents the employment of solid 
glass lenses for such purposes. Experiments we have 
tried with a double convex glass, twenty-eight inches in 
diameter, and about six inches thick, showed a loss of 
light and heat, by absorption, &c , which rendered the 
lenses practi useless, In such instances, reflectors 
of the same size produced a far greater effect. 

It has often been stated, that Archimedes, by means 
of burning-glasses, destroyed the fleet of his enemies, 
Whilst we congratulate him on his supposititious victory, 
we may prudently doubt its cause. Suffice it to say, 
that modern science, with all its assistants and adjuncts, 
has not, as yet, means at all equivalent to those which 
would be essential to the success of the hero we have 
named, 

If convex glass lenses of large size are employed, it is 
advisable that they should be formed of blown glass—of 

+ See ante, p. 44. td Ante, p. 44. 
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course peg ass cavity, which may be filled with a 


refracting liquid. This may vary from distilled water 
to strong h ic acid, the latter having a strong re- 
fractive , and also a peculiar action on the rays of 
heat and li In nai this, we may presume that the 


ming a 
jori readers will not have the opportunity of 
trying experiments onthe are cog 3 ee ey, pada 
suggest em: 
pene ee eee 
a 


interesting 
patience, the : a 
of the effects of various on 
refraction of the forces of light and Lecter 4 
single or double convex lens answers the purpose of 

ing and burning-glass; one of the simplest of 


THE KALEIDOSCOPE, 


Tan kaleidoscope, to which we shall first direct attention, 
ida by Si orig i wedged and has, for many 
@ source am 


Hon tho lees ny Oe Diatees Egy see gmr eee suc- 
cessively reflected by means fescabtors; eedkeees 
any single object will reflection, first from its 
own and then from its image in one of the 
mirrors to placed at an angle thereto. The result 
ins that, OR Seer gre Storia Farmciae areas ct 
ci ae peee te Sismrtece 
eir ces a orm in 
the Sis Witla being tn sccertl share is 
the uctive of the most pleasi 


and 
results, detracts from its value in an 
view, as we shall explain when describing the Debusscope. 


THE DEBUSSCOPE. 


regular results, Thus, a pi 
i scrawl may be 


placed between the reflectors, may be made to assume 
any variety of form, and, simultaneously, to produce an 
equal variety of designs. Instead of having *to look 
through the instrument, as in the kaleidoscope, the ob- 
server simply has to look on it between the two reflec- 
tors; and hence convenience and permanency are at 
once obtained. When the Debusscope becomes fully 
known, there is no doubt but that it will be highly 
valued. We are indebted to M. Debus for its invention ; 
and hence its name, 


THE THAUMATROPE, PHANTASMASCOPE, 
AND ROSE’S KALOTROPE, 


In the earlier of this section* we referred to the 
fact, that light travels with such speed as not to permit 
the eye to successive impulses on the retina, if 
such are more freq than about ’eight in a second. 
Thus, the spokes of a wheel, if in rapid motion, present 
an indistingui appearance to the eye. If, however, 
a strong lig! ae eenemmemasocnaly, they will 
appear, for the moment, quite stationary; even the act 
of suddenly shutting and opening the eyes will some- 
times afford the same result. 


By means of mechanical this principle is 
capable of many in ing applications, in which what 
is termed the persis vision is employed, together 
with an intermission of light passing from the object to 
the eye, Generally ing, the object is caused to 
revolve rapidly ; and, by means of suitable contrivances, 


its surface is alternately, but rapidly, exposed or shut off ; 
‘thaumatrope, &e., are produced. 


Fig. 66. 


_ The thaumatrope, illustrated in the above cut, is made 
sinting, on the opposite sides of a round card, any two 

say a mouse and a trap, or Through the 
Seis exl'e wiring is pemebtl aeciond of which is 
held by means of the finger and thumb. On twisting the 


the effect produced leads a person to sup that the 
mouse is running in and out of the cage. NOM scriages 

consi oung 
to an 


acts on similar principles ; but the 
is yery different. A circular piece of card- 
board, of any diameter, is fixed on a handle by means of 
at its centre, on which it can freely turn round. 
On one side of the circle, figures, in different attitudes, 
are pasted or painted, and over each a small slit is made. 
On turning the card rapidly round, and looking through 
the slits on a looking Glens placed in front, the reflection 
of the figures, which seem to be in rapid motion and all 
alive, will be seen. Amongst many of the illustrations 
used ave horses and men leaping gates, acrobats, dc. ; all 
of which afford great amusement. The following engraving 
ig. 67) illustrates the construction of this singular toy. 
Mr. Rose, of Glasgow, has invented a very interesting 
instrument, which he has called the kalotrope. It consists 
of a circular disc, on which are drawn, in deep lines, 
various curved figures. Before this is placed a kind of 
screen, perforated with divisions. Several of these are 
furnished, and thus the effect is varied. The dise is 
made to revolve rapidly by means of wheel-work ; whilst 
the screen also revolves in front of the dise, either at a 
* See ante, p. 42 
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intervals ; and the intersection of the perforations on the 
screen, has the effect of producing to the eye the ap- 
pearance of every form of geometrical curves, conic 
sections, &c. The results are exceedingly pleasing, — 
cially when viewed by means of a powerful light. e 
arrangement is not susceptible of illustration by means of 
an engraving; and the instrument has not commanded 
that attention which its simplicity and beauty entitle 
it to. 

With this we must conclude our description of optical 
instruments, and pass on to another and im t 
branch of the science of light, in which we shall have to 
deal with double refraction and polarisation. We have 
preferred to describe the application of light, so far as 
we have gone, in this portion of our work, because the 
instruments we have named are constructed and used 
in obedience to the principles and doctrines already 
defined, and have but a remote connection with the 
phenomena develo; by double refraction. It may, 
perhaps, be as well if we give a kind of general réswmé 
of some of the chief points of the affections of light to 
which we have hitherto directed the attention of our 
readers, so that, at all events, the student may retain 
a venibee of the subject sufficient to guide him to 
those which we have yet to bring to his notice, each 
of which consists of special applications of previously 
enunciated truths, in an pears and practical form. 
It so happens that we shall have to introduce man 
matters, in connection with chemical science, with whi 
some of our readers may be unacquainted. We shall, 
however, do so in an elementary manner, and, there- 
fore, will not have to call for anything beyond the use 
of an ordinary intelligence in making our remarks under- 

At the commencement of this section, we first remarked 
on light as a latent f and found that, although its 
chief source is the sun, still, by proper means, it could be 
educed from a latent state in bodies by certain processes ; 
it is, therefore, in this, and in other respects, analogous 
to heat and electricity. We then proceeded rea. We 
that white light is compounded of coloured rays, which 
may easily be obtained by aid of the prism. We observed 
that each of these rays, or waves of light, varied from 
the rest, both with respect to the length of its undu- 
lations, their number within a given time, and their 
refrangibility, 

Reflection, and its laws, were next reviewed ; and the 
properties of plane, spherical, parabolic, and elliptical 
reflectors were investigated—this branch of the science 
being that of Catoptrics. We next observed, that a ray 
of light, passing into or out of media of different den- 

undergoes refraction, or an alteration of its pro- 
gress from a straight line, if the ray be incident on the 
ting body at any angle from a perpendicular 
direction. As an expansion and application of this law, 


we next entered into an examination of various forms 
of and the direction which a ray of light takes 
through them. That perfection of lenticular arrange- 
ment, the human eye, next came under our notice, toge- 
ther with some peculiarities of vision to which some 
persons are subject. 

The phenomena of colour, we stated, were produced 
by the absorption of all.the rays of light except that 
which was reflected pings surface of body to the 
eye; and we noticed that, whether such effects of colour 
were produced by reflection from a body, or by trans- 
mission through its substance, still the colour observed 
was due to the retention of every other ray except that 
perceived by us. The colours of thin plates of air as- 
sisted us to measure the length and frequency of the 
undulations of each ray presented by the prismatic 
5 We then entered into the question of com- 
plemen colours, to which we shall have constantly 
to refer when dealing with polarisation. 

Diffraction, dispersion, and achromatism then came 
under review, are with a peculiar form of disper- 
sion, called epipo ic. 

Under the head of mono-chromatic light, we were 
enabled to discuss the effect of a single coloured light 
on surrounding objects, whereby we noticed that the 
colour of a body depended on that of the light incident 
= intresting disco’ f Fraimhofer, that th 

An in i iscovery 0! ‘er, that there 
are certain marks or bands in the spectrum, and an 
extension of these facts in the recent discoveries of 
Messrs. Bunsen and Kirchkoff, next our atten- 
tion. We shall add a pe go chapter on this 
subject, as the best mode of giving a full account of the 
interesting facts which have see ily discovered, since 
those named in the remarks we made went to 

We no yea —— of the “rep i — 
organised bodies; showing how animal and vegetable life 
are variously and powerfully influenced by that agent. 

Having noticed some special ocular defects from which 


some persons suffer in respect to distinguishing colours, 


we subsequent] Sen as an application of our 
previous “soem 58 e construction the followin, 
optical instruments; namely, the camera obscura 
lucida; the multiplying glass; the magic lantern, dis- 
solving views, &c. ; microscopes, and interesting objects 
to which they can be applied; telescopes, both refract- 


ing and ; concave and convex mirrors; spec- 
tacles ; ifying and burning-glasses; the kaleido- 
scope; the De pe; the thaumatrope; the phan- 


tasmascope; and Rose’s kalotrope. 

We may here make a few remarks on the peculiar 
phenomena which we shall more . pero, deal with 
in our section on chemistry; we refer to phosphorescence 
and fluorescence. Phosphorus and fluor-spar, with many 
other bodies, have the power of spontaneously emitting 
light; and in the case of phosphorus, this is owing to a 
slow combustion, or its union with the oxygen contained 
in the atmosphere. This effect, however, may be ob- 
served in mets a ee ape Ferme the ary ed 
appearance of cra ’ Pp orescence of the 
sea, which proceeds from extremely minute creatures 
swimming on its surface. 

Fluorescence has obtained its name from the spar we 
have named ; and is developed by heating that substance. 
The two terms are a to appearances 
similar to those we have refe to, but arising from 
different causes ; hence we eg of the phosphorescence 
of the electric discharge. e can fully understand that 
the student may tind some difficulty, whilst considering 
the phenomena of which we are taking notice, in re- 
peed the fact of the spontaneous production of light, 
with the remarks we haye previously made on the 
doctrine of latent forces. Indeed, it would seem, at 
first sight, that light, in such cases, produced itself; but 
we must bear in mind, that chemical action is really a 
form of motion, that arises from the attraction which one 
element may have for another; and juat as the sun 
and the earth have a mutual attraction of gravitation, 
and so tend to approximate—the chemical attraction 
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subsisting in bodies, tends also to bring them into inti- 
mate union; and, as such, is the promoting cause of 
phosphorescent effects. Heat, of course, produces the 

of fluorescence ; and, in that case, we there- 


fore have one force producing another ; and a sufficient 
cause is therefore existing towards the ‘production of its 
consequent effect. 


We shall now pass on to the subjects of Double Refrac- 
tion and Polarisation, in which the reader will find that 
all his previously acquired knowledge will be called into 
requisition. These will be succeeded by articles on 
Artificial lumination and Photography—two subjects 
of the deepest interest as applications of the force or 


| agency of light. 


We have now to enter on a most interesting branch of 
scientific inquiry, which, although of comparatively 
recent origin, has attracted the profound attention of the 
most eminent li philosophers. 

ry pera already become acquainted with 
many of the changes which a ray of light is subject to 
when it is either reflected from, transmitted through, or 
refracted by various substances; and it will be essential 
to our that he should bear in mind the various 
laws on w we have already dilated. This will be 
ean when we ies he-ianaleadibiatanenben 
which depend both on reflection and refraction, yet in 
other conditions than those which we have previously 
inquired into. 

na former part of this section, we fully entered into 
the consideration of the single refraction of light. We 
then observed, that when a ray of light passes from a 
rare through a dense medium, and vice versa, it does 
so in a line varying from that in-which it had previous! 
travelled; in other words, it suffers refraction: sti 
however, no visible change in its nature is apparent ; its 
direction alone ee ore es There are, however, 
a great variety of su which have the power of 
not only refracting light oningly, but also of dividing 
a ray into two parts—an effect called double refraction. 
The best known instance of this kind of bodies is the 
coumon Iceland spar, If a piece of it be placed on a 
line drawn on paper, or on a wafer, &c., a double image 
of the object will be perceived. The rays proceeding 
from the object are divided into two pencils by the 
ween structure of this doubly refracting body; and 

rahe ling pees is to cause the perception of 

a double image. To e this more easily und 


we Na we an engraving illustrating the case of double 


by a rhomb of Foutanl tee oP igh together with one 
thing the design of the rays light passing through 
of that substance 
Fig. 63. 


[attest dat" hi ret Flag ed 


CHAPTER II. 
DOUBLE REFRACTION AND POLARISATION OF LIGHT. 


doubly refracting by means of pressure, b 
cha of their form by pomenieel force, by ss 
heating and cooling them, any cause which 
alters the relative srangmont of their particles. Glass 
may be fy eet ys rp of this class of sub- 
Pre nshet ‘or ut single refracting in its ordi 
state, it affords = phenomena of double tolvankio 
on being suddenly heated or cooled, or when under 
pressure or distortion. 

We have already stated that the phenomena of har 
refraction is caused by aray of light, on en 
bodies, being split into two rays or pencils, w rape 
separated thereby at an angle from each other. In 
bodies of a crystalline character, there are what are’ 
called optic axes, or fixed lines ; and on the position and 
nature of these, the direction, and consequent refraction, 
of the ray of light —— Some bodies have but one, 
and others two axes of double refraction. As an 
instance of a substance possessing one axis, we may 
—_ Iceland spar; and one possessing two axes we find 
crystallised nitre. These two classes of bodies are 
eieealy te termed ee and biaxial 
e must carey more clearly w! 
by an opti axis for this purpose we refer to the 
engraving, which represents a rhomb of Icelan 


spar. Fig 70. 
In Fig. 70, we have a re- 
presentation of a iece of Ice- 
a 


Hight f Let e 
ight falli 
pendicularly on the pa sos, 
e rhomb. Now if this 


o 


calico, through unchanged, because 
icularly incident thereon.* But when falling on a 
rhomb of Teeland spar, the ray is divided into two parts, 
of which e f is the ordinary ray, and eg the extraordi 
ray. If the ray of incident light fall obliquely, st 
the ordinary ray is obedient to laws of single refrac- 
tion, whilst the es a course divergent 
from the optic axis of the crystal, and at various angles 
of position hes eyo i a“ —— 
examination. In epee o images presen’ 
by a piece of Iceland it is turned round over 
a spot, it will be found that the extraordinary ray moves 
in a circle, whilst the ordinary remains stationary. The 
prem nay of these two rays in reference to the optic axis 
may thus be examined by the student, 
es a rigeviaden of their mutual divergence and position 
in various circumstances is at pap Yeas = 
axes are respectivel itive and negative when 
ne aseanetin extraordinary ray bee either to or from the 
metrical axis of the crystal. Aten Snel ee 
possessing positive axes, we may mention quartz, 
ice, &c.; whilst [ecland spar, the tourmaline, prussiate 
of potass, &c., have negative axes. We shall be able to 
see the application of law more fully when we enter 
on the consideration read larised Tight, and its resulting 
ee oe of the 7 wf sore of colours, &c., under 
certain circumstan: 
We must here sins; that the velocities of the ordinary 
* Sce ante, p. 45. 
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and extraordi: rays in a refracting medium of the 
kind we are or desling with, differ from each other; 
that of the extraordinary ray varying accomling to the 
angle it makes with the axis of the crystal, whilst that 
of the ordinary is constant. The larger the angle which 
the extraordinary ray makes with the axis of the crystal. 
the greater is its velocity; and its relation to that of the 
ordinary ray is dependent on the positive or negative 
character of the crystal. 


POLARISATION OF LIGHT. 


Pennaps there are no phenomena of which it is more 
difficult to convey a popular description, than those 
connected with the polarisation of light. We shall, how- 
ever, endeavour to meet the difliculty by affording simple 
means whereby a ray of light may be polarised; give 
directions for constructing apparatus called polariscopes ; 
and after thus conveying a general idea of the effects of 
polarisation, which the student may easily become ac- 
quainted with, we shall go more deeply into the facts 
and principles of this interesting branch of physical 
science. 

The student will naturally ask, ‘What do you mean 
by polarised light?” And we will endeavour to answer 
the question, by pointing out certain effects which occur 
when a ray of common light is reflected or refracted at 
certain angles. 

When gees ed the reflection of light,* we stated, 
that a ray, incident on any reflecting surface, was re- 
flected at an angle equal to that of incidence. If, how- 
ever, a ray of light fall on a plate of glass (which should 
be blackened on the back), p in such a position that 
the ray is incident at an angle of about 57°, then the 
ray is divided into two parts, one of which is reflected, 
aud the other is absorbed. If the reflected ray be received 
by another glass plate, placed so that the ray reflected 
from the first is received at an angle of 57° on the second 
plate, the ray will be polarised ; and it has thus acquired 
certain properties greatly differing from those of ordinary 
white light. The student will understand this better by 
constructing the simple apparatus represented in the 
annexed engraving, which will afford him an elementary 

i or instrument by which rays of polarised 
ight may be obtained. 


Fig. 71. 


and each of these is fixed at an angle of 33°, so that a 
ray of incident light may fall, at au angle of 57°, on the 
surface of either. 


See ante, p. di, 


again appear; and thus we observe, at each quarter of 
the cirele, a reflection or loss of the ray incident on a, as 
viewed from the reflected surface, b. Now this only 
hap when each of these glasses is placed at a certain 
pes age already remarked; and such is therefore called 
the polarising angle of the substance employed for that 
purpose. It is at this angle that the greatest polarising 
effect takes place, although such also occurs at other 
angles, but, of course, to a diminished extent. 

Another mode of producing similar effects, is that of 
using two plates of a mineral called tourmaline, which 
may be obtained of the optical instrument-makers. Or- 
dinary light—as of the sun, a candle, or a gas flame—is 
easily seen a one of these plates, or through two 
if placed over other in certain positions. If, how- 
ever, one plate be held before any source of common 
light, and the other be gradually revolved through a 
complete circle in front of it, and next to the eye of the 
observer, it will be noticed, that at every quarter of a 
circle, or 90°, the light will be alternately exhibited or 
extinguished, just as we stated would be found in using 
the simple apparatus already described. There is, how- 
ever, this difference between the two processes—the first 

roduces the result of polarisation by reflection, and the 

tter by the transmission of the rays through a i 
substance. The student will thus see, that what is call 
polarisation, is equally effected on ordinary light by re- 
flection and refraction. 

Having thus shown how light may be polarised, we 
proceed to describe the nature of the effect produced ; 
and this, ert ey can be best done by pointing out the 
difference which exists between a polarised and a non- 
polarised ray. An ordinary ray will be equally trans- 
mitted and reflected through or from the body on which 
it may fall; whilst a polarised ray is not thus indifferent 
to the physical nature of such body; and, moreover, will 
only pass in such directions through it, or be reflected 
from its surface, at certain angles varying for each mate- 
rial employed. Hence, in polarisation, a ray of weerpars 
light acquires such properties as connect it essential wit: 
the physical nature of the substances on which it may 
fall, or pass through; and this is evidenced from the fact, 
that it will not pass through some substances at certain 
angles; that it will similarly not be reflected at some 
angles of incidence; and lastly, its relationship to doubly 
refractive structures is eminently different to that it 
maintained Spa to polarisation. On the latter pro- 
perty we shall have to enlarge more fully hereafter. 

A variety of illustrations have been offered, in scientific 
works, for the purpose of familiarising the eye and the 
mind of the student with these facts. One of the sim- 
plest of these is represented in the annexed illustration. 
(See Fig. 72). 


Fig. 72. 


In Fig. 72, let a b represent a piece of cardboard, 
fixed so as to form a cross, with another piece, ¢ d; and 
let ¢ f represent a flat piece of card, through which 
parallel o have been made from one side to the 
other, Now, supposing either end of abcd be presented 
toe f, only that portion. parallel to the openings of e f 
cht be crag the os past the cross, being at 

ight angles ese openings, could not of course 
through. Now, in a similar manner does the late of 
tourmaline act on the ray of light; and in the above we 
have illustrated the effect observed by turning round the 
tourmaline plates—namely, that of the rays being alter- 
nately transmitted or extinguished. Our remarks and 
illustrations are, for the present, entirely confined to the 
consideration of what is called plane aaartaad light ; or, 
in other words, we refer to the absorption or transmission 
of oe in connection with imagiuary rectilinear 
planes, in or about the bodies employed for our purpose. 
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be which we can offer as 


A polarising plate is easily made by coating a sheet of 
level window- 3 ceusieiie, ley monks 6 lampblack 


lipitt 
ie 
ie 
EE 
Hi 
“Fe 


Hi 
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Pot 

: 
i 
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from slipping when in use, their 
pasted together by means of narrow slips of 


i 


black paper. — ‘ ; 
The analysing plate is made by piling up twelve pieces 
of perfectly clean thin window or microscopic g which 
must be closely together. They may be three 
inches long, by about two inches wide; and their edges 
should be by means of paper, &c., so that they 
may form a compact and immovable mass, as 


. 73, t, 
= Sen bee at a window, 
so that they may reflect 
the image of a white cloud ; 
or place before the plate a 
sheet of ground glass, so 
that the light falling on the 
. polariser may have a uni- 
form white tint. The analyser should then be held 
in the right hand, and the eye should view the 
disoegs the analyser in cae direction, the blackenio plate 
in one directi ed plate 
will uel of the same colour a if viewod by te 
iakaderes analyser be turned roun Se 
Se eh tein can an 
observed, it will be found, that nearly all light 
from its surface is lost. Thus, one of the phenomena of 
Wong ten lps erage Tf the analyser be turned 
(ag ampullate ag gird gee moh 
if through rs, or 270°, it again vanishes, 


: 


ing it over the flame of a candle or 


until the analyser has regained its original position 
between the eye and the observer, when the light re- 
flected and polarised by the black plate will again be ob- 
served in its original intensity. If a piece of mica be 
now interposed at a distance of a few inches from the 
analyser, and between it and the polarising plate, it will 
present, if placed at the proper angle, a beautiful ap- 
pearance. ie most ificent colours will be seen; 
and if the analysing plate be steadily turned round, to 
the extent of 90°, whilst the mica is held in the same 
position, the original colours will entirely nies, ane 
their complementary colours succeed them.* of 
a piece-of mica, a thin plate of the yellow prussiate of 
potass may be used; the effect is, if possible, still 
more brilliant, 

To enable the student to employ this simple piece of 
apparatus successfully, we append an engraving, showing 
as near as possible the relative position of the different 

We are aware that a little difficulty may be ex- 
perienced, at first, in placing each at its ig angle; but 
after acquiring this, the student will En the arrange- 
ment extremely convenient for many purposes. 

Fig. 74. 


e 


shoul e@ nose 
as that the observer may see the line of light in a plane 
ing about an inch from the lower end of the to 
surface of the analysing glass; and which, if carri 
the bundle of plates, would almost touch 
the extremity of the under surface of the bundle, which 
will thus be at an angle of about 57° with the horizon. 
A most beautiful play of colours may be produced by 
gently moving the plate of mica about in various direc- 
tions. This, however, the student will soon discover. 
By apg OT of mica up into oP sty of different 
thickness, piece may be made of such a size as to 
reflect one colour only, and its complementary. A sheet 
of mica, therefore, presents a number of beautiful 
appearances, amine the various thicknesses of which 


of el 

ving ibed this a tus, which may be made 
for a few pence, and which will enable any one to 
become acquainted with some of the magnificent effects of 
polarised light—we proceed to point out other arrange- 
ments answering the same purpose, but which are more 
complete in their construction. 

Thre cacet sins le of the kind that we have yet seen is 
that constru by Mr. of Kennington ; one of 
which is exhibited at the South Kensington Museum, 
The following engraving illustrates its arrangement; 
and the description we give is in the inventor’s own 
words, : 

Description of Bestall’s Polarising Apparatus.—This 
apparatus for showing the beautiful phenomena of 

* See ante, p. 52. 
M 


82 UNDULATORY FORCES.—LIGHT. (POLARISCOPES, 
polarised light in acids, salts, crystals, dc.— larising plate. The angles are measured by a gra- 
adapted for niet ists of a polarising mirror, Snated ares observed in the engraving; d shows the 
a to give the pi angle, and an analysi direction of a ray of light incident on the polarising plate, 
tu sail Wt thie maces cheapie aad cheap form, with a, which, passing to b, is reflected to e. This is the 
the properties of the most expensive apparatus. position in which the eye of the observer is placed. Both 

the analysing and polarising plates are placed on pivots 
Fig. 75, yaing po. aC E 


Directions for using Bestall’s Polarising Apparatus.— 
Hold the red box, A, Fig. 75, in one hand; pull the red 
tongue, B, with the other—that will place the mirror and 
the emg at the proper angle, Place the black mirror in 
the box, A with the reflecting part upwards; and the 

lass for giving the angle on the mirror, as in the 
wing. Place the object on glass, C, and fix the 
und glass to the light. Place the apparatus on a table 

by the window, for day ; for night, a light to reflect about 
half-way up the ground glass should be used. Hold the 
analysing box, D, to the eye, turn it gently round, and sit 
about two or three feet from the apparatus; look at the 
object, and so obtain the phenomena of polarised light. 


turning the analysing tube round,. the primary 
iad stemgiolaan colours will be afforded. 


The analysing plates can be taken out of the tube to 
clean them; but be particular in replacing them in their 
former position. 


Having tried the above-described arrangement, we 
can unhesitatingly state that it is a most useful instru- 
ment. It has, also, the recommendation of being as 
cheap as it is effective. 

The most commonly used form of ag ripe is that 

resented in the annexed this apparatus, 
isation takes place by ion, and the analyser 

is also a reflector, It is an extremely convenient ar- 
ent for the purpose of showing, at alternate 

es of 90°, the phenomena of complementary colours, 

We observe, that at the lower of a lariscope 
. 76), a square frame, containing a few g lates 
foe ee of which has been well blackened), iS fixed On 
this the ray of common light is allowed to fall at an 
vo wee bal Being reflected from the surface, the 
polarised ray reaches the analyser, which consists, also, 
of a number of glass plates (the bottom one being black- 
ened). The object to be viewed is placed on an inter- 
mediate s' and the eye of the observer sees the 


effects of light by means of the top mirror, 
Fig. 76. 


‘> 


IAT 


In Fig. 76, a represents the polarisin, te; b is the 
ne ad se rbicht the objet to be 


analysi late ; ¢ is the - i. haa 
examin polarised light is placed. The frame - 
ing the Stiabpeing sate, fe is movable, so that it may be 
turned round, and be so arranged at any angle with the 


similar to those employed in common looking- 
This arrangement permits of their being ones at any 
angle, In employing this instrument, the polarising 
plate should receive a ray of light at an e of about 
57°; and the analysing plate should be similarly 
and receive the ray from a, at an angle also of 57°. A 
ponerse beam of gr sey ight may be thus ob- 
tain fe may remar! t such an a) tus 
easily be constructed by any cabinet or Dokinrales 
manufacturer, by following detailed instructions we 
have here given. sis polatiane 

The arran; t of iser and analyser, in our 
engraving, throws the two at such an angle as will afford 
the ordinary phenomena of polarised — By turning 
the analyser to an angle of 90° with the polariser, the 
complementary colours to those seen in any ore by 
the represented arrangement will be observed most 
readily. We may remark, that 0°, 180°, and 360°, are 
the relative positions of the two plates for the reflection 
of the polarised ray, and 90° and 270° for that of its 
absorption or extinction. At these the complementary 
colours become visible. We have hitherto confined our- 
selves to the description of the simplest forms of polari- 
scopes. Others of a more exact character, in which 


tourmaline plates, Nicol’s prism, &c,, are employed, will 
be deuatiel: as we cael ’ : 
GENERAL PHENOMENA OF POLARISED 
LIGHT. 


From what we have stated in reference to the construc- 
tion of polariscopes, our readers will have perceived, that 
all the effects of polarised light depend on the i 

molecular construction of bodies. Indeed, one of the 
most valuable uses, in a pie point of view, to 
which the polariscope can be applied, is that of detecting 
differences which exist in the arrangement of the atoms* 
of which a mass is composed. We are enabled to deter- 
mine, with a most astonishing precision, the charac- 
teristics of two or more bodies having exactly the same 
chemical constitution, and yet differing in their purely 
ae gra character. An interesting illustration of this 
‘act is found in the case of sugar, and many kinds of 
starch, which, whilst presenting the same results as to 
nee | and proportion when subjected to the test of 
chemical analysis, exhibit astonishing differences when 


examined by means of the poses 
To those who take a pleasure Dn seaieing natural 


ito, rice, 
differs from its fellow in many 


* See Introduction, p. 1. 
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such qualities of bodies, and to give us an insight into 
other causes than those which we assign to many effects 
observed in daily life. We should, perhaps, trench too 
greatly on the doctrines of chemical science, were we to 
fully express our views on this subject, and illustrate 
them by the countless instances which we could adduce, 
wherein a change in the molecular constitution of a body 
modifies its character. We may, however, take the 
case of alcohol, and its products. Retaining the same 
elements—alcohol, ether, acetic acid, oxalic acid, &c., 
are all producible from one substance ; namely, common 
sugar. By means of what has been termed catalysis, 
alcohol is easily converted into oe — ~ yet the 
only agent required is one—platina, which does not 
ergo the least tible change during the process : 
similarly, the same metal can éffect the union of oxygen 
and hydrogen, especially when presented to a mixture of 
those gases when it is in a state of minute division. 
Instances of the ent of atoms (purely ee 
in its character) may be adduced, wherein no chemical 
change is perceived, no external alteration made mani- 
fest ; and yet no sooner do we employ a ray of polarised 
light, than we are enabled to detect differences and 
ects which otherwise would entirely escape our senses. 
Annealed and unannealed Iceland spar, and 
Arragonite, the different kinds of oils, &c., are illustra- 
tions of such occurrences. We must, however, not stop 
at a general view of the matter: our desire has been to 
ive the student a distant but comprehensive view of 
almost unlimited nature of our subject ; and having 


attempted this, we shall endeavour to lead him, step by 
step, among the arcana of this interesting re of 
physical research. 


e shall presume that the student has provided him- 
self with some form of er such as we have already 
described ; or, in the absence of this, the following will be 
necessary ; namely, two bundles of glass plates, each 
aeons he and to the number of ten in each bundle. 

= ould Te ther, altar a 
viously.* A large piece of plate or window-g whic 
has rs blackened on one side, either by leaphtack or 
the black varnish used by photographers, and a few 
pieces of mica, on which to try various experiments, 
will be required. The latter may be obtained in most 
of our large towns, as it is largely employed for the pur- 
pose of making lamp-protectors, and for other purposes. 

Furnished with these, our readers ma ily stud. 
all the leading phenomena of polarised light. Ind 5 
hn whole is the ear hs ba shall ed the present refer 

may produ e simple arrangement we 
have named, This is another illustration of the fact, 
that science, even in its most refined branches, may be 
woe Sores studied at a oe cost. 

wing placed the polarising black plate with the 
lished surface upwards, so as to receive light thereon 
a white cloud, or from a lamp screened by means 
of a piece of ground glass, its surface may be viewed 
through the bundle of glass plates, or means of 
another piece of blackened glass placed above it. If 
the latter be ben ee the polariser and it must be at 
similar angles (about 57°) with the horizon. The angle 
at which the bundle of glass plates is to be held, de- 
pends on their number. Their — however, has 
been illustrated.t The observer will find, that 
if either the bundle of glass plates or blackened 
anal be held in the proper position, then the light 
Passing from the polariser will alternately be visible or be 
shut off, as the analyser is turned through each quarter 
of a circle; so that t h 360°, there will be, alter- 
nately, a phase of light, and one in which the light 
entirely disappears. 

As we have synch Hight ala this | due aoa 
peculiar change whi ight undergoes when it ers 
= goes reflection, refraction, or double refraction. 

e result is obtained by reflection simply when the 


polariser and analyser are two pieces of Sockingd plate, 


such as we have described. e result occurs, partly 
by reflection and by single refraction, when the 
* See ante, p. 81, Fig. 73. 4 See ante, p. 81, Fig. 74. ~ 


lariser is a blackened glass plate, and the analyser a 
faadie of plates. The same result is arrived at by 
single refraction solely when two bundles of glass 
plates are used, placed at the proper angles with each 
other. When, however, a piece of Iceland spar, or 
tourmaline, is employed, then these crystals produce the 
same result by double refraction only. 

As a matter of convenience (although it involves 
expense), we should recommend those of our readers 
who can afford it, to purchase a Nicol’s prism, which 
is merely a rhomb of Iceland spar, divided and 
rejoined in a wedge-like form, for the purpose of re- 
moving, as far as possible, the extraordinary and ordi- 
nary rays from each other. The angle of vision 
through it is of course always the same, its optical 
character having been attended to during its construc- 
tion by the optician. It forms the best kind of ana- 
lyser. It is also desirable that the student should 
possess two pieces of tourmaline, as they are the readiest 
means of observing several of the phenomena which we 
shall mention. In the absence of these, however, the 
simple apparatus we have named will answer the pur- 
pose ; and will have also the advantage of calling out both 
the skill, patience, and close attention of the inquirer. 

If pieces of mica, of varying thickness, are interposed 
between thesanalyser and the polariser, they will pre- 
sent appearances of colour widek ware according to the 
thickness of the substance. Those comparatively thick 
afford red; and the thinner kinds give tints of various 
shades of blue: all’the intermediate colours of the 

, and their numerous combinations, being thus 
obtained, their complementaries come in view on the 
analyser being moved through an angle of 90° with its 

revious position in reference to the polariser. If, 

owever, the mica be slightly shifted, the play of 
colours will be continually varied; because other planes 
or lamingw come within the line of view. 

Now these colours correspond in all respects as to 
order, &c. (excepting the thickness of plates producin 
them), with those obtained by means of a lens presse 
on glass, the prism, the soap-bubble, d&c., on which we 
have already dilated.t Their immediate cause, how- 
ever, <n ; whilst those we have referred to 
previously, are the result of interferences, produced 
either by simple reflection or refraction. However, the 
doctrine of the interference of light, is equally appli- 
cable to that which has been polarised as to light in its 
ea state ; and pursuing the plan we have hitherto 
adopted, we shall now only refer to our remarks on in- 
terference,§ leaving our readers to extend such in their 
application to the subject with which we are now deal- 
ing. Thee imental proofs and mathematical inves- 
a na which would be required to fully elucidate this 
subject of polarised interference, are at once too delicate 
and abstruse for most of those for whom our work is 
intended. The advanced physicist may consult, with 
advantage, papers by Fresnel, Arago, Herschel, and 
others; of which we regret to say that no general 
srarree exists—a fact partly due to the narrow limits 
in which the study of the subject is confined by its 
abstract character; and on account of the necessity of 
high mathematical attainments on the part of those who 
would fully investigate it. 

We shall now ae on to consider some magnificent 
appearances which certain substances present when ex- 
amined by means of polarised light ; but, before doing so, 
we may just name, that the coloured phenomena to 
which we have just alluded may be obtained in selenite, 
the yellow prussiate of potass, &c. ; all of which, like 
mica, vary in the tints they produce, in proportion to 
their thickness. Selenite, which is a crystallised form 
of sulphate of lime (plaster of Paris), is frequently 
arran in the form of animals, church windows, &c. ; 
and this affords a pleasing and popular illustration of 
polarised light and its effects. 

Referring to our remarks at a previous page,|| whilst 

ing of double refraction and optic axes, we noticed 
some crystals are uniaxial, and others biaxial. The 
+ See ante, p. 51. i Ante, p. 52. l| Ante, p. 79. 
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latter class, when viewed under the polariscope, presents 
some interesting phenomena, and of a kind to which 
there is found no analogy in any other department of 
physical science. 
a piece of mica be placed close to the analyser, and 
examined, a proper specimen will present two 
black spots, round which extend five series of rings, of 
the most beautiful colours. These are best seen by 
means of a tourmaline plate; but the simple apparatus 
which we have described answers the same purpose. 
An addition of an eye-piece, which Mr. Bestall has made 
to his i at our suggestion, shows these fine 
effects exceedingly well. se 
In the centre of the rings, the black spot indicates the 
position of the optic axes of the mica;* and besides the 
rings and spots, a curved line, cutting the oval rings, 
may be observed. The annexed engraving gives a very 
Fig. 77. faint idea of the beauty of 
these effects; each of the 
curves, of course, being co- 
loured exactly like the New- 
tonian rings, but far exceed- 
ing them in size. A simi 
effect is observed at both axes ; 
and if the plate be revolved 
round its centre, the curved 
band will assume a longitu- 


dinal appearance. 
Nitre, which is also a 


biaxial exhibits this phenomenon in a more perfect 
manner, use the axes of its two crystals are close 
to each other. A perfect crystal is to be chosen, and a 


section made of it at right angles to its length, and of 
about the thickness of a sixth of aninch. On this 
being polished, and examined in the polariscope, the ap- 
pearances presented are exceedingly beautiful. The two 
axes, rings, &c., are nearer together than in the case of 
mica; and their appearance is represented in the annexed 
engraving, together with a cross, which extends between 
the two axes.. The cross may be made to assume various 
positions, by causing the piece 
of nitre to revolve between the 
analyser and the polariser, on 
the geometrical axis of the 
crystal. Particular attention 
is required to the polish, thick- 
ness, and other points. This, 
and many other crystals, how- 


Fig. 78. 


ever, may be urchased, 
ready mounted, of the op- 
ticians. Amon such, we 


" may mention Iceland spar, 
which presents a very fine 
appearance when of proper 
thickness. 
Some very beantiful effects 
are observed when unannealed 
glass is viewed in the polari- 
scope. In our early remarks 
on the influence of the mole- 
cular constitution of a mass 
on a ray of light passing 
through it, we sta’ that 
man; differences could be noticed, by aid of polarised light, 
which are entirely unperceived by common light. Glass, 
whose parts are homogeneous, shows no effects ; if, how- 
ever, such is suddenly heated or cooled, then its con- 
stitution is altered, and colour, &c., may be perceived 
therein. A piece of glass, a quarter of an inch thick, 
and an inch and a-half square, if suddenly cooled from the 
liquid mass, presents a very pretty effect if placed some 
distance from the analyser, This is represented in the 
following engraving, which but crudely illustrates the 
beautiful results produced. In the piece from which we 
have drawn our cut, each of the circular are dots 
of a rich blue colour, separated by a white cross, The 
latter changes to a black cross, with reddish-orange dota, 
on revolving the analyser through 90°. 
* Sce ante, p. 79. 


This singular appearance and effect has a very valuable 
application. In the manu- Fig. 79. 
facture of g' the greatest 
care must be taken to have it 


properly annealed before it is 
introduced into commerce, if 
the manufacturer has the least 
regard to his own character 
or the interests of his cus- 
tomers. These considera- 
tions, however, have very little 
weight with those whose con- 
sciences are in the inverse ratio 
of their love of money; and 
penne an inane Loree & snapper pes fae annually 
manufact and sold, whi ‘or the ordi purposes 
of life, are utterly valueless. This arises from the 
fact that they are badly annealed. The of 
annealing is intended to render glass less liable to break 
on being subjected to sudden yariations of tempe- 
rature; and is effected by first submitting the vessels 
to a great heat, and then allowing them to cool y 


gradually. Glass, like steel, may thus be rende 
more fit for daily use; and, indeed, ing and tem- 
ering are similar processes, and produce si results. 


ell-annealed glass produces none of the appearances we 

pei been eggs whilst poaeneneae ge agai 
+ purpose, » therefore, any s ¥ 

lens, &c., be examined by the polariscope, its character 
may at once be ascertained. is fact is of considerable 
use in daily life. To the philosopher it affords a means 
of testing the nature of the glass of which his lenses and 
chemical apparatus are made. To our housewives we may 
equally offer the use of the polariscope in the purchase 
0 glass vessels of any kind; and a judicious application 
of the principles we have laid down, may have the double 
effect of preventing annoyance by the sudden fracture of 
eer vessels, and an infraction on that patience 
of which, it is said, the fairer sex are the chief possessors. 


CIRCULAR POLARISATION, 


Ovr remarks have hitherto been confined to that kind 
of polarisation which takes place in certain planes ex- 
isting between the axes of any objects and the direction 
of the polarised ray. We proceed now to notice briefly 
some phenomena which are panes by solids and 
liquids, in which we shall find that the effects depend 
on a rotation, right or left respectively, between the axis 
of the body and the direction of the polarised light. 
A plate or section of rock-c is an object which 
frome this peculiarity to the eye of the observer. 

is is cut perpendicularly to its axis of refraction; and 
it affords, when viewed by means of an analyser 
(which may be a Nicol’s prism), the appearance of rings 
round its axes, the colours of which anes according to 
the direction in which the analyser is moved. © 
colours succeed each other in regular order, just as we 
find them gn by the prism:t+ and supposing the 
analyser to be turned towards the r1cut hand, then red, 
orange, yellow, » blue, and violet, successively 
appear; and such bodies have what is called ricur- 
handed polarisation: if, however, these colours succeed 
each other in any body when the analyser is turned 
towards the Lerr hed then such is said to have a 
Lert-handed polarisation, 7 

It may be as well, before we proceed further, to state, 
that an ordinary polarising plate, and a Nicol’s prism, 
will answer well for solid transparent bodies, such as 
rock-crystal, starch, &c.; but for fluids (of which we 
shall presently speak), an arrangement is required of 
a form suitable for the purpose; one of which is re- 
presser in the following engraving, and of the best 
orm we have tried. 

In ig 80, a represents a Nicol’s prism, fixed, b 
means of a ring and screw, on a common ring-stand ; 
is a tube in which the liquid is placed, which may 
be partly covered with black paper, to keep out 
s + See ante, p. 41. 
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extraneous rays. These tubes musi be of various lengths, 
to suit the different liquids which 3 


Fig. 50. 
Ms ¢ 
@ i JPL 


polarising plate, attached to the 
Tein lis scree; ¢; and f is the 
eye of the observer. We need 
state, that the analyser 
must so rest in its socket, as to be 
readily turned round through the 
circular ring, as by means of its 
rotation over the tube, b, the phe- 
nomenaare observed. Incomplete 
instrum eK restsin a graduated 
frame, which is essential for ac- 
curate experiments, because the 
angle of rotation varies for each 
liquid oso and ae (i ar ee lea 
feren with res; po- _ 
larised light, are pg is out. The bottom of the 
tube, b, should be as flat as possible, so as to prevent 
the loss of light on account of its external curvature. 
With such an apparatus, which is easily constructed 
the student will have a wide field for research. He will 
be enabled to detect physical characteristics in bodies 
which no other means can point out; his ideas in 
reference to the constitution of such will be extended ; 
and from merely examining the external peculiarities of 
the various substances ted to him, he will be able, 
as it were, to acquaint himself with their internal consti- 
tution, in a manner as astonishing as it is instructive. 
We may here shortly point out the essential difference 
which exists between plane and circular polarisation. 
In the former, the chief effects are witnessed when the 
lanes of observation are at right angles to each other. 
n circular polarisation these angles vary, and depend on 
circumstances, which, in their turn, arise from 
the peculiar or individual constitution of the body under 
examination. We should remark, that the best plan of 
observing the phenomena of circular polarisation, is 
that of using homogeneous or single-coloured light ;* 
and this is easily managed by interposing a plate of red 
glass between the eye and the analysing prism. This 
prevents a variety of disturbing causes; and it also 
ensures the disa ce of the extraordinary ray.t 
We may mention, that some little difficulty occurs to 
the i in observing the direction of rotation ; 
because, as we have just stated, different liquids require 
ter lengths before the phenomenon is exhibited, 
The following, however, we may adduce respectively, as 
instances in which the effects may be observed ; and, as 
they have all been tried in an equal length of tube— 
namely, in one of about six inches—they will afford a 
starting-point, from which the student may commence 
his progress. We have also given the angle, as indicated 
by a index on the analyser, which completes the are 


of rotation for each. 


Possessing Left-handed Polarisation. ies 
Oil of turpentine . . 2 ° F ‘ 
Naphtha . : ‘ 7 ° F . 12° 40 
Possessing Right-handed Polarisation. yee 
Oil of bergamot 3 3 . 3 3 
Weak solution of cane sugar in water > 23°68" 


” » Ofmilk 4, 5, 4 - 10° 3 


+ will thus be observed, that the angle of the are of 
ciniion, and its direction, become definite physical cha- 
ractoristics of the various bodies in solution to which we 
may apply the test of polarised light. These researches 
have San ot the greatest advantage to the chemist as a 
means of analysis ; and, as such, we cannot too highly 
value the Tewalts which have been obtained. We must, 
however, defer entering fully into the consideration of 
these interesting facts, to our section on Chemistry, in 

* See ante, p. S41. + See ante, p. 79. 


which we shall more completely show their special 
applications. 

Jf our space, and the character of our work permitted, 
we might examine a great variety of subjects inciden- 
tally connected with, or elucidating, the phenomena of 
polarisation. Some of these we shall have to consider 
when we deal with what we may term the Magnetic 
Relations of Light. Others will come under our notice, 
under the sections of Mineralogy and Crystallography ; 
and, as such, we shall have a better opportunity of 
dealing individually with special cases, than we have at 
the present time, whilst endeavouring to lay down and 
illustrate laws which have a general rather than a par- 
ticular application. 

Before concluding, however, our remarks on the 
Polarisation of Light, we may refer our readers again to 
the analogy which exists between the same phenomena 
in connexion with heat. The observations we made 
previously, t will have prepared the student for the more 
complex phenomena of luminous over calorific rays ; and 
what we have just finished discussing, will, in a similar 
manner, elucidate and extend the doctrines of calorific 
refraction. We may also add, that the analogies of the 
two forces of heat and light, thus seem, at each step, to 
converge ther ; and, like the vanishing points in a 
landscape, their differences seeni to grow less in propor- 
tion as our view of them becomes more extended and 
comprehensive. 

As we here must end our examination into the laws 
of light, we may remind the student, that many of the 
facts we have been investigating will again require our 
a when we inquire eee Se phenomena Eppes 

ectricity, magneti ia-magnetism, and soun 
Tach of ry am pats es the term ‘‘ undulatory,” 
has necessarily a mutual connection. In fact, they 
sometimes seem as if one force, modified by special cir- 
cumstances, or the affections of matter, would satisfy 
the conditions a in what we now recognise as so 
many separate and independent agents. 

e have already seen how far heat and light are 
similarly subject to the same results when undergoin, 
reflection, refraction, and polarisation, We shall fin 
that sound is partly subject to the same influences; and 
that electricity mat etism have a connection with 
both the agents to which we have already directed 
attention. 

The attentive reader and student will reap great 
advantage in following, as closely as possible, the various 
relations in which these questions stand to each other. 
The nature of our plan forbids our entering into minute 
detail; but the student can, at his leisure, ponder over 
and collect these analogies, and thereby he will find 
that each subject and section, as we proceed, will form a 
kind of exposition to others. One of the greatest 
benefits, in an intellectual point of view, which attends 
the study of experimental science, is its tendency to 
expand our powers of generalisation. By giving us a 
broad and expansive ‘view of creation in general, we are 
insensibly raised above that narrow individuality of 
character which is so natural to us all. Whilst we 
mentally roam through the vast expanse of truth, we 
become enlarged in our ideas, chastened in our imagina- 
tion, and strengthened in our reasoning powers. 

Having thus considered the oliiel lawn of light, we 
now proceed to some of its applications, in which we 
shall find the theories already explained put more or less 
into practical p' In these branches of our sub- 
ject, the reader will not fail to notice how much more 
rapidly improvements in matters of daily life take place, 
when under the fostering guide of sound science, than 
under the uncertain dicta of crude and ancient empiri- 
cism, Yet we find that, although much progress has 
been made in many manufactures by men utterly ignorant 
of scientific laws—still such persons, generally ing, 
gradually acquire an amount of information which is a 
partial substitute for sounder acquirements. Of this fact, 
many instances might be quoted ; such as the production 
of the Tyrian purple, the staining of ancient glass and 

4 See ante, p, 29. 
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porcelain, &c. We may, however ibly err in our 
otions with respect to the state of sieass in the early 
ages. But few works of those times have been handed 
down; and the destruction of the Alexandrian library, 
may have entirely shut from our view the results of in- 
vestigations which might possibly have rivalled the pro- 


ductions of our own age. Whilst, therefore, we may rejoice 
in that which we possess, we should do so with modesty ; 
for as lo 
acknowl é ° 
co-workers—have done more to assist us in the means of 
pursuing exact investigations, than any of their successors. 


as science is studied, we shall ever have to 
that some of the ancients—Euclid and his 


CHAPTER III. 
ARTIFICIAL ILLUMINATION. 


We shall now proceed to consider some of the applica- 
tions of light, commencing with that of ‘Artificial 
Mlumination ; a paper on which has been furnished by 
a gentleman highly conversant with the subject.* 

‘After the article on Artificial Iumination, we shall 
direct the attention of our readers to the interesting 
subject of Ebovogrephy 5 and endeavour to put them in 
possession of both the practice and theory of that 


singular application of light. 
ARTIFICIAL ILLUMINATION. 


Historical Notice.—The advantages of artificial light 
are so numerous and important, that they must have 
claimed attention from the very earliest period of 
history: in fact, long before man had commenced his 
work of civilisation, the light of the cheerful fire must 
have been a source of comfort and security; for, per- 
haps, nothing assists so shetodde 4 in dispelling the 
gloom of darkness, and banishing the terrors of night, 
as the lustre of a cheerful fire. And then, as civili 
tion advanced, the usefulness of artificial light must 
have been perceived in a thousand ways. True, it 
might at first have been employed merely as a luxury 
among the rich; but, in process of time, it became a 
necessary even with the poor; and were we now to de- 
prive man of all means of obtaining artificial light, the 
consequences would be terrible—we should cripple his 
energies and impoverish his intellect—a + portion of 
his time would be lost to him—every industrial occupa- 
tion would be hindered—the very safety of the com- 
munity would be endangered—and, in fact, the wealth 
and commerce of every nation would be serionsl 
affected. These considerations endow our subject with 
an interest of no ordinary character; and we may truly 
say, that few inquiries would furnish so profitable a 
result as a complete history of Domestic Llumination, 
‘*tracing its gradual development from the soli 
watch-lantern, graven on the pyramid, through the 
pean but very toes lamps of the G and 

period, as exhibited in our museums, and the 
clumsy contrivances of the middle ages, up to the 
ductions of modern times, satisfying the demands both 
of taste and science. In such a narrative might be 
shown the progress of light, in the literal signification 
of the wi by a careful examination of the various 
forms in which it has been at different times employed 
—as lamp, lantern, torch, flambeau, falot or cresset, 
candle, and whether for the celebration of religious 
ceremonies, for increasing domestic comfort, adding to 
the security of the streets, or forming a beacon to guide 
the mariner at night. It would be, at the same time, a 
history glancing at the advancement which the improve- 
ments in illumination have given to the social condition 
of mankind, and at the advan which science has 
derived from the study of this subject.” Besides which, 
there would be mixed up with such an historical account 
many of the fanciful hypotheses and highly tical 
conceits in respect of the nature of fire, which have at 
various times occupied the attention of man, 

Perhaps the earliest source of artificial light was the 
wood fire, blazing in the recesses of the forest, or in the 
hut of the savage; and then, as experience led to the 


* As some of the facts included in the original been already dis- 
cussed, the editor has omitted such, and has made on matters 
which have come under his own observation. 


disco’ of the fact that different kinds of wood burn 
with different degrees of splendour, it must have been 
perceived that certain vegetable substances might be 
employed, in preference to others, as a means of obtain- 
ing light. In this way a splinter of pine, the resinous 
bark of a tree, or even the oily kernel of a nut, might 
early have been resorted to for such a D ert ; indeed, 
we are told that the inhabitants of To: had jong 
used the wood of yellow sandal; those of New Englan 
made choice of a resinous splinter of pine; the natives 
of British Guiana selected The wood of an amyris; and 
in Otaheite, the candle was a row of nuts fastened upon 
a skewer. Again, accident must soon have taught man- 
kind that the resinous exudations of trees, the fat of 
animals, and the bitumen and naphtha of the mineral 
Ege were not only highly combustible, but that, 
while burning, they were also highly luminous. Having 
learnt this fact, it required but little ingenuity to sug- 
gest the use of some porous material upon which the 
combustible might be smeared, or into which it might be 
dipped, before it was burnt. In this way the the 
candle, and the lamp, were doubtless invented. 

The first authentic evidence that we have of the use 
of candles is furnished by Pliny in the 13th Book of his 
Natural History. He there says, in speaking of the lost 
books of Numa, that when Terentius, the scribe, dis- 
covered the sepulchre of the king, he found in it a parcel 
of books tied round in every way with after the 
manner of the cere-cloth, This story is quoted from 
Piso, Tuditanus, Varro, Antias, and others: it is also 
repeated by Livy, who states that the candles were two 
in number. Now as Numa was the successor of Romu- 
lus, and reigned about 700 years before the birth of 
Christ, it is evident that candles were used in the 
earliest days of Roman history: judging, also, from the 
use to which they had been put, it would appear that 
they were composed of string or rope covered with some 
combustible, perhaps pitch or wax. It is to be re- 
gre however, + Pliny has not given us a more 
parti account of the construction of those candles ; 
indeed, he has not informed us how any of the candles 
of his time were manufactured; he merely alludes to 
the subject incidentally. Thus, in his chapter on Wil- 
lows, he says that the pith of the brittle rushes, which 
grow in marshy places, is used for making wicks for 
watch-candles ual funeral-lights, to burn by a dead 
body while it lieth above the ground ; and, in a subse- 
quent chapter on Flax, he states that the part of the 
reed which is outermost and nearest to the peel, or rind, 
is called tow, and is good for serge He to make lamp- 
match or candle-wick: nothing whatever being said 
respecting the material which was put about those wicks. 
The inference, however, is that the watch-candles in 
Pliny’s time were like our rushlights, and that the 
others were similar to the pitched rope which we em- 
ploy, after the fashion of a torch, for common illumi- 
nating ver Fosbrooke informs us, in his Encyclo- 
padia of Aritiquities, that the candles of the ancients 
were sometimes made of the leaves of the papyrus 
covered with wax or tallow: and he remarks, that com- 
mon kitchen-stuff was used for such  pigtew, as far 
back as the days of Augustine. A proof of this is to be 
found in the writings of Apuleius, who speaks of two 
kinds of candles—namely, the cerei, or wax, and the 


ag Boy tallow, 
During the middle ages, wax was extensively employed 
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for purposes of illumination; and, according to Fos- 
brooke, the candles were not made by regular crafts- 
men, but by the monks, and the servants of the nobility. 
An illustration of this is to be found in Asser’s Annals, 
where an account is given of the manner in which King 
Alfred directed his candles to be formed. ‘‘He com- 
manded his chaplain to supply wax in sufficient quan- 
tity; and he caused it to be weighed in such a manner, 
that when there was so much of it as would equal the 
weight of seventy-two pence, he caused the chaplain to 
take six candles thereof, each of equal length, so that 
each candle might have twelve divisions marked across 
it.” These candles, when burnt in succession, lasted 
for twenty-four hours, and each division indicated the 
third of an hour. ; 

Up to that time, the use of candles was chiefly confined 
to the churches, the monasteries, and the houses of the 
nobility; but in the 15th century the employment 
of can had become very general; and the trade of 
making them had pres | so much importance, that 
the chandlers of London had obtained an act of incor- 
oo The candles of those days were all made by 

ipping the wick into the melted wax or tallow; but in 
the 18th century, the Sieur de Brez of Paris invented 
the <b ee which is now practised, of casting them in 
metal moulds ; and, later still, the wax candles were made 
by rolling the wax around the wick. All subsequent 
improvements in the manufacture of candles have re- 


member, that the suitors of Penelope paid homage 
her with torches and odoriferous wood laid in a 
brazier. Lamps, 
Rome during the early period of her history. Pliny 


ii have furnished us with excellent 
form and the material of ancient 


expensive, the material was changed for gold, silver, or 
Corinthian brass, and the design became more com- 
plicated. These lamps were either suspended from the 
iling or in rows on a stand or candelabrum, 
designs of some of which are exceedingly beautiful. 
The light which they furnished must have been dim and 
unsteady, for the construction of the lamp was always 
the same—namely, a solid wick immersed in a vegetable 
Pliny says that the inhabitants of Sicily burned a 

ind of bitumen, resembling an unctuous or oily liquor; 
that they collected it from the surface of a spring in 
Agrigentum. In other cases the oil 
ich they used was of vegetable origin : it was extracted 
fruits of castor or olive; and, in more recent 
ues, animal fats were employed. This was the con- 
of until a very modern period, when M. 

of Geneva, effected a complete in the art 
umination. i with the 


oil a at a high temperature, with a plentiful 
ans of a hollow cylindrical wick, 
which surrounds the flame. Few improvements of any 
practical importance have been made on this principle, 
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notwithstanding that many contrivances have been 
originated, and various combustible liquids resorted to. 
The history of street-lighting furnishes many examplee 
of the slow progress with which the art of domestic 
illumination has advanced. At first, the only lights in 
the public highways were those of the cautious citizen, 
who deemed it prudent to make his nocturnal visits 
under the protection of a link, a flambeau, or a lantern, 
We are told that the streets of Rome, even in her 
palmiest days, rarely exhibited more than one or two 
mabey which were suspended over the baths and other 
places of public resort. Now and then they were illu- 
minated for a festival, and sometimes the forum was 
lighted up for a midnight exhibition; but, with these 
few exceptions, the city was a city of darkness. In the 
4th century, the streets of Antioch and Edessa were 
furnished with publiclamps. Libanius, in his panegyric 
of the former, says—‘‘ The light of the sun is succeeded 
by other lights, which are superior to the lamps 
lighted by the tians on the festival of Minerva or 
Sais. The night with us differs from the day, only in 
the appearance of the light: and with regard to labour 
and employment, everything goes on well; for some 
work continually, while others laugh and amuse them- 
selves with singing.” This fact is confirmed by Jerome 
who tells us of a serious dispute that was maintained 
for some hours in the streets of Antioch, between a dis- 
ciple of Lucifer and one of the orthodox: he says that 


the dispute was kept up until the streets were ligh 


and then the disputants s; 
retired. In the hi 0! 
formed that Eulogius, the governor of Edessa in Syria, 
ordered lamps to be kept burning in the streets during 
the night; and that he a gp for that purpose a 
part of the oil which was before given to the churches 
and monasteries. 

It is worthy of notice, however, that public illumina- 
tions, either on account of religious festivals or general 
rejoicings, were very common with the ancients, and are 
of tantiquity. Herodotus states that the tians 

a festival of much assay f during whi 
were placed before the houses, and kept burning through- 
out the night; the Jews, also, celebrated their festwm 
enceeniorum in like manner, According to Aischylus, © 
it would ap that the Greeks had their nights of 
ublic rejoicing; and there can be no doubt that the 
were continually in the habit of lighting up 
their streets with lamps and torches, whenever an event 
of public importance commanded their attention. In 
some instances these displays were wholly aap 
tated, as when an orator distinguished himself in the 
senate, or a soldier in the camp. Cicero was thus 
honoured when he defeated the conspiracy of Cataline ; 
and many a Roman general has been encouraged in his 
march by a like av, of public enthusiasm. 

Until very recently, the modern cities of Europe were 
no better provided for in this respect than the ancient. 
It is true that statutes were made, and orders proclaimed, 
to the effect that every citizen should contribute his 
share to a system of general illumination. This was 
effeeted by placing a candle in each of the lower windows 
of the house, and ae it burning, from nightfall to 
the hour of twelve. At the performance of this duty 
was optional, but at last it became compulsory; never- 
theless, it was at all times so sadly neglected, that the 
thief and the assassin had abundant opportunities for 
mischief. Paris was the first city to improve on this 
condition of things; for in the year 1558, huge con- 
trivances, called falots, were erected in the principal 
thoroughfares. The falot was a sort of vase filled with 

itch, resin, and such-like things, in a state of com- 
ustion; but it was soon found that this mode of 
lighting the streets was ex nsive, dangerous, and in- 
convenient, and consequently the falot was quickly dis- 
placed by the lantern, which was a rude frame covered 
with horn or varnished leather. For more than a 
hundred years this was the plan of illumination gene- 
rally adopted; and, as may be supposed, the light was 
too feeble for any useful purpose: indeed, no one of 


t in each other’s face an 
Jesue oe we are in- 
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importance ventured abroad after dark without his torch 
or flambeau. The latter, therefore, became so indis- 

msable to the midnight traveller, that an ingenious 
talian, named Laudati, conceived the idea of opening 
stalls for their hire. He started his business in Paris 
in the month of March, 1662; and he managed it so well 
that he obtained the entire monopoly of the whole city: 
his charge for a link was from three to five sous the 
quarter of an hour, according to the rank of his cus- 
tomer. In 1667, Nicholas de Reynio, the first lieu- 
tenant-general of police, introduced a still better system 
of street-lighting. He invented lamps of glass, which, 
from their resemblance to a bucket, were called lanternes 
a seau. These he fixed in the middle of the streets, 
exactly in the same way as they are now suspended in 
many parts of France, by means of ropes or wires fixed 
at each side of the street, the lamp being suspended in 
the centre. 

We have no means of a London was 
first lighted with lamps; though Maitland says, in his 
History of the Metropolis, that an order was issued as 
early as the year 1414, commanding the inhabitants to 
hang out lanterns for the benefit of passers-by. This 
mformation is derived from Stow, who, in his Survey of 
London, remarks that, ‘‘in 1417, Sir Henry Barton, the 
mayor, ordained lanthorns with lights to be h out 
in the winter evenings, betwixt Hallontide and Candle- 
masse.” It does not appear, however, that these orders 
were much attended to, for we find that they were 
repeated again and again over a period of three hundred 
years. At the expiration of that time the corporation 
of London determined on removing the service altogether 
out of the hands of the inhabitants ; they, therefore, 
entered into contract with a person to set up the public 
lights, and to attend properly to them; for which they 
gave him permission to charge six shillings a- to 
every householder whose annual. rent exceeded ten 
pounds. In 1736, the lord mayor and common-council 
applied to parliament for power to light the streets in a 
better manner, This power was further increased in 
1744; and, from that time, the illumination of the City 
has been ually improving. 

Most of the preceding facts have been derived from 
Beckmann, who tells us that the following are the dates 
when public lamps were introduced into the other cities 
of Europe :—Amsterdam, 1669 ; Hamburg, 1675; Copen- 
hagen, 1681; Berlin, 1682; Hanover, 1696; Leipsic, 
1702 ; Vienna, 1704; Dresden, 1705; Halle, 1728 ; Bir- 
* mingham, 1783; Brunswick, 1765; Nantes and Ver- 
sailles, 1777 ; Zurich, 1778 ; and Strasburg in the year 
following. 

In very recent times the greatest of all improvements 
in street-lighting has been effected by the use of gas; 
and those who can remember the old-fashioned lamp, 
with its miserable glimmer, and the which con- 
stantly beset the traveller after nightfall, will have no 
hesitation in saying that the employment of gas for 
illuminating purposes has been one of peo important 
events of modern time. In truth, it has not only been 
the means of effecting a wonderful in the whole 
system of artificial illumination, but it has also produced 
- equall so tenes change = pec comes concerns of 

e people: it has encouraged industry, developed the 
arts, 2 he nang property, diminished crime, and operated 
in a thousand ways as a medium of wealth, prosperity, 
and social improvement. All this has been accomplished 
in less than half a century; for Mr. Clegg tells us, in his 
work on gas-lighting, that he, in 1813, was the first to 
put gas into the lamps of Westminster; and he has also 
given us a graphic account of the fear and wonder with 
which it was contemplated. Now, however, it is one of 
the most familiar objects of daily life; for there are 
almost as many gas-lights in this metropolis as there are 
human individuals, What would say of all 


this, if, in the year 1786, he imagined the lighting of 


London to be ect, and thought that the appearance 
of the City, dark, when seen from a distance, was 
noble an ificent? Of a verity, his admiration 
would be bo One thing, however, is still wanted 


| to make the greatest boon of thé 19th century— 
thet $e, S:gvanintes in respect ofits susie peak sean ts 
qualities, Already the demand for these has become 
nt ; and it will not be long before the gas comeneis 
of England will find it to their advantage to yield to it, 
In fact, the City of London has, as usual, taken the 
initiative in this matter, and has appointed an officer to 
test the quality of the gas supplied within its boundaries. 
The ts are so important to the community, that all 
other cities and towns will, ere long, follow the example ; 
and then we shall hope to see the art of domestic illumi- 
nation made more perfect than it is at present. 


ON COMBUSTION AND FLAME. 


General Remarks.—Artificial light is due in almost 
every instance to chemical action—that is, to a rapid 
or energetic union of two or more substances, and the 
ere g of new com pret ae one time it was 
thought that matter in the act o' ing was des’ 
and thus the term combustion sacs designa: rg 
Sencmenhs spk we now know pes Foi is inde- 
structible, and that substances, while burning, merely 
change their form. In proof of this, it may be men- 
tioned that the chemise is enabled to ascertain the 
exact composition an organic substance, by sim 
pollecting and weighing the products of its PPh as 
This, indeed, constitutes the principle of every organic 


anal 

Those substances which evolve light and heat during 
their chemical union, are generally distinguished by the 
terms ‘‘ combustible” and ‘‘ supporter”—the former term 
being applied to the body which burns, and the latter 
to that which permits of the burning. BAM opie. for 
example, of wood, tallow, and coal as combustibles, and 
of atmospheric air, oxygen, and chlorine as supporters ; 
but a very little reflection will show that those expres- 
sions are altogether arbitrary, and that they might in 
most cases be reversed without d ing their sense. 
This will be clear from what follows. en coal gas 
is burnt in atmospheric air or oxygen, we call the gas 
the combustible, and the air or oxygen the supporter ; 
but by changing this condition of things, and papery on 
jet of air in a vessel of coal gas, we should then call the 
air the combustible, and the gas the supporter; from 
whieh it sg be evident that the Seger of com- 

ustion are due to a reciprocal play o ities, in 
_which one element takes as Nesey few pap te 
and that the distinction of property, as implied by the 
terms combustible and reo pode is not founded on 
fact: nevertheless, we still continue to make use of 


those terms, because of the convenience they afford in 
description. : 

Theories of Combustion.—For a long time the 
nomena of combustion were thought to be de’ t 
on the evolution of a peculiar — 


tle penciple, called 
p hypothesis was originated by Becher 
in the 17th century, but it was not elaborated until 
the days of Stahl, when it was universally accepted 
among chemists as the Phlogistic theory. For more 
than a hundred years the theory held a  grpaney = place 
in the science of chemistry ; and, although it was founded 
in error, or rather in a total misapprehension of f; 
et its truthfulness was not doubted until the time 

Tevohine, when, by an accurate examination of the 
facts, he ex its fallacy. eer eg: to the Stahlian 
theory, there was something—namely, phlogiston— 
always given out during combustion, from which it might 
reasonably be inf that the body became lighter ; 


but, b collet the burnt produ and weighing 
em, Lives owed that it actually e haediak 
and that something must, therefore, have been absorbed 


or taken in. This something he soon found was derived 
from the atmosphere, and was the fs just then dis- 
covered by Scheele and Priestly. ving determined 
these facts, and tested their truthfulness in every pos- 
sible manner, he boldly advanced his new theory of 
combustion, the Antiphlogistic ; in which he said that 
the phenomena of combustion were at all times due to 


Pr 
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the rapid chemical union of cxygen with a combustible. 
Had Lavoisier been content to say that the phenomena 
were usually dependent on such a combination, it is 
robable that his theory would have existed in a modified 
fam until the present time; but, in his attempts to 
make it too eral in its application, he effected its 
ruin; for, in course of a few years, the investigations 
of Sir Humphry Davy into the properties and elementary 
nature of ati gas, demonstrated the fact, that com- 
bustion might be effected without the aid of oxygen 
at all. This was proved by the action of chlorine on 
antimony or copper ; and, from that time, the phlogistic 
theories were put aside ; and chemists have ever since 
regarded the phenomena in question, not as the result 
of any particular kind of combination, but merely as 
the energetic display of ordinary chemical action. And 
here we may remark, that there is not, perhaps, in the 
whole range of chemical science, a subject that offers so 
many interesting facts for contemplation, as that to 
which we have just alluded; for it teaches us that the 
of human knowledge is often dependent, not so 

much on the discovery of great and important truths, as 
on the manner in which they are contemplated; and if 
men’s minds are not pre for the reception of those 
truths, they will either be disregarded, or else made the 
means of propagating error. This was the case with the 
theory of Becher and Stahl, which had the effect of dis- 
Ss every fact that came under its influence. In this 
way, for years, it delayed the —— of science, and 
the development of truth. History tells us, that 

for more than a century before the discoveries of Lavoi- 
ier, the main facts of his investigations were broadly set 
forth in the writings of Hooke and Mayew ; but from 
the circumstance that those facts were that 
men’s minds-were not to receive them, and 
ists;were infatuated and led astray by the false 
doctrines of Becher and Stahl—the more humble but 
important truths of Hooke and Mayew were allowed to 
or eepereny and they lay dormant for more than a 


go on.—An exami- 


have the power of in ways; namely, by 
slow oxydation, when little or no light is evolved; by a 
more rapid combination, when the burning becomes so 


ight evolved at any given 
moment are not very considerable; and few 8 

to the phenomena as aces of 
combustion ; but when it becomes known that the total 


coal or the vapour of ether, alcohol, or wood-spirit, 
is na with air, and brought under the infaames of 
spongy latinum or fine platinum wire. This is best 
ing a coil of the wire in the flame of 
either of the combustibles, then blowing the flame out, 
and allowing the vapour or gas to play on the surface of 
the metal: in this way the platinum will keep up the 
combustion, and will continue to glow, although the 
val or gas will not be inflamed. 
third kind of combustion is produced whenever 
a sufficiently high temperature is applied to any kind of 
vaporous matter so as to inflame it. The temperature 
at which this is effected varies with different combus- 
tibles; some take fire at ordi temperatures, as 
finely-divided phosphorus, and phosphuretted hydrogen ; 


whereas, solid or massive phosphorus requires a tempe- by its ignition, evolve light: 


vou. L 


rature of 140° to inflame it; sulphur takes fire at about 
500°; hydrogen and carbonic oxide at 1000° (which is a 
red-heat); and coal gas, ether, turpentine, alcohol, oil, 
tallow, and wood, at about 2000° (or an incipient white- 
heat); but when once inflamed, they all continue to 
burn at a very exalted temperature. 

The Nature of Flame.—The preceding remarks ‘will be 
sufficient to show that flame is nothing more than gase- 
ous matter burning at a very high temperature. We 
may prove this by experiment. If we take a coil of 
iron wire, or a piece of watch-spring, arm it at one end 
with a fragment of burning wood, and then introduce it 
into a jar of oxygen the metal will take fire and 
burn with the most brilliant scintillations, but it will not 
produce flame. Again, if we expose wood to the action 
of heat in a closed vessel, so as to drive off all volatile 
matters and obtain its fixed solid constituent, charcoal, 
we may burn it in an atmosphere of oxygen without pro- 
ducing flame. In both of these examples, the absence 
of flame is entirely due to the absence of gaseous matter 
in the combustibles; and to show that a high bes Sate 
ture is necessary to produce flame, we have only to burn 
coal gas, alcohol, ether, or wood-spirit, at the low 
temperature of glowing platinum, and they will not 
inflame. 

It may be thought, perhaps, that in the case of wood, 
tallow, oil, phosphorus, &c., the flame cannot result from 
gaseous matter, because those bodies are either solid or 
liquid in their nature ; but a little consideration will teach 
us, that, in the act of burning, they all become converted 
into gases or vapours. This may be easily demonstrated 
in the case of a common candle or oil-lamp, the wick of 
which conveys the fluid combustible to the flame, where 
it is decom and converted into vapour. Now, if we 
hold a s glass tube, or even a piece of tobacco-pipe, 
in the flame of the candle, so that the end of the tube 
shall be exactly over, and almost in contact with, the top 
of the wick, it will collect the com- Pig. 81 
bustible vapour and convey it out of 
acs — re lich it may be burnt 

y applying a light to the o ite 
end of the tube (Fig. 81). This ex- 

iment also ves that flamegi 

ollow : it consists, in fact, of three 
cones placed one over the other. The 
inner cone, which is of a dark colour, 
and surrounds the wick, is formed by 
the vapour of the decomposed tallow. 
The second cone is the luminous one ; i 
it envelops the preceding on all sides, 
and consists of the ignited particles of the gas making its 
way outwards to the air. The third, or outermost cone, 
is nearly invisible; it constitutes that pale blue film 
which everywhere surrounds the luminous part of the 
flame. We ~~ make this cone more evident by bring- 
ing a piece of thread moistened with salt into the lower 
edge of the flame, when the cone will be instantly lighted 
up with a deep yellow tinge. Another mode of discover- 
ing it is to screen off the luminous cone by means of the 
hand ; or it may be rendered visible by intersecting the ° 
flame with a piece of fine platinum wire, or wire gauze, 
the ignition of which discovers the exact boundary of 
the cone. This cone is made up of in an actual 
state of combustion; for it is here, aut Mie only, that 
the process of oxydation is rapidly going on. 

Cause of Light in Flame.—A little experience will 
inform us that different combustible substances burn 
with differerit degrees of intensity (Fig. 82). We will 
endeavour to show that this is wholly dependent on the 
number of solid particles that are ignited within the 
flame. If we take a jet of hydrogen gas and fire it, or 
make use of a flame of alcohol from a common spirit 
lamp, we shall notice that neither of these bodies burn 
with any great amount of light ; the case is very different, 
however, with a candle, or even with a jet of coal gas. 
Now, in the former examples the hydrogen and the 
spirit do not contain any solid particles, and conse- 
quently do not contain any nen of matter that can, 

ut in the latter examples 
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the case is very different; for by intersecting the flame 
with acold plate, we shall find that there are myriads 


Fig. 82, of solid bomen in the form of 
soot, which, by their ignition, pro- 
nN duce that intensity of light for 


which such combustibles are valued, 
Again, when sulphur is burnt in 
‘ oxygen gas it evolves a faint blue 
spectral ight, that is hardly suffi- 
cient to illuminate the dial of a 
watch; but when phosphorus is 
treated in this manner, it emits a 
volume of light that rivals in in- 
tensity that of the sun. It will be 
2 noticed that the products of the 
former are wanting in solid par- 
ticles, whereas those of the latter 
— are made up of myriads of white 

flakes of solid phosphoric acid. It 

is on this account that carbonic 
oxide and wood-spirit, as well as 
hydrogen, sulphur, and alcohol, 
i burn with little or no light; while 


zinc, antimony, ether, turpentine, 
oil, tallow, and coal gas, burn with 
more or less splendour. But we 
may communicate a great degree of brilliancy to some 
of the former, by giving them a large proportion of 
solid particles ; for example, when we sift a little mag- 
nesia into a jet of hydrogen, its illuminating power 
is at once raised to a high standard; and the same 
thing happens if we employ lime, oxide of zinc, or 
white antimony, instead of the magnesia. So, also, if 
we naphthalise the gas by passing it through a chamber 
containing ether, turpentine, benzole, or coal naphtha, 
its light is increased to that of the best descrip- 
tion of coal gas. In fact, coal gas consists, in t 
part, of hydrogen and carburetted hydrogen; both of 
which are, as it were, naphthalised with other compounds 
that give it illuminating power. But the most striking 
example that we can refer to in illustration of the fact 
that the light of flame is dependent on the presence of 
solid particles, is affgyded by the results obtained with 
the oxy-hydrogen blowpipe.* When the flame of the 
mixed oxygen and hydrogen gases is seen as it issues 
from the jet without impinging on any solid substance, 
it strikes the observer as being an insignificant and 
almost invisible object; but directly it is thrown on a 
piece of lime or other material that will give it solid 
rae it instantly becomes one of the most splendid 
ights with which we are acquainted : in fact, the inten- 
sity of the oxy-hydrogen light is so great, that when its 
rays are reflected by means of a concave mirror, they are 
distinctly visible at a distance of sixty-eight miles. We 
can easily understand, therefore, why it was so earnestly 
proposed by Lieutenant Drummond, as a means of illu- 
minating lighthouses. So, again, with the electric 
light, the brilliancy of which is dependent on a number 

minute particles of charcoal that are intensely heated 
by the galvanic current. The splendour of this light is 
scarcely inferior to that of the sun; for, on one occasion 
when it was tested, it was found to be equal to that of 
300,000 wax candles, and was distinctly seen at a dis- 
tance of several miles. 

Lastly, it may be stated, as the converse of the pre- 
ceding, that we can always reduce the illuminating power 
of flame by diminishing the amount of solid material 
contained init. To take coal gas, by way of example, 
we shall find that the light may be kept down, or even 
destroyed altogether, by blowing atmospheric air into it. 
This sometimes happens with the lights in the streets, 
and then the flame is reduced to an insignificant blue 
flicker. The same thing occurs if we mix atmospheric 
air with the gas before it is consumed, or if we employ 
a glass chimney that is too tall for the size of the flame. 
In all these instances, the solid particles of charcoal con- 
tained in the gas are burnt too ily, and, conse- 
qnently, there is no time for their previous ignition, 

* See ante, p. 62. 


This teaches us that there is one great point always to be 

attended to in the management of gas for illuminating 

purposes : we should take care that the supply of atmo- 

spheric air is so regulated that, on the one heed the solid 

particles shall not be instantly consumed ; and, on the 

other, that they shall not escape as uncombined soot. 

Many burners are constructed so as to effect this of 
themselves; this is the case with the fish-tail and the 

bat’s-wing, which present a thin stratum of flame for the 
action of atmospheric oxygen. Other burners, as the 
Argand and its modifications, require a glass or chimney 
for the purpose of regulating a aie supply of air. 

The chimney acts by creating a draught, so causing 
the air to play into the body of the flame; but, if the 
chimney be too high, the draught will be too great, and 
the gas will be overburnt ; whereas, if it be too low, the 
current of air will not be sufficiently strong, and the 
carbon of the gas will escape in the form of soot or smoke. 

Asarule, the flame should be t at about one inch 
below the top of the chimney. . Billow, of London, 

has contrived a burner, which not only demonstrates the 
nature of flame, and the cause of its light, but also shows 
the effects of an under supply of atmospheric air. In 
ordinary burners the air is admitted to the flame on all 
sides, and it even up into its interior ; but in the 
burner contrived by Mr. Billow, the inner supply of 
atmospheric air is cut off, and, consequently, the gas is 
but imperfectly consumed. result of this is that 
carbon is liberated, and, by the construction of the 
burner, it is made eh ee round and round, until 
it collects into little solid masses, which fall by reason of 
their own weight: directly this happens they come into 
contact with a part of the flame where combustion is 
actively going on, and they are instantly projected into 
the atmosphere like so many diminutive rockets.+ 

Quantity and Intensity of Flame.—It must have been 
noticed again and again, by those who are in the habit of 
pursuing their avocations by the aid of artificial light, 
that there is a great difference in the practical value of 
different kinds of illuminating agents: for example, the 
eye is often most painfully excited with the strong glare 
of certain varieties of light, although there is not 
of it to produce the necessary illumination of surround- 
ing objects; on the other hand, we sometimes perceive 
that the light is particularly inoffensive, notwithstanding 
that everything about us is brightly and sufficiently 
illuminated. It is probable that these two conditions 
are entirely dependent on two states of light, which 
have not yet been properly appreciated. To the one we 
appl the term intensity, and to the other ity. 

Dhapuiaanieien a the former in the electric light, in 
the Drummond light, and in the vivid combustion which 
is.going on in the burners of Leslie and Wingfield; of 
the latter in the diffused light of day, and in the illumi- 
nation that is produced a number of separated | 
jets. In the one case we have comparatively few soli 
particles, but they are heated to a high degree of inten- 
sity; in the other we have a much larger number of 
ignited points, but their ignition is not carried to so 
high a temperature. These facts have not yet received 
so much attention as they deserve; and in all our endea- 
vours to improve the quality of a burner, we should 
never lose sight of the that the human eye requires 
far more of quantity than it does of intensity for agree- 
able vision. 

The Colour of Flame.—Our preceding remarks have 
gone to show that the light of flame is dependent 
on the number of solid particles present in it: we will 
now demonstrate that the colour of the light is de- 
pendent on the nature of those particles. The flame of 
alcohol or wood-spirit is naturally colourless; but we 
may give it various tints by coxenger: rei spirit with 

ifferent kinds of saline substances. Chloride of potas- 
sium will make it violet; boracic acid or chloride of 
barium, green; chloride of copper, blue; common 
pg ellow; chloride of strontium, red; and chloride 
of idhium makes it of a carmine tint. The same 
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Coal gas 


is chiefly 


composed of hydrogen and light 


carburetted hydrogen, with which there is a small pro- 
portion of olefiant gas; it therefore evolves enough heat 
to raise about forty thousand times its weight of water 
one degree, and it produces about twice its weight of 


In order to show the advantage of well-purified coal 
over all other materials for artificial illumination, as 
regards the injury done to the atmosphere of the room 


suming 120 grains per — 
Tallow . ; % i 10:1 cubic feet. 
Wax . R 5 F a - BO 
Spermaceti . . Z " = oe ee 
Sperm oil . . . A “OMT; 
Common London gas . ; Pe Ss ln. 
Manchester gas. : oy Morse 


London cannel gas _ . 30 is 

sir Peta with ees} 26 

Hydro-carbon gas, with Lesma- 23 

coal gas . ° ? 

The Products of Combustion.—One of these—namely, 
carbonic acid—has been noticed in the preceding table; 
the other product of combustion is water. Occasionally 
there is produced a small ergs of sulphurous 
acid; but, as a rule, it will be found that combustible 
See of only carbon, hydrogen, and 

owever, contains a small proportion 
‘bon, and sometimes a very 
ble quantity of sulphuretted hydrogen, both of which, 
in burning, produce sulphurous acid—the acid of the 
ei; and this, by further oxydation of the 
air, becomes sulphuric acid, or oil of vitriol, a product 
which has been found to exert the most destructive in- 
Maen fabrics, iertvols covers of hegre &e, 
Again, w i ly consumed, it gene 
e, velati tt eg Base papen Bit ie f 
kind of ations, he ts titae “F wea 
in every ki Ww @ is allo to 
play on a large cooling or radiating surface; and hence 
it is advisable that gas should always be burnt in such a 
manner that the products of combustion may easily 
escape into the external atmosphere. Other illuminating 
agents, as tallow, oil, caleaeat’ &c., likewise give rise 
t 
pera‘ 


to the formation of un com) ds when they 
are burnt at a low temperature. one must be 
Bas sage thag Bae agin Foe Salle mee candle or a 

-trimmed a when alcohol, ether, or wood- 
irit are burnt at temperature of glowing platinum, 

produce a number of most irritating compounds, as 
orga ase ma ns opie Ero aa This teaches us 
that combustion should at all times be kept up with as 
much energy as is compatible with the required effect, 
and that the product of its action should be disposed of 


NY SET esc in Bimini & 

0) on — circum- 
stance that tends to lower the temperature of flame, 
operates to a like extent in diminishing the intensity of 
its light. We see this when a large ‘‘ snuff” collects on 
the wick of a tallow-candle—the carbon of which radiates 
the heat so fast, that the temperature and light of the 
flame are considerably reduced; and by bringing a mass 
of metal in contact with a small flame, the latter is im- 
mediately extinguished. Sir Humphry Davy was the 


first to investigate facts of this iption; and he 
showed, by his masterly researches, that flame cannot 
exist below a certain temperature. is is easily proved 


by intersecting the flame of a candle with a piece of wire 

uze, having about thirty or forty meshes to the inch, 
Fy endeavouring to pass the flame through » ring of 
stout r wire, or through a small hole punched in a 
sheet of that metal. In all these cases the flame will be 
extingui above that point where the metal intersects 
it; and, although the inflammable vapour will continue 

* See ante, p. 32; article, ‘ Heat.” 
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to through the holes in the form of smoke, yet the 
cooling influence of the metal is so great, that the com- 
bustible gases will not be inflamed. The same process 
occurs when we place a layer of Wire gauze over the glass 
or chimney of an ordi gas-burner ; the wire will, by 
its conducting power, so far reduce the temperature of 
the flame, that it will not pass through to the apertures 
of the burner. Sir Humphry Davy took advantage of 
this important fact, and applied it in the construction of 
the safety-lamp, which has been of such essential service 
tothe miner. “The Davy,” as it is termed, is nothing 
more than a common oil-lamp, with a cylinder or cage of 
wire gauze surrounding the flame 
(Fig. 84). This gauze permits the 
passage of light, but it will not allow 
the flame to traverse it; and hence 
it may be exposed to the most in- 
flammable mixtures without danger 
of their explosion. The miner knows 
when the atmosphere of the mine is 
explosive, by the enlargement of the 
flame and the burning of the fire- 
damp within the cylinder of wire 
gauze, and he perceives a struggle, 
as it were, of the flame to pass out; 
but such a result is not possible, un- 
less the cooling influence of the wire 
is prevented by its becoming almost 
-hot. In this case there is dan- 
ger; and the fire-damp of the mine 
may be exploded. These lamps are 
also employed in spirit warehouses, 
manufactories, in the sewers, and 
in many other localities where there 
is risk from explosion. The same 
rinciple was employed by Mr. 
emming in the manufacture of his 
afety jets for the oxy-hydrogen blowpipe. We have 
already said that the mixed gases which are used in this 
apparatus are exceedingly explosive; and if some con- 
trivance were not adopted to prevent the backing of the 
flame, they would assuredly take fire. In fact, in the 
earlier experiments with the oxy-hydrogen blowpipe, 
this was a result of frequent occurrence; and Mr. Clarke 
tells us, in his work on the subject, that he often narrowly 
escaped being killed by the bursting of his apparatus. 
On one occasion, when he was experimenting in the pre- 
sence of some friends, ‘‘ the reservoir for the compression 
of the gases, although made of thick copper, was torn in 
pieces; and the fragments flew with the force of cannon- 
shot in all directions, like the bursting of a bomb.” To 
guard against the danger of such terrible consequences, 
it was found necessary to protect the operator by means 
of a thick oaken screen. Mt Hemming saw the disad- 
vantage of this; and adopting the facts which Sir 
Humphry Davy had recently brought to light, he con- 
trived a safety jet that enabled the operator to do away 
with all the paraphernalia that had hitherto protected 
his life. The jet consists. af a tube of brass, about six 
inches jong and three-quarters of an inch in diameter, 
ked of fine copper ar brass wire: the wire is cut 
into lengths of six inches, then packed as close as possible 
in the tube, and finally wedged together by means of a 
central bar of metal. In this way a number of fine 
are left for the passage of the gas; and the con- 
ducting or cooling power of the wire is so great, that the 
flame cannot pass back to the reservoir of mixed gases. 
Another circumstance that operates in reducing the 
light and heat of flame is its rarefaction. When a flame 
is put under the exhausted receiver of an air-pump, it 
first enlarges, then the light diminishes, and finally it is 
extinguished. A flame of alcohol, ether, wood-spirit, 
wax, tallow, oil, or spermaceti, is extingui when the 
rarefaction is carried to a fifth or sixth ; hy n 
is extinguished when it is carried to a seventh or eighth 
degree sulphur when it reaches the eighteenth degree ; 
and phosphorus when it arrives at the thirtieth degree. 
“Slow combustion on the sarface of platinum is exhi- 
bited by marsh-gas, down to a fourfold rarefaction of 


the air; by carbonic oxide, to sixfold ; by vapour of alco- 
hol, ether, or wax, to eightfold; by olefiant gas, to ten 
or elevenfold; by hydrogen gas, to thirteenfold; and by 
vapour of sulphur, down to a twentyfold rarefaction of 
the air.”* m this it would follow, that the light 
emitted by any illuminating agent is not so great at 


top of a mountain as at its or in Fig. 85. 
the tropics as at the poles of the earth. - 
Lastly, it should be meationed, that = 


the supply of very cold air to a flame 
always diminishes its light by the 
abstraction of heat ; and hence we may 
improve the illuminating power of any 
combustible substance by supplying it 
with atmospheric air that been 
prerineey warmed. The Rev. Mr. 
wditch, of Wakefield, has contrived 
an apparatus whereby this may be 
effected in the case of common gas. 
He places a disc of metal or a cup of 
glass, baving a hole in its centre, on 
to the screw which receives the burner. 
This disc, or cup, is made the means of 
supporting an outer glass, and thus of 
directing the air down over the 
of the hot chimney before it enters the 
flame from below (Fig, = It is stated 
that the light is in about 25 per 
cent. by this arrangement. 


| 


PHOTOMETRY. | 


Intensity of Light and Heat.—We know that the power 
of light and heat diminishes as we recede from any object 
that produces it, and the decrease is in proportion to the 
square of the distance : for example, if we have a certain 
amount of light ; at a foot from its source, the intensity 
will be one-fourth at two feet, because the square of two 
is four; one-ninth at three feet (3x3=9), one-sixteenth 
at four feet (4x4=16), one twenty- at five feet 
Sgaldet a and so on. Upon this law, as it is termed, 
is founded all the methods now employed for estimating 
the relative value of different illuminating agents. The 
practice is called Photometry; and there are various 
modes of conducting it. Count Rumford adopted the 
plan of adjusting the lights at such a distance from an 
upright rod, that the shadows produced by each on a 
white ages ae hod ba Ney uae ‘ahs measured bs 
distance of e: ight from the rod, on squari 
number of inches, he obtained two sets of fig which 
represented the relative values of the lights ; by dividing 
the larger sum by the smaller, we obtain a product 
expresses the fact in simplerterms. The late Mr. Ritchie 
contrived an apparatus that consisted of two pieces of 
glass, placed at right angles to each other, and so dis- 
poner that the light from two opposite sources should 

reflected upwards upon a piece of tissue-paper that 
covered two holes in a darkened chamber, en he 
had adjusted the instrument so as to obtain two reflec- 
tions of equal intensity, he then measured the distances, 
and proceeded as before. Leslie and Wheatstone haye 
also invented photometers, which are useful enough for 
certain purposes ; but they have all given place to the 
very simple contrivance of Prdkoasot Bunsen. It will be 
noticed, that if a piece of white filtering-paper is painted 
over with melted wax or spermaceti, it acquires a greasy 
appearance, and becomes translucent : if this be done so 
as to leave a spot or dise, about the size of a shilling, 
untouched in the centre of the paper, we shall find that 
the apparatus will have the following properties :—When 
examined by reflected light—that is, with the light on 
the same side of the paper as the observer is—the dise 
will look white, and the surrounding greasy part dark ; 
but by altering this condition of things, and looking at 
the paper by transmitted light—that is, with the light 
on the opposite side of the instrument—the disc will 
ap dark, and the surrounding greasy portion light 

translucent. Lastly. if two lights of equal intensity 

*Gmelin. | 
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are one on each side of the paper, the dise will 
disappear entirely ; for then the light of one side neu- 
tralises that of the other, and there is no disposition to 
produce either effect. ee ae hao ea 
of Z 


pte priana sort instrument consists of a 
graduated rod about five feet in length, having a support 
end. ‘The prepared paper is held by a frame 
slides u the rod between the lights. This 
sel Spent a in a darkened chamber, so as 
ae but that emanating from the object 
e frame containing the papi i ba 85 
ide or the other until the disc entirely disappears, 
we read off the Sacra le values of eee 
making iments on gas, it is usual to burn it 
the rate of five cubic feet an hour, from an Argand 
burner won Baers holes and a seven-inch chimney. 
The candle, which is used as a standard for comparison, 
is generally of sperm, and the rate of consumption is 
fixed at 120 grains per hour. When it happens that the 
pga ewgted, dared than this, it may be reduced to 
the normal bs Rt ems mogenre thus 
that, on e iment, it was foun e light 
Beds gia Wal aiiet $0.11 ehndlen 8 140" yracan’ Goo. 
tion ; then, as 120 grains is to 140, so are 11 candles 
standard value—namely, 12°8 candles, 
‘ollowing results have been obtained ; 


aitiit 
His Hs 


& 


the 
In this way the f 
and, in order that an estimate might be made of the 
relative values of different illuminating agents in respect 
of their consumption and heating power, other results 
have been appended 


sree Number Tilumi- | Heati; 
Sorcn frequiredto| . Total | na wer in 

candle or | PFOUC® | ‘tion per |Powerin| Ibs. of 

Journer per the same , d| water 
hour. light. candles. | raised 1° 

Cannel coal gas. . | 3Scub.ft.| 2 burners} 7cub.ft.| 2% 4550 
Sperm oil in’Argand 450 gre.” S'lamps 2350" Mg i. 5H8 
Spermcandles,Gtolb| 134, | 25 candles 0" | 8223 
(Sy ss 6 F187 gn SS 3541 ” 8904 
Cocoa-nut » ~ 113 ,. 2 fa 3718 wy a 8664 
British sperm ,, .| 140 ,, “us 41060 4, » 8743 
Composition ,, .|144 , |30 ,, | 4320 ,, 8906 
emer 4 133 ,, rt 7 4788 4, * 11505 
Tallow moulds,6tolbj 143 ,, 40 les} 5720 ,, *” 11793 
The amount of heat, in these cases, has been deter- 
mined by burning the lamp, candle, under a vessel 


prod 
amount of heat in proportion to the light evolved. 
CANDLES. 


already remarked that candles are among the most an- 
and it cannot be doubted 


; present time, a number of 
substances are employed in their manufacture, and 
ae pains taken to have them as pure as possible. 
babe for yes wc tallow rdw. its oo stearine 

acid, margarine margaric acid; palm oil 
and its yee gr ary and itic Sit gone. 


oil, cocinin cocinic acid; spermaceti, wax, 
paraffin, &c. All these require to be purified bef. 
they can be converted into can Send Seine Oia 


wicks of candles are of three kinds; namely, the 
ete chgosae effusus), which abundantly 
y ; and of cotton, which is either rolled 
into skeins or plaited into strands. Tho first is used for 
the common rushlight, the second for ordinary dips and 


wax-lights, and the third for spermaceti, stearic acid, 


stearine, and other candles which do not require snuff- 
ing. In many cases it is necessary to prepare the wicks 
with a salt of ammonia, as the phosphate, borate, or 
sulphate, in order to keep them from clogging, and to 
give them a sufficient degree of rigidity to enable them 
to stand firmly up when they are burning. This was an 
improvement introduced in 1836, by M. De Milly, of 
Paris, Dr. Ure says that the best wicks are still im- 
ported from Turkey, and they are composed of skeins of 
unbleached cotton. The wick of wax mortars and night- 
lights are made of flax, as cotton is not able to resist the 
eet te action of the high temperature of the 


e. 

Varieties of Candles, and their Manufacture.—Two 
sorts of candles are commonly met with in commerce— 
namely, dips and moulds. The former are made by re- 
prerea /d dipping the wicks into melted fat, allowing a 
sufficient time between each of the dippings for the tallow 
or fat to cool. Usually the wicks are cut into proper 
lengths by a machine, according to the sort of candle to 
pin cg hae then suspended from a rod or frame, called 
a : this means the workman is enabled to dipa 
number of candles at the same time. In large establish- 
ments the ports or frames are attached to a revolving 
beam, so that, without much exertion, the workman can 
successively dip one port after another, and thus make 
from seven to eight thousand candles in a day. The 
tallow is kept in rl es Sori at a temperature just 
over the point of solidification. 

Mould candles are made in a tubular mould, which is 
either of pewter or glass. The mould consists of two 

namely, the cylinder and the cap. The former is 
of the full length of the candle, and is ighly polished in 
the interior, so as to allow the candle to slip easily out 
of it. The latter is a small cup, having a hole in the 
centre for the passage of the wick ; it is fixed on to the 
bottom of the cylinder, and serves to give the taper-form 
to the top of the candle. Sometimes there is a third 
piece, called the foot, which is a sort of funnel, that is 
screwed on to the opposite end of the cylinder, and serves 
for the guidance of hs anateed fat into the mould. Eight 
or ten of these cylinders are usually fitted into one frame, 
which has the upper part formed into a trough for the 
reception of the melted tallow. The wicks are drawn 
into the cylinders by a hooked wire, and kept in their 
places by a w which fixes them in the cap of the 
mould; the other end being held by a rod which passes 
across the frame. When is ready, the liquid fat is 
run into the trough, and thence into the moulds, until 
each cylinder is After it has thoroughly cooled, the 
surplus fat is scraped out of the trough, and, the wedges 
being removed from the hole in the cap, each candle is 
‘drawn out of its mould by means of a hooked wire, which 
catches hold of the loose end of the wick. The candles 
are then cut of one uniform length, and trimmed up for 
the market. 

The cheaper sort of mould candles are those manufac- 
tured by Price and Company, and are made by machinery , 
eighteen candles being moulded at one time. The wieks 
ee ee ern eighteen of these 
wicks are wound off upon eighteen —- rollers, and 
a roller is placed over each mould. wicks having 
been the cylinder, are seized at the lower 
end by a set of eighteen forceps, which draws them tight, 
and fixes them in their places. The moulds, which dur- 
ing the operation have remained in a horizontal position 
are now turned in a vertical direction, the small en 
downwards, and are upon a railway to the person 
who fills them. In their course they have traversed a 
hot closet, and have thus acquired a proper temperature 
for receiving the tallow. When full, they are pushed on 
to other railways, and allowed to cool. This being ac- 
complished, they are brought back in succession, by 
means of turn-tables, to their former places. The frame 
| is then placed in a horizontal position; and eighteen 
plungers or pistons press forward the loose caps of the 
| moulds, and thus push out the candles, and deliver the 

wicks for another operation. 
| Wax and Paraffine candles are usually moulded by 


a 


a 
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hand, in consequence of their sticking so tight to the 
sides of the mould, that they cannot be drawn out of it. 
The operation for wax candles is conducted as follows :— 
The wicks are first warmed in a stove, and then sus- 
to a hoop over the vessel of melted wax. The 
tter is then poured from a ladle over each wick in suc- 
cession; and to prevent the wax from accumulating more 
on one side of the wick than the other, the wick is 
ly rotated between the finger and thumb. When 
the candles are thus coated to about one-third their pro- 
per size, they are allowed to cool for a short time, and 
the operation is then repeated until they are half-made. 
This being accomplished, they are removed from the 
hoop, and rolled between two marble slabs until they are 
of one uniform thickness. The upper end of each candle 
is now formed by cutting it down toa metal tag, which 
covers one end of the wick. The candles are then again 
suspended to the hoops, but in a reversed position ; and 
the operations of basting and rolling are repeated as often 
as necessary. Finally, the lower ends of the candles are 
cut square, so as to make them of the desired length. 

The large wax candles used in churches are formed by 
rolling the wick in a thin layer of wax, and then, after 
ri ing layer after layer, it is finished off in the way just 

escri 

Long wax tapers are made by winding the wick on a 
drum, and then leading it, by means of a guide-roller, into 
a trough of melted wax, from which it passes through a 
series of holes progressively smaller and smaller, on to a 
second where it is wound up—the operation being 
somewhat like that of wire-drawing. A little turpentine 
is added to the wax to render it pliable, so that it may 
not crack as it bends over the drum. 

We proceed now to speak of the different kinds of fats, 
and of the candles made from them. 

Tallow is obtained from animals; it is the fat which is 
located under the skin, about the intestines, in the bones 
and muscles, and around the kidneys. It is extracted 
by cutting the tissue into small pieces, then submitting 
it to heat, and finally to pressure. The tallow or fat of 
bones and the dressings of skins is obtained by boiling 
them ina large caldron, and skimming off the fat as it 
rises to the surface. A large quantity of tallow is ob- 
tained from meat during the ordinary operations of cook- 
ing; and this is known in commerce by the name of 
kitchen-stuff. Tallow, when first obtained, has a very 

i ble smell; indeed, it contains a great number 
of impurities, as blood, animal tissue, water, &c. ; and 
in this condition it is not suited for the manufacture of 
candles, To render Gi sree it is submitted to various 
operations, which are called rendering. One of these is 
as follows :—The tallow is melted in a copper set 
upon an open fire, and the water contained in the impure 
fat is boiled away ; during this stage of the operation the 
animal tissues and bloody matters te and rise to 
the surface. These are strained off and pressed, the 
residue is sold under the name of greaves or cracklings, 
and is used for feeding vee Another mode of render- 
ing, is to submit the melted tallow to the action of steam, 
which is blown into it from a pipe pierced with a number 
of holes. But the most effective process of all is that 
recommended by M. D’Arcet: the tallow is melted by 
steam-heat, and then treated with very dilute sulphuric 
acid ; this destroys the colouring matter, and separates 
the animal tissue in the form of black flakes, which 
speedily settle to the bottom of the vessel. After drawing 
off the tallow, and washing it well with warm water, it is 
allowed to stand until it rises to the surface and is cold. 
In this state it is nearly free from colour and smell. 
Some years ago Mr. Watt obtained a patent for purify- 
ing tallow by a mixture of acids, as sulphuric, oxalic, 
nitric, and chromic; the two latter of which give out 
oxygen gas, and thns bleach the fat. 

Tallow consists of several fats; one of which (oleine) 
is liquid at ordinary temperatures ; and the others (mar- 
garine and stearine) are solid. Occasionally, also, when 
it has been obtained from particular ani' it contains 
# few other fats, as hircine, butyrine, &c. The relative 
proportions of these fats give to tallow its different con- 


sistence; for example, beef-marrow, or bone-fat, which 
is rather hard, contains 76 of stearine to 24 of oleine; 
mutton fat, 62 to 38; beef fat, 54 to 46 ; butter, 40 to 60; 
hog’s-lard, 38 to 62; goose fat, 32 to 68; and turkey 
fat, 26 to 14. Again, the melting-point of different 
tallows varies with the proportions of these constituents ; 
for, while common tallow melts at from 94° to 104° Fah., 
marrow fat requires a temperature of 115° to li i 

and hog’e-lard 4s fluid at 81°. manele 

Three sorts of candles are made out of ordinary tallow ; 
namely, rushlights, dips, and moulds. The former are 
not much employed in towns, except for watch-lights ; 
but they are still the favourite pie with the in 
country villages ; and it is very probable that they are 
chosen because of their not guttering so much as the 
common dip when they are exposed to currents of air: 
besides which, they burn longer, and are, therefore, inore 
economical. In many cases these candles are made 
the peasants themselves. Mr. Gilbert White has given 
an account, in his Natural History of Selbowrne, of the 
manner in which they are produced by the perp of 
Hampshire. They take a quantity of rushes, which have 
been previously peeled, and dip them into the melted 
tallow, so that six pounds of tallow shall serve for 1,600 
rushes, In this way ey een candles which require 
228 to make a pound. e rushes are pg 
sides for the best lights, and on two only for berate ces 
and which, says Mr. Gilbert White, only shed a di 
light—darkness visible. Of the other kind, a good 
which measured 2 feet 43 inches in length, pact. | 
57 minutes ; and he was assured by an experienced old 
housekeeper, that 14lb. of rushes, after — been 
coated with tallow, completely supplied her family for « 
year. The cost of lighting with rushes he estimated at 
one farthing for 5} hours ; whilst a halfpenny candle, in 
the blowing, open rooms of the poorer classes, only lasted 
two aac e sehen a axe a in - 
vary from ten to eighteen in the poun specimen of 
ten to the pound, which measured 11} inches in length, 
burnt at the rate of 14 inches in the hour, equal toa 
consumption of 74 grains; and it took five of them te 
give the light of one sperm of 120 grains per hour. 

Ordinary dips burn with great i ity—even the 
same candle will vary from 120 to 180 grains per hour ; 
and, when consumed at the standard rate, bas give a 
light which is just one-third that of sperm. Dips are 
made of all sizes, from six to sixteen in the pound; and 
they are sold at from 5d., and upwards, per pound, 
according to the price of tallow. 

Mould candles, of tallow, are generally made of the. 
better description of fat ; rea § are, therefore, whiter than 
dips, and malt at a little higher temperature. A mould 
candle, of six to the pound, burns at the rate of about 
143 grains per hour, and its illuminating power is rather 
more than half that of a sperm of eh pod so that, 
weight for weight, its power is about that of sperm. 

The disadvantages attending the use of tallow candles 
are, that they melt at a very low temperature, and are, 
therefore, not suited for warm climates or hot rooms ; 
they gutter when they are exposed to draughts; they 
require constant snufling ; they £5 out an unpleasant 
smell, both before burning and after; they soil the 
hands, and everything with which they come into 
contact; and, in warm weather, they are very apt to 
break. Some of these disadvantages have been overcome 
by the chandlers of Dublin, many of whom have acquired 
a eb reputation for the superior quality of their mould 
candles ; and it has been found, that by waxing the wicks 
before they are used for ing the candl e disposi- 
tion to gutter, which is so objectionable, is in a great 
degree prevented. Candles of this description generally 
fetch from a halfpenny to three-farthings a pound more 
than the commoner sort, 

Palm oil is the produce of the Elais Guiniensis, or 
Avoira elais, a an that ay gt f abundantly in the 
tropical parts of Africa. ost of the palm oil that we 
receive into this country comes from the western coasts 
of that continent—chiefly from Guinea. It is obtained 


' 


| by crushing the fruit, then submitting it to the heat of. 
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boiling water, and, finally, to pressure. The oil hasa 
buttery consistence, is of an orange-yellow colour, has a 
sweetish taste, and an ble odour. When new, it 
melts at a temperature of 81° Fah. ; but, if old, it requires 
a heat of from 90° to 96° to liquefy it. It consists of 
about 69 of oleine, and 31 of a solid fat named palmitine. 


The crude oil is readily bleached by exposing it to light™ 


and air, or to chlorine gas, and it may also be purified 
in the same way as common tallow. Until it is deprived 
of its * excess of oleine, it is not fit for the manufac- 
ture oe naisdios. 

Galam or Ghea butter is another fat oil, that closely 
resembles palm oil: indeed, it is very often mistaken for 
it. It comes from the western parts of Africa, and is 
the produce of a palm, the Micadenia, or Bassia Parkii 
—a tree that is very similar in its appearance to the 
Bassia latifolia, and the other species of Bassia that are 
oe a igenous to the province of Hindostan. According to 
Park, the tree is very abundant in Bambara ; and the oil 
is obtained from the fruit in the same way as palm oil. 
Ghea is of a greyish-white colour; it melts at a tem- 
perature of 97° Fah., and consists of about 68 of oleine, 
and 32 of a solid fat like palmitine. 

Cocoa-mut oil or fat is extracted from the kernel of 
the common cocoa-nut, which is the fruit of a palm named 
Cocos nucifera. The oil is semi-fluid, or rather buttery, 
in its consistence. It melts at a temperature of 68°, and 
contains two or more fatty principles, one of whi 

, the oleine, amounts to about 7lrper cent., an 
the other, cocine or cocinine, to 29. The oil is not fit 
for the manufacture of candles until it has been sub- 
mitted to cold and pressure. We import this oil from 
several parts of India, from the islands of the Pacific, 
from Australia, and from Borneo. 

Several kinds of vegetable fats or butters, well suited 
for the manufacture of candles, have at various times 
been sent to this country ; but the demand for them has 
not been sufficiently great to encourage a trade. Among 
these may eee the solid ~~ obtained from 
three ies ‘assia, indigenous to India. These are, 
Iipa oil, or Eloopei wnnay, which is expressed from the 
seeds of the Illupie tree, or Bassia lungifolia—a tree 
that is very ab t in the Madras Presidency, and in 
the southern parts of Hindostan. This oil is white, and 
it requires a temperature of from 70° to 80° to melt it. 
(ells, i's Bengal Praiieney, ant Bows betyroron 

te) idency, ai ‘assia racea, of 
the province of Dotee—the former is cerry Epie, or 
Mahowa seed oil, and the latter Phoolwa, or vegetabl 
butter. A solid oil, of a er greenish colour, is obtained 
from the tallow-tree of Java—probably a species of 
Bassia, which is common not only to Java, but also to 
the western countries of the Archipelago. In fact, it 
pps from the observations of Mr. Lowe, that several 
kinds of solid oil are obtained in the islands of the Archi- 
pelago from different species of Dipterocarpus. These 
oils are hard, yellowish-green, and brittle, and they 
melt at about 90° Fah. An oil named Piney tallow is 
ressed from the fruit of the panoe tree (Vateria 
indica), which grows abundantly in bar and Canara. 
The oil is white, solid, and fusible at 97°; it makes 
excellent candles, which do not give out any unpleasant 
smell in ing. Cocwm oil, or Kokum r, is ob- 
tained from the seeds of a kind of mangosteen (Garcinia 
purpurea), which is common in several parts of the 
peninsula, It is of a pale greenish-yellow colour, and it 
melts at 95°. Kali-ziri, or Khatzwm butter, another 
variety of fat oil, is in all probability the produce of the 
seeds of Vernonia anthelmintica, or of Salvadora Persica, 
a tye are common in Guzerat and Concan 

; it is a bright oil, of the same fusibility as 
the last-named. oe * 


Stearine, Margarine, Palmitine, Cocine, or Cocinine, 
&c., are the names applied to the solid fats contained in 
tallow, suet, lard, palm oil, ghea butter, cocoa-nut oil, 
&e. it has been already stated, that none of the raw 
fats, except tallow, can be applied at once to the manu- 
facture of candles ; but they must be subjected to cer- 
tain processes in order to remove the oleine or liquid 
constituent, and so obtain the fats in a more solid state. 

As far back as the year 1799, Mr. William Bolt took 
out a patent in this country for the manufacture of 
candles from compressed tallow. This, perhaps, was the 
first attempt ever made to improve the quality of candles 
by fabricating them from the solid constituents of fats 
and oils, About twenty years after this, the researches 
of Chévreul gave an impetus to the discovery of Bolt, 
by showing that all the fats consisted of at least two 
proximate elements—namely, an oily or liquid portion, 
which he named oleine, and one or more solid consti- 
tuents, which he called stearine, ine, &c. Taking 
advantage of this fact, the pce pee, og soon adopted a 

rocess whereby they were enabled to separate the one 

t from the other, and thus to procure a material which 
would not melt at so low a temperature as ordinary 
tallow. To effect this, the tallow, palm oil, or cocoa-nut 
oil is melted, and then allowed to cool as slowly as 
possible, care being taken that it is constantly agitated 
during the whole time that it is solidifying. When the 
mass has acquired a pasty consistence, it is transferred 
to horsehair or linen bags, and submitted to great 
pressure. In this manner the oleine is squeezed out, 
and the solid fats are left in nearly a pure state By 
repeating the process of liquefaction and pressure, the 
stearine, ine, palmitine, and cocinine are obtained 
still purer. Ys this condition they are perfectly white, 
hard, and nearly free from greasiness, and they melt at 
a much higher temperature than the original fats: for 
example, common tallow melts at from 99° to 104° of 
Fah. ; whereas stearine, which is obtained from it, melts 
at 144°, and ine at 117°. Palm oil is fluid at 
from 90° to 96°; but palmitine requires a heat of 124° to 
melt it; and lastly, cocoa-nut oil is liquid at 68°, while 
its solid constituent, cocine or cocinine, is fusible at 110°. 
These fats are employed in the manufacture of composi- 
tion and Palmer’s candles, The former burn at the rate 
of from 140 to 155 grains per hour, and they furnish a 
light which is scarcely inferior to sperm; the latter have 
an average consumption of about 160 grains per hou. 
for each wick, and the light emitted is in the same ratio 
as the former. 

Stearic, Margaric, Palmitic, Cocinic, and other solid Fatty 
Acids, are obtained from the oils, &c., already named ; 
indeed, the solid fats which have just been described 
contain in each case a still more solid compound, which 
bears the name of the fat from which it is derived. 
These acids were discovered by Chévreul in the year 
1823; and, two years afterwards, he thought them of so 
much importance, that he allied himself with Gay Lus- 
sac, and took out patents in this country and in ce 
for their manufacture. But, notwithstanding that they 
furnished candles of the very best description, aud have 
since been made the basis of most profitable speculation, 
they did not realise any advantage whatever to the 
original patentees; in fact, the processes of Chévreul 
and Gay Lussac were so complicated and expensive, 
that they could not be followed out with profit or ad- 
vantage: in addition to which, it was found that the 
candles manufactured from the fatty acids would not 
burn with an ordinary wick; and hence the necessity 
for still further improvement in this direction. Cam- 
bacérés, however, overcame this difficulty by inventing 
the present description of plaited wick; and this was 
afterwards improved by De Milly, who suggested the 
use of boracic acid and the salts of ammonia for impreg- 
nating the fibres of the cotton. Another obstacle to the 
use of the fatty acids was the pertinacity with which 
they crystallised; thus rendering the candles brittle, 
unsightly, and irregular of combustion. An attempt 
was made to remedy this by introducing fine powders 
into the melted acids, so as to break their grain; but 
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then it was necessary to use powders of a volatile nature 
which would not clog the wick, and in an unfortunate 
moment they made choice of white arsenic. The intro- 
duction of this deadly poison into candles soon created 
alarm, for or Anata very injurious effects on those 
who inhaled vapours of combustion ; and, in fact, it 
brought the discoveries of Chévreul into so great disre- 
pute, that it almost annihilated the infant art of stea- 
rine candle-making. ‘‘It is true,” say the jurors in 
their report on the candles of the Great Exhibition, 
**this deleterious substance was added in very minute 
quantities, yet it was entirely incompatible with health, 
was soon prohibited on the continent by authority, 
and in England by equally powerful public opinion.” 
Here commenced all the manufacturer’s troubles anew. 
In all directions he sought a substitute, and yet found 
none: at last, after innumerable experiments, and when 
almost driven to despair, he hit on two simple ex 
dients that answered the pu: in the most admirable 
manner. They were the addition of a very minute 
nantity of wax to the melted fatty acids, or allowing 
the acids to cool almost to the point of congelation before 
they were poured into the moulds. By this means a 
sort of liquid pulp is obtained, which sets in the 
moulds without crystallising. This is the plan adopted 
at the present time; the melted acids being constantly 
stirred during their congelation, and the moulds warmed 
to a temperature of about 110° Fah. before the semi-fluid 
mass is poured into them. 

Two, if not three, distinct processes are employed at 
the present time, for the preparation of the fatty acids. 
The saponification process is founded on the discoveries 
made by Chévreul in the year 1823 ; namely, that when 
fatty matters are boiled with potash, soda, or lime, th 
are converted into soap by the union of the fatty aci 
with the alkali; and that from this soap the acids may 
be obtained in a more solid condition by the action of a 
stronger acid, as the sulphuric or hydrochloric. Chévreul 
saw the importance of his discovery, and took out a 
patent for the manufacture of the acids from soaps 
made with potash or soda. These, however, were found 
to be far too expensive; and in the year 1831, De Milly 
directed attention to the use of lime. 

The shoring. is an outline of the process as it is 
conducted at the works of the Apollo Company at 
Vienna; and of De Milly in Paris, Brussels, and 
Vienna. The process is divided into stages : 
namely, the saponification of the fat; the decomposition 
of the soap by a strong acid; and the removal of the 
liquid oil and other impurities by means of pressure. 

(a.) The saponification of the fat is effected by melting 
the tallow, or the palm oil, in a large vat, by means of 
steam which issues from a pipe Paka with holes, 
and then stirring in a quantity of lime in the state of 
thin cream; ten or fifteen parts of dry lime being 
used for every 100 of fat. The mixture is kept in 
a state of ition for five or six hours, or until it is 
completely saponified. It is then allowed to stand, 
in order that the impurities may settle to the bottom, 
and the melted soap rise to the surface and cool. The 
pe 3 thus formed is- very hard, and is generally called 
rock. It is d to a coarse powder, and is then 
ready for the next operation— 

(b.) The ition of the soap by a strong acid. 
The d rock-soap is placed in wooden vats lined 
with and, after being drenched with water, it is 
raised to a boiling temperature—the heat being applied 
in the same way as before, At this moment the soap is 
treated with dilute sulphuric acid, using about. twenty- 
five of the strongest acid to every 100 of tallow or palm 
oil. In this way the soap is decom: ; its lime unites 
to the acid of the vitriol to form sulphate of lime, or 
plaster of Paris, which partly dissolves in the water, 
and settles to the bottom of the vat, while the fatty 
acids are set free and float to the surface. These are 
called ‘‘yellow matter;”’ and, after having been well 
washed with warm water, they are poured off into 
vessels called ‘*jacks,” and from thence into shallow 
tin pans, where they cool. 


| (c.) The cakes thus obtained consist of the solid and 
| liquid acids of the fat; to separate which they are 
| placed in horsehair bags, and subjected to vo 
| pressure, ually increased up to about six hundred 
/tons. This is extended over a ips! of six or eight 

hours, during which the liquid oleic acid runs out, and 
carries with it the brown colouring matter of the fat, 
jr Se eg fatty acids in a nearly 93 baer 

t is gene’ ought necessary to re-m e acids, 
and to treat them with a little dilute sulphuric acid, so 
as to remove iron and other impurities that may have 
been acquired in the act of pressing. After this they 
are again cast in shallow pans, then placed in bags, 
and submitted to a more moderate pressure of about 
forty tons. During the last operation the cakes are 
slightly warmed in an atmosphere of s' so as to 
facilitate the removal of the last portion of oil. In this 
way a solid mass is obtained which has all the ap 
ance of ivory; and the product amounts to about thirty 
per cent. of the fat originally used. 

The second or vitriolic acid process for obtaining 
fatty acids, was originated in 1836, by M. Frémy, 
discovered that these acids have the power of 
bining with concentrated sulphuric acid, to produce’ 
compounds which are named sulpho-stearic, sulpho-oleic, 
sulpho-margaric, sulpho-palmitic, and  sulp! inic 
aci These are readily decomposed when they are 
brought into contact with boiling water, the sulphuric 
acid being dissolved by the latter, while the fatty acids 
are set free and float to the surface. This fact was 
made the basis of two patents, which appeared in the 
year 1840. One of these was taken out by Mr. George 
Gwynne, who proposed that the fats should be separated 
from the acids by distillation; and the other was ob- 
tained by Mr. George Clark, who advised that the acids 
should be set free by simply washing the product. But 
neither of these patents produced successful results; 
and it was not until the year 1844 that the was 
so perfected by the labours of Jones, Wilson, and 
Gwynne, as to be applicable to the purposes intended, 
In that year the names of Wilson and Gwynne are found 
associated in a patent which still continues to be in 
force. The process adopted 2 Bing patentees is now 
extensively practised at the works of Price’s Candle Com- 

any, at Vauxhall and Battersea; and at those of MM. 
Maine and Tribonillet, at Paris; of Motard, at Berlin; 
of Bert, at Gijon, in Spain; and at one of the works of 
the Milly Company at Vienna. 

The fats usually employed for this purpose are, palm 
oil, refuse grease from glue-making and bone-boiling 
and ordi w. The process is as follows :— 

1st. The ition of the Fat with ic Acid. 
—tThis is accomplished ing the oil or fat in a 
leaden vessel by the aid of steam, then allowing it to 
stand for a short time, in order that the mechanical 
impurities may subside, The liquid fat is now pumped 
into another vessel, and heated to a temperature of 
350° Fah. While in this state it is subjected to the 


the 
who 
com- 


action of strong sulphuric acid—usi ut 6lbs. of 
acid to 112lbs. of palm oil. The acid quickly decom- 
poses the oil, and gives it a black colour. The latter is 


now drawn off and transferred to a washing-tank, where 
it is boiled up with water by means of a jet of steam. 
After two or three washings it is ready for the next 
operation. 
2nd. The Distillation of the Fatty Acids by means of 
superheated Steam.—The dark liquid fat of the washing- 
tank is conveyed into a copper still, where it is heated to 
a temperature of 560°, and submitted to the action of 
steam that has been heated to a very high degree by 
ing through a system of pipes set in a furnace. The 
hot steam raises the fatty acids into vapour, and carries 
them over into a series of vertical pipes, which act as 
condensers. These are kept at a temperature of 212°; 
and consequently they retain the fatty acids, but do not 
arrest the steam, Towards the end of the process it is 
n to elevate the temperature of the furnace in 
which the still is set, and also to raise the heat of the 
steam, in order that the whole of the fatty matter may be 
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distilled over. The residue in the still, after this opera- 
tion, looks like pitch, and may be employed for the 
same purposes. 

Srd. The cold and hot pressing of the Fatty Acids.— 
These are effected in the same way as that described in 
the saponification process. , 

The other process to which we have referred—namely, 
that portion at the works of Jailon, Monier and Co., at 
La Villette, near Paris—is a modification of De Milly’s 
lime process. It consists in ing a rapid current of 
sulphurous acid into the lime vat while the rock mass is 
forming; and thus of increasing the amount of solid fat 
by the conversion of the liquid oleic acid into solid elaidic. 
In this way the very commonest tallow may be used, for 
the sulphurous acid acts as a bleaching and deodorising 
agent. The subsequent stages of the process are the 
same as De Milly’s. 

Lastly, it may be said that a large quantity of the 
fatty acids which enter into the composition of ordinary 
soap, is obtained at the works of Mr. Banwens, 
at Wakefield, from the waste lyes and suds of the woollen, 
silk, and cotton manufactories.. It is calculated that 


ies of Mr. Banwens having 
been directed to the subject, it is hoped that the larger 
portion of the fatty acids contained in the soap and oil 
will be retrieved. These acids are worth about £15 a 
ton; and if only half of them are annually recoverable, 
as much as £93,500 will be annually secured. The acids 
are obtained by treating the boiling suds with a little oil 
of vitriol or spirits of salt: the liquefied fats rise to the 
surface, and, when cold, may be skimmed off, or otherwise 
The fats are then cast into blocks, and pressed 
in the usual manner. 

In whatever way the solid fatty acids are obtained, 
they always present the following characters :—They have 
the appearance of ivory, or of fine spermaceti: they are 
i and do not communicate a stain to 
paper, or soil the : they melt at a much higher 
temperature than the original fats: indeed, the melting- 
point of pure stearic acid is 167°; that of bassic aci 
which comes from the palm fats of India, is 159°; that 
of palmitic and acids, 140°; and that of cocinic 
acid, from cocoa-nut oil, is 110°. It rarely happens, 
however, that these acids are obtained perfectly free from 


a small of liquid oleic acid; and hence the 
melti ints of the acids, as found in commerce, are a 
little w the i Stearic candles generally 


melt at from 130° to 132° Fah. 

These candles, of six to the pound, burn at the rate of 
from 140 to 144 grains per hour, and they give a light, as 
nearly at same as sperm. If there be any 
difference, the light of sperm is a little greater, and that 
of stearic acid a little whiter. When oe = = 
average consumption of 120 grains per hour, it wi 
found that, for equal weights 2 enact 15 sperm candles 
will give the light of 165 stearic, The advantages which 
are attendant on the use of these candles are, the great 
regularity of their burning, the dryness of the cup below 
the flame, the absence of all disposition to gutter, of not 
softening in warm climates or hot rooms, and of not 
soiling the fingers or clothes. It is very probable that 
stearic candles will, ere long, supersede every other 
description of i 


G , and Wilson, for 
the manufacture of candles from this material. 
Spermaceti.—This remarkable fat is chiefly obtained 
from the great spermaceti whale, or great-headed cachalct 
‘Plyyseter macrocephalus), which inhabits the Pacific 
the Indian Ocean, and the China Sea. It is also 
obtained from other ies of cachalot, as the Physeter 


cetadon, trumpo, cylindricus, microps, &e. ; and from the 
VOL. 1. 


two kinds of dolphin, viz., the Delphinus tursio and 
edentulus. The spermaceti is found in all parts of the 
bodies of these animals, mixed with the common fat or 
blubber; but the great receptacle for it, in the Physeter 
macrocephalus, is a large excavation or case, situated in 
the upper jaw, directly in front of the skull, and above 
the nostrils. This receptacle is opened by the whalers 
directly the animal is captured ; and the liquid contents, 
consisting of oil, spermaceti, and cellular matter, are 
dipped out. The dense mass of cellular tissue, called 
junk, which lies immediately beneath the case, is also 
removed; and when boiled, it furnishes an inferior kind 
of oil and spermaceti. The contents of the case are 
carefully boiled, and then strained off into casks. In 
this state it goes by the name of ‘‘ head-matter ;” and is 
composed of spermaceti and sperm oil. After statiding 
for some time at a temperature of from 40° to 50° Fah., 
the spermaceti solidifies as a dirty-brown crystalline mass. 
This is ted from the oil by straining through bags. 
and pressing. The crude spermaceti is melted by the aid 
of steam, and then allowed to cool very slowly; after 
which it is ground to powder, placed in bags, and sub- 
jected to enormous pressure—a pressure of six hundred 
tons. In this way the residue of the oil is squeezed out 
of it, and the spermaceti which remains is nearly white. 
To purify it still more, it is melted in a large iron vessel, 
and boiled for some time with a solution of caustic soda. 
This has the effect of converting all the oil with which it 
is contaminated into a soap, which dissolves in the water, 
while the spermaceti floats to the surface. It is now run 
into tin pans and allowed to cool. The mass so obtained 
is crushed to a powder a second time, and then pressed 
as before; the operation being conducted in an atmo- 
sphere heated by steam. Finally, the spermaceti is boiled 
with a strong solution of potash ; and when it is perfectly 
a3 and colourless like water, it is cast into square 
8. 

In this condition it is named cefine: it is a white 
crystalline solid, with a pearly lustre and greasy feel. 
It melts at a temperature of 120°; and it consists of a 
fatty acid (cetylic), which fuses at 131°, and a species of 
alcohol, named ethal, which melts at 118°. Impwre 
kinds of spermaceti liquefy at from 112° to 160°. 

Spermaceti candles contain about three per cent. of 
wax, which is added to break the grain, or to prevent 
crystallisation. A sperm candle of six to the pound 
burns with great regularity if it be properly made ; but 
those in commerce at the present time, are but poor 
examples of what such candles should be, for they range 
in combustion between 120 and 146 {geo per hour. 
A spermaceti candle of six to the pound, burning at the 
rate of 120 grains per hour, is generally taken as the 
standard of comparison for all other illuminati nts, 
for the light emitted is clear, white, and very brilliant. 
The candles which are sold under the name of trans- 

arent wax, are mostly sperm candles, coloured with a 
ittle gamboge. . ; 

Waz is obtained from several sources: it is secreted 
between the abdominal scales of the honey-bee, and 
formed by that insect into honey-comb. The insect wax 
of China is produced by the male of the Coceus ceriferus, 
which deposits it on the trees on which it feeds, especially 
the Rhus succedaneum, A soft, tenacious, ethos y- 
coloured wax is obtained in + quantity at the Brazils, 
and is the product of a black bee which hives under 
ground. Vegetable wax is procured from the berries of 
several myrtles (the Myrica cerifera, augustifolia, lati- 
folia, &c.), which grow abundantly at the Cape of Good 
Hope, and in South America: besides which, there are 
many trees, in Japan and St. Domingo, which yield 
substances resembling wax; these are the Croton sebi- 
ferum, Celastrus ceriferus, and Ceroxylon audicola, A 
wax-like substance, named cerosine by Dumas, is also 
obtained from the surface of many species of sugar-cane ; 
and Mulder informs us, that the skins of apples, and the 
berries of the mountain-ash, yield abundance of wax: in 
fact, wax is a very common product of the vegetable 
kingdom: it forms the bloom of fruits and of yo 
leaves, and it is a large constituent of the green an 
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yellow colouring matter of plants (Chlorophylle and Xan- 


og wegen ‘ 

he wax of English commerce is procured from the 
honey-comb ; the comb being first allowed to drain in 
order to remove the honey, after which it is boiled up 
with water, and permitted to stand until cold, when the 
wax solidifies upon the surface as a brownish-yellow 
cake. This is purified and bleached by the followin 
processes ;—The wax is cut by machinery into very sm 
shavings, and put into a vat with water, and a little 
concentrated sulphuric acid—the proportion of acid 
being a pint toa ton. Steam is then blown into the vat 
by means of a coiled pipe pierced with holes ; and the 
mixture is kept in constant agitation. After a time it 
is allowed to stand quiet, when the impurities subside to 
the bottom, and the wax floats to the surface as a clear 
and almost colourless liquid. It is now run into a 
trough named a cradle, which has a number of -holes 
about the size of a quill in the bottom of it. This trough 
is placed over a drum or wooden cylinder, which revolves 
in a tank of water; the melted wax, running in small 
streams upon the revolving wet drum, is floated off upon 
the surface of the water in the form of exceedingly thin 
strips or flakes, called ribbons. These are collected at 
the opposite end of the tank ; and, after being drained in 
baskets, they are spread out upon tables, and exposed to 
the air and light to bleach. This occupies a period of 
from five to» ten weeks, during which the flakes are fre- 
quently wetted and turned. ey are also melted and 
ribboned once or twice during the process, in order that 
fresh surfaces may be exposed, and the whole acted on 
in auniform manner. When the wax is sufficiently white 
it is melted in vats, and cast into thin cakes. 

Different kinds of wax bleach with different degrees of 
facility: thus the wax of England, Hamburg, Odessa, 
Port Mogador, Zanzibar, the East and West Indies, 
and North America, bleach very rapidly ; while those of 
Cuba, Dantzic, Kénigsberg, Gabon, and Gambia, bleach 
with difficulty ; and the soft mahogany-coloured wax of 
the Brazils cannot be bleached at all 

Pure wax is solid up to the temperature of 148°, but 
unbleached wax melts at from 144° to 146°. It contains 
about twenty-two per cent. of a peculiar fatty acid (cerotic) 
which was formerly named cerine; and the remainder 
consists of a compound substance named myricine, which 
Mr. Brodie says is composed of the solid acid of palm oil 
(palmitic), and a species of alcohol, which he has named 
oxide of melissyl. Chinese wax is entirely free from 
myricine, and is made up of cerotic acid and an alcohol 
named oxide of cerotyl. Cerine and myricine are distin- 
cet from each other by the following properties :— 

ine is soluble in boiling alcohol, from which it is 
deposited as the spirit cools; but myricine is wholly 
insoluble in that menstruum. Cerine melts at from 
5 Pa 172°, while myricine fuses at as low a temperature 
as - 

Wax candles are rarely composed of pure wax, but 
consist of wax and stearine, or stearic acid, in various 
ie eet eae) The candles of commerce are very irregular 

combustion ; in fact, they burn from 135 to 175 grains 
of wax per hour; and they give a light which varies from 
one up to three, according to the condition of the wick. 
At the best of times the light of wax is, weight for weight 
consumed, about one-sixth less than that of spermaceti. 

We do not employ much wax in this country for 


candle-making, as preference is now given to sperm and’ 


stearic candles ; but, on the continent, it is still made 
use of toa great extent in the fabrication of candles for 
religious purposes, and also for holiday and féte occa- 
sions. In the Greek church, wax and oil are the only 
illuminating agents allowed ; and, in the Romish church, 
large wax tapers are also employed during divine service. 
These, as well as the pr ive for weddings, fées, and 
saint-days, are generally ornamented either with spirals 
of gold, or with different devices in colours—the colours 
bein: pak poor ee for blue; — of ver- 
digris and eme: green, or verdigris alone, for 1; 
chromate of lead, or gamboge, for yellow ; vermillion for 
red; and madder lake, or alkanet root, for pink. The 


best description of candle manufactured from wax is the 
mortar-light, which is used either for ipepntiees | 
for heating dishes on the table. On the continent 
lights are ogy Mng e 2 rs 
‘ara, —About twelve years ago, the sagacity 

Liebig led him to remark, that ‘‘it would certainly be 
esteemed one of the greatest discoveries of the age, if 
any one could succeed in condensing coal gas into a 
white, dry, solid, odourless substance, portable, and 
capable of being placed upon a candlestick or burned 
in a lamp.”*—In the course of the last few years this 
grand result has been effected ; indeed, we may say that 
the germ of the discovery was brought to light more 
than twenty years ago, by the researches of Reichenbach 
and Christison. The former of these chemists showed 
that the thick heavy oil procured by the distillation of 
tar from Beechwood) contained a solid crystalline body, 
which he named paraffine ; and the latter, in examining 
Rangoon petrole discovered a substance which he 
called petroline. Both of these compounds are identical 
in their chemical composition with the illuminating 
principles of coal gas, and they are now known to be 
one and the same thing. The term parafline is still 
employed to designate the substance, in consequence 
of its weak affinities (from parwm, little, and affinis, 
affinity). Since that time, it has been procured by Mr. 
Rees Reece and Sir Robert Kane, from t; by M. 
Ettling and Mr. Brodie, from wax + by Mr. You , from 
Boghead coal; and by others, from the bituminous 
schists of land, France and Germany. In all cases 
it is obtained by destructive distillation ; and the follow- 
ing are the processes which are commonly employed. 

The plan proposed by Reichenbach was to distil wood- 
tar to dryness, aud to separate the heavy oil which is 
thus obtained, from the water and light oil that also 
come over during the process. This is distilled a second 
time, and only the last portions are retained. These 
are treated with concentrated sulphuric acid, then with 
water, and finally with boiling alcohol, from which the 
parafline separates in the form of crystalline plates as 
the spirit cools. 

Mr. Reece’s process is to distil peat in a sort of blast 
furnace, to the top of which a condensing worm is at- 
tached. The air supplied at the bottom of the furnace 
keeps up an imperfect combustion of the peat, and the 
products are conveyed into the worm, w they are 
condensed. The greasy tar which subsides is collected 
and heated to a temperature of 100°; it is then sub- 
mitted to the action of strong sulphuric acid, and after- 
wards boiled in water. The e collects on the 
surface, and solidifies as the water cools. It is now 
ready for distillation; and when so treated, it furnishes 
three products—namely, a very light oil (eupion), which 
first comes over; then a heavy oil; and e. 
The light oil is separated from the mixture of the other 
two by decantation. When the latter is allowed to cool, 
the paraffine separates in the form of very minute grains ; 
and on submitting the pasty mass to pressure in linen 
bags, the oil is squeezed out, and the parafline obtained 
in an impure condition. The next step of the process is 
to deprive the parafline of its smell and colour by the 
aid of chlorine and chromic acid; it is then 
redistilled, cooled, and pressed a second time, Finally, 
it is submitted to the action of steam until it is y 
white and free from odour. It is said that a thousand 
parts of Irish peat will furnish from ten to twelve of 


parafiine. 

Mr. Young’s process is somewhat similar to the last, 
but he employs head coal in the place of peat. The 
coal is distilled from a closed retort at a low red-heat, 
and the products are treated in the same way as the last. 
One hundred parts of ag A coal will yield about 
forty of oil which is fit for lubricating muachstiegy: and 
ten of paraffine, 

Two years ago, a patent was obtained by Mr. Brown 
for the preparation of this substance from bituminous 
coal and bituminous schist. The process which he 
adopts is not essentially different from Mr, Young’s, 

* Familiar Letters on Chemistry, p. 158, 
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The schist is heated in an iron retort, and then exposed 
to a current of very hot steam. The steam earries over 
all the volatile matters—namely, the oils, the tar, and 
the paraffine. These are condensed in a proper receiver ; 
and the semi-solid tar and paraffine are afterwards dis- 
tilled, and then purified by means of sulphuric acid and 
oxide of manganese, or bichromate of potash. After 
the residue has been washed with boiling water and 
weak soda, it is distilled a second time; then cooled, 
strained, and pressed. The last purification is effected 
by heating it to a temperature of 400° with strong sul- 
uric acid. By this means, all foreign matters are 
estroyed ; and when washed with boiling water and a 
solution of soda, it is allowed to set, and is then ready 
for the market. : 
Pure paraffine is obtained in the form of brilliant 
silvery scales when it crystallises out of boiling alcohol ; 
but the of commerce is an amorphous substance, 
having the appearance of a very transparent wax. It is 
entirely without odour, 29 it ‘tien ~ Serger ape a 
greasy stain to paper. It is slightly flexible, and when 
warm may be onkinl into any shape. It melts at a 
temperature of 110°, and distils at a red-heat, un- 
congas Ether, naphtha, the volatile and fixed oils, 
dissolve it very readily ; and it mixes freely with wax, 
stearine, and the fatty acids. The light emitted from it 
varies with the size of the wick: when a small plaited 
wick is used the light is clear, brilliant, and free from 
smoke; but when the large cotton strands of wax 
candles are employed, the flame is large, yellow, and 
very smoky. The experiments which have hitherto been 
with this substance, in order to determine its illu- 
minating power, are not sufficiently complete to enable 
us to judge of its value; but the candles which we have 
burnt are consumed at the rate of from 166 to 185 grains 
per hour; and the light emitted has, weight for weight of 
candle consumed, been exactly one-twelfth less than that 
of sperm. 


LAMP-OILS AND SPIRITS. 


Classification.—Oils are divided by chemists into two 
kinds—namely, fixed and volatile. The former commu- 
nicate a permanently greasy stain to paper or cloth, and 
the latter do not. Olive oil may be mentioned as an 
example of one, and tine of the other. Again, 
the fixed oils are subdivided into those which become 
sg eS nar on exposure to the air (drying peng 
as li and poppy; and those which do not (fat oils), 
as olive and sperm. The cause of this change will be 
referred to directly; but it may be remarked, in a gene- 
ral way, that drying oils are not adapted for combustion 
in lamps, on account of this disposition to become thick, 
and so to clog the wick. 

The composition of oils is very much the same as that 
of the solid fats or butters: they consist, for example, of 
two or more ingredients ; namely, liqwid oleine, which is 
always present in very large proportion, as from 70 to 90 
hrs and solid margarine or stearine. In addition 

this, many of the animal oils, as sperm, whale, seal, 
fish, &c., contain a volatile fat, which gives them their 
peculiar odour. In the case of whale and seal oils, this 
is called i The relative proportion of the solid 
and liquid constituents of different oils is subject to great 
variation, and hence the difference in the property of 
solidifying, or becoming thick during cold weather. It 
must be stated, however, that all oils deposit a solid 
tallow-like material when they are subjected to cold; 
and when this it is very considerable in amount, as 
is the case with the oils of cocoa-nut, lard, olive, cc., 
such are not well adapted for burning in lamps unless 
ag” hp used in rather warm places. 
sowrces of oils are very extensive ; in fact, they are 


a both ki of Sg Animals ge = us 
lard tallow-oil, sperm, whale, porpoise walrus, 
herring, cod, ling, and other such oils; while vegetables 


ish us with the oils of almond, olive, rape, colza, 
cocoa-unt, linseed, hemp, mustard, poppy, cotton, teal, 
sessama or gingilie, castor, &c, In the former case the 


oil is obtained either from the cellular tissue which lies 
immediately beneath the skin, or else from the liver; 
and in the latter it is procured from the fruit, or the 
cotyledons of the seeds. 
modes of extraction vary with different circum- 
stances ; so much so, that it is scarcely possible to give a 
neral description of the numerous processes adopted. 
n the case of lard, tallow, and cocoa-nut oils, the solid 
fats are slightly warmed, then enclosed in linen or horse- 
hair bags, and submitted to enormous pressure—a pressure 
of from four hundred to six hundred tons. The common 
fish-oils, as those of the herring, pilchard, and sprat, are 
obtained by piling the fish into heaps or walls, and then 
weighting them with stones. The oils from the livers of 
fish, as the cod, skate, ling, &e., are procured by boiling 
the livers and skimming off the oil, or else by crushing 
and pressing, or by allowing them to putrefy, so that the 
tissue may break up and let out the oil. The fat or 
blubber of different species of whale, porpoise, seal, dol- 
phin, walrus, d&c., is subjected to heat in iron vessels, 
and then submitted to pressure; and, lastly, vegetable 
oils are procured by first crushing the seeds, then enclos- 
ing the bruised mass in bags, and exposing to enormous 
ressure: this is obtained either by hydraulic power, 
y screws, or by wedges driven by heavy stamps. ‘‘ Lin- 
seed, rape-seed, poppy-seed, and other oliferous seeds,” 
as we are informed by Dr. Ure, ‘‘ were furmerly treated 
for the extraction of their oil by pounding them in wooden 
mortars with arma shod with iron, set in motion by 
cams driven by a shaft, turned with horse or water- 
ower; then the triturated seed was put into woollen 
ty which were wrapped up in hair-cloths and squeezed 
between upright wedges in press-boxes, by the impulsion 
of vertical rams, driven also by a cam mechanism. In 
the best mills, upon the old construction, the cakes 
obtained by this first wedge-pressure were thrown upon 
the bed of an edge-mill, ground anew, and subjected to 
a second pressure, aided by heat now as im the first case. 
These mortars and press-boxes constitute what are called 
Dutch mills. They are still in very general use, both in 
this country and on the continent; and are by many 
persons supposed to be preferable to the hydraulic pres- 
sure, 

Sometimes the crushed seeds are exposed to the action 
of heat and a little moisture during the operation of 
pressing. This facilitates the flow of the oil, and conse- 
quently makes the seeds yield a larger produce; but the 
oil is never so good under these circumstances, as it con- 
tains much colouring matter, together with mucilage or 
vegetable mucus a sugar; all of which diminish the 
combustibility of the oil, and render it very liable to be- 
come rancid. In the former case the oil is said to be 
cold drawn, and in the latter hot. The amount of oil 
obtained in this manner varies with different seeds, and 
even with the same seeds in different countries and sea- 
sons. Walnuts and hazel-nuts usually furnish about 
half their weight of oil; poppy seeds, nearly half; olives, 
about one-third; ra , a third; and that vari 
named colza, about two-fifths; hemp-seed, a fourth; al- 
monds, a fourth; linseed, from one-fourth to one-fifth ; 
and the seeds of grape, or wine-stones, about one-tenth. 

Olives are sometimes allowed to ferment, so as to be- 
come soft and pulpy before they are crushed and pressed. 
In this way they yield a larger Pay osc of oil; but the 
oil is not , and is only fit for lamps or machinery. 

We take occasion to notice more particularly the 
details of all these processes when we come to the subject 
of the individual oils. 

Refining or Purifying.—In the state in which oils are 
first obtained from plants and animals, they always con- 
tain impurities, as albumen, vegetable mucus, colourin 
matter, sugar, rancid acids, &c. These must be remov 
before the oil is fit for combustion in lamps; and several 
processes are adopted for this purpose. Sometimes the 
oil is merely exposed to the action of steam or boiling 
water; and, after having been well agitated therewith, it 
is allowed to stand until the oil floats to the surface in a 
clear or pellucid condition: it is then drawn off by means 
of a syphon or tap, and so separated from the water 
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which holds the impurities. At other times it is boiled 
with weak alkaline solutions, or with lime water, and 
allowed to Dossic’s process py pore fish- 
oils is as follows:—To each gallon of oil an ounce of 
ered chalk, and half an ounce of recently slaked 
ime, are added; after standing a short time, about half 
a pint of water is carefully stirred in, and the mixture is 
agitated at intervals of two or three hours, for a period of 
several days, At the expiration of that time, a solution 
of one ounce of pearlash in four ounces of water is stirred 
in, and the stirring is kept up at intervals for several 
hours: after this, two ounces of salt dissolved in a pint 
of water are poured in, and the mixture is agitated occa- 
sionally for the next two days. It is then allowed to 
stand until it becomes clear; and if the oil be not sufli- 
ciently pure and free from odour, the process is to be 
taking care that the quantities of the ingre- 
dients are reduced one-half. 
The plan that is usually adopted for the purification of 
is founded on the fact, that concentrated sulphuric 
acid, in small quantity, has the power of decomposing 
the impurities A without touching es acy ar 
in carrying out the process, care must en oi 
of vitriol is not added in too great quantity, or allowed 
to act for too long a period. The process is generally 
conducted in the following way :—About one per cent. of 
commercial sulphuric acid is cautiously added, little by 
little, to the impure oil; in those cases where the oil 
clots with strong acid, as happens with linseed oil, the 
vitriol acid must be diluted with about half its bulk of 
water before it is added. The mixture is then stirred 
for several hours, in order that the acid may be brought 
into contact with all the impurities in the oil; the stirring 
is generally effected by means of a sort of churn or 
spindle with cross pieces, which is 3, > slowly revolving 
in the vat containing the mixture. In the course of a 
few minutes after the vitriol is added, the oil becomes 
discoloured ; and after the agitation has been kept up for 
some time, the impurities clot together in the form of 
flakes. When this happens the oil is allowed to stand 
quiet ; and in the course of a few hours the flakes subside, 
and leave the oil in a clear and almost colourless condi- 
tion. The oil is now run off into vats, and boiled up with 
about half its bulk of water; this removes any acid that 
me § be adhering to the oil: the fire is then withdrawn, 
and in a short time the oil floats upon the water, and 
may be run off into casks ready for the market. 
her processes have been recommended for the ,uri- 
fication of oils; as, for example, the filtration of them 
through animal or peat or the exposure of them 
to the action of light, or to the chemical influence of a 
weak solution of chloride of lime; but all these processes 
are more or less difficult of management, and conse- 
quently they have given place to the more speedy and 
certain method of refining by means of oil of vitriol. 
The filtration of oil through charcoal is, however, a very 
effectual Lene for removing bad colour or bad odour. 
General Properties of Oil.—Every variety of fixed oil 
communicates a greasy stain to paper or cloth, and has 
an unctuous feel. It is also perfectly insoluble in water ; 
and when mixed therewith, speedily rises to the surface. 
This shows that it is lighter than water; in fact, a 
bottle which, when full, holds 1,000 grains of distilled 
water, will contain only 884 of sperm oil, or 965 of 
castor oil. These are the two extremes, for sperm oil 
is the lightest of all fixed oils, and castor the heaviest. 
Chemists have applied the term specific gravity to these 
numbers; and as it is found that each oil has its own 
— weight, specific gravity is made the means of 
iscovering the nature and quality of any doubtful oil. 
With respect to the mode of taking specific gravity, 
we may state, that solids are weighed first in air, an 
afterwards in distilled water. The weight in air is then 
divided by the loss of weight sustained by the body on 
being weighed in water; and the quotient is the specific 
gravity. Liquids, such as water, spirits, ether, oils, &c., 


may have their specific gravity taken by weighing them 
in a glass globe with a narrow neck, in the manner already 
mention ’ 


The following table represents the relative weights or 


specific gravities of different fixed oils :— 
Sperm nee . » « 884| Cherry-stone . . . 924 
TORR ns ey ina &.. >’. 000, | Beek. sak * care 
Rape-seed. . . . 913] Cameline . . . . 925 
Plum-kernel . . . 913 | Nightshade - « 92 
Henbane-seed. . . 913) Sunflower-seed . . 926 
Colza ... . . 914} Hemp-seed. . - 926 
Ground-nut . . . 915 | Cocoa-nut 2 ae 
OUVEY a. cm ss oe GLO |, Wen. - 926 
Sessamum. . . . 916/ Filbert . as bak 
Almond, . . ... 917] Anda .. ts 
White mustard-seed. 918 | Horse-chesnut . . 927 
ish-seed . . . 919] Cod-liver . » 928 
Grape-seed . . . 920|Seal. . :.. > ne 
Poppy-seed . . . 922] Linseed (new). . . 930 
Whale (train). . . 923] Weld-seed. . - 936 
Black mustard-seed . 923 Orange-seed . . . 940 
Walnut. . . . . 923] Linseed (old). . . 960 
Cucumber-seed . . 923] Castor... . . 965 
Tobacco-seed 923 


in a thin 


oF 


smell, and get rancid. The former is the property of 
the ing, and the latter of the fat or unctuous oils. 
These are due to the action of atmospheric 


oxygen ; indeed, Saussure found that a layer of nut-oil, 
one-fourth of an inch in thickness, absorbed as much as 
145 times its bulk of oxygen in the course of eleven 
months, of which Ebel 142 volumes were taken up 
during three months’ exposure to the sun. It appears, 
also, that it is the carbon of the oil which undergoes 
oxidation ; and, as it were, slowly burns, evolving car- 
bonic acid. This change is always accompanied with an 
elevation of temperature ; and hence it sometimes hap- 
pens that tow, or cotton, that have been smeared 
over with oil, and then thrown aside as useless, have; in 
the course of a few days, generated heat enough to ce 
spontaneous combustion. Fires have — i- 
nated in this manner in warehouses and d 

where such materials have been allowed to accumulate. 
Nias Ronis to he Ca ee ee 
and slovenly trick of throwing rags, and other 
such matters, into out-of-the-way corners. Those oils 
which absorb oxygen with great facility, and thereby 
become thick, are not well-suited for combustion in 
lamps, unless the lamp is cleaned-out every day, and 
a fresh wick adapted to it. The quick-drying oils are 
linseed, poppy, walnut, hem ,» and nut—all of 
which are employed by painters on this very account; 
while rape, colza, sessama or gingilie, cocoa-nut, grape- 
seed, cameline, sunflower, cotton, mustard, & 


C, 
dry after very long exposure to the air; and 8} 


olive, almond, - and whale oils are not much dis- 
Joss to at 
Heat cold act upon the oils, and produce 


in them which are more or less hurtful. In cold 
a lamp. At a temperature of 
peveckl ‘fita begin te boll: ail 


bright light 
of all the ro 
is that of bringing the oil slowly into 
burning wick, so as to generate the 
gas in question, the supply of which ought to be duly 
apportioned to that of the air which consumes it. When — 
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oils are heated to near their boiling-point, they fre- 
quently become thick, and acquire an increased dis- 

ition to absorb oxygen. It is on this account that 
inferior drying oils cannot be employed for any length 
of time in a lamp, without closing the channels that 
lead to the wick; and Lm ae des is oe necessary to 
clean the lamp v uently, or to pour away 
the residue Dan ar tantecne before fresh oil is 
supplied. The same circumstance leads to the stoppage 
of the pores of the wick, and finally to a total closing of 
all the fine capillary channels by which the oil ascends 
to the flame; so that a new wick anda clean lamp are 
indispensable to the perfect combustion of an inferior 


oil. 

Senta e the fixed oils are not soluble in water, yet 
they combine very readily with fluids which contain 
alkaline matters, as soda or potash. In this way they 
form white emulsions of the nature of soap; and the 
alkalies, or their carbonates, may be at all times resorted 
to for the purpose of cleaning out the half-gelatinised 
oils from old lamps. Ammonia, also, or strong sal 
volatile, is a very effective agent for removing grease 
from the clothes. 

Concentrated sulphuric acid acts on the fixed oils 
in the same way as it operates on the solid fats: it first 
combines with the fatty acids, and then with the basic 
constituent to form composite acids, named sulpho- 
oleic, 5 aap pie: sulpho-steric, and sulpho-glyceric 
acids. ese are not ent compounds, and have 
as eae been isolated ; but when they are treated 
with hot water, they are decomposed; and as the 
sulphuric acid separates, the other fatty constituents 
resolve yrecorkied into four new acids—namely, meta- 
margaric, hydromargaritic, metoleic, and hydroleic. The 
first two are solid, isable, and partly volatile, 
while the last two are liquid and oily. Besides these 
changes, there are others effected by the action of the 
sulphuric acid on the sugar, mucilage, colouring matter, 
&c., contained in the oils; and these are so iar and 
ea arg that they have been made means of 
+ apni e by Heiden a se - This fact was 

recognised eidenreich of Strasburg, in 1841; 
but it has been greatly developed by the investigations 
of Penot, Marchand, and others. The mode of pro- 
ceeding is as follows :—Put eight or ten drops of the oil 
on a white plate, and then let fall into the centre of 
the oil a single drop of concentrated sulphuric acid : in 
the course of a few seconds or minutes, the characteristic 
tints will be observed. Another mode of conducting 
bento age syge ag to stir the drop of acid so as to mix it 
with the oil. The following are the changes observed :— 

(a.) With olive oil there is a yellow colour produced at 
the points of contact; this rapidly passes into orange, 
and at last into a bright chesnut-brown, while the sur- 
rounding parts of the oil ar ee a dirty gray, 
and finally a smoky tint; but there is never any shade of 
blue or Tine. If the mixture be stirred, it speedily 
becomes dirty-brown or brownish-gray. 

(b.) Pi oil immediately acquires a fine lemon- 

ellow colour, which soon becomes darker in some parts. 

2 surrounding portion gradually assumes a rose tint, 
which ily passes into violet, and then into a violet- 
blue. is requires a period of from half-an-hour to 
three-quarters ; and finally the yellow colour becomes 
dirty-brown. If the oil has been kept for some months, 
o* it has been expressed by the aid of heat, it will 

assume a greenish tint, When stirred it acquires 
a brownish-olive colour. ck 

(c.) Nut oil produces almost exactly the same tints as 
olive oil, but it becomes brown more idly, so that 
coped ten peers it acquires a exae rown colour, 

y er changes into olive-green. If it be 

i e oil clots and becomes dirty-brown. 

(d.) ere inh. el Lact tint, which slowly 
passes grayish- at , after many hours, 
into purple-brown. When the oil is very old & hesines 

at once; and if the oil and acid be stirred, the 
tint is pale yellow, and then brown. 

(¢.) Almond oil produces nearly the same reactions as 


olive oil; but the surrounding tint is pale grayish, and 
the yellow has a greenish tint. If stirred it becomes 
dirty-green. aan . : 

(f.) Sessama, gingilie, or teal oil, assumes a yellowish 
colour, which, in the course of a few minutes, becomes 
orange, and then chesnut-brown, the surrounding oil 
acquiring, in the course of half-an-hour, a purplish tint. 
If it be stirred it acquires an orange-brown colour directly. 

(g.) Orange-seed oil takes on a yellow shade, which 
rapidly passes into brown, and then into black. If 
stirred, it becomes black almost immediately. 

(h.) The oil of black and white mustard-seed is first 
yellow, then rich yellow-orange, and finally, in the 
course of a few minutes, brownish-black, the surrounding 
oil being of a greenish tint. By stirring, the dark tint 
is brought out almost pibenec is 

(i.) Linseed oil becomes rich chesnut-brown almost 
immediately, and it soon coagulates, or clots into a hard 
tenacious spot. When stirred it immediately thickens, 
and acquires a brownish-black appearance. 

k.) Hemp-seed oil presents nearly the same character 
as li except that this oil assumes a greenish-yellow 
tint at the edges of the acid; and if stirred it acquires a 
greenish-brown colour. 

ot lena oil acquires a pale gener rg colour, 
which gradually darkens; and when stirred it is first 
ochre-brown, and then deep violet-brown. 

(m.) Refined rape-seed oil assumes the same appear- 
= as the last; and it is charred, as it were, by the 
aci 

(n.) Fresh-drawn, or raw rape-seed oil becomes bright 
green; and then, after the lapse of ten minutes or a 

uarter of an hour, the tint deepens, and finally becomes 
olive-green or dirty ish-brown; the surroundin 
edges retain a bright green colour. If the oil and aci 
be stirred, the tint is blueish-green, and at last olive- 


green. 

(0.) Oleic acid changes into a sepia brown, which at . 
length darkens almost to a black. 

(p.) Neat’s-foot oil becomes yellow, and then, after 
some time, brownish. If stirred, it changes into a dirty- 
brown at once. 

(q.) Whale or train oil acquires a reddish-brown 
colour, with the edges of a violet tint; and, if stirred, it 
passes into a dark violet-brown, like that of the lees of 
wine, 

() Cod and other liver oil instantly changes to a rich 
violet, with the edges of a carmine colour; in the course 
of a few minutes this passes into orange, and, finally, 
into dark-brown. When stirred, the violet tint is very 
remarkable, but very transient. 

(s.) Seal oil assumes a yellow colour, which. passes 
into rich orange, and then into a blackish-brown, having 
a number of purple spots about the mixture. When 
stirred, it acquires a lively yellow tint, which soon 


orange, and mustard become dirty-brown; gingilie, 
yellowish with a pink border; linseed, brown; rape, 
green; cocoa-nut and refined rape, pale purple-brown; 
sessama, lavender; oleic acid, dirty-brown; sperm, pale 
lavender; cod-liver, rose, passing into rich violet, and 
then into brown; common whale, black-brown; seal, 
dirty-brown ; and tallow-oil, blackish-brown. 

ixtures of the above-mentioned oils give reactions 
which are compounded of the preceding; and thus the 
fraud of adulteration may be easily detected. 

Another reaction which has been noticed during the 
admixture of the oil with concentrated sulphuric acid, is 
that of a great elevation of temperature; and, as each 
oil produces its own amount of heat, M. Maumené has 
proposed that this reaction should be used as a means of 
discovering the quality of an oil. Maumené’s results have 
been confirmed in the laboratory of Professor Fehling, 
by Faisst and Knauss, who state, that when 225 grains 
of oil are quickly mixed in a thin glass vessel, with 75 
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grains of the strongest sulphuric acid, the following are 
the number of degrees aed by different oils :— 
Olive oil . . 68° Fah. | Rapeoil . . 100° Fah. 
Lucca oil as 72° »”» Poppy Os « 127° » 
Almond oil . . 72° ,, 

With ap acid of 90 per cent., the rise is :— 
sag oss Agnes Linseed oil. . 133° Fah. 

atte 3 OTe! 45 
ixtures of these oils produce intermediate results. 

Aqua-fortis, or nitric acid, acts with more or less 
energy on the fats, and converts them into other acids; 
one of which, namely, suberic acid, is a very constant 
product. . But the most remarkable change is brought 
about in all the fats by means of nitrous acid, or a solu- 
tion of nitrate of mercury. Either of these compounds 
will cause the fat oils to become solid ; the oleine of the 
oil being converted into a semi-transparent jelly-like 
mass, named elaidine. This curious change is effected 
in olive, almond, rape-seed, hazel-nut, and other non- 
drying oils; but the drying oils, as linseed, hemp- 
seed, walnut, poppy, &c., are not affected by these 
compounds. This cireumstance, and the facility with 
which the change is brought about, offer a means of dis- 
tinguishing one kind of oil from another. M. Poutet 
recommends the following method for the application of 
this test :-—Dissolve six parts of mercury in seven and 
a-half parts of nitric acid (sp. gr. 1°35); add two parts of 
this solution to ninety-six parts of oil, and shake the 
mixture every now and then for half-an-hour or so. If 
the experiment be made on pure olive oil, it will congeal 
in the course of seventeen hours in summer, or four 
hours in winter. Other vegetable oils do not combine 
so quickly with nitrate of mercury; and the mixture 
either remains fluid, or else the olive oil congeals, and 
the other oil separates into a distinct layer. IEf the oil 
has been adulterated with animal fat, the mixture 
co! in five hours, whilst the olive oil floats on the 

ace, and may be decanted. MM. Boudet and Fauré 

have shown that this change is brought about by the hypo- 
nitrous acid contained in the nitrate of mercury. They 
therefore recommend a solution of that acid in aqua-fortis 
—common nitrous acid does very well for the purpose; 
and they say that each of the fat oils takes its own time 
to solidify, and develops its own colour. When one part 
of hyponitrous acid is dissolved in nine of aqua-fortis, 
and then added to a hundred parts of oil, the colour 
produced, and the times of solidification, are as follow :— 


Colour. Time. 
Olive oil Greenish-blue . . 73 minutes. 
Almond . . Dingy-white. . 100° Sy 
Filbert . . Greenish-blue . 108 55 
Acorn. . . Lemon-yellow . 48) ony 
Castor . . Golden-yellow . 603, 
Colza Yellowish-brown 2400 


ua ta aay . rr 

Oil of poppies retards the solidifying effect, and this to 
so great an extent, that when present in either of the 
above, in no larger portion than 1 per cent., it delays the 
action for forty minutes. 

A mixture of rts of nitric and sulphuric acids 
also effects the coloration of the fixed oils; and this has 
been shown by M. Behrens, as well as by MM. Guibourt 
and Reveil, to be a good means for detecting the adulte- 
ration of oils. About 150 grains of the mixed acids are 
added to a like quantity of the oil, and the colour, which 
is instantly produced, is as follows :— 

ma 


Oil of Sessa’ + + » « dark grass-green. 
» Olive . . . . . light yellow. 
», Linseed . . . . brownish-red. 
ee a eta h-blossom. 
gy aslor. . . . . ‘tittle 
» Oolza .. . . . reddish-brown. 
» Poppy... . « brick-red 
», Gingilie . . + Tich orange-brown. 


3, Orange-seed . . . rich chesnut-brown. 


» Mustard . . . . orange-brown. ; 
5, Rape-seed (raw) orate 4 aero, and then dirty 
” ” (refined) . {Y =r4 etn ep then pur- 


Oil of Cocoa-nut. . . . pale orange-red. 
» Sperm whale . + orange, 
‘i + + + « + « OVrange-brown, 
», Cod-liver . . . .  pinkish-violet, 
» Tallow. . . . . dirty brown, 


99 Neat’s-foot ... 5; ” 

M. Behrens states, that when olive oil is mixed with a 
fourth part of its weight of sessama oil, it takes a beauti- 
ful green colour; but Guibourt and Reveil assert, that it 
will discover one-tenth part of sessama in oil of olive. 

Other ij bree agents, as chromic acid, or a saturated 
solution of bichromate of potash, in oil of vitriol, also act 
in a very characteristic manner on the fixed oils. This 
fact was first observed by M. Penot, who employed a 


Pree drop nd the — a pee aes ga gy of 
oil, stirring them together on a white plate. e follow- 
ing are the effects produced :— 
Almond oil . becomes yellowish in small lumps. 
Hemp-seed oil » yellow in clots on a green ground. 
Peet oil. ” ” ” ” ” 

oppy oil. . . 
Ditto (cold-drawn)” 3} ;} white ground, 
Castor oil. . hs nian green. + 

7 rown clots on a white or green- 
Linseed oil . 9 { ish ground. 
Nutoil . . er brown clots. 
Olive oil. . $5 brown. 
Cod-liver oil »»  darkred. — 
Whalseit.. . ;° {Pemniased: site, ea, Siem 
Tallow oil . a2 cn i gl ve. 

; rownish- spots on brown 

Neat’s-foot oil —,, { area. 


The illuminating power of different oils varies with 
different circumstances, as with the temperature of the 
room, the size and form of the wick, and the freedom 
with which the oil is supplied to the flame; so that it is 
difficult to arrive at anything more than an approxima- 
tion to the value of different oils as illuminating agents. 
Count Rumford estimated the relative illuminating 
power of_ different oils when burnt in Argand and in 
common lamps, thus—the numbers being the weights 
consumed to get an equal amount of light :— 


Good wax, well-snuffed . . « + 100 grains. 
Olive oilinan Argandlamp .. . 100 ,, 
Olive oilinacommonlamp. .. . os 
Rape oil 4, 5) - +. . 1D ,, 
Linseed oil ,, 4,5 cose + 120, 
From some experiments which have been conducted 


for the purpose of arriving at an approximation to the 
relative ates of different oils, we have drawn up the 
following table, which represents the proportions of oil 
to be consumed in order to obtain a light of given value 
—namely, that of thirteen sperm candles, each consum- 
ing 120 grains per hour. In these experiments the same 
lamps were used for each of the oils, and the wick was 
in each case of precisely the same description; a new 
wick being ph Se for each experiment, The con- 
sumption of oil in the Argand ranged between 316 and 
378 grains per hour, and that of the common lamp be- 
tween 87 and 123. 


Argand Lamp. Common Lamp. 
Tallow. . . 1008 grains. . . . 1300 grains, 
Sperm. . 1029 ,, es 9, Paes 
Train . & OGL Sahu Ser a) 4) TOR 
Olive . . . 1080 ,, ova) we POLE, oa, 
Seal: 2) «cay GIOT 5) ae ceee BRS 
Sessama . . 1113 ,, sah eeu bs 
Poppy «° «= (1119) ,, one Hive /LEBDAI Sy 
Refined rape. 1134 ,, Ne ec Te 
Refined linseed 1231  ,, «ae BOTBE = yy 
Raw rape. . 1236 ,, 2 Rag RROD gg 
Brown rape . 1343 ,, jalangiy ORT e tes 
Mustard-seed. 1354 ,, je ee eeOn es 
Fish 5:5 desi) Oe ns ee te DOTB yy 
From this it will ap that there isno direct rela 


between the illuminating power of the oil and its con- 
sumption ; for in some cases the oil burns better in the 
common lamp than it does in the Argand, and vice versa: 
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showing that the illuminati wer is modified by cir- 
cumstances. This table haa tae constructed on the 
scale of thirteen candles of standard value, be- 
cause they represent the light of an Argand burner con- 
suming five cubic feet of coal gas per hour. 


VARIETIES OF OILS EMPLOYED FOR ILLU- 
MINATING PURPOSES. 


Animal Oils—(a.) Sperm oil.—This, as we have 
already said, is the fluid portion of the head-matter 
which is removed from the cranial cavity of the sperma- 
ceti whale (Physeter macrocephalus). The oil is usually 
separated from the spermaceti by cold and pressure; 
-  shomcrlleetge Aapceal ppt by means of a little weak 
sulphuric acid, or ine lees and water, it is sent into 
commerce. Sperm oil is of a pale colour; it has but 
little odour, and it shows no disposition to congeal in 
cold weather, or to resinify on exposure to the air ; it is, 
therefore, well suited for illuminating purposes. 

(6.) Common whale oil, or, as it is sometimes termed, 
whale train-oil, is derived from several species of whale ; 
| as the common whales (Balene), the finned whales 
(Balenoptere), and the narwhales (Monodons). Most of 
the oil consumed in this country is furnished by the 
common Greenland whale, the Balena mysticetus, large 
numbers of which are annually captured by the whalers 
of England and America in several of the Arctic Seas. 
bie oo taken in by ersi seas; in Davis’ Straits ; 

e coasts of Spitzbergen, Iceland, and Norway; 
off Labrador in the Gulf of St. Lawrence; sehen 
Newfoundland ; in Baffin’s and Hudson’s Bays; and in 
the seas northward of Behring’s Straits, The balena is 
also found in more congenial climates, as on the coast of 

lon, and in.the China Sea. 
, when the animal was 
iately around the shores 


tised by i) of Norway at least as early as the 9th 
century. e have no account, however, of the way in 
which the animal was captured, nor are we informed as 
to the object of the pursuit—whether it was for mere 

or for some useful A sae It is very probable 

e business of hunting whale was not carried out 
upon any systematic plan, but was confined to such 
, accidental encounters as opportunity offered. As early 

as the 12th century, the bitants of the coast sur- 
rounding the Bay of Biscay were undoubtedly engaged 
in the capture of the whale for commercial purposes ; 
and they are ly regarded as the founders of this 
species of enterprise. At first their operations were 
confined entirely to the neighbouring bay; but as the 
whale became scarce, the Biscayan mariners extended 
their search farther and farther from their shores, until 
they reached the coasts of Iceland, Greenland, and New- 
foundland. ‘* Thus,” says Mr. Dewhurst, ‘*was com- 
menced, in the course of the 16th century, the northern 
whale-fishery, as pursued in modern times. In 1594, 
the — made their first whaling voyage; and four 
years the merchants of Hull fitted out several 
ships for the : about the same time the Dutch 
were tem to engage in the trade; and soon after- 
wards the Hamburgers, the French, and the Danes were 
decupied in the same pursuit.” 

The whale is captured by means of harpoons, and. 
when dea, it is drawn to the side of the ship, and flensed 
or cut up. This is effected by means of spades and 
powerful knives, the blubber being cut into cross pieces 


of about half a ton each, which, after being hoisted on 
deck, are subdivided into small strips, and then forced 
into the bungholes of the storing casks. The blubber is 
the true skin of the animal; and it consists of a net- 
work of intersecting fibres, which enclose the liquid fat. 
It encompasses the whole of the body: its thickness 
varying from eight to twenty inches, though one foot is 
about the average; and a single whale will yield from 
twenty to eighty tons of it. The lips of the animal 
furnish the best kind of blubber; and they weigh from 
one and a-half to three tons each. The quantity of oil 
so obtained, amounts to about three-fourths of the entire 
weight of the raw blubber. 

ormerly, it was the custom to extract the oil from 
the blubber at the places where the whales were caught, 
but now this process is effected after the fat arrives in 
this country. The operation is thus managed :—The 
half-putrefied fat is thrown into vats which have a wire 
grating at the bottom. The tissue is then broken up by 
pressure, and the oil runs out into a reservoir, which is 
placed below the vats: that which remains behind is 
called jinks. After the oil has settled for two or three 
days, it is poured off into another vessel, and heated to a 
temperature of 225°. This causes the albuminous matter 
to coagulate, which, with the other impurities, soon 
subsides to the bottom of the boiler. The fire is now 
withdrawn, and water is poured into the vessel, in order 
that the dregs may be more easily separated from the oil, 
and may not stick to the bottom of the boiler. After 
standing for some time, the oil becomes clear, and then 
it is run off into casks, Another mode of extracting 


the oil is to boil the blubber with water, and to skim off | 


the oil as it rises. The oil may also be obtained by 
allowing the blubber to putrefy, and thus to release the 
fluid fat from the cells in which it is contained. In this 
manner, by suspending the blubber in bags over casks, 
the oil gradually drips out, and is collected. 

We have already said that the train-oil of commerce is 
chiefly derived m the common Greenland whale 
(Balena mysticetus); but when this creature is scarce, 
another species of na—namely, the Balena Icelan- 
dica, or nord-caper—is sought for; and under certain 
circumstances the different species of finned whale, as 
the Balenoptera gibbar, boops, rorqual, &c., and even 
the Monodons or narwhales may be made to yield train- 
oil. It is not often, however, that the whaler has an 
opportunity of capturing these creatures; for they are so 
swift and shy, that there is great difficulty as well as 
danger in approaching them. Occasionally they are cast 
ashore on the northern and western coasts of Europe; 
and then they become a source of great profit from the 

uantity of oil which they yield. Some idea may be 
formed of the value of these animals by the following 
fact :—In the month of Au 1827, a large specimen 
of the Balenoptera rorqual was found floating off the 
port of Ostend. It was towed into the harbour by some 
fishermen; and when cut up, it yielded 40,000lbs., or 
4,000 gallons of oil. The specimen measured. ninety-five 
feet in length, and weighed about 240 tons. 

Lastly, it may be stated that the several species of 
dolphin furnish abundance of oil. They belong to the 
whale tribe, and inhabit the seas of latitudes; for 
they are found in the Arctic Ocean, the Mediterranean, 
the Gulf of Messina, the Adriatic, and on the coasts of 
China: in many of which places there are large estab- 
lishments for their capture, in consequence of their 
furnishing an excellent oil for illuminating purposes. 
To this ordér of animals belong the common porpoise 
(Phocena vulgaris), the round-headed porpoise, or ca’ing 
whale (Phocena melas), and the white whale (Phocena 
leucas) ; all of which yield oil in considerable quantity. 
The common porpoise is captured by the inhabitants of 
the western islands of Scotland, where it abounds; and 
we are told, that about eight gallons of oil are obtained 
from each individual. The round-headed porpoise is 
taken in the Shetland Islands, the Orkneys, and in Ice- 
land; and the white whale in several localities on the 
shores of the North Sea. 

The oil obtained from these sources, when properly 


, 
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purified, is very little inferior to sperm oil: it does not 
clog the wick, or congeal in cold weather, and it burns 
with a clear white flame, which is tolerably free from 


, smell. About 20,000 tons of whale oil and spermaceti 


are annually imported into this country. 
(c.) Seal vil is procured from several species of pho- 
cide, The common seal (Phoca vitulina) is captured in 


large numbers on the shores of Newfoundland : indeed, 
we are informed that, during a good year, hundreds of 
thousands are taken in that locality, for the sake of 
the oil which they yield. They are also killed on the 
northern coast of Scotland, in the Orkneys, Shetlands, 
and on the shores of Greenland. To the inhabitants of 
the last-named locality the seal is invaluable; for it 
furnishes them with ro, raiment, and oil. ner en 
is usuall tured with spears or ne Pe and some- 
times it’ is thot. As soon as it is dead, the skin is 
stripped off, and then the fat is removed and _ boiled 
down in copper or iron vessels. Seal oil, like the pre- 
ceding, is not much disposed to thicken; and hence it 
is well suited for combustion in lamps. 

(d.) Walrus oil is obtained from the morse or sea- 
cow Crvicheous Rosmarus), many of which are annually 
destroyed at Spitzber, and elsewhere, for the sake of 
the skin, oil, and tee We do not receive the oil into 
commerce in this country, and consequently have little 
or no opportunity of testing its value; but it appears 
that its qualities are not inferior to those of the last- 
mentioned oil. 

(e.) Fish oils are extracted from the bodies and livers 
of fish, As examples of the former, we may mention 
the oils obtained from the herring (Clupea harengus), 
pilchard (Clupea pilchardus), and sprat (Clupea sprattus) : 
all of which are procured by submitting the fish to great 
pressure at the time that they are undergoing the process 
of salting. Of the latter may be mentioned the oils of 
cod (Morrhua vulgaris), ling (Gadus molva), skate (Raia 
batis, dc.), turbot (Lota vulgaris), torsk (Brosmius vul- 
garis), &c. The oil is obtained by placing the livers in 
a tub which has a perforated bottom covered with small 
branches of trees. As the livers putrefy, the oil drips 
out, and is caught in a vessel placed underneath. At 
other times the oil is extracted by boiling the livers in 
an iron pot, and then squeezing them in linen bags. 
Cod-liver oil is not much used for purposes of illumina- 
tion, as it is a valuable remedy for the cure of many 
diseases ; but the oil of ling is extensively prepared by 
the poor of the Orkneys and western islands of Scotland, 
where it is employed as a common lamp-oil. All these 
oils are somewhat of a ing nature, and therefore 
become thick after a time; besides which, unless great 
care has been taken in their preparation, they are sure 
to have a most unpleasant, fishy, or putrid odour. 

(f.) Lard oil, and the oleine from tallow and other 
animal fats, is obtained from the solid fats by slightly 
warming them, and then submitting to pressure. This 
oil is apt to deposit solid matter in cold weather, and 
thus to become thick; but the properties of the oil are 
otherwise very good; and, consequently, it is well suited 
for combustion in lamps. The oleic acid, which is pro- 
cured during the manufacture of stearic and margaric 
acids for vandles, is not fit for illuminating purposes ; 
for, although it gives out a very good light a its 
combustion, yet it is so apt to clog the wick from the 
impurities which it contains, that, in the course of a 
very short time, the lamp ceases to burn. Were it not 
for this, oleic acid might be extensively employed as an 
illuminati nt, 

Ve Ous.—(a.) Olive oil.—This is furnished by 
the fruit of Olea Europea, of which there are two varieties 
—unamely, the longifolia of France and Italy, and the 
latifolia of Spain. The olives are gathered as soon as 
they are ripe, and this takes place early in November. 
In France, where the best oil is pre the fruit is 
bruised in a mill directly it is gathered; it is then 
wrapped in a sort of matting, and submitted to pressure. 
The oil which runs out is called virgin oil, and is kept 
separate for table and dietetical pur; The cake is 
removed from the press. broken up by hand, moistened 


it becomes A 


with boiling-water, and re-pressed; in this manner a 
second quality of oil is obtained, which, on standing, 
pes me from the water with which it is mixed. The 

e that is left from this operation is called grignon, 
and, generally, it is set aside to dry, in order that it may 
be used for fuel; but sometimes it is submitted to fer- 
mentation, then wetted with boiling-water, and pressed 
a third time, by which means a thi uality of o! 
called gorgon, is procured, which is used for lamps an 
m ery. 

In Spain the olives are allowed to ferment for a epee 
of ten days or a fortnight before they are crushed and 
aged In this way a larger supply of oil is obtained, 

ut the quality is very inferior to that prepared from 
the fresh nut. One of the reasons why this delay takes 
vac is, that there are not sufficient presses in the oil 

istricts to perform the necessary work ; and hence the 
several growers are obliged to wait their turn, and keep 
their olives ready for the mills. But, within the last 
few years, considerable improvement has been effected 
in this respect by the introduction of hydraulic presses ; 
and now a large portion of the oil obtained from Spain 
nee or nearly equal, in quality to that of France 
and Italy. 


The machinery employed by the Neapolitan peasants 
in the preparation of Gallipoli oil, is of the rudest kind. 
The olives are allowed to ripen to the fullest extent on 
the trees; and, as they fall off, they are collected 
Yee and children, and emes to the mill. The oil 
which is expressed is put into sheep or goat-skin bags, 
and conveyed on the faite of mules to Ganipoli, where 
it is allowed to clarify by standing in cisterns which are 
cut out of the rock on which the town is built. When 
it has become sufficiently clear by the deposition of 
mucilage, water, and other impurities, it is run off into 
skins, and conveyed to oil-basins which are situated near 
oe rn From these it is put into casks, and 

According to Sieuve, olives furnish about thirty-two 

r cent. of oil—twenty-one of which come from the pulp 

or pericarp) of the fruit, four from the seed, and seven 

m the woody matter. 

In whatever way the oil is obtained, it must be clarified 
and freed from mucilage, dc., before it is fit for use. 
This is usually accomplished by allowing the oil to stand 
in a warm place for a fortnight or three weeks, during 
which time it deposits impurities, and becomes clear. 
It may also be refined by heating it for a short time with 
aw solution of potash or and then allowing it 
to stand; or it may be deprived of its acid co! le 
matter, by exposing it for some time to the action of a 

iece of lead—the bottle containing the oil and the lead 
fieiaty placed in a window, or other pee where it will 
receive the direct rays of the sun. this way the oil 
used by watchmakers and machinists is refined. The 
best variety of olive oil is called Florence oil, which is the 
produce of Aix, in France; while the worst is the Spanish. 

In this country the price of olive oil renders it too 
costly for lamps; but in Italy, Spain, and France, it is 
extensively ee for such purposes. It burns witha 
clear white light, and does not emit any unpleasant 
odour; besides which, it is not a ing oil, and is 
therefore not likely to clog the wick. en it is adul- 
terated with ay py, nut, or sessama oils, its properties 
are very much deteriorated. 

(b.) Almond oil is extracted from the kernels of the 
common almond (amygdalus communis), of which, as in 
the case of the olive, there are two varieties; namely, 
the sweet (dulcis) and bitter (amara), both of which 

ield the oil of commerce. The almonds are agitated in 
so as to separate a portion of their brown skin, 
then crushed in a mill, and, after pices, Sar in canvas 
bags, gg cee subjected to pressure between cast-iron 
plates. ee ee Se hoo 
residue is ti ea and again pressed, whi 
means an oil of inferior quality is procured. When tirst 
obtained, the oil is thick and discoloured ; but by repose 
in a warm place, or by filtration through poe 
clear. mds yield from twenty-two to 
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ty-four “per cent. of oil. It is too expensive for | 
“aed S thadlamsn te weap ‘eeillinsh, sacl ite other 


which they yield. In France a very superior rape oil, 
pa a oil, is obtained from a variety of Brassica 
named oleifera. In a case the oar 
procured by crushing or grinding, and pressing the 
ly described, and it is refined by the 
one or two per cent. of sulphuric acid. The 
from twenty-eight to thirty per cent. of oil. 
the =—= — joyed in this country is ex- 
here. ( i y we receive small shipments of 
il from Belgium, France, and the East Indies; but b; 
larger ion is obtained from the seed itse 
ich we import large quantities. Mr. Brotherton, 
] oil- , States, that English- 
rape yields the best kind of oil; and he recom- 
this to the notice of agriculturists, saying 
much as five quarters of seed, worth fifty shillings 
, may be obtained from an acre of land. 
oil is extensively used for illuminating purposes, 
and on the continent: in fact, it is now the 
il of commerce. Its prope 
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rties are but 
ior to those of sperm; and the only objection 
urged against it is, that after it has once 
in the lamp it is apt to thicken and to cl 
Colza oil is g ly consumed in the Cased 
lamp; but it has no very t advantages 
commoner kinds of rape oil. e crude or raw 
is not suited for such purposes, on account of the 
which it contains: it is of a nish-brown 
and has somewhat the odour of linseed oil; but 
it is refined it loses both of these objectionable pro- 
perties, and becomes as pale and limpid as sperm. 

(d.) Cocoa-nut oil is the produce of the Cocos nucifera, 
or common cocoa-nut palm; the fruit of which is decor- 
ticated, crushed, heated, and pressed. We have already 
stated that the oil is imported into this country in a 
buttery or tallow-like condition; and that after sub- 
mitting it to pressure between warm plates, the liquid 
oil runs out, leaving the cocinine or cocoa-nut stearine 
for the manufacture of candles. The elaine or oleine of 
palm oil may be obtained in a similar way; and both of 
the oils may be purified by means of common sulphuric 
acid. Cocoa-nut oil has rather a pleasant odour, and it 
burns exceedingly well in lamps, provided it is not ex- 

+ 3 vob tedradin, pcamad, for it is apt to congeal 
co 
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but in India it is used ee as an article of 


usual way. 

(f.) Ground-wut oil is obtained in large quantity from 
the ground-nut or seed of the Bhoe moong (Arachis 
hypogea), a plant that is = extensively cultivated in 
various parts of India, seeds ish about forty- 
four per cent. of a clear pale-yellow oil, which is y 
used as food and for lamps. ‘Two varieties of the t 
are cultivated in Malacca—namely, the white and 
the brown, both of which yield a very good oil. About 


eighty or ninety tons of this oil are imported into this 
country every year. 
(g.) Common nut oil is derived from two sources— 


namely, the Corylus avellana, or common hazel-nut ; and 


the Juglans regia, or common walnut. The former pro- 

duces about half its weight of oil, and the latter about 

one-third. The oil is not much used for lamps on ac- 

count of its energetic drying properties: indeed, it is . 
VOL. L. 


more apt to resinify and clog the wick than linseed; but 
it is ly employed for adulterating other oils. 

(h.) Poppy oil is procured from the seeds of several 
species of poppy, as Papaver iferum, bracteatum, 
orien &e. The plant that yields the largest amount 
of oil, and which is usually cultivated for this material, 
is a variety of the somniferum, named nigrum, from the 
black colour of the seeds. Large quantities of this oil 
are expressed every year for the purpose of adulterating 
other oils. It is clear, sweet, limpid, and almost colour- 
less; but the great objection to its use as a lamp-oil, is 
its disposition to dry. 

(i.) Linseed oil is extracted from the seeds of the flax 
plant (Linum usitatissimum), which yield from twenty- 
two to twenty-seven per cent. of oil. If the seeds be 
crushed and pressed at an ordinary temperature, they 
yield not more than eighteen or twenty per cent.; but 
the oil is of a pale colour, and is thought by some to be of 
superior quality to the hot-drawn. A large quantity of 
linseed is cultivated in this country, but the great bulk 
of the seed used by the oil-presser is imported. The 
seed is crushed, ground, and pressed in the usual way ; 
and the oil is refined by means of dilute sulphuric acid. 
Linseed oil is not usally — in = oe er ye of 
its drying properties; but if the wi anged ey 
day, and no aan oil is placed in the lamp than 
necessary for one night’s consumption, it will be found 
to burn very well, and to give a very clear light. By 
boiling or heating, it acquires increased consistence, and 
is then more apt to dry. 

(k.) Hemp-seed oil.—This oil is produced from the 
Indian hemp (Cannabis sativa), the seeds of which yield 
about one-third their weight of oil. The oil has a 
disagreeable smell, and is not much employed for illu- 
minating purposes, except by the poorer classes of India. 

(l.) Cameline or Dodder oil is extracted from the seeds 
of the Camelina sativa, a plant that grows abundantl 
in Canada, where the oil is used as a common race f 
It is also employed for the same purpose in several parts 
of Germany. 

(m.) Cotton-seed oil is thought to be as good as rape 
for lighting purposes: indeed, small quantities of the oil 
have been expressed for several years past, and used in 
this way; but the value of the material has not been 
fully realised until within the last few years. At the 
Exhibition of 1851, specimens of the oil and cake 
were shown by Mr. Burn of Edinburgh, and by M. De 
Géminy of Marseilles, to both of whom prize-medals 
were awarded. It appears that, as early as 1785, the 
importance of this material was perceived by the Society 
for the Encouragement of Arts and Commerce, for they 
offered a prize for its manufacture on a large scale; but 
it does not seem to have been taken up extensively, 

haps because of the difficulty in purifying the oil. 
t has, however, been extracted for some time in India. 
America, and Egypt. Of late years the oil has attracted 
attention, and means have been devised for its purifica- 
tion. This is of importance, for very quantities 
of cotton-seed are destroyed every year: in fact, more 
seed is always produced than is required for the next 
year’s crop, and hitherto this excess has been thrown 
away as useless, At present it is exported to this country, 
or to France, where it is crushed and pressed. Mr. Burn 
of Edinburgh, and M. De Géminy of Marseilles, have 
each mills for the expression and purification of 
the oil. When first expressed it has a dirty-brown 
colour; but, by rectification with sulphuric acid, it 
becomes clear, and assumes a pale amber tint, in which 
condition it is well suited for combustion inlamps. The 
botanical name of the plant which furnishes the seed is 
Gossypium herbaceum,. _ It is cultivated in India, Syria, 
Asia Minor, along the Mediterranean, and in America. 
(n.) Mustard oil.—This is procured from the dross or 
siftings of black and white mustard-seed (Sinapis alba 
and Sinapis nigra), both of which are cultivated very 
extensively in this and other countries, for the manu- 
facture of mustard-flour. The siftings furnish about 
forty per cent. of a dark-brown oil; the seeds themselves 
yield from eighteen to thirty-six per cent. In India an 
P 
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excellent oil, called shersha, is expressed from several 
species of sinapis, as the toria, glauca, nigra, ke, All 

ese varieties of mustard oil are very dark-coloured 
when first expressed, and they have the peculiar pungent 
odour of mustard. Both of these pro: ies are, how- 
ever, removed by the process of refining; and then the 
oil may be used in the place of rape or colza for illu- 
minating purposes. Usually the oil is employed for the 
adulteration of the latter. 

(o.) Besides these oils, many others are employed in 
various parts of the world, for the purpose of giving 
light; thus, the oil of plum-stones (Prunus domestica), 
and of raisin-stones, or wine-stones (Vitis vinifera), are 
used in Spain, Germany, and France. The oils of 
donna-seed (Atropa mana), tobacco-seed (Nicotiana 
tabacum et rusticum), and henbane-seed (Hyoscyanvwus 
niger), are used in Swabia and Wiirtemberg. Oils are 
also extracted from the beech-nut (Fagus grew 
sunflower-seed (Helianthus annwus), weld-seed ( 
luteola), orange seed (Citrus awrantiwm), cucumber-seed 
(Cucurbita pepo), &c.; and in India there are numerous 

lants, which yield abundance of oil that is well suited 
for illuminating purposes. Among these may be men- 
tioned ramtil oil, or, as it is sometimes named, teal oil, 
from several varieties of Gurzotia, as Gurzotia oleifera 
and Abyssinica, both of which yield about eighty-four 
cent. of oil that is very similar to sessamum oil; 
nase oil, a. re —_ oe seeds of 
Calophyllum inophyllum, which furnish about sixty per 
por of it; Napala oil, from the seeds of Jatropha 
curcas; Mulu wnnay oil, from the seeds of Argemone 
Mexicana; Cheeroojee oil, from the fruit of Chirongia 
~ 4 or Buchanania latifolia; oil of Kosswmba, or 
oosm oil, from the seeds of the safflower (Carthamus 
tinctorius), which yield about twenty-eight per cent. of 
it; Kanagu nune, or Kurrunj oil, from the seeds of 
Pongamia glabra, or Galedupa arborea; Mooncela oil, 
from the seeds of Dolichos biflorus(?); Caju apple oil, 
from the seeds of Anacardiwm occidentale ; Lambolee oil, 
irom the seeds of Bergera koenigii ; common jungle vil, 
from the seeds of Ricinus communis; and several other 
varieties, the sources of which are not well known. Many 
of these oils are admirably well suited for combustion 
in lamps; and, if there were a sufficient demand for them, 
they might be furnished to commerce in’ considerable 
uantity. ‘‘The knowledge of this circumstance,” say 
the jurors, in their report on the products of the Great 
Exhibition, ‘‘is of great practical value, because, not 
only is it possible that by the introduction of improved 
machinery, or by increased facilities of conveyance, their 
price may be reduced; but the very existence of such 
substances tends to equalise the market value of those 
oils now generally employed. And should, at any time, 
accidental circumstances cause the price of the latter to 
advance, these substances would then be most advan- 
tageously introduced, and would, probably, ere long, 
al supersede the oils in the place of which they 
a olaeils nar Aw, of : he 
ile O1 a.) Oil of turpentine, or camphine, ma; 
be obtained from the oleo-resinous res he age a drred 
species of pine, larch, &c., as the Scotch fir (Pinus syl- 
vestris), the cluster pine of Bordeaux (Pinus pinaster), 
the swamp pine of America (Pinus palustris), the frankin- 
cense pine of Virginia (Pinus taeda), the silver fir of 
Germany, Siberia, and Switzerland (Abies picea), the 
common larch of the continent (Larix Europea), and 
pave baa pistacia of Syria and Greece (Pistacia 
terebinthus). The olto-resin is imported into this country 
under the names of common turpentine, Bordeaux tur- 
tine, Strasburg turpentine, and Venice turpentine. 
¢ first of these yields the great bulk of the turpentine 
of commerce; it is the ad Ze of the Pinus palustris, 
and perhaps, also, of the Pinus teda, and is chiefly 
imported from the United States of America. The 
method which is generally adopted for procuring this 
oleo-resin is as follows:—The tree is selected, and a 
hollow is cut into it, a few inches from the ground; the 
bark is then removed for a space of eighteen or twenty 
inches above the hollow; and for several months— 


namely, from March to October—the turpentine flows 
from the divided sap-vessels into the excavation. At 
convenient times the semi-fluid matter is scooped out, 
and put into casks; and, when these are full, they are 
sent away for exportation. 

Volatile oil of turpentine is procured from the oleo- 
resin by distilling the latter with a due proportion of 
water. The turpentine and water come over together, 
forming a milky liquor, which, on standing, separates 
into two layers, of which the turpentine is the upper- 
most. These are easily decanted or poured off one from 
the other; that which remains in the still is resin. 
Common American ntine yields from fourteen to 
sixteen per cent. of spirits. 

The turpentine which is thus obtained is not suffi- 
ciently pure for combustion in the camphine lamp, for it 
contains a small proportion of resin, which is very apt 
to clog the wick. is impurity is easily removed by 
a second distillation, and the product which is thus 
obtained is sent into commerce under the name of 
camphine. It is a colourless, limpid, and very in- 
flammable liquid, that burns with a remarkably sooty 
flame. Its specific gravity is 870, and it boils at 
temperature of 314° Fah.; though, if water be present, 
it will distil at as low a temperature as 212°. Tur- 
pentine freely absorbs oxygen from the air, and is con- 
verted into an oleo-resin. In the course of four months 
it will take in about twenty times its bulk of atmospheric 
oxygen. The change which is thus produced in the 
liquid, renders it unfit for combustion in the camphine 
oe, in consequence of the resinous oxide having a 
tendency to clog the wick. To remedy this evil, the 
liquid must be redistilled, and the camphine should be 
preserved in well-corked vessels. 

The light that is emitted from turpentine when it is 
properly burnt, is remarkably vivid and white; in fact, 
the illuminating power of camphine is nearly twice as 
great as that of sperm oil; and if it were not for the 
liability of the combustible to evolve smoke, it would be 
one of the most valuable of all illuminating agents. 
This, indeed, is the great objection to its use; for it is 
found that the slightest mismanagement of the flame 
causes the production of a cloud of blacks, which settle 
upon the furniture and dress, and 
parably. To obviate this as far as possible, the chimney 
of the camphine lamp is made very tall, and thus a 
strong current of atmospheric air is secured to the flame. 

A mixture of turpentine and alcohol has been used 
in France for some time past, under the name of 
“ Eclairage au Gaz Liquide.” The lamp which is em- 
ployed for the combustion of this sO was originally 
contrived by Liidersdorff; it is called a vapour-lamp, 
because it is constructed so as to convert the vo 
liquid into vapour, which burns as it escapes a 
number of fine orifices. By diluting the tine with 
alcohol, its liability to smoke is considerably diminished ; 
but still there is a large quantity of soot evolved when 
the mixture is burnt in an open lamp without a glass, 
The French liquid has a very peculiar odour ; it is clear 
and limpid like water, and has a density of 823. Its 
boiling point is 190° Fah. When mixed with water, it 
becomes turbid and milky from the separation of the 
turpentine, which soon floats to the surface and forms an 
oily layer, the bulk of which is about half that of the 
original liquid. From this it would appear that it con- 
sists of oh equal parts of strong alcohol and tur- 
pentine, the mixture being doubtless effected by distilling 
the two liquids together; for if alcohol and tur- 
pentine are merely shaken up together, they will not 
unite in this proportion: indeed, 100 parts of spirits of 
wine, of specific weeny 840, will only take up 13} of 
turpentine; and alcohol of much less density (830) will 
not take up more than 20 per cent. of it. 

When the French liquid is burnt in an ordinary open 
lamp, at the rate of 138 grains per hour, it gives a light 
which is about two-thirds as great as that of a standard 
sperm candle, 

The great objection to the use of this liquid is its 
liability to explode when its vapour becomes mixed with 


them irre- | 


EY 
; 
> 
+ 


aa 1 


OUAL-NAPHTHA. | 


UNDULATORY FORCES.—LIGHT. 


107 


atmospheric air. In consequence of this property, the 
tot caution is necessary in manipulating with the 
fui; for should an corre take place, the most 
ms results might follow. We are not likely to 
employ the mixture in this country, on account of the 
high price of spirits of wine; but in France and Ger- 
many, where alcohol is comparatively cheap, the fluid is 
often used as an illuminating agent at railway stations in 
country towns. 

(.) Coal-naphtha.—When coal is distilled for the manu- 
facture of gas, a tar is obtained which is the source of 
common naphtha, The tar itself is a very complex ma- 
terial, for it contains a number of oily acids, alkalies, 
and neutral bodies. As it comes from the gas-works, it 
is a thick, dark liquid, of a most offensive odour. To 
extract from it its various constituents, it is put into 
large iron retorts or stills, and submitted to distillation ; 
that which comes over first is of an aqueous nature, and 
smells strongly of ammonia; then follows a brownish 
oil, which floats on the p ing. After a time, a 
denser or heavier oi] begins to make its a: ce; and 
when this happens, the reteiver is changed, and the first 
product is set aside for the manufacture of light oil or 
crude naphtha. The coal-tar generally yields from four 
to five per cent. of this fluid. As the distillation of the 
tar proceeds, a heavy oil, which falls to the bottom of 
water, and is hence termed dead oil, comes over. This 
is used, under the name of creosote, for the preservation 
of timber. After this a yellowish semi-crystalline fat, 
called naphthaline, makes its appearance ; and, finally, a 
more solid material, named paranaphthaline, distils over. 
That which remains in the retort is pitch. 

The crude coal-naphtha is rectified either by — 
it a second time, or by driving steam through it an 
collecting the-condensed products. In this way it is 
separated from another portion of heavy oil which re- 
mains in the still. 

The light naphtha thus obtained is sent into commerce, 
and sold for + 2s. 4d. per gallon, for combustion in 
the common vapour-lamps which are so frequently to be 
seen in the streets of London, lighting up the stalls of 
the poor tradesmen. In this condition it is an amber- 
coloured liquid, of a Ns test gas-like odour, .and 
spirituous appearance. It has a density of from 860 ta 
900—usually it is about 887. It floats on water, like 
turpentine, and becomes darker coloured by exposure to 
the air. It mixes very freely with wood-spirit or with 
spirits of wine; and may thus be burnt like the last- 
named liquid, in an ordinary lamp. 

The light naphtha is further purified for commerce b 
agitating it with a little oil of vitriol, then washing with 
water, and redistilling. In this condition it is sold as 
rectified naphtha, and is used for combustion in the 
4 spirit-lamps which have a flat wick and oval glass. 

- Mansfield has shown that light coal-naphtha con- 
tains a number of volatile oils, which may be separated 
from it by fractional distillation. One of these—namely, 
benzole—is of ae importance. It is procured by 
boiling the naphtha in aretort, to which there is adapted 
a worm which coils through a vessel of boiling water ; the 
worm is so constructed that all the vapour which con- 
denses in it shall run back again into the still, while the 
uncondensed vapour (that of benzole) passes on into 
another receiver, where it is cooled and collected. The 
benzole thus obtained = rectified a secénd time in 
a similar apparatus, the temperature of the worm 
being kept at about 176° Fah. In this way a large 
proportion of volatile oil is obtained, which is fur- 

purified by agitating it with one-fourth its bulk 
of ge J sulphuric acid, or, better still, with about one- 
tenth of strong nitric acid; and then, after separating 
the nitric acid, it is agitated with oil of vitriol as before. 
eter eter ware ta he decentet andi distilled a third 
time. it be required to have the benzole perfectly 
pure, it is submitted to a cald of 4° Fah. This is 
Smeg by mixing salt and snow ther. The benzole 
and leaves its impurities in a fluid condition, 

which it may be separated by means of a filter. 
. The use of sulphuric acid in this process is to remove 


all the basic substances, and to oxydise the brown 
colouring matter of the naphtha; the nitric acid assists 
the oxydation, and at the same time forms a small 
quantity of nitro-benzole, which gives a fragrant, 
almond-like odour to the product. 

Benzole is a limpid colourless liquid, of a rather 
ethereal odour; its density is 850—consequently it floats 
on water. It boils at a temperature of 177° Fah., and 
gives off a vapour which is very inflammable, burning 
with a sooty flame. It solidifies at the freezing-point of 
water, and then looks like camphor. So volatile and 
combustible is the liquid, that when a current of hydro- 
gen gas is passed through the fluid, or through a sponge 
moistened with it, the gas will burn with an intensely 
white light. Atmospheric air charged with the vapour 
also burns with a smoky flame and a bright light: the 
flame is sometimes of a violet-blue colour when the 
apertures of the jet are very small. 

Benzole mixes freely with alcohol or with wood-spirit, 
and the compound so formed burns in common lamps with 
a very powerful light. It is necessary that the mixture 
should be made with proper proportions, or else the 
light of the flame is not good; for if there be too much 
spirit the light is blue, and if too little it is smoky. The 
mixture which is found to give the best results, is about 
one part benzole and two of spirit, of specific gravity 840. 
This mixture, when burning at the rate of 160 grains an 
hour, gives a light of from one-and-a-half to two sperm 
candles, : 

The extreme volatility of benzole gives to coal-naphtha 
the property of naphthalising air or bad gas; for if a 
little of the liquid be placed in the gas-meter, or in a 
chamber containing some pieces of sponge through which 
the gas it will acquire increased illuminati 

wers, r. Lowe, of the Chartered Gas Company o 
paren has taken out a patent for this mode of 
naphthalising gas. Beale’s lamp is also a contrivance 
for naphthalising ee air. It consists of a cup 
of naphtha, through which a stream of air is made to 
pass ; and to facilitate the volatilisation of the naphtha, 
a hot cap is placed over the cup, so as to communicate 
its heat to the air and liquid. The other constituents 
of coal-naphtha are not so volatile as benzole, and hence 
they are not fit for the p of naphthalising. 
Mansfield states, that the oil which distils over from the 
crude naphtha at a temperature of 230°, will take fire at 
its surface ; but it yields so little vapour to cold air, that 
the latter, when passed through it, burns with but a 
feeble blue flame; and the oil which distils at a tem- 
perature of 300° is still less inflammable, for it will not 
take fire at the surface, or furnish any combustible 
vapour to atmospheric air. In these it re- 
sembles turpentine, which requires a heat of 314° Fah. 
to boil it. 

A fluid like coal-naphtha is also obtained from the 
distillation of certain oily matters, or petroleums, which 
exude from the earth. In many places in the neigh- 
bourhood of the Caspian in Ava, at the Tegernsee 
in Bavaria, at Amiano in I at Neufchatel, at Saint 
Zibio in the Grand Duchy of Modena, at Clermgnt and 
Gabian in France, at Val di Noto in Sicily, at Rangoo 
Barbadoes, Trinidad, Lake Geneka in New York, od 
many other places, an oily matter called rock-oil oozes 
out of the ground, and is collected in pits dug in the 
earth to receive it. When distilled, it furnishes a 
volatile oil called naphtha, of which Persian naphtha 
may be taken as a good example. It is colourless, 
limpid, very combustible, and burns with a sooty flame. 
In some places it is used for illuminating purposes. 

(c.) The Oik of Fermented Liquer, Ow of Grain, or 
Fusel-oil—In the process of fermentation, all the 
saccharine fluids produce a volatile oil, which can be 
separated from the spirit by distillation. Pellitan, in 
1825, first noticed this fact; and as he obtained the oil 
from spirit of potatoes, he called it potato-spirit oil, It 
was subsequently examined by Dumas (1834); and in 
1839 it was investigated by Cahours. More recently 
| Buchner obtained it from corn-spirit. or a long time 

it was obtained as a waste product by Mr. Bowerbank, 
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a rectifier of London, who used it in his manufactory as 
an illuminating agent. The oil is ured at the end of 
the process for mip, irit. its raw and impure 
condition it is usually called faints, It has the odour of 
bad whisky, and contains alcohol, and various aa 
acids. By washing with water, then distilling wi 

carbonate of potash, and, finally, with chloride of cal- 
cium, it is obtained in a tolerably condition. Five 
hundred gallons of corn-spirit yield about one gallon of 
oil. In its pure state, the oil has a peculiar ethereal 
odour, kage al ga ~ bet gpa cape pay va 
irritating to the t. Its specific gravity varies from 
833 to 8i0, it boils at 268°, and emits a combustible 
vapour. The oil is not soluble in water, but it mixes 
with alcohol and wood-spirit in all proportions. It burns 
in an ordi open lamp, with clear and smokeless 
flame—the light of which is toleraply intense, A lamp 
that consumed the oil at the rate of 278 grains per hour, 
gave a light that was about half as good again as that of 
a standard rm candle. At present the oil is in 
demand for mantfacture of artificial essences, and 
consequently it is too expensive for combustion in lamps. 


LAMPS. 


History and General Principles of the Subject—It has 
been already stated that the employment of lamps can be 
_dated back to a very early period; indeed, it is generally 
thought that they were invented by the Egyptians, who 
not only used them for common illuminating purposes, 
but also placed them in the tombs of the dead as 
emblems of mortality. The ancient Greeks were likewise 
accustomed to the use of lamps, which we have every 
reason to believe were fed with a vegetable oil. Hero- 
dotus alludes to this fact; and it is further evidenced in 
many devices that we find sculptured in some of the 
most ancient Greek vases; but it was centuries after 
that before the Romans began to employ lamps, and then 
they were only used in the houses of the rich, or upon 
occasions of special festivity. That most of the classical 
nations have been accustomed to place lamps in the 
ulchres of the dead is an instructive ; for, 
although various motives have been assigned for the 
custom, there can be no doubt that it was intimately 
connected with their belief in the existence of a soul, and 
that it was meant to typify the departure of the spirit 
or vital fire from its frail tenement of clay. This is 
clearly set forth in many of the beautiful devices which 
adorn the funereal lamps of the early Greeks, where the 
immortality of the soul, and its epee from the body, 
is represented by the escape of a butterfly from an 
apparently dead chrysalis. e testimony of Pliny, St. 
Augustine, and others, has induced a belief, that in many 
cases the sepulchral lamps were constructed so as to burn 
for ever; and some remarkable instances have been cited 
in which the lamps were said to have been found burning 
centuries after the tomb had been closed up; but none 
of these are sufficiently well authenticated, notwith- 
standing that Liceto and other authors have taken great 
pains to establish their truthfulness. 

It is very probable-that the earliest lamps were not 
made of any set form, but that the fat or oil was placed 
in any convenient vessel, and burned by means of a bundle 
of rushes or dried moss. As civilisation advanced, and 
the necessity for artificial light increased, attention would 
naturally be directed to the form best suited to the wants 
of the people: and it is very likely that at first the lamp 
was nothing more than a circular vessel or saucer con- 
taining the combustible material. Lamps of this de- 
scription are still employed on the continent for purposes 
of general illumination. It is thought by some persons 
that the lamps of the virgins alluded to in the Gospel of 
St. Matthew (chap. xxv.) were merely rods of porcelain 
or iron covered with and steeped in oil or fat, and 
that the same kind of lamp or torch was used by the 


support of such an opinion, al h there is plenty of 
ieblonss to show that lamps trimmed with oil were in use 
long before that time. ; 


form of all of them 


soldiers of Gideon ; but we have no positive testimony in: 


The next improvement in the form and construction of 
the lamp is to be seen i 
in the ancient lamps of 
Herculaneum and Pom- 
peii, Examples of these 
are to be found at the 
Louvre, the British Mu- 
seum, the Vatican, and, 
indeed, in almost every 
considerable museum in 
Europe; but the finest 
specimens belonged to 
the king of Naples, who 
had a collection of such 
a a Fie 
‘act, in museum t! is a large collection mp: 
Ht 
Passeri 


taken from the buried cities of Pompeii and 
neum. Besides which, Liceto, Bartoli, and 
have published de- Fig. 87. 
br yp and oo 
ings of many hun- 
dreds of such lam 
that were in the 
museums of Italy 
during the 16th cen- 
. Thecommon 


is that of an elon- 
ted ees = oie - 7 
t, having the wick at one end (Figs. 86, 87, and 
at other times it was a simple disc, with a hole for t 
wick on one or both sides, and an aperture in the 
centre for supplying the oil Fig. 88. 
(Fig. 89). Lamps of the former 
description are still used by the 
poor of the Orkney and Shet- 
d Isles, 


The material of which the 
Greek and Roman lamps were 
composed, was chiefly terra- 
cotta, though some of the better sort were made of 
bronze, and even of silver and gold) A few ancient 
lamps of iron have also been discovered, but they are 
comparatively rare, rhaps Fig. 89. 
because of the perishable na- 
ture of the metal. In the 
museum at Portici there are 


several iron lam ther 
with one of glass, of which 
were taken from ruins of 
Herculaneum. 


Much ingenuity was exhibit- 
ed by the Greeks and Romans 
in the construction and orna- 
mentation of the supports (the 
Avevovcot, lampadaria or 
labra) which held the lamps. 
At first these were com: 


this manner, With the Romans, however, the usual 
support was a tripod resting on lions’ feet. 

At avery early period it must have been peng 
that when an attempt was made to enl the wi 
beyond a certain point, the flame became dull and smoky. 
To remedy this, it was customary to split the wick u 
into a number of small flames, each of which woul 
allow the atmosphere to play freely around it, and thus 
to keep up a tolerably combustion. ere is no 
doubt that this device was well known to the ancients 
Fig. 88), though it is generally considered, that Dr, 

ranklin was the first to show, that the same henge ed 
cotton divided into two wicks, gives a better light 
when it is used as one; but the difficulty which presents 
itself in the employment of such a contrivance, is that 
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flame was produced, which allowed of much more perfect 
ion.- Nevertheless, with all these improvements, 


combustion. 
the light of the lamp could not be increased beyond a 


in the apartments of the rich, for fear of its 
doing harm to the walls and furniture by its great 
tendency to smoke, 

In 1780, however, as we have already 


of the oil might be kept up to any amount without 
et AEE 


miro 


BEE 
g 

st 

a 


PPEEE 
He 
§- if 
3 


Hi 
te 
F 
3 
FS 


i 
i 
t 
cae 
i 
ik 
FTE 


y 
i 
at 
Bie 

e 

5 

F 

E 


I 
i 
i 


With all lamps, however, the great principle that is to 
be kept in view is, so to adjust the supply of atmo- 
eric air to the combustible, that, on the one hand, the 
shall not evolve smoke; and, on the other, it shall 

not be cooled or over-burnt ; for, in the one case there is 
too little atmospheric air, and in the other there is too 


oils are so liable to resinify, that it is necessary to chan 
the wick every day: this is the case with the oils that 
are used in Parker’s hot-oil lamp, and consequently it is 
trimmed with a very short wick. In the second place, 
the wick should be properly attended to: if a sclid wick 
is used it should not be twisted too tight, for fear of stop- 
ping the capillarity of the oil; nor should it be too loose, 
for then it is apt to accumulate soot. If the Argand, or 
hollow wick, be employed, it should be selected with due 
regard to the quality of the oil; for a thick or fatty oil 
requires a coarse texture, and a very fluid oil a fine one. 
The top, or carbonised portion of the wick, should 
always be removed immediately before the lamp is 
lighted ; for this is so changed by the action of heat, that 
the oil will not rise in it; indeed, the common oils are so 
disposed to char and clog this portion of the wick, that 
it sometimes requires removal several times in the course 
of anevening. The wick should be cut perfectly level, 
or the flame will be irregular, and wil] smoke. Lastly” 
in cold weather it is advisable to warm the oil before the 
nthe rdation / 
we Illuminating Power and EF of 
different Lamps.—This is a subject which ad aot tae 
well investigated; for the difficulties connected with it’ 
are extremely great. At the Exhibition of 1851, thero 
were forty-nine lamps sent for examination; but the 
jurors declared that it was a matter of impossibility to 
test their value. M. Peclet is nearly the only person 
who has devoted attention to this subject; and the 
following table is constructed in great part from his 


investigations —— 
Luminosity Relative 
Consumption in sperm power for 
Lamps. per hour. candles equal 


button (camphine) 

2. Vesta as without 
button (with cal | 136 ,, 20 147 
naphtha) 

3. Common Argand . . 350 ,, 40 114 


5: Sinumbra, with lateral } 


fountain 270',, 29 109 
6. se or Parker’s 767 » 76 99 
ger myre eae ene 98 
8. Common sinumbra . 645 ,, 60 91 
9. Gerard’s hydrostatic 621 ,, 45 86 
10. Common open lamp . 103, 08 77 
11, cmt au ae 343 yy 241 61 
12. — n lamp, ac 165. ,, 09 b4 
13, Dome Argand 400 , 21 52 


he . © , 

Varieties of —These are so exceedingly nn- 
merous, that it is not possible, in a work like the present, 
to give anything more than a very account of the 
most important. Indeed, there are but few really 
distinct principles involved in the construction of lamps, 
notwithstanding that there are so many modifications in 
their form and arrangement ; we shall have no difficulty, 
therefore, in understanding the construction of any lamp, 
after we have become acquainted with the following 
varieties. It is proper to add, that we are indebted to 
the Encyclopedia of Domestic Economy for many of the 
illustrations which we are about to offer, and that the 
reader will therein find a very Fig. 90. 
good description of the lamps 
now in use, 

1. Common Oil Lamp, without 
any Glass —Of these there are 


Orkney Islands 
(Fig. 90).—This is contrived for 
the combustion of common fish- 
oil, and the wick that is used 
is nothing more than a bundle 
of dried rushes, A lamp of similar construction is 


410 . 
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used by the Esquimaux, who employ a wick of dry 
moss. 
(6.) The Common Street Lamp (Fig. 91) was once to be 
Fig. 91 Fig. 92. 


seen at the stalls of poor tradesmen; though it is now 
almost entirely displaced by the common naphtha lamp. 
It is a tin vessel, with one or two spouts emerging from 
the sides close to the bottom. These are packed pretty 
tightly with cotton wick; and being constructed on the 
principle of the bird-fountain, the oil flows very freély 
to the top of the wick, but does not run over. 

(c.) The Fountain Lamp (Fig. 92) is constructed on 
nearly the same plan as the last; and, as the reservoir for 
the oil is above the level of the wicks, the flame burns 
with the same brilliancy as ta any oil remains. 

(d.) The Common Domestic Lamp (Figs. 93 and 94) is 
made to fit a candlestick. It is a very eco- 
nomical lamp; though, from the circum- 
stance that the flame is situated at a 
considerable distance above the level of the 

Fig. 94. oil, there is me oe 
culty in getting the 
to g Felgen the oil 
is at all thick, or when 
the wick is clogged by 


se Common Lamp with 

a Glass or Shade.—Most 

of the preceding may be 

improved by surround- 

- ing the flame with a glass, 

to koep off the currents of 

etmospheric air, which cause the light to flicker. The 

principal of these are represented in Figs. 95, 96, and 97 ; 

and to the same category belong the floating night-lights 

(Figs. 98 and 99), which are either pieces of waxed wick 

vi page on strips of tin, and kept floating by means of 

cork, or else little caps of thin brass, pierced with a hollow 

es tube, in which the oil rises and burns. The safety- 

p of theminer (Fig. 84) *isnothing morethanacommon 

lamp, the flame of which is surrounded by a shield of 

wire gauze ; and in the lamp of Upton and Roberts there 

is an additional shield of glass. Fig. 97. 

3. Common Lamp, with Oxy- - 
dator.—It is found that when 
a current of atmospheric air is 
made to impinge on the flame of 
a common lamp, the light is 


Fig. 95. 


Fig. 93. 


much more steady and brilliant. Various contrivances 
have, therefore, been adopted for the purpose of effectin, 
this; as, for example, the prep ae or contracting o' 
the glass immediately around the e (Fig. 100); or the 
fixing of a metal or mica disc around it . 101); or, 
better still, the dropping of a perforated nipple over the 
flame, as is secon in Fig. 102. The last constitutes the 
® See ante, p. 92. 


principle of the solar lamp, to which we shall have occa- 
sion to refer by-and-by. It was, we believe, first con- 
trived by Mr. Roberts, the miner, and was applied to 
his form of the improved Davy. 

It will be evident, on inspecting the different lamps we 
have yet described, that the air supplied has access only 
to the exterior of the flame. Hence the interior of the 
flame is necessarily cooler than the exterior, and there- 
fore tends to diminish the iatensity of the whole light 
produced. This effect may be well noticed in a common 
tallow candle, when the wick has been allowed to burn 
for a long time without being snuffed. If, however, a 
supply of air could be aftorded in the centre, the light 
would be at once increased. A patent was taken out fora 
plan of this kind, applicable to candles; but it was never 
extensively ented It was on the same principles as 
those on which the following lamps are constructed. 

4, The Argand Lamp.—This 
differs from aJl others, in’ the 
circumstance that the wick as 
well as the flame is hollow; 
and it is so contrived that a 
current of atmospheric air plays 
on both sides of the flame, and 
so increases its brilliancy. There 
are several modifications of this 
lamp, of which the following 
are the most important :— 

(a.) Common Argand Lamp (Fig. 103), which consists 
of a vase, a, to hold the oil; a cis’ i, to supply the 
burner; and an arrangement, c, for adjusting the hollow 


Fig. 100, Fig. 101. Fig. 102, 
| | 
SS 0 © . 


wick, and allowing a supply of atmospheric air on both 
sides of the flame. The oil is put into the vase a, 
unscrewing it from b, and then running in the oil 

the hole d, or else through the aperture in the bottom, 
which is usually closed by the plug jf. The hole d is 
then closed by drawing up the handle g, which communi- 
cates with a slidi hike k and the vase is returned to 
its place on b. en the lamp is Reet, the handle 
is to be depressed ; this causes the oil to escape thro’ 
the hole d into the cistern 6; and from this it runs 
the side tube i7 into the Fig. 103. 

conical chamber 0, which 
contains the wick m. This 
chamber consists of two 
tubes, kk, 11, one within 
the other, and joined at 
mm, so as to make a 
closed receptacle for the 
oil. In this receptacle 
the wick n plays Freely 
up and down; and it is 
kept constantly im- 
mersed in oil, as high as 
the opaets d, in the cis- 
tern b, p isacup placed 
at the bottom of the 
chamber to receive any 
oil that may run over 
from the wick. Atmo- 
spheric air rises freely 
through c into the centre 
of the flame, and it also 
blows upon the exterior 
of it: the canse of the : 
current of air is the glass chimney which rests on the 
top of the burner. 


THE SINUMBRA LAMP. ] UNDULATORY 
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Many forms lave been given to this lamp of M. Ar- 
which it is intended to 


gand, according to the 
Fig. 104. serve : | 


reduced to a mere bead; and the ground-glass shade 
is not only brought to the very front of the ring, but 
its body is formed in such a way as to bulge over it. By 
these contrivances the shadow of the-reservoir is re- 
duced to a minimum. 

(f.) Quarrel’s Albion Lamp.—This marks the next 
attempt to improve the Argand, by carrying the re- 
servoir for the oil over the e, and, therefore, 


out of the way of the shadow, instead of having it, 
as in Rumford’s contrivance, around it and a little 
Fig. 109. 


below it. The construction of this 
lamp is represented in Fig. 109. 
A is the reservoir for holding the 
oil, which is introduced through 
the two valve-cocks B; C is the 
tube that conducts it to the cistern 
D; and F is a syphon-valve for 
admitting atmospheric air to the 
reservoir, so as to supply the 

for regulating the height of the 
‘or i ight e 
wick. The w is enclosed in a 
tulip-shaped ; and, with the 
exception of the side-tubes, there is 


rag 9 od oped gong ow, 

_@-) 's Hot-oil Lamp is constructed somewhat 
like the A mere 4 though a contrivance is adopted for 
making the oil hot before it reaches the wick ; by which 
means it becomes more fluid, and burns with greater 
facility. Fig. 110 shows the plan of this lamp. The 
reservoir is above the flame, and the Fig. 110, 
top of the glass is fitted into an iron 

chimney, which radiates heat very 

freely to the reservoir. The oil 
passes down through a lateral tube to 

the ci and is a stopcock 

in the tube to cut off the supply of . 

oil when . The wi 


reservoir this 


always been thought desirable to have the reservoir in 
athe shasu ce Yeky: Sean eno ieee Sea 
pearance of the chamber might be avoided, the 
iestow which it invariably casts to a greater or less 
extent upon surrounding objects, sorely prevented. 
This, however, can only be accomplished by means of 
some power whereby the oil shall be pressed up from the 
well in which it is contained, to the level of the flame. 
‘*T'o effect this, two methods have been resorted to: one 
is on a hydrostatic principle, in the manner of Hiero’s 
fountain, where the oil is placed in the body of the stem, 
and is raised to the wick, as it is wanted, by the pressure 
of a column of some fluid; in the other method, the oil 
is foreed by clock-work mechanism, as in the p of 
Carcel of Paris. ‘The first successful attempt of this 
een ees Se ey) eee invented by Mr, 
Keir, about forty years ago, upon a hydrostati ‘in- 
ciple; and although it is not used at Feeeeetss 
superseded by contrivances of a similar kind by other 


manufacturers, yet it will serve to illustrate the general 


ou 
chamber is | nature of these lamps, of which several varieties have 


UNDULATORY FORCES.—LIGHT. 


[rue BUDE LIGHT. 


J 
cific gravity of oil, is put. Upon this is 
ty: the oil watt the tube is full The 

i or solution salt in water, runs 
down into the pedestal of the lamp; and 
when the oil is poured upon it, the latter, 
by its weight, forces up the former we 
a second tube b, into a chamber «¢, in 
upper part of the body of the lamp, and 
the oil takes the place of the brine in the 
pedestal. It will be noticed that the tube 
a reaches only to the top of the chamber in 
the pedestal, while the tube b passes down 
to the bottom of it. The brine is repre- 
sented by diagonal lines, and the oil by 
dots. Now, in consequence of the great weight of the 
— as com; with that of the oil, the latter is 
fo! up to the burner as fast as it is consumed ; and 
thus, by a sort of natural spring, the flow of oil to the 
wick is constantly maintained. After a supply of salt 
and water has once been introduced into the lamp, there 
is no necessity for a further addition of it. 

Similar lamps have been constructed on 
the same principle by King, Barber, and 
others; but they are all difficult to manage, 
and hence they are not much in vogue, 
although they generally have a very light 
and el t ap ce, 

(i.) Parker’s Fountain Lamp (Fig. 112) is 
a very complicated apparatus, which, like 
the fountain of Hiero, owes its action to 
compressed air. Externally it presents the 
appearance of a column surmounted by 

e lamp; but within this column there is 
another cylinder which contains the oil. 
‘This cylinder must be removed before the 
lamp can be charged. It is divided cross- 
wise into three compartments, a b c, which 
have no direct communication with each 
other. Through the centre of the whole 
there a tube f, which is open at its 
top, and at the bottom it communicates b 
a sort of valve with the compartment c; it 
also communicates with the compartment 
a, by means of a hole which is seen near 
the top of the tube. The three com 
ments or chambers are therefore in indi 
communication with each other; thus a communicates 
through the hole just mentioned with the tube f; this 
communicates by its bottom valve with compartment c ; 
and this, by means of a tube and valve g, with the 
middle com ent b; and b communicates by means 
of an ing tube with the burner i, in which the 
wick is placed : so that if oil be poured into the upper 
opening of the tube f, it will the com ent c; 
and then, on turning the apparatus upside-down, the oil 
will flow through g into the middle compartment b. On 
restoring the cylinder to its proper ition, the oil 
canuot return to c, because of the iar form of the 
contrivance g—consequently it remains in the middle 
chamber; and now, on refilling c through the tube f, 
the air in the lowest chamber is compressed, and it 
forces the oil in 6 up h the lateral tube to the 
burner i. The chamber a is at the same time as f, 
and its contents flow as fast as they are wanted through 
Be Dole anes and ibaa Keep ep supply to thie 

umn. time the lamp is it is 
verted, in order that oil in ¢ may flow into b; and 
then it is returned to its original position, and 
with oil. This lamp was on by the French 
en ee formerly much used in 
India ; , corey Sand egi teviag = f Iris lamp. 

&) The Carcel Lamm presents much of Wy porter 
of last described ; but instead of the flow of oil being 
effected by means of atmospheric elasticity, it is accom- 
© Webster and Parker, p. 159, 


-come into 


lished by the aid of machinery moved by clock-work. 
En thie. way the oil ia reieed, ox. rather pumped up, to 
the wick, so as to keep up.a constant supply by conti- 
nually overflowing it. e oil drips into the 
cistern below; whence it is drawn up repeatedly, until 

it is all consumed. 
(.) The Solar Lamp.—This is Roberts’s great improve- 
ment on the Argand, although it was patented by Mr, 
It is a contrivance for increasing the supply 


Bynner. 
pe gor I air to the flame, and so enabling it to — 


rtion of oil, and thus to give out 
a greater body of t; besides w “pr be effects a more 
complete combustion of the oil, and therefore produces 
a more oe light. In he the common forms of Ar- 
gan air passes straight Fig. 11% 
up theonah the burner, and z: 
only slightly impinges on the 


two sides of the flame; but in 
this contrivance the current 
of air is broken, and made to 
blow in upon the flame. The 
apparatus which effects this 
is a small cone or nipple, that 
is dro down over the A 
flame (Fig. 113). t 
A still greater improvement 


on this principle is that of Quarrel, in wh'ch he causes a 
second current of air to enter under the glass, and thus 
to assist the other in Fig. 114, Fig. 115. 
blowing on the flame 
Fig. 114) ; and by intro- 
ucing a button into the 
was sho oeigoly gee: 
was ori pro- 
posed by Mr. Roberts), 
this inner current of at- 
mospheric air is likowise 
deflected, and thus we 
get the greatest possible 
amount of oxydation 
(Fig. 115). By the adop- 
tion of such contrivances 
as these, almost any kind of oil, even the commonest 
fish-oil, may be burnt without producing any unpleasant 
ll. 


sme 
(m.) The Bude Light of Mr. Goldsworthy Gurney is 
only an extension of the preceding prisaine Roberts 


consume a larger . 
ig 


increased the supply of atmospheric oxygen by means - 


of the nipple, which others patented and applied to the 
solar lamp. Mr. Gurney, however, uses a jet of pure 
oxygen, or of an atmosphere rich in oxygen, which he 
throws into the centre of the flame by mechanical power ; 
and by this means he increases combustion and light to 
an enormous extent. This light requires comp! 
apparatus for its production, and hence it has never 
general use, 

(n.) The Argand with Concentric Wicks.—Many years 
since, Mr. Webster su that Argands might be 
made with two circular wicks, one within the other; and 
Sir Humphry Davy ref to the invention as one 
well adapted for obtaining heat for chemical purposes. 
A lamp on the same principle, with four concentric 
wicks, has since been constructed by M. Fresnel, for 
lighthouses; and, according to Dr. Brewster, it gives a 
light ye: to forty common Argands; but the heat pro- 
duced by the lamp is very intense, 

5. Lamps for Burning Solid Fats.—The commonest 
form of these is the saucer and central-wick lamp, which 
may be seen so frequently in France during the nights 
of illumination; but a more agreeable form has been 
given to this kind of lamp by the Hon. G. Cochrane, 
who took out a patent for it a few years ago. His lamp 
is very much like an ordi Argand, but it has a piece 
of metal over the flame which communicates with the 
chamber containing the fat, and thus keeps it warm and 
liquid (Fig. 116). The fats which are best suited for this 
lamp are cocoa-nut and palm; but tallow and kitchen- 
stuff may also be used. 

6. Camphine or Vesta Spirit Lamps.—These are the 


. 
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Shere. pb perrcketriey Maprwep ives 
has eg aaenaaggsa Rag gm 
facture of lamps, which he calls 
ice Sap checaare The Logetipe for 
holding camphine is made of glass, 
in order that the,leat from the burner 
oo Caatchcadh aay tre icety eed pie ate 

’ every precaution is taken to against 
Sack Scent; ton te vee, Soaked of 

La Spey lle ae See agar 

which passes down into the body of the 

, oil, as is the case with the common Ar- 
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x 35 small Vesta pee it is igen a at the rate of about 
grains per hour, and it gives the light of two 
standard sperm candles; when burnt in ‘aie acces one, 
its consumption is 486 grains per hour, and its light ia 
equal to nine sperm es. The disadvantages of these 
lamps are, the unpleasant smell of the naphtha, the lia- 
bility to smoke, and the anes of explosion; for naph- 
tha, being much more volatile than camphine, is likely 
to give off vapour, which, with the air, forms an explo- 
sive mixture. Great caution is therefore necessary in 


managing these lam 
8. or Vapour —Several attempts have been 
made at various times to burn inflammable liquids with- 


TE 


a 


; and this escaping through 
illiant 


by the combustion of the gas, keeps 
A glass is around the burner to 


2F 
i 
Zs 


cay He raat a 
(c.) A mixture of camphine or highly rectified spirits 
ene Fig. 121. 


pour. 
he 
iqui conveys i a 

u the tube b HOSS), 
into ¢, which is the va- 


pour chamber; d is a cap of brass, which, when heated 
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effects the vaporisation of the liquid, and causes the gas 
to escape through three little holes at its base; f is the 
collar for holding the glass; and g is a handle for turn- 
ing the liquid off or on. When the lamp is to be lighted, 
it is filled up with mixed spirit; and the glass being re- 
moved, the handle g is to be turned from the left to the 
right. A ring of wire gauze, saturated with the spirit, 
is then lighted and brought down over the cap d, as 
lowasc. This is to be kept burning until the metal 
cap and chamber are sufficiently heated to generate 
which will escape through the holes and take . 
When this has occurred, the glass is to be replaced, and 
the burning jets will keep up the desired temperature, 
Instead of turpentine and alcohol, a mixture of equal 
parts of spirits of wine and coal-naphtha, or even coal- 
naphtha itself, may be used. The disadvan of the 
lamp are its liability to go out with the least draught of 
air, and its danger of exploding. 

d.) The Common Naphtha Lamp is now extensively 
employed by poor 3, peal who keep their stalls 
out of doors. The 
construction » of 
this lamp will be 
understood from 
Fig. 122: ais the 
reservoir for the 
naphtha, fromthe 
bottom of which 
there passes a 
tubeb, which sup- 
plies the fluid to 
the burnere, A 
stopcock is in- 
acted” into the 
middle of the 
tube, in orderthat 

; the supply of 
naphtha may be regulated, or even cut off altogether, 
when it is not wanted at the burner. Fig. 123 exhibits 
the construction of the latter: the naphtha enters by 
the tube a, and it flows out of a small hole which is in 
the lower arch of the burner, and trickles down into a 
small cup 5 ; here it is lighted, and soon the combustion 
of the naphtha produces so much heat that it makes the 
whole std of the burner very hot. This causes the 
naphtha to assume the form of vapour or gas; and as it 
issues out of the small hole, it is forced up against the 
bottom of the disc ¢; and thence it comes spreading out 
in a star-like form all round the burner. is form is 
given to it by the little breaks of perpendicular wires 
which descend from the bottom of ¢; another small dise 
is placed below this to prevent the flame from bounding 
back upon the jet whence it issues from the tube; d isa 
small wire, which is withdrawn when the interior of the 
burner wants cleaning. . 

(e.) Beale’s Naphtha Lamp.—This form of lamp was 
invented some years ago by Mr. Beale, of London: it 

Fig. 124. consists of a vessel a (Fig. 124), in 

which the naphtha is placed; thence 
it flows by a lateral tube into the cup- 
shaped cistern b, and it is prevented 


from overflo by reason of its being 
constructed in the same way as a bird- 


fountain. A tube ¢ passes up through 
the bottom of the cistern, and rae 
a little above the level of the liquid: 
this tube is placed in communication 
with a reservoir or gasometer contain- 
ing air. Lastly, a brass cap d, having a hole in the 
top, is placed upon the cistern; the lamp is i 
action by removing the cap and setting fire to 
tha; air is then blown through the tu 


Pig. 123, 


is gradually brought down into its Pm in the cistern, . 


aes ova keep up = eo y a of me mequiee. 
en is properly managed air Ww) passes 
orth ne eae a eee 
vapour as to me i urns with a 
briliant jet of flame, 


We have not thonght it necessary to give a description 
of the different ornamental contrivances for setting up 
and supporting lamps, &c.—as, for example, candle- 
sticks, candelabra, chandeliers, &c.; for this would entail 
a very elaborate account of the principles of ornamenta- 
tion, which is not suited to the object of this work. 


ON GAS. 


General Remarks.—Long before gas was manufactured 
artificially, it was ted in the great laboratory of 
nature by the action of terrestrial heat on large accumu- 
lations ob vegetable matter, as beds of coal. The pro- 
ducts of Ye “ane paged ate to the a of the 
earth, and esca in orm. of gas and petroleum ; 
both ee are rs hly inflammable. The hap sod 

nera commanded attention at a very early peri 
+) altars dedicated to the gods were over them. 
At the time that the Persians, under the command of 
Mardonius, overran Greece, there were innumerable 
altars lighted up in this manner; and so much were 
they reverenced by the Greeks, that when the Persians 
were defeated at the battle of Plateea, and driven from 
the country, the two victorious generals, Pausanias and 
Aristides, were directed by the Oracle of Delphi to build 
an altar to Jupiter, their deliverer, and not to offer any 
sacrifice upon it until they had extinguished all the 
fires throughout the country which had been polluted by 
the Persians, and had hted them with the 
fire from Delphi. In Plutarch’s Life of Alewander, we 
are told, that when that monarch arrived at 
‘the was particularly struck with a gulf of fire, which 
streamed continually, as from an inexhaustible source, 
He admired also a stream of naphtha not far from the 
gulf, which flowed in such abundance that it formed a 
lake, The naphtha in many respects resembles bitumen, 
but it is much more inflammable ; before any fire touches 
it, it catches light from a flame at some di and 


often kindles all the intermediate air. The barbarians, 
to show the king its force and the subtlety of its nature, 
scattered some drops of it in the street which led to his 


lodgings; and standing at one end, they applied their 
torches to some of the frst drops, for it was night. The 
flame communicated itself swifter than thought, and the 
street was instantaneously all on fire.” 

For several thousand years the Chinese province of 
Se-tschuan has been celebrated for the a of in- 
flammable that issues from the : it has 
been sta’ that the gas which escapes from the 
ground in the neighbourhood of Pekin, is collected by the 
inhabitants, and used for lighting the streets and houses. 
The holy of Baku, near the Caspian Sea, have a 
similar origin; and jets of inflammable air are evolved 
at Pietra Mala, not far from the road between Florence 
and Bologna; at Maina, which is a few miles from 
Modena; at Lycia, in Asia Minor; and at the Artesian 
wells of Lichweg, in Schauenburg. In this country the 
gas is abundantly produced from the fissures of coal 
mines, where it is known by the name of fire-damp ; and 
it is also evolved from stagnant pools, when it is termed 
marsh gas, At the village of Wigmore in Herefordshire, 
inflammable gas has on several occasions from 


small steam-engine. In the vi 
state of New York, the gas satee 804 
abundance, that the inhabitants collect it, and employ it 
for lighting the streets. 

History of Gas gs aes would naturally be sup- 
posed that facts like the preceding would, at a very 
early period, have commanded the attention of practical 
men of science, and that some effort would have been. 
made to imitate the process which they saw going on in 
uature, Some, indeed, have thought that ancient 
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Greeks were really acquainted with a mode of generating 
gs, and that the chief priests took advantage of such 
owledge in exciting the veneration of the people. The 
altar in the temple of A®égina is described by Dr. Dodwell 
as having a round hole, thirteen inches in diameter, cut 
out of the top of it. This hole communicates with 
another which passes down through the solid stone to 
the depth of several feet, and there it opens into a 
cavity which is su to have contained fire that was 
always burning. He says that nothing more was neces- 
sary than to pour oil into the upper opening ; and as it 
trickled down, it would be converted into gas, which 
would burst forth as flame, and appear to have a miracu- 
lous origin. But however possible, or even probable, 
the truth of this supposition may appear to be, it is 
certain that nothing practical was undertaken in Europe 
until the beginning of the 17th century, when Van 
Helmont, the physician and alchymist of Vilvorden, was 
led, in the course of his investigations, to expose a 
ity of animal and vegetable matter to the action of 
heat in a closed vessel. By these means he obtained a 
‘*vapour,” or “‘spirit,” that burnt with a bright flame ; 
but he little imagined that this gaz fuliginosum, as he 
termed the vapour, would one day become an agent of 
general illumination. Nor even at a much later period— 
namely, in the year 1726—when Dr. Hales informed the 
chemists of his time, that by distilling a few grains of 
Neweastle coal, he obtained an equal number of 
cubie inches of inflammable air, could it be supposed 
that a similar experiment, on a very gigantic scale, would 
be daily-performed in every city in Europe, and that 
millions of cubic feet of that subtle, inflammable material 
would be made to traverse, unseen, along the highways 
| = tenga te Pema lighting them up into 
y. 
Again, we may take the history of our subject 
- fe Some time ore 


man 
actions of the Royal Society ; and the author states, that 
from an examination of some inflammable vapours which 
were given off from a ditch near Wigan in cashire— 
vapours which had been collected and examined by 
Thomas Shirley in 1659—he was led to conclude that 
they came from the coal of the neighbourhood, which 
was acted on by terrestrial heat. Accordingly, he ob- 
tained a portion of the coal, and distilled it in a retort 
overan open fire. By this means he obtained a ‘‘ phlegm,” 
which first passed over; then a “black ore ;” and lastl 
a “‘spirit,” which he could nowise condense, for it 
forced the Inting of hie apparatus, and broke his glasses. 
This ‘‘spirit” was coal gas; and on discovering its in- 
flammable nature, he was in the habit of collecting it in 
bladders and oiled silk and thus preserving it for 
the amusement of his frien : 

As yet, however, he had not learnt to burn it from a 
metallic jet, for he was accustomed to prick a hole in the 
bag, oad then to set fire to the gas as it issued forth. 
For a period of more than fifty years these interestin, 
facts were prowet to aay and no oe aoa 
the idea of ing them to any useful purpose. At 
length, in cece 1792, just one hundred years after 

's an ingenious engineer and miner of 
Cornwall, whose name was Murdoch, conceived the 
ee See be conveyed through pipes to a 
distance, and be thus employed as an bc exe ry be, go 
Acting upon this idea, it was not long before he the 
satisfaction of seeing his house and offices at Redruth 
a. ere up with Dr, Clayton’s ‘‘subtle spirit.” He also 

lected the gas in bladders, and used it as a means of 
lighting himself along the road between the mines and 
own house ; for w i 


ich piece of ingenuity he acquired 

the reputation of tat Soon after this, Mr. Mur- 
doch was employed in the establishment of the celebrated 
engineers, Bolton and Watt. There he erected 
—— for the manufacture of gas; and at the peace 
Amiens, in 1802, he lighted up their factory for the 


first time with this agent. About a year afterwards, 
oxy generally employed in all the workshops of the 

ry; and in 1804 he set up a similar apparatus in 
several of the large cotton-mills of Lancashire—one of 
the earliest of which was the establishment of Messrs. 
Phillips and Lee at Manchester. 

Ten years after this—in 1813—the manufacture of gas 
had extended to London, and in that year Westminster- 
bridge was lighted with it. Mr. Clegg gives an account 
of the horrors of the lamplighters when they first beheld 
the burning gas, and how he was obliged to light the 
lamps himself for some time, on account of the fears of 
the people, Even such men as Sir Humphry Davy and 
Sir Joseph Banks were unable, for many years after 
this, to-overcome the prejudices which existed in their 
minds concerning it; and they thought the scheme a 
wild and be, es one. The public, however, soon 
became reconciled to it; and in 1814 the oil-lamps were 
removed from the streets of St. Margaret, Westminster, 
and gas-lights were put into their places. This was the 
first aciol that entered into a contract to have the 
streets lighted with gas, 

In the same year the allied sovereigns came to this 
country; and as they were to be féted and feasted in no 
ordinary manner, a great opportunity occurred for the 


use of gas, where no other means of illumination could 
be employed. On the ornamental water of St. James’s 
Park a ificent pagoda was erected ; it was furnished 


with thousands of jets of gas; and in an instant, as if by 
magic, they all burst forth into flame, and gave the 
building the aspect of a brilliant fountain of fire. At 
one of the City feasts, the Guildhall was lighted up in a 
similar manner ; and we are told by one of the journals 
of the time, that the light was ‘‘clear as summer’s noon, 
but soft and undazzling as moonlight, forming a magni- 
ficent combination worthy the inauguration of the pre- 
siding citizen of the great city.” Up to that time the 
gas was marvellously impure, and its foetid odour proved 
n insurmountable barrier to its use in private houses. 
Eventually the attention of chemists began to be directed 
to this point; and as the processes of manufacture and 
purification were perfected, the use of gas became more 
general ; so that in 1822 there were four great companies 
established in London, having forty-seven gasometers, 
supplied by 1,315 retorts, which generated upwards of 
397,000,000 cubic feet of ~ annually, supplying about 
61,000 private lamps, and 7,268 public ones. In fivé 
years this quantity nearly doubled itself; and in ten 
years more it was doubled again; so that in the year 
1837 it had acquired so much importance as to become 
a subject for parliamentary investigation. In that year 
@a paper was Maid before a committee of the House of 
Commons, by Mr. Hedley; from which we gather, that 
for lighting London and its ate a capital of 
£2,800,000 was employed. This yielded a revenue of 
£450,000, and furnished an annual supply of 1,460,000,000 
cubic feet of gas. Twelve years after this, we are told 
by Mr. Croll, in his evidence before the committee of the 
Hake of Commons on the Great Central Bill, that the 
consumption of gas in the metropolis, during the year 
1849, was more than double that of the preceding esti- 
mate; for it amounted to 3,200,000,000 cubic feet ann 
ally, of which the City alone consumed 500,000,000. 
This was distributed to 2,678 public lights, and to a 
multitude of private consumers, The area of the metro- 
polis is about sixty-six square miles, and that of the City, 
one mile. In the former space there are, according to 
Mr. Barlow, about 2,400 miles of main-pipes, which run 
along 1,500 miles of streets ; and in the latter there are 
about 110 miles of main-pipes, which light up 75 miles 
of streets, The surveyor to the Corporation states, in 
one of his reports, that the length of the public way in 
the City is only 51 miles, and that the lamps average 54 
to each linear mile, or 1 in every 33 yards, But perhaps 
the best estimate of the enormous extent to which this 
branch of industry is carried on, may be formed from 
a statement made by Dr. Hoffman, on the authority of 
Mr. Lowe, who is one of the oldest gas engineers of the 
present time. He says, that about 6,000,000 tons of 
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coal are ann consumed in d in the manufac- 
ture of gas; as each ton of coal, on the a 
produces about 10,000 cubic feet of gas, we have 
almost incredible quantity of 60,000,000,000 cubic feet 


of gas produced yearly, wi: 
Jessen of Heat on ic Matter.—As a preliminary 

to the study of gas-making, it is n that some- 

thing Free be known of the changes which occur when 


animal or vegetable matter is subjected to the action of 
heat. Chemists have shown that the effects vary with 
the temperature. At first, when the heat is not con- 
siderable, the matters evolved consist of — vapour, 
organic acids, ammonia, and various combustible fluids 


which are soluble in water. In the second period, when | 


the heat is somewhat higher, the products are carbonic 
acid, carbonic oxide, water, and a number of ol ous 
or empyreumatic compounds, which are not soluble in 
water; and lastly, when the temperature is still higher, 
the products of the decomposition are hydrogen, marsh 
gas, and sundry hydro-carbons, which retain their us 
condition. In the case of non-nitrogenous ies, as 
wood, resin, fat, oil, dc., the chief products of distilla- 
tion are water, acetic acid, naphtha or wood-spirit, vola- 
tile oil, tar, paraffine, creosote, carbonic acid, carbonic 
oxide, olefiant gas, super-olefiant gas, marsh gas, hydro- 
gen, &c.; and when the substance contains nitrogen and 
sulphur, as is the case with coal, there are evolved am- 
monia, aniline, leukol, picoline, lutidine, &c., together 
with cyanogen, sulpho-cyanogen, and most of the com- 
pounds just named. In every case there remains in the 
retort a quantity of carbonaceous matter, which goes by 
the name of coke. 

Of the gases which are thus evolved, the most impor- 
tant are hydrogen, carbonic oxide, marsh gas, oletiant gas, 
and various hydro-carbons which give to gas its high 
illuminating power: all the others are positively injuri- 
ous, and 0 grt agoere eg to be got rid of before the gas 
is supplied to the public. An examination of the quality 
of these will readily convince us that they may be 
divided into three kinds—namely, the light-giving gases, 
the diluters, and the positive impurities. Of the light- 
giving gases, the following are the most important :— 

(a.) Olefiant gas (C‘H'): a compound that was dis- 
covered in the year 1795, by the associated Dutch che- 
mists, and was so named from the property which it has 
of forming an oily-looking fluid when it combines with 
chlorine. It is an odourless gas, and has a specific gra- 
vity of 0°97. It burns with a bright yellow flame, and 
consumes three times its bulk of oxygen, or nearly fifteen 
times its bulk of atmospheric air, producing twice its 
volume of carbonic acid. The is readily condensed 
by chlorine, bromine, and a es sulphuric acid; it 
is also absorbed to a slight extent by water, 

(b.) Other hydro-carbons, as Propylene (C°H®), or the 
super-olefiant gas of Dalton and Henry, Etherene (C*H®), 
or the volatile gas of Faraday, and perhaps some others 
of a like atomic composition, are met with in most of the 
illuminating gases of commerce. These, like the last, 
consist of equal proportions of carbon and hydrogen. 
They are spe eondensible by chlorine, bromine, and 
anh sulphuric acid, and they burn with a very 

The duhting pe arsh gas, hyd d 

e diluting gases are mi gas, m, and car- 
bonic oxide. These are important Pen bichoges of com- 


mon gas, because they serve as the purveyors of the rich 
rai hydro-carbons, which could not be burnt 
ne. 
(a.) Marsh gas, or light carburetted hy m, is a com- 
\d of one atom of carbon and two of hydrogen (CH). 
¢ is about half as heavy as atmospheric air, and it burns 
with a bluish flame, tipped with yellow. It consumes 
twice its bulk of oxygen, or nearly ten times its bulk of 
air; and it produces its own volume of carbonic acid. 
(b.) Hydrogen is the lightest of all known substances, 
It weighs but a fifteenth of its bulk of atmospheric air. 
It burns with a pale blue flame, and consumes only half 
its bulk of oxygen, or two-and-a-half times its bulk of 
air; the sole product of its combustion being aqueous 


vapour, 


(c.) Carbonic owide (CO) is a little lighter than atmo- 

heric air. It burns like the preceding, with a blue 
, and consumes only half its volume of ox 
The product of its combustion is its own bulk of car 

acid. 

The impurities of gas are carbonic acid, ammonia, sul- 
phure hydrogen, bisulphuret of carbon, tarry matter, 
and various compounds of cyanogen and sulphur. 

(a.) Carbonic acid (CO*) is a very heavy its den- 
sity being about 1°5. It is not only incombustible, but 
has the power of checking the combustion of all inflam- 
mable gases. It is freely absorbed by lime and alkalies, 
Water,takes up about its own bulk of bed a é 

(b.) Ammoniacal gas (NH®) is about as heavy as 
atmospheric air, It is not combustible, unless it is de- 
composed by the heat of some other burning body; and 
then the hydrogen of the gas burns in the usual manner, 
Ammonia is stat absorbed by water, and by solutions 
of acids and metallic salts. It is known by its communi- 
cating a red colour to turmeric paper, and by fuming 
with muriatic acid. 

(c.) Sulphuretted hydrogen (HS) is a most unpleasant- 
smelling compound ; it is a little heavier than atmospheric 
air, and burns with a pale-blue flame that evolves the 
odour of a burning match. When plenty of atmospheric 
air is present, the products of its combustion are water 
and sconncons acid; but if the supply is limited, water 
alone is formed, and the sulphur is precipitated. The 
sulphurous acid, when produced, quickly absorbs more 
oxygen, and becomes sulphuric acid—a compound that 
exerts a most destructive influence on every kind of tex- 
tile fabric. When sulphuretted hydrogen escapes into 
the air without burning, it discolours lead paint, and 
tarnishes silver. On these accounts, sulphuretted hydro- 
gen is regarded as one of the most injurious compounds 
of ordinary gas. It is absorbed by lime, and by the salts 


_of iron, zine, copper, and lead; and the test for it is a 


piece of white paper dipped in a solution of sugar of lead. 

On exposing such paper, while damp, to the action of 
the gas, the Tead-salt is quickly discoloured; and thus 
the smallest trace of sulphuretted hydrogen may be easily 


recognised. 

(d.) Bisulphuret of carbon (CS*) is even a more serious 
impurity than the last, for it not only produces the same 
acid compound by its combustion, but is also more diffi- 
cult of detection; and then, again, chemists are not 
acquainted with any process for the removal of thi 
noxious’ body from the of commerce. All these 
circumstances give it an importance that it would not 
otherwise possess. Bisulphuret of carbon, when pure, 
is an oily-looking liquid, that sinks in water. It evolves 
the unpleasant odour of putrid cabbage, and boils at a 
temperature of 106° Fah.; it burns with a blue flame 
and its vapour consumes twice-and-a-half its bulk of 
oxygen, or nearly twelve-and-a-half times its bulk of 
atmospheric air, producing twice its volume of gigas! 
acid, and half its volume of carbonic acid. is com- 

und is best ised by burning the gas, and col- 
ecting the products, in which sulphurous or sulphuric 
acid will be discovered. 

(e.) The tarry matters of te are of a very 

complex nature; they appear to be held in solution 
ammonia, and to be precipitated in the form of dar 
flakes, when the gas is made to pass through a vessel 
containing flints moistened with acid. It is very pro- 
bable that these tarry matters are of an acid nature, 
and that, in their union with ammonia, they produce 
compounds that are sufficiently volatile to be suspended 
in the gas. 
(f. @ cyanogen compounds are not likely to be 
found in the gas of commerce, for they are readily 
absorbed by the lime made use of in its purification. Of 
these, cyanogen, hydrocyanic acid, and sulpho-cyanogen 
are the most important. 

The Manufacture of Gas.—In all cases, the destructive 
distillation of the organic substance which yields the gas 
is effected in a vessel called a retort, which is set in 
a furnace; and the gaseous products are purified by 
transmitting them through a series of vessels named 
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condensers and purifiers. The an of La Hgts 
with i consequently, it is 
aoe to describe them mae different heads. 
. Coal @as._—The apparatus which is employed for the 
manufacture of coal gas consists, first, of a retort, made 
of iron or clay, set in a furnace in such a manner that 
it may be heated throughout to a tolerably uniform 
temperature; an outlet pipe ascends from the end of 
the retort, and terminates in another pipe, called the 
ic main. This part of the apparatus is so con- 
structed, that the pipe which delivers the gas from the 
retort dips down, to the extent of three or four inches, 
into the liquid contained in the hydraulic main. By 
this means the end of it is sealed or closed by a water- 
valve, and no gas can return from the other parts of the 
a gh gab eas i a hee Gan ee 
is being charged with coal. e raulic main is a 
"obbanestal ipe, which runs from one end of the 
ing to the o ; it receives all the exit-pipes from 
the retort, and discharges its contents into a series of 
smaller pi which are so in water and air, as 
to form a cooling surface for the condensation of 
the liquid matters contained in the raw Here it is 
that water and tar are deposited; and the apparatus is 
so constructed that the fluid matters run off, as fast as 
they are condensed, into a tank which is conveniently 
placed to receive them. This part of the apparatus is 
called the condenser. From the condenser the gas passes 
to the purifiers, which are vessels charged with lime and 
other substances that have the S ogee of absorbing the 
various impurities of coal gas. To assist the flow of gas 
through these vessels, an instrument called an exhauster 
is sometimes employed : it is a kind of air-pump worked 
by a steam-engine, which draws the gas away from the 
retorts, and so relieves them from that enormous amount 
of 2 ge that they would otherwise have to encounter 
while their gaseous contents are being forced on through 
the various obstructions that intervene between them 
and the eter. Leaving the purifiers, the gas passes 
into the receiver or dx where it is stored. 

Materials employed in the Manufacture of Coal Gas.— 
Of the three varieties of coal, known to chemists, the 
black or bituminous is the only one which is employed 
to any extent for the manufacture of gas. Lignite, or 
brown coal, is not sufficiently plentiful for this purpose ; 
and glance-coal, or anthracite, is not rich enough in 
hydrogen to be of any use to the gas manufacturer. A 
ee, of a iar bituminous shale, named 
Bog coal, has of late been employed in London and 
elsewhere; but its nature is not sufficiently well deter- 
mined to enable us to say whether it is to be regarded 
as a coal or not.* 

The varieties of black coal are exceedingly numerous : 
in a general way, however, they may be divided into 
four kinds—namely, caking coal, which has the property 
of melting when it is heated, and of running together; 
e>lint which is so named from its splintery frac- 
ture; cherry coal, which burns without caking at all; 
and cannel coal, which is exceedingly hard, compact, 
and bituminous. The first of these occurs abundantl 
in the neighbourhood of Newcastle, Northumberland, 
and Durham; the second in South Wales; and the last 
in Scotland and in Lancashire. Although these varieties 
of coal differ very cexrgensed in ape value for 
producing purposes, yet regard must always be paid to 
the convenience or facility with which they oe olbatiied 
and hence we find that, in London, the coals of New- 
castle, with certain cannels of Lancashire and Scotland, 
are es pp te In Bristol and its neighbourhood, the 
coals oucestershire and Wales are used; in Bir- 
mingham, those of Staffordshire and Wigan ; in Leicester, 
Notting and Derby, the coals of Derbyshire; in 
Leeds and eld, those of Yorkshire; in Taverpoot, 
Salford, and Manchester, those of Wigan; in Edinburgh 
and the north of Scotland, the coals are chiefly derived 
from the Lothians and from Fifeshire ; in Glasgow they 

* At the present time (July, 1861), an action is postive in the Scotch 

b the | lessees 


law courts to decide this i, 
Torbanehill property.— Bditor. oe 


are obtained from Lesmahago, Kelvinside, Wilson- 
town, &c.; and in Greenock they are procured from 
Monkland and Skaterig. ’ 

The temperature at which the carbonisation of the 
coal is effected, and the manner in which the heat is 
applied, have an important influence on the quality of 
the gas and other products obtained. If the heat is too 
low, the quantity of gas produced is small, while that of 
the tar is large: on the contrary, if it is too high, the 
latter is sacrificed for the generation of the former. In 
the one case the gas is too rich in hydro-carbons, and in 
the other it is too poor. In practice, therefore, it is 
necessary to hit the happy medium; and it is generally 
thought that Newcastle. coal requires a temperature of 
a dull red heat (1300° Fah.) for its distillation, and that 
the richer cannels will bear a temperature of 1800° Fah., 
or a bright cherry red. 

Some idea may be formed of the relative value of the 
different kinds of coal, by reference to the following 
table, which exhibits the proportions of volatile matter, 
coke, and ash, produced by each description of coal, as 
well as the per-centage of sulphur contained in the coal, 
the coke, and the gas. The coals are arranged in the 
order of their gas-producing properties; and it will be 
seen that the amount of volatile matter ranges between 
23 and 68 per cent., and that the quantity of sulphur 
contained in the volatile matter is from 1 to 5 per 
cent. :— 


Name of Coal. —_[ Vol. Matt,|(Coke. |Ash, Sulphur in 
Coal. | Coke. | Vol. Matt, 
63-4 31-6 22-8! 0-53 | 0-08 045 
663 33-7 | 06) 0:07 | 0-00 0-07 
60°0 40°0 13°5| 1°40 | 0°58 0-82 
ons 455 10°5| 0°65 | 0-20 0-45 
52-5 47°5 151) 130 )| 0-60 76 
50-0 50°0,| 29) 130) 0-52 0-78 
496 504 | O91) 225) 114 109 
45°5 515 | 24) 110) O61 O49 
455 545 | 42) 1:70 | 0°95 O75 
429 57-1 | 18) 1:50 | 0-70 0-80 
415 58°5 | 1-0) 085 | 0-45 0-40 
40-9 591 | 27) 1:20 | 0-80 0-40 
38°3 61-7 | 35) 310 1-80 1:30 
38-0 620 | 26) 110) 0-60 0°50 
38-0 62-0 | 51) 160 | O80 0-80 
Wigan (Lancashire)... 370 63-0 | 30) 1°25 | 0-60 0°65 
Mortom ‘ ra 37-0 63°0 | 16| 110 | 0-60 0°50 
37-0 63-0 | 1-1} 1°20 | 0-63 0-57 
368 63-2 | 66) 1-75 | O-4 0-81 
365 63-4 | 20) 0-95 | 0-50 045 
36°3 63-7 | 39) 210) 1:10 1:00 
35°8 642 | 47) 1:10 | 0-60 0-50 
35°6 644 | 16) 140 | 0-75 0-65 
35°0 65-0 | 1-0) 1-10 | 0°50 0°60 
35°0 65°0 | 0-8) 0-75 | 0-40 0°35 
“9 651 | 30) 285 | 1°50 1°35 
“9 65°1 | 49| 1°30 | 065 0°65 
33-7 663 | 36) 1:20 | 0-60 0°60 
33:5 66°5 13-1) O75 | O25 0°50 
33-1 66-9 |10°5| 1°20 | 0-70 0°50 
815 68°5 | 94) 095 | 0-49 0-46 
31-3 68-7 | 22) 130 | 0-67 0-63 
30-3 697 | 26) 120) 0-70 0°50 
30°2 69-8 | 18) 1:10) 0°56 O54 
30-1 699 | 58) 4:10 | 2°20 1:90 
294 70°6 | 10) 0°85 | 0-40 0-45 
29°3 70°7 | 24) 140) O71 0-69 
28-7 713 | 1-4) 1:00 | 060 0-40 
28-4 716 | 14) 110) 062 0-48 
27-8 72°2 | 18) 1:20 | 0-60 0°60 
25°6 744/14) 110) 0-60 0-50 
23-1 769 | 2-1) 220) 1-10 110 


With regard to the manner in which heat is to be 
applied, it may be said, that, within certain limits, the 
more quickly it is so, the greater the be mgpang and the 
better the quality of the gas obtained; for too slow a 
heat generates volatile matter, which condenses in tar; 
and too quick a heat decomposes the gas, and destroys 
its illuminating powers. Lastly, it may be remarked, 
that the duration of the heat ought not to exceed five 
hours; for at the expiration of that time the gases which 
are evolved are of little use for illuminating ial sere 
and the sulphur which is contained in the coke begins to 
distil over as bisulphuret of carbon, which is a most ob- 
jectionable impurity. 

Purification of Gas.—This is effected in various ways; 
some of the contrivances being mechanical in then 
action, and others chemical. When the volatile mattera 
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quit the retort, they consist of aqueous vapour, tar, 
oletiant gas, and other rich hydro-carbons, light carbu- 
retted hydrogen, h. carbonic acid, carbonic 
oxide, sulphuretted h sulphuret of carbon, 
cyanogen, and ammonia, Only a few of these are 
required for illuminating pare and the rest must be 
got rid of. Foremost in the order of purification is that 
which takes my in the hydraulic main. There the 
most condensible of the empyreumatic vapours are de- 
posited, and they run away into the neighbouring tank 
as a most fotid mixture of tar and watery matters, 
Next to this is the condenser—an apparatus which ex- 
the to a large extent of cooling surface. We 
oo Scat ag described the form of the apparatus, and 
said that it causes the condensation of the liquifiable 
matters contained in the gas. It gine ae tar, water, 
and ammonia, in combination wii phuretted hydro- 
gen, carbonic acid, and cyanogen. In some cases, the 
gas is made to ee through a vessel containing pieces of 
coke, over which a stream of water is constantly running. 
The gas enters at the bottom of the vessel, and, having 
made its way between the fissures of the coke, it escapes 
atthe top. A stream of water runs over the coke in an 
opposite direction; and thus the gas is, as it were, 
washed and scrubbed by the two materials with which it 
is brought into contact. This apparatus is, therefore, 
very appropriately named a . The only impu- 
rities then left in the gas are ammonia, carbonic acid, 
sulphuretted hydrogen, cyanogen, and bisulphuret of 
carbon, These can only be removed by the aid of 
chemical absorbents ; and the is, therefore, made to 
through a set of vessels which are named par excel- 

the purifiers. These contain milk of lime, or lime 

that has been recently slaked. In the former case it is 
named a wet-lime purifier, and in the latter a dry. In 
both cases the enters at the bottom of the vessel, 
and it is either distributed in a stream of small bubbles 
through the liquid, or else it pursues its way between the 
moist particles of the recently slaked lime. By this 
contrivance, carbonic acid, cyanogen, and sulphuretted 
hy m are extracted from the gas; these combine 
with lime, and produce a most unpleasant-smelling 
compound, which is technically termed blue-billy. In 
consequence of the loss of ammonia by this process of 
purifying, and the disgusting nature of the refuse mate- 
rials, a number of patents have been taken out at various 
times for the purification of coal gas by other means 
than that of lime alone. The oxides of iron, in various 
conditions, have been patented by Messrs. Grol, Hills, 
Laming, and Lowe; the common salts of lead have been 
patented by Mr. Lowe and Mr. Losh; oxy-chloride of 
antimony, by Mr. Kirkham; sulphate of iron, with com- 
mon salt and charcoal, by Mr. Cormack; sulphate of 


lime and esia, by Mr. Hills; superphosphate of 
lime, by Mr. Johnson; muriate of lime, by Mr. Taaning 
muriate of ese, by Mr. Croll; and clay, by Mr. 
Bowditch.* In , it would appear as if all the refuse 


matters of the arts had been successively tried and 
patented, in the hope of their becoming a means of 
extracting the impurities from coal gas. In most cases 
these substances merely absorb ammonia, and in a few 
instances they take up sulphuretted hy: mn also. 
Quitting the purifiers, which are charged with one or 
more of the pi ing compounds, the enters the 
gasometer, and is in the condition in which it is to be 
supplied to the public. 

The products of these operations are more or less 
valuable in every stage of the process. The coke which 
is drawn from the retort after the extraction of the gas, 
meets with a ready sale; the ammoniacal liquor which 
floats upon the tar in the tanks of the condenser and 
hydraulic main, contains enough ammonia to make about 
sixteen ounces of sulphate, twelve-and-a-half of carbonate, 
or aleten siete bait of muriate, from each imperial 
gallon; and as each ton of Newcastle coals ces 
from ten to twelve gallons of this liquor, there is a large 
amount of valuable matter generated in the process. 


*® Mr. Leslie employs sulphate of nen een of lead for such 
purposes, in his purifiers at the houses of the cousumers.—Kaitor, 


, The tar also is made to give up its wealth by the all- 


werful aid of chemistry. As it leaves the manu- 
ry, it is a dark-coloured, heavy liquid, of a most 
—— odour: but, by distillation in rude iron 
boilers, it furnishes naphtha for lamps, dead-oil or creosote 
for railway timbers, and pitch or asphaltum for a variety 
of purposes. When the richer varieties of cannel coal 
have been used for the generation of gas, the tar also 
contains parafline, which has already been described ; and 
it likewise yields, by distillation, an oil which is largely 
employed for lubricating machinery. Within the 
few years a number of patents have been taken out for 
the m ment of -tar; but as yet we have only 
re Se to favs an insight into the nature of the many 
valuable compounds that are locked up in it. Neverthe- 
less, three classes of bodies have already been discovered 
in coal-tar; namely, neutral principles, acid substances, 
and alkaline matters. Among the first are benzole 
(C*H®), toluole (C“H"), cumole (C*H"™), ole (C*H"), 
naphthaline (C* vs 9 dew en AC 'H"), pyrene 
(C*H"), chrysene (C'*H"), paraffine (C* % and various 
liquid hydro-carbons, w ich nave not yet isolated 
Among the acid substances, the most important is the 
acid of creosote, or carbolic acid (C'*H*O*); and of the 
(oars matters there are pyridine (C’ is 


facts are of the greatest importance, not merely because 
of their individual interest, but because of their influence 
on the doctrines of science. At one time it was thought 
that whenever two things differed in their chemical and 
physical properties, they must be different also in their 
composition ; and when Professor Faraday showed that 
one of the constituents of the fluid obtained by the con- 
densation of oil gas, was identical, in its chemical com- 
position, with another body (olefiant gas), notwithstand- 
ing that it differed from it in all its physical properties, 
chemists were hardly able to comprehend it; but ere 
long the fact was recognised as one of the most common 
occurrences in the whole range of chemistry. And thus 
an examination of the most insignificant of materials, 
will‘often furnish results that not only affect the ancient 
land-marks of science, but also open up a new way to 
the practice of industry and the acquirement of wealth. 
Who, for example, could have supposed that so dis- 
gusting a liquid as coal-tar—a liquid which, a few years 
since, the manufacturers of gas knew not how to dispose 
of—would, through the golden key of chemistry, be 
made the means of changing the aspect of chemical 
science, and of opening up new and profitable branches 
of industry? Take the crude tar, and submit it to dis- 
tillation at a low temperature—the temperature of 
boiling-water : it yields a light volatile oil, which is com- 
monly called naphtha. This consists, in great part, of a 
valuable ethereal liquid, which we have already described 
poe the tg has Tentale—a liquid which may be used 
or burning in lamps, for dissolving resins, and for manu- 
facturing a rich perfume (ic teneclen which has the 
delicious odour of the essential oil of bitter almonds, 
By continuing the distillation at a somewhat higher 
temperature, there passes oyer an oil which is heavier 
one vere This is called aga ig it my ee the 
naphthaline, paraffine, creosote, and various liquid hy- 
dro-carbons, which have not been sufficiently well studied, 
but which perhaps contain mines of chemical wealth, 
The dead-oil is ly employed for the preservation 
of timber, and for lubricating machinery: and lastly, 
that which remains in the still is asphalt or pitch, As 
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might be expected, there is a difference in the quality of 
these products, according as the tar is obtained from 
common Newcastle coal, or from the richer sorts of 

OF the ther i ities or products of maki 

other impurities or ucts of gas- ing, 
cyanogen is the most important; already it has been 
extracted from the impure gas, and converted into 
Prussian blue. It is said that a vie of Newcastle 2 
will yield enough cyanogen to produce seven -poun 
of Bee tlue—s quantity that will, at the present 
market-price of the pigment, almost cover the original 
cost of the coal, 

The mode of obtaining this compound is very simple. 
When the raw or impure gas is purified by hydrated 
oxide of iron, according to the patents of Croll, Laming, 
and Hills, the cyanogen combines with the iron, and 
produces the pigment in question. But when thus 
made it is largely contaminated with sulphuret of iron 
and other impurities. These may be got rid of by 
washing the mixture with dilute sulphuric or muriatic 
acid. Or if the iron eaters is treated — eer 
of potash, it gives up its ferro-cyanogen, an uces 
srameee of potash, which is an equally valuable com- 


st 

The following table, which has been constructed from 
the experiments of Messrs. Barlow and Wright, will 
afford some idea of the relative proportions of gas, tar, 
ammoniacal liquor, and coke, furnished, per ton, by 
different varieties of coal :— 


Coal. Gas in Tarin |Ammo. li-| Coke 

cubic feet. Tbs. |quorinlbs.) in Ibs. 

Peltonmain .... + 9650 102 102 1,543 
Newcastle cannel. . . « 9830 98 60 1,426 
Wigan Hall) .«. « 10850 248 162 1,352 
Luchgelly cannel. . « . 8381 225 340 1,245 
rl «0 8) BK 733 0 715 

ye Pix ets 10779 598 1,077 

Ramsay cannel / . . « 9016 295 1,435 
Derbyshire deep main o's 9400 219 179 1,335 
Wemyss. «s+ se © « 10584 210 = very little} 1,156 


| Tests for the Impurities in Coal Gas.—Notwithstanding 


‘that so much trouble is taken with the purification of 


coal gas, yet it is found that a greater or less proportion 
of the several noxious compounds already described, will 
escape absorption, and will find their way into the street 
mains, The most important of these are ammonia, car- 
bonic acid, sulphuretted hydrogen, bisulphuret of carbon, 
aud tarry matter. 

The first of these is objectionable from the circum- 
stance that it attacks the fittings, corrodes the meters, 
and fixes the stopcocks; besides which, it has the pro- 
perty of holding tar in suspension. Ammonia ought not 
Soe Da pron ate cn greeter extent than one part in 
about 50,000: that is, 100 cubic feet of gas ought not to 
contain more than about 3:5 cubic inches, or rather 
more than half a grain, of ammoniacal vapour. Any- 
thing ig Speen, to this quantity may be readily dis- 
covered by means of turmeric paper, which is immedi- 


PeSulphuretted 
tion of sugar of | 


gas for a period of not less than ten minutes or a quarter 
ofan hour. If the paper becomes discol sulphu- 
retted hydrogen is present. There are sey reasons 


ne is A Ar etna 


rates sulphuric acid, which acts injuriously on books, 
linen goods, and other textile fabrics. 

Bisulphuret of carbon is not so easily detected, for 
the gas must be burnt under a platinum rosette, and 
the products of combustion collected in a vessel contain- 
ing a little ammonia. Mr. Wright, of the Western Gas 
Company, has contrived an apparatus for this purpose. 
Having consumed about twelve cubic feet of gas, at the 
rate of half a cubic foot per hour, it will be found that 
six or seven ounces of water will have condensed in the 
receiver. This is to be treated with a solution of nitrate 
of baryta, that has been rendered acid by a little nitric 
acid, If, in the course of a few hours, a white powder 
settles to the bottom of the liquid, then bisulphuret of 
carbon was present in the gas; and if the precipitate is 
collected and weighed, the quantity of impurity present 
can be determined ; for every 234 grains of sulphate of 
baryta represent 38 grains, or nearly 46.cubic inches, of 
the vapour of bisulphuret of carbon. By proceeding in 
this ed it will be found, that,100 cubic feet of coal 
gas yield from 50 to 300 grains of sulphate of baryta— 
quantities that mt from 8‘1 to 48°6 grains of 
bisulphuret of m. The presence of this impurity in 
coal gas is a most serious affair: for it has been shown 
by Dr. Letheby, in several of his reports to the Corpora- 
tion of London, that bisulphuret of carbon, in the act of 
burning and oxydising, forms sulphuric acid; a great 
portion of which escapes in a corrosive form, and does 
enormous damage to every kind of textile fabric. He 
states, that the books in almost every library in the 
kingdom where gas is used, are falling to pieces from 
the action of this acid upon the covers; and he makes 
reference to the libraries of the Athenzeum Club-house, 
the London Institution, the Royal College of Surgeons, 
the Portico Library at Manchester, and that of the 
Literary Society at Newcastle-upon- Cyne, for examples 
of the mischief done. In most of these places, the 
injury has been so great that a remedy has beak called 
for. This remedy consists in burning the in such a 
way, that the products of combustion shall be carried off 
as soon as they are generated. 

As the quantity of sulphuric acid which is 
produced in this manner from bisulphuret of carbon, we 
may say that there is some discrepancy of opinion. Mr. 
Lewis Thompson states that coal gas rarely contains less 
than the one-thousandth of its bulk of bisulphuret of 
carbon; and if so, 100 cubic feet of the gas can rarely 
produce less than 29°8 grains of anhydrous sulphuric 
acid. In another place he states, that he has never ob- 
tained less than 40 grains of such acid from 100 cubic 
feet of gas. On the other hand, Dr. Letheby asserts 
that he rarely obtains more than 20 grains of the acid. 
But let the quantity be what it may, it is evident that 
mischief must arise from its presence, and that the at- 
tention of chemists.and gas manufacturers ought to be 
especially directed to the subject. The quantity of this 
impurity is small when the gas has been generated at a 
low heat ; but it is large when the temperature of the 
retort has approached a full red, or when the charges 
have been kept in beyond five hours. If, therefore, no 
means can be ado tod. for the removal of the impurity 
after it has once ‘sedi formed, it is manifest that care 
should be taken not to produce it. 

Tarry matter is held in suspension in coal gas by 
means of ammonia; consequently, if we pass the gas 
through a small bottle or tube containi valli of 
flint, moistened with dilute sulphuric acid, we shall 
absorb the ammonia, and arrest the tar. When coal gas, 
containing ifuch tar in suspension, escapes through the 
fissures in the street-pipes, it impregnates the soil of the 
neighbourhood, and gives it a most offensive odour, 

Atinospheric air is sometimes present in coal gas when 
the exhauster has been doing its work too energetically, 
or when there have been leakages in the vessels or pipes 
between the retorts and the exhauster. This is recog- 
nised by the blueness or thinness »f the flame, and by 
its low illuminating power. 

The Analysis of Coal Gas is rather a complicated 
undertaking; though a general idea may be formed of 
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its composition by the following process ;—Collect a 


quantity of gas in a graduated tube over quicksilver ; | 
introduce a solution of caustic po and agitate it 
with the gas for some minutes; then allow the tube to 


stand for a short time, and observe how much carbonic 
acid has been absorbed. After this has been done, pass 
up a concentrated solution of pyrogallic acid in potash, 
or, better still, a toh gta of the powdery ¢ 
of pyrogallic acid i ; shake the tube again, and 
having allowed it to stand for a few minutes, read off 
the bulk of oxygen that has disappeared; transfer the 
to another tube over water, and by means of a 
syringe, or other contrivance, introduce a small quantity 
of bromine, or its strong solution; shake the tube for a 
minute or so, and observe that the bromine is in suffi- 
cient quantity to give the gas an orange-red colour; 
after the lapse of four or five minutes, pass up a solu- 
tion of potash, and shake again. In this way the excess 
of bromine will be absorbed; and on allowing the tube 
to stand for a short time, the amount of condensible 
hydro-carbon may be determined by the loss in bulk. 
Transfer the gas to another tube, and agitate it witha 
solution of dichloride of copes in congo ores _ S 
made at once by mixing o' oxide 0’ 
copper and recently ont tert pall with hydro- 
oric acid). After a few minutes, the solution is to 
be withdrawn, and the gas washed with potash; the 
loss in bulk indicates the quantity of carbonic oxide 
present. Lastly, a portion of the residual gas is to be 
transferred to an eudiometer, and mixed with about 
twice its bulk of oxygen; and the mixture is to be fired 
by the aid of an electric spark. After standing for a 
few minutes, the loss in bulk is to be observed ; a solution 
of caustic is then to be passed up into the gas, 
and the absorption of carbonic acid noted. This indi- 
cates the amount of light carburetted hydrogen present ; 
and then by subtracting twice this volume from the 
total amount of diminution caused by the detonation, 
we obtain a number, two-thirds of which represent the 
h of the gas. Lastly, the residual gas, from 
which the portion for the oxygen experiment was taken, 
is to be mixed with about four times its bulk of pure 
chlorine, and exposed for some hours to daylight, or for 
a moment or two to sunlight, and then washed with 
e residue is nitrogen. In this way we may 
obtain an estimate of the proportions of the chief con- 
stituents of coal gas. , however, vary to the 
following extent :— 
Light carburetted hydrogen, from 35 to 2 per 


Hydrogen . 5 33 


cent. 


Carbonic oxide . - Play 2 538 FAs 
Carbonic acid. 7 ok $y: Ae ieee 
Oxygen. . . - » 2 ” 
Nitrogen . ’ : if agg £2 Oa gy 
Condensible hydro-carbons. 20 


99, ” ” 

The approximative or commercial value of coal gas is 

ined in several ways: thus— 

Ist. By means of the Photometer.—This we have al- 
ready alluded to; and it is only necessary to say here, 
that the methods employed are four-fold—namely, Count 
Rumford’s plan, with shadows; Ritchie’s, with his in- 
strument that has two reflecting surfaces and a screen in 
a dark chamber; Wheatstone’s, which consists of a me- 
chanical contrivance, whereby a silver bead is made to 
revolve in such a manner as to produce a geometrical 
figure with two outlines; and, lastly, the plan usually 
pony jp es which is that of Bunsen’s, with a waxed screen 

a graduated rod—a description of which has already 
been given. tad which ought ¥ rock HaoeF gsm oa 
minating standard which ought to P' Originally 
Te sactiead ae a mould candle of six to the pound; 
but there are so many objections to its use that it has 
long been discontina r. Frankland employs a com- 
posite candle; Dr. Fyfe prefers one of wax; and the 
standard which is specified in most of the Acts’of Par- 
apse ripen to the subject, oa candle of ve to 

pound, burning at the rate o: grains per hour. 
In gene however, it is found, that there are more 


irregularities with the combustion of wax than with 


metimes the comparison is made 
smaploya hres: A, fob Ot gue sommaiaes 
employs jet o' com of hy an 
olefiant gases, mixed in the proportion of nine of the 
former to one of the latter, has been pro as a stan- 
dard of constant value; but the use of it is very inconve- 
nient; and, lastly, Mr. Lewis Thompson has suggested 
the employment of paraftine. 

Finali 'y, it ought to be stated, that whenever the 
quality of gas is estimated by any of these methods, it 
ought to be consumed from the burner or jet which is 
best fitted for its combustion. If this is not attended 
to, a discrepancy to a large extent may arise between two 
different experimenters, Asa rule, common gas requires 
a larger aperture for combustion than cannel; and high 
glasses, or chimneys, are apt to lower the illuminating 

wer of the former, and to raise that of the latter. 

ifferent experimenters have exhibited different fancies 
with regard to this part of the subject: for example, Mr. 
Wright prefers a single jet, one-eighth of an inch in dia- 
meter, for his investigations; Dr. Fyfe makes use of a 
Winfield or Aberdeen burner ; and in London, the burner 
fixed by Act of Parliament is an d of sixteen holes, 
with a seven-inch chimney, cons five cubic feet per 
hour. ‘There is no doubt, however, that in many cases a 
fish-tail or bat’s-wing will afford the best light for testing 
purposes, We append the following table, to show how 
much the character of the burner affects the quality of 
the results obtained :— 


5 uen the latter is now almost 
mre fear go in 


Consumption 


Tiluminating 

esi in sable foot, Powers eg Yoot. 
Jet five incheshigh. . 100 . . 100. . 100 
Small fish-tail. . . . 198 . . 289 . . 145 

ditto... . 260. . 400... 168 
Small bat’s-wing . . . 300. . 440. . 146 
Large ditto .... 460... 840... 187. 
Argand of fortyholes . 450 . . 784. . 174 


These results were obtained by Dr. Fyfe with cannel 
gas and they show that the large bat’s-wing produces a 
e that, for equal consumption, is nearly twice as 
powerful = that with ” single jet. a 
Again, the quantity of gas consum hour in the 
same burner will affect the results ; at 
~ Consumption Power of gis 


2 ie eet, "per tue 
Argand, with seventy-two holes. . 70 . . 557 
” ” ” ” « « 50 . . 660 
- - SS .. 3:40 


” ” “99, ” 
From which it <A manifest, pert: ascertaining .the illu- 
minati wer great judgment is n both 
in rep ection of the wate and in the rte con- 
sumption, in order to obtain fair and proper results, 
Dr, Byia. “In'wes ocighaaly: propaed Up Dente 
r. e. It was originally pro y Dr. H * 
and in his hands it afforded very accurate results, “The 
objection to the test is its inconvenience; for chlorine 
es a long time to prepare, and we are never certain 
of its being pure. Besides which, it is an unpleasant gas 
to inhale; and, escaping into the laboratory, it produces 
the most serious injury to the brass and iron-work of 
chemical apparatus. e mode of conducting the expe- 
riment is :—A quantity of gas is to be let up intoa 
graduated tube over water; the tube is then to be covered 
so as to exclude light, and chlorine is to be passed up 
into it. After standing for ten or fifteen minutes in the 
dark, the excess of chlorine is to be absorbed by potash, 
and the amount of absorption read off. The =e the 
yes absorbed, the better the This will range 
m three to twenty per cent. e matters absorbed 
by the chlorine are the condensible hydro-carbons, which 
are the illuminating principles of the gas. 
3rd. The Bromine Test.—Many years ago, M. Balard 
showed that bromine had the power of absorbing olefiant 
SS ees as in niost others, it was 
ike chlorine. Lately, Mr. Lewis Thompson has taken 
advantage of this property, and has it the means 
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of discovering the quality of coal gas. The reactions of 


bromine on gas are exactly the same as those of chlorine ; 


but it has an advantage over the latter, in the circum- | 


stance that it is much more manageable, that it is more 
likely to be pure, and that the admission of light does 
not affect the results. In manipulating with this liquid 
we fill a graduated vessel, called a Cooper’s tube, with 
gas, and then pour into the shorter leg of the instrument 
a small quantity of a saturated solution of bromine in 
water, ing care to use enough to give the gas an 
orange-red colour. After the mixture has been shaken, 
the tube is allowed to stand for about ten minutes, and 
then the excess of bromine is to be absorbed by means of 
potash; after which, the amount of absorption is noted. 
‘As in the last case, this will range from three to twenty 
per cent., according to sok weg of the gas. 

4th. The Sulphuric Acid Test.—Professor Faraday long 
since observed, that when concentrated sulphuric acid 
was brought into contact with the condensible hydro- 
carbons, it speedily absorbed them. ep ge erage this 
fact, Professor Bunsen has recommended that fuming 
or anhydrous acid should be employed for the purpose 
of ascertaining how much of these agents is present in 
coal gas. Messrs. Leigh and Frankland have spoken 
well of the results obtained in this manner; but however 
successful the process may be in their hands, it is open 
to many fallacies, and cannot, therefore, be recommended 
to the unskilful operator.. The mode of experimenting 
is this :—The gas is to be collected ina uated tube 
over mercury; and then a piece of coke or pumice-stone, 
fastened to a platinum wire and moistened, or rather 
saturated, with the acid, is to be up into the 
gas; after remaining in contact with it for ten minutes 


‘or a quarter of an hour, the coke is to be withdrawn; 


and, as a small quantity of sulphurous acid will have 
been formed by the action of the coke on the mercury, 
the gas is to be washed with a little potash, and then 
the amount of absorption noted. Sulphuric acid does 
not, however, attack all the hydro-carbons; for it is 
found that chlorine or bromine will effect a further con- 
densation after the action of the acid. This, with other 
circumstances, renders the process objectionable. 
5th. The Explosion Test.—Dr. Henry noticed that there 
was a direct relation between the value of a gas for 
illuminating purposes, and the quantity of oxygen 
to burn it, or of carbonic acid produced Gasate 
In fact, as the illuminating power of any gas is dependent 
on the quantity of carbon contained in a given bulk of 
it, it fo that the products of its combustion must 
ish a sure indication of its value. This will be 
manifest from the following table :— 


One volume of et — pon “ 
oer gaa » + « «2volumes . 1 volume. 
ee NOS a re ier 
Super-olefiant On) Se Se ae ae 
Faraday’s gas (C* eS Et er Fes 
Bicarburetted hyd. (C°H®). 75 ,, . .6 = ,, 


So that if we mix a known quantity of any gas with 
about three times its bulk of oxygen, and explode them 
in an eudiometer by means of electricity, or make them 
combine by the aid of spongy platinum, as Dr. Henry 
suggested, the amount of oxygen consumed, and of 
carbonic acid produced, will serve as indications of the 

uality of the gas. Dr. Henry found that the best 
foe tion of coal requires two-and-a-quarter times 
its of ox ‘or combustion, and gives one-and-a- 
quarter of ic acid; while the worst gas of his time 
took only eight-tenths of its bulk of oxygen, and gave 
but three-tenths of carbonic acid. The amount of car- 


_ bonie acid produced is to be determined in the usual 


way by means of a solution of caustic potass. 
The ific Gravity Test.—This is founded on the 
eee meas 7 ae ape pos hee 
poor ones ; for example, if a given of marsh gas, 
or light carburetted weighs 10 grains, “tho 
same bulk of olefiant gas will weigh 174 grains; and, 
in the case of the other hydro-carbons, the increase in 
weight is still groater. A knowledge of this fact will 
VoL. L : 


enable us to ascertain the value of any description of 
gas. We take a glass globe, or flask, fitted air-tight to 
a stopcock, and exhaust it with great care, by means of 
an air-pump; then let in pure and dry hydrogen, and 
again exhaust. Do this a third or even a fourth time, 
so as to get the flask as empty of air as possible; then 
weigh in a delicate balance, and note the amount: pure 
and dry atmospheric air is now to be admitted, and the 
flask is to be weighed again. In this manner we ascertain 
how much of pure dry air, at a temperature of 60° Fah. 
and a pressure of 30 inches of the barometer, it contains. 
When we wish to take the specific gravity of any gas, 
the globe is to be exhausted as before, then filled with 
the gas, and weighed; corrections are to be made for 
any abnormal difference of temperature or pressure; and 
then we say, as the weight of the vesselful of air is to 1, 
so is the weight of the gas to its specific gravity. In 
practice it will be found convenient to have a globe with 
two stopcocks, one opposite the other; so that after the 
first ustion and weighing, the globe can be easily 
filled with gas without the aid of an air-pump, by simply 
allowing the Foy to pass through it for about a quarter 
of an hour. . Wright has constructed an apparatus 
which still further simplifies this calculation. It consists 
of an oiled silk balloon that holds 1,000 cubic inches of 
gas; and, as coal gas is lighter than air, he determines 
its specific gravity by ascertaining the number of grains 
which the balloon will carry up. <A book that accom- 
panies the apparatus contains instructions for the 
management of the experiment. The specific gravity of 
coal gas ranges between 390 and 750. The former is 
about the weight of the worst gas from Garefield coals 
and the latter of the best from Boghead cannel; a 
average of specific gravity is 450. conducting experi- 
ments of this kind, it must be ascertained that the gas 
ba not contain xh = carbonic oxide, by Pam 
spheric air; for if it @ specific gravity of the gas 
is sure to be high, molnitbadending that the illuminating 
power may be very low. 

Before we leave this part of the subject, it may be 
remarked, that if the specific gravity of a gas be taken 
before its condensation by bromine, and then again 
afterwards, the difference in weight will afford a means 
of ascertaining the specific gravity of the condensed 
portion; and if this be multiplied by the amount of 
em 2 we obtain a = that represents is 
nearly the illuminating power of the gas in sperm candles, 
as it is usually oxaena For example : a gas of specific 
gravity 447, has a condensation of 5 per cent., and the 
residual gas has a specific gravity of 328. Now since 
100 cubic inches of the former weigh 13°63 grains, and 
95 cubic inches of the latter 9°5 grains, the 5 cubic inches 
of the condensed portion must have weighed 4713 grains, - 
and it must have had a specific gravity of 2°7. This, 
multiplied by 5, the amount of condensation, gives 135° 
as the illuminating power of gas. Experiment showed 
it to be 14. 

7th.—The Durability Test.—Dr. Fyfe, who is an autho- 
rity in matters of this description, is accustomed to 
estimate the value of a gas, not only by qe te amount 
of condensation with chlorine, but also by observing the 
time that it takes to burn a given bulk of it from a jet of 
a given size, with a flame of a given height. The jet 
which he employs has an aperture of the yyrd of an 
inch in diameter, and the flame is four inches in height. 
The first of these tests he calls the quality test, and the 
latter the durability. ‘I consider,” he says, ‘‘ both of 
these circumstances absolutely necessary; for, though 
some have imsisted only on the one, and some on the 
other, yet, tinless both be taken into account, we do not 
arrive at the true value of the gases, and, consequently, 
cannot com one with another for the purpose of 
illumination.” He thinks it possible that two gatos may 
afford, by combustion, the same amount of light for the 
same height of flame, but that one may burn away half 
as fast again as the other; and, consequently, if no 
regard is paid to this circumstance, there will be a 
false estimate of their relative values. His mode of 


amalgamating these two powers is to multiply the 
R 
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per-centage of the amount of condensation by the time 
required to burn a cubic foot; and in this way he obtains 
a result that may be said to represent the true value of 
the Suppose that one gas, which he takes as a 

has a condensation of 4°33, and a durability 
of 50°5 minutes—these multiplied together make 218°7, 
eee on rerne ot apes. Another gas has 
a condensation of 7°55, and a durability of 57 minutes; 
these multiplied ther give a value of 430°3. Now if 
we call the standard number of the former 1, that of the 
second will be 1°95; and thus we obtain their relative 
values. The following table is constructed on this 


principle :-— 

Gas from Condensation Durability ofa Relative 
: a coal by chlorine. cubic foot. value, 

ing ‘ 
oe} 48s. . torso. . 100 
Peareth and Pelton. - 6°50 . . 50°40" . . 1°50 
aera $95. EO 1 
ined Parrot . .~. 1200 . . 62 0” . . 340 
Mid-lothian . .. 13°00 . 60° 0” . . 356 
Ph PS | 62 CERT Pa | ane «Sg 
Scottish Parrot . . .1500 . . 80° 0” . . 5-46 
GRAVE 15 ife Cot 0 SOB 270 Oe - 669 
Rivkneie <b. ws 5 90°70) 5 2 80 0% 0. 798 
Boghead .... +. 2240. . 81’ 3”.. . 832 


gee to the best advantage ; and consequently that the 
uminating power is, in the case of the richer cannels, a 
little below its true value. 

As a corollary to the preceding, we append a table, 
which shows the quantity of gas furnished by different 
varieties of coal, together with the specific gravity of the 
gas, its illuminating power in sperm candles of 120 grains 
each, its per-centage of coudensation by bromine, and its 
actual sine to sperm candles. This table has been com- 
= from the results obtained by Mr. Evans, Mr. 

mpson, Dr. Letheby, and others. 


Cubic feet) Illumi-| Speci- | Con- | Value in 

Coals. lof gas per] nating | fic gra-| dens. by! grains of 

ton. power. } vity. | Brom. | Sperm 

Boghead cannel . . | 15,000 37°75 752 30°0 113,250 
Lesmahago, No.1. .| 13,500 27°10 642 16°0 73,170 
Wemyss. . . . «| 14,300 24°50 580 140 70,070 

Lesmahago, No. 2 13,200 24°80 618 17-0 65,472 + 
Capeldrae . + | 14,400 19°75 577 165 56,880 
Armiston. . . - 12,600 22°50 626 17-0 600 
Kirkness. . . «+ 12,808 21°20 562 10-2 54,272 
Knig! ae 1 19-00 550 95 50,160 
Wigan (Ince Hall) 11,400 20°00 528 115 45,600 
Bee a eee 10,300 21-40 548 12°5 44,084 
Pelton cannel « +] 11,500 18°50 520 10°5 42,750 
Leverson cannel 11,600 18-00 525 100 41,720 
Washington cannel . | 10,500 18°00 500 10°5 37,800 
bo main ® 10,500 15-00 540 68 31,500 
Pelton main . e 11,000 14-00 430 45 30,800 
Dean’s Primrose 10,500 12-00 430 50 28,350 
Washington. . 10,000 14°00 430 50 28,000 
Pelaw. ... 11,000 12°75 420 45 28,050 
Brymbo cannel, . . 650 20°00 504 115 27,160 
Blenkinsopp. . . 9,700 14-00 450 6-0 27,160 
ates se 10,800 12°50 425 40 27,000 

West Hartley 10,500 12°50 420 42 250 
| 10, 12°50 421 43 25,750 

New Pelton 10,500 12-00 415 48 25,200 
. + «| 10,500 11°50 398 38 24,150 
Gosforth. . . 10,000 12-00 402 40 24,000 


Oil Gas.—Originally this was the gas most generally 
in use for illuminating purposes; but the cost of its 
manufacture was found to be too great for its continued 


ba 3c] fee 

As far back as the year 1805, Dr. Hi published an 
account of some experiments which he made on a gas ob- 
tained from sperm oil, and he showed that in ilumi- 
nating power it was the only one which could ps 
with olefiant gas. Soon after that, Messrs. J. and P. 


Taylor contrived an apparatus for pipe Bei bon: a 
large scale. Their apparatus consisted of a in 
which was placed a twisted iron tube, containing frag- 
ments of coke. The object of this arrangement was to 


an inch in di 


increase, as much as possible, the extent of the heating 
and ovearens surface, When the tube was red-hot, 
oil was suffered to run into it in a small but continuous 
stream. In this way the oil was decomposed and re- 
solved into inflammable vapour, which escaped, and a 
fine spongy charcoal, which remained behind. ‘The gases 
evolved were merely washed with water, and then collected 
in a gasometer. By this process it was found, that a 

of whale-oil yiel about ninety cubic feet of 
gas, which had a specific gravity of 900, and was about 
twice as rich in illuminating principles as the best de- 


scription of coal gas, Other patentees, as Mr, English, 


Mr. Booth, and others, followed in the same course, 
endeavoured to perfect the so as to work it on an 
economical scale ; but notwithstanding that every means 
were taken to accomplish this, and that the commonest 
oils were used for the production of the it was 
found that it could not compete with the per gas 
obtained from coal: and therefore the process was 
abandoned. 

An attempt was made to revive’ it a com 
which adopted the name of the Voustable Gas Conpaak ; 
but the attempt has not been successful. Nevertheless, 
it may be said, that where coal gas is very dear, or not to 
be obtained at all, or where, for sanitary or other pur- 
poses, an unusually pure gas is required, then the 
process of making oil- may be practised with ad- 
vantage. To meet such“cases, a small apparatus has 
been contrived by Mr. Skelton; and a somewhat similar 
one is sold by Messrs. B and Key, of Little 
Britain. The latter consists of a small cylinder B (Fig. 
125), fitted into Fig. 

a , 80 
that it may be 
made red-hot. 
A reservoir I, 
containing oil, 
or refuse fat, is 
suspended near 
the chimney of 
the furnace G, 
ren when the 
at is perfect] 
liquid it is a 
lowed to dri 
from a 8s 


stuff yields from ten to eleven cubic feet of gas. Nowa 
pound of this material weighs 7,000 grains; and as the 
gas produced weighs only about 5,000 grains, there is 
manifestly a loss of nearly one-third. This occurs in the 
form of charcoal, which remains in the retort; and 
hence the necessity for a frequent cleaning out of this 
art of the apparatus. Dr. Fyfe states that the loss in 
is experiments was much greater—that it amounted to 
nearly one-half of the fat used; and the same remark is 
also made by Mr. bales = who has reported upon the 
comparative economy of the vegetable-gas scheme. The 
latter gentleman states, that for a alia of 9\bs., the 
"ak aS om nat igh mt 
e gas which is produced from oil is of hi i 

gravity, and ranges between 700 and 900. It contains 
m 30 to 40 per cent. of rich h; ‘bons, which may 
be condensed by chlorine and bromine: of these about 
20 per cent. are absorbed by anhydrous sulphuric 
acid : 100 volumes of the gas require about 260 volumes 


of oxygen for their rage ag and they jas 158 - 
e e 


volumes of carbonic acid. urability o! 
with Dr. Fyfe’s four-inch flame from a jet the srd of 
ter, is 68’ 20”; consequently, its value is 


— 
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ten times as great as that of his standard of gas from 
ordinary Newcastle coal. As might be expected, the 
illuminating power of this gas is‘very high : indeed, Mr. 
Wright has stated that it is about four times as great as 
that ofcommon gas. He reports that, with a —, 
tion of one foot and a quarter per hour, it gives the light 
of twelve sperm candles, each burning at the rate of 120 
grains per hour. Our own experiments, however, are 
not so satisfactory: they are recorded in the following 


table :— ¥ 
Tiluminating power 


Consumption 
sox leo per hour. aot pales per eect, 
Small fish-tail . . - 150 : wv ¢8 
Leslie’s Argand . . - 2:26 . Sa! 
Common 15 holes . 3°50 7 . 14 
Fine i gre 7Oholes» . 275 a - 12 
Winfield Argand $ - 350 ‘ - bb 


The advantages of this gas are, its freedom from 
smell; its not containing any sulphur compound; its 
not producing so much heat as ordinary gas for an 
equal amount of light; and its easy production in an 
apparatus which does not occupy much room. The 
chief disadvan is its cost; for a shilling’s worth of 
kitchen-stuff will only produce about 40 cubic feet of 
gas, which will not go farther than six or eight penny- 
worth of coal gase 

Portable Gas—When oil-gas is compressed with a 

of from fifteen to twenty atmospheres, it is forced 
into a very small bulk; and the vessels containing it 
may be moved about, and placed in any situation where 
a light is required. A company was formed some years 
ago for carrying out this object; and they condensed 

e gas in globes and cylinders which were pat teen 
placed in vases, columns, and other ornamental devices, 
so as to be completely hidden from view. Burners were 
fixed to the apparatus, and the gas was let out by 
means of a stopcock of a peculiar construction. In the 
act of compressing the gas, about one-fifth of its volume 
underwent condensation into an oily liquid; indeed, a 
thousand cubic feet of good oil-gas yielded about one 

nm of it. This was made the subject of investigation 
Professor Faraday. It is a thin oily fluid, lighter 
water, sometimes transparent and colourless, occa- 
sionally opalescent, having a red tint by transmitted, 
and a n by reflected, light. Its specific gravity is 
821. is finid Mr. Faraday found to be a mixture of 
various hydro-carbous of different degrees of volatility ; 
and taking advantage of this circumstance, he was 
enabled to separate them. The great bulk of the liquid 
distilled at a temperature of from 176° to 190°; but a 
portion also came over at a temperature of 98°, and 
another ion required a heat of about 200° to volati- 
lise it. ese liquids consisted of carbon and hydrogen 
in various proportions. The most volatile was composed 
of equal = of carbon and hydrogen (C‘H*), and a 
part of intermediate portion consisted of two of 
carbon to one of hydrogen (C°H"). The others were not 
sufficiently examined to determine their exact composi- 
tion, although there was every reason to believe that 
they were composed, like the first, of equal atomic 


particles. 

M. Couerbe has also examined the liquor which is 
produced by the compression of resin gas, and his results 
are quite as in as those of Professor Faraday. 
He finds that the liquid contains six different fluid 
hydro-carbons; five of which consist of four atoms of 
hydrogen and a proportion of carbon that rises in arith- 
metical progression from four to eight. The sixth is a 
re 8a of twenty-eight atoms of carbon and twenty- 
two g 

Resin Gas. When it was found that oil could not be 
profitably used for the manufacture of gas, attention 
was naturally directed to other and cheaper gas-pro- 
ducing substances. Resin was therefore selected; but 
it was noticed, that when this body was decomposed in 
the apparatus commonly employed for the generation of 
oil gas, it produced a quantity of thick bituminous 
matter which choked the exit-pipe. This, at first, was 


regarded as an insurmountable difficulty; but it was 
overcome by the late Professor Daniell, who contrived 
an arrangement whereby the gas was delivered from the 
bottom of the retort by means of a descending pipe. 
His patent was taken out for this contrivance about 
thirty years ago, and Messrs. Taylor and Martineau 
were the first to put it into operation on a large scale. 
The retort was set in the furnace in the usual manner, 
and was charged with coke in order to increase the 
heating-surface. Across the extreme end of the retort 
there was a diap) , Which was open at the top; and 
beyond this was the whe diackeahs eae the down- 
going delivery-pipe. e diap served to prevent 
any of the coke from falling into the exit-tube. The 
resin was dissolved, or rather liquefied, by the aid of 
heat, in a small quantity of oil of turpentine, or of the 
volatile oil produced by the decomposition of the resin 
in a former process, e proportions were about twenty 

unds of resin to a gallon of oil. This mixture was 

ept hot and fluid, in a reservoir placed over the fire 
above the retort ; and when the contents of the latter 
were red-hot, they were allowed to run through a syphon 
tube, and to drop upon the incandescent coke at the 
nearest end of the retort. The vapours which were thus 
produced passed along the whole length of the retort, 
and were completely decom before they escaped 
over the diaphragm into the descending pipe. A part of 
these vapours was liquefied by the cold of the condenser, 
and such appeared as a limpid volatile oil; the other 
portion passed on as gas; and, after having been puri- 
fied by washing with lime-water, was collected in the 
gasometer. This process of Daniell’s was considered to 
be very complete, though it has been modified in certain 
particulars by subsequent patentees : thus, Mr. Richard- 
son has a coma that the resin should be mixed with 
sawdust and some alkali, as lime, potash, or soda; and 
that it should be put into the retort in thin sheet-iron 
vessels of a cylindrical form. In these the first distilla- 
tion takes place, and the volatile products are conveyed 
into other boring or retorts, charged with coke, lime, 
or broken bricks, kept at a red heat. By these means it 
is thought that more gas, and less volatile oil, are ob- 
tained. Mr. Webster generates the gas in another way. 
He passes the vapour of coal-naphtha over a bed of 
heated coke, and thence over a quantity of melted resin. 
The volatile matters so obtained, traverse another vessel 
filled with incandescent coke, and there they undergo 
decomposition. 

A pound of resin will yield about ten cubic feet of gas; 
or, more correctly speaking, a hundredweight of resin 
will furnish from 1,000 to 1,200 cubic feet of gas, and 
about three gallons of oil. The gas has a specific gravity 
of from 660 to 850; and its illuminating power is but a 
little inferior to that of oil-gas. When it is imperfectly 
made, it does not contain more than eight or ten per 
cent. of condensible hydro-carbons; and it was found by 
Dr. Fyfe to have a durability of fifty-three minutes and 
twenty seconds : its value, Shereface: is about the same 
as that of from Wigan cannel. As in the case of oil- 
gas, this illuminating agent does not contain a particle 
of any sulphur impurity. 

Although the production of gas from resin is not 
practised in this country, in consequence of the more 
economical source of coals, yet in many parts of America, 
where resin and crude ntine are cheap and abundant, 
the process is still worked with advantage. 

ydro-carbon Gas.—This name is given to the mixed 
gases which are generated from water, together with 
substances that are rich in hydro-carbons, as tar, resin, 
fats, oils, and the better kinds of cannel coal. 

Although this description of gas has but recently been 
made on the large scale, yet the principles of its manu- 
facture were known and appreciated many years ago. 
In the year 1830, Mr. Donovan took out a patent for the 
generation of gas from steam, by passing it over red-hot 
coke or charcoal, and subsequently naphthalising it at the 
burner, by means of turpentine or coal-tar. Since that 
time many improvements have been made in the process; 
and we may refer to the names of Manby, Val-Marina 
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Radley, Lowe, White, Croll, Webster, Barlow, and j 


Gore, in proof of the number of persons who have taken 
out patents in this country for the generation and 
or. ag ag we of water-gas. In every case the water, or 

the steam, is decomposed by passing it over red- 
hot coke or charcoal; and it is subsequently naphthalised 


ing it over rich hydro-carbons, 
a details of the process vary with the nature of the 
materials used. When fat and resin are employed, the 

as described by Mr. White in his patent, is as 
‘ollows :—Two retorts, about seven feet long and nine 
inches in diameter, are set vertically in a furnace so that 
they may be heated to full redness, or even to an 
incipient white heat. A flue passes through the centre 
of each of the retorts, in order that the contents may be 
thoroughly heated. ‘They are packed full of coke, 
charcoal, or anthracite, and a few scraps of iron. When 
the retorts are red-hot, water is allowed to flow through 
a syphon upon the top of the ignited mass, The steam 
which is thus generated, passes over the red-hot coke, 
and is decomposed into hydrogen and carbonic oxide, 
which is incidentally attended with more or less of 
carbonic acid. The gases and vapours thus produced, 
escape from the bottom of the retorts into two others 
placed horizontally in the same furnace. These are 
about six feet long, and are divided into two or more 
compartments by longitudinal divisions which reach 
nearly to the end. The compartments are filled with 
| coke, chains, or coils of iron wire, so as to increase the 
surface; and into the first of these, tar, fat, or resin is 
allowed to flow, so as to undergo decomposition. The 
evolved gases are rapidly carried off and mixed with the 
gaseous peveness of the first retort ; and after they have 
passed ugh a condenser and a lime purifier, they 
go on to the gasometer. In working the process, the 
supply of the materials should be so popnagec, that the 
gaseous mixture should consist of about four parts of 
water to six of the material. When resin is used, the 
proportions of the various materials are, one hundred- 
weight of resin, seven-and-a-quarter gallons of resin-oi 
fifteen pints of water, a sixth of a bushel of charcoal, an 
a few ounces of scrap iron. These produce from 1,500 to 
1,600 cubic feet of gas, and about three gallons of oil. 
Dr. Frankland has entered into a very detailed exami- 
nation of this process; and it appears from his report, 
that a hundredweight of resin, with from thirty to Bib 
pints of water, will yield from 1,500 vo 1,900 cubic feet of 
gas, and from two to four gallons of oil. The temperature 
at which the best results are obtained is that of dull 
art ; for if the _ be carried ae above this pint 

e richer gases are decomposed, and ¢ paged into sate 

of low illuminating powers. He found that two 
ct changes were effected in the water-retorts. In 
one case the steam was decomposed by the red-hot 
charcoal, and equal volumes of hydrogen and carbonic 
oxide were indirectly produced; in the other, it was con- 
verted into two volumes of hydrogen, one of carboni¢ 
acid being also evolved. These mixed gases, together 
with some undecomposed steam, pass into the resin 
retort, where they mix with the vapours of the decom- 
posing resin, and pass twice along the length of the red- 
retort. Here the steam is again subjected to 
coeeetion by the agency of the fuliginous matter 
evolved from the resin. This c is a very important 
one, for it prevents the accumulation of carbon in the 
exit-pipe of the retort. If the be examined at this 
stage of its manufacture, it will be found to contain a 
very large proportion of carbonic acid; and one of the 
greatest di ties in the subsequent management of it, 
is the removal of this impurity. i wet lime will 
only remove a portion; and hence Dr. kland has 
recommended the use ef caustic soda, which may be 
produced by the admixture of carbonate of soda with 
cream of lime, 

The gas which is thus produced has a specific gravity 
of from 600 to 660. It contains from seven to eight per 
cent. of condensible hydro-carbons; and its illuminating 

wer is about the same as that of ordinary cannel gas. 

tscomposition is as follows :— 


[WATER-GAS. 

Ordinary gas. Pure gas. 

Condensible hydro-carbons . . 741 . . 813 
Light carburetted hydrogen . 2650 . .° 29°71 
Carbonic oxide. . . . . . 1855 . . 1878 
Oarbonicacid . . . .. « FR. + 8000 
100-00 100-00 


According to Dr. Frankland’s report, hydro-carbon gas, 
from steam and resin, may be manufactured at from 9}d. 
to 1s, 1}d. per 1,000 cubic feet. This is irrespective of 
the cost of the apparatus, or of the charge for wear and 

tear. 
When the gas is made from rich cannel coal, the ar- 
rangement of the apparatus is a little different from the 
ing. In such cases the patentee adopts the follow- 


Pp 
mith ret 
th retorts are placed horizontally, and they are 
divided into two compartments by means of a longitudinal 
oe that reaches nearly to the end of each. 
ed the water-retorts, are charged with coke; and after 
being raised to a high temperature, water is allowed to 
fall gently through a syphon-pipe upon the red-hot coke 
at the outer end of the upper compartment. The steam 
which is thus generated passes through the ignited con- 
tents of the upper compartment, and thence descendi 
behind the septum, it comes forward ugh the lower. 
By these soins it ma espyn is lanes aegis red-hot 
charcoal, and is in great part decom: and hydrogen. 
carbonic oxide, eal a little carbonic acid are produced, 
all of which enter the lower compartment of another re- 
tort, which is charged with cannel coal. Here they mix 
with the various hydro-carbons that are evolved from the 
coal; and after traversing the retort from one end to the 
other and back again, they pass into the condenser and 
wet-lime purifier, and thence into the gasometer. Dr, 
Frankland. states, that by this mode of working, all the 
rile ng a tulle in bad sage is 
ecom) by the fuliginous matter of the coal, and 
converted into twice its bulk of carbonic pert ign It is 
thought, also, that the water-gases exert a conservative 
influence on the rich hydro-carbons which are evolved 
from the coal; and that by sweeping them away as fast 
as they are produced, and so protecting them from the 
destructive agency of heat, a much larger quantity of 
illuminating matter is obtained. 

Dr. land has examined the value of is Kroes 
as applied to different varieties of cannel He 
worked with one hundredweight of each of the followi 
coals, and he obtained the following amounts of mix 
hydro-carbon gases. The coals were placed in each of 
the compartments of the second retort, and they were 
distilled at a low red-heat, The water-gas was obtained 
in the usual manner :— : 


Name of coal. Yield per ton. of the gas 
in sperm candles, 

Wigan (Ince Hall) . 16,120 ; . 20-0 

Ditto (Balearres). . 15,500 . . . 191 

Neweastle cannel. . 15,020 . . . 188 

Mothyt 3°00 J." st 264002". 22 Crea 

Lesmahago. . . . 29,180 . 5. 287 

Boghaad’s 2's, 6: Byte sy ae aoe 

The illuminating power was tested in the usual way 
with a No. 4 fish-tail burner, consuming five cubic feet 


per hour, at a pressure of half,an inch of water ; and the 
candle was a sperm candle, caleulated to the amount of 
120 grains per hour. According to Dr, Fyfe’s mode of 
estimating the value of the o, an average sample has a 
durability of 43 minutes and 20 seconds, and its amount 
of condensation by chlorine was 11:44 per cent, ; so that 
its oakity: was about 2} that of ordinary gas from New- 
castle 


Mr. Clegg speaks highly of the value of this process. 
He says that a ton of seep soa yields, under ordinary 
cireumstan about 10,000 cubic feet of twenty-candle 
gas; while with the hydro-carbon process it furnishes 
16,000 cubic feet of gas of the same quality, and 26,000 
cubic feet of twelve-candle gas. A ton of Lesmahago 


WOOD AND PEAT GAS. } 


UNDULATORY FORCES.—LIGHT. . 125 


~ eannel produces, in the usual way, 10,500 cubic feet of 


forty-candle gas; but with the hy: m process it 
will yield 36,000 cubic feet of twenty-candle gas, or 
58,000 cubic feet of twelve-candle power; and a ton of 
Boghead, which generally furnishes about 13,500 cubic 
feet of forty-candle gas, will by this process give as much 
as 52,000 cubic feet of twenty-candle gas, or 75,000 of 


twelve-candle. From which it is manifest that, although | per 


there is a comparative reduction of the illuminating 
power in consequence of the diluting power of the water- 
gas, yet, on the whole, there is a considerable increase in 
the amount of illuminating material. This increase 
varies from 50 to 100 per cent. ; gal no ete 
to the perty which water-gas has of suspending the 
Yolatile hydrocarbons which are generally condensed in 
tar. 

Mr. Clegg states, that the cost of working the process 
is not very considerable, for gas of twenty-candle power 
may be obtained from Wigan coal at the rate of 1s. 33d. 
per 1,000 ; from Lesmahago at 113d. ; and from Boghead 
at 11d.: besides which, the gas is remarkably free from 
edd kind of sulphur compound. The conclusions at 
wl 


Dr. Frankland has arrived, after having made a 


— careful examination of Mr. White’s process, are the 


wing : 
1st. That it greatly increases the produce of gas from 

a given weight of the increase being from 46 to 290 
per cent. , according to the nature of the material operated 


upon. 

2nd. That it greatly increases the total amount of 
illuminating power, the increase~being from 12 to 108 
per cent. 

3rd. That it diminishes the quantity of tar formed, by 
converting it into gases of high illuminating power. 

4th. That pene a ee of meena. She, gin 
nating power of gases which could not be pro: ly burnt 
alone: and, 


5th. It may be easily applied to any of the apparatus 
or modes of working now in use. 

Tn opposition to these conclusions must be placed the 
results obtained by Messrs. Brande and Cooper, who 
found that little or no advantage was gained by the pe 
cess; and Dr. Fyfe, who is much opposed to the whole 
scheme, states that, when all things are considered, it is 
& process which ought at once to be abandoned. Mr. 
Barlow has, however, recently examined the merits of 
the process; and he believes that, with some few altera- 
tions in the way of working, it may be profitably carried 
out. His suggestion is to collect the water-gas in separate 

and to convey it from them, instead of from 
the retorts, into the compartments where the coal is dis- 


ater-gas alone.—Several patents have been taken 
out, at various times, for the production of gas from 
water, and for the employment of such gas either alone, 
as when it is wanted for heating purposes, or in combi- 
nation with the vapour of naphtha. Donovan’s patent, 
of 1830, we have already alluded to. M. Floret has 
contrived an ment for decomposing steam, by 
means of coke heated to a high temperature in an at- 
mosphere of oxygen. Mr, Paine, of America, says he 
decomposes water by the aid of electro-magnets; Mr. 
Adams, of Boston, effects it by the force of a galvanic 
battery; and Mr, Shepard assists the action by using a 
salt of ammonia, or a vegetable acid, as the oxalic. In 
Mr. Gillard’s 


being absorbed 
All these 


amount of illuminating power, it must be brought up to 
ing i - athe cy 


Gillard adopts the latter contrivance ; and his plan is to 
consume the gas from an Argand burner, over which 
there is suspended a rosette of platinum wire. The wire 
becomes intensely heated; and, when the gas is burnin 
at the rate of six-and-a-half cubic feet an hour, the ligh 
emitted is about equal to five composite candles, or to 
that of a fish-tail consuming three feet of ordinary gas 
hour. 
Wood Gas.—When wood is subjected to distillation in 
closed iron vessels, it evolves a large quantity of inflam- 
mable vapour, some of which condenses into a liquid form, 
while the rest passes off as combustible gas. The liquid 
consists of water, pyroligneous acid, naphtha, and a com- 
plex heavy tar; and the gas is sonponrs of hydrogen, 
carbonic oxide, carbonic acid, light carburetted hydrogen, 
and a variable proportion of olefiant gas. When these 
are consumed in the ordinary way, they do not produce 
much light; but if they are passed through a volatile 
RAIS SO they may be brought up to any degree of 
illuminating power. It is possible, also, that by certain 
modifications of the process whereby they are obtained, 
a sufficient amount of rich hydro-carbons may be gene- 
rated, to do away with the necessity for subsequent 
naphthalisation. Mr. Hills proposed to mix the gases 
which are obtained during the manufacture of crude 
pyroligneous, with those which result from the destructive 
distillation of coal-tar; and Mr. Lowe has taken out a 
patent for the use of tar, oil, resin, or cannel coal, as a 
means of giving illuminating power to the gases evolved 
from sawdust, spent bark, or peat, Other patentees have 
suggested that the sawdust and tar should be mixed 
together before they are distilled; but it does not appear 
that any of these schemes have been successful in practice, 
or have been able to compete with the more economical 
mode of obtaining gas from coal. On the continent, 
however, where wood is very abundant, and coal scarce, 
it is eg al more profitable to make gas from th 
former from the latter, At Bale, for example, an 
some other towns of Switzerland, Norway, and Sweden, 
the process of distilling gas from wood is practised on a 
very large scale. We are told that the old city of Heil- 
bronn has recently been lighted up with wood-gas; the 
manufacture of which is under the management of M. 
Schiufelen, who produces a gas of very good illuminating 
power, It is said that a fish-tail burner, consuming 
four-and-a-half cubic feet per hour, gives the light of 
thirteen wax candles; and that one of five cubic feet an 
hour, produces the light of sixteen candles; while an 
burner, on Dumas’ construction, consuming the 
same amount of gas, evolves the light of twenty candles, 
If this be so, it is evident that wood-gas can be obtained 
of a quality bee gd to that of ordinary coal gas. 


Peat Gas.— is nearly of the same composition as 
the gas evolved from wood; and the collateral products 
are nearly of the same description and value. Many 


chemists have, at different times, devoted their attention 
to this subject; but it is only very recently that precise 
information has been obtained concerning it. Sir Robert 
Kane in Ireland, and Dr. Letheby in England, have 
each reported on the quality of the products generated 
during the destructive distillation of peat; and from 
their statements it appears, that 100 parts of peat will 
furnish from 19 to 40 of charcoal, from 2 to 5 of tar, 
from 11 to 38 of aqueous matters, and from 25 to 58 of 
oe The charcoal is very valuable as a decoloriser and 

isinfectant ; the tar is rich in parafline and creosote; 
the watery fluids contain ammonia, acetic acid, and wood- 
naphtha; and the gases consist of hydrogen, carbonic 
oxide, carbonic acid, and various hydro-carbons. One 
thousand parts of peat will soe on an average, 2°7 of 
ammonia (equal to 10-4 sulphate), 1°9 acetic acid, 1°4 
wood-naphtha, 7°9 volatile oils, 5'5 fixed oils, and 1°4 
parafiine. From Dr. Letheby’s experiments, it appears 
that a ton of peat will furnish about 13,000 cubic feet of 
gas, the illuminating power of which is equal to seven 
standard candles, when the gas is burned from an Ar- 
gand that consumes five cubic feet per hour; but the 
intensity of the light may be brought up to any degree 
by the usual process of naphthalisation, As peat igs 
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-abundant, its products valuable, and its gas entirely 
oe from sakes it is very probable that it may be 
used with great advantage as a source of inflammable 
gas: in fact, a patent has been taken out by Mr. Hansor 
of London, for the manufacture of an illuminating gas 
from a mixture of 12 parts of peat, 12 of resin, 8 of 
eoal-tar, and 16 of oil. This is effected by distilling the 
mixture from perforated iron boxes, placed in a furnace 
heated to a -red ; the condensible vapours so pro- 
duced are then passed through another furnace divided 

diaphragms, and raised to a bright red-heat, By 

they are decomposed, and rendered permanently 
The gas so obtained, after having been purified 
yy means of lime, has a density of ‘626, and its illumi- 
ing power is a little higher than that of common 
cannel gas, or about twice as great as that of ordinary 
gas, A fish-tail burner consuming 2°5 cubic feet 
hour, gives the light of 9°2 stan sperm candles ; 
an Argand consuming 3°5 feet, gives the light of 
155 candles. One of the great advan of the gas is 
its perfect freedom from every kind of sulphur impurity, 
A company has been formed, under the name of Hansor’s 
Olefiant Gas Company, for carrying the patent into full 
operation. . 

Gas from Wine Lees and Grape Skins.—These sub- 
stances are said to produce a very One pound 
weight of either of the material ill furnish seven 
cubic feet of gas of more than yong quality. This 
fact was demonstrated in the year 1849, by M. Levenair 
of Bordeaux, and Dr, Berhardt of Paris, in one of their 
public lectures before the Faculty of Sciences. If the 
results be uniform, the process affords an easy means of 
obtaining gas, and other valuable products, from a 
material that has hitherto been used only as a manure ; 
besides which, the residue of the distillation is just as 
valuable to the wine-grower as the lees themselves. 

Gas from Coal Tar.—This liquid has very frequently 
been made the subject of experiment, in the hope that 
the rich hydro-carbons which it contains might be con- 
verted into permanent gases of high illuminating power ; 
but, hitherto, all attempts at effecting this desirable 
result have signally failed. In the year 1820, Mr. Lowe 
contrived an apparatus for decomposing coal-tar, and 
resolving it into permanent It consisted of a 
furnace with five retorts, three of which were placed 
below, and two above. These were ed in the ordi- 
nary way with coal; and when the carbonisation had 
gone on for three hours, the tar was allowed to flow 
through a syphon-pipe into the back of the upper 
retorts—these being the hottest. ere the tar was 
converted into vapour, and it passed over the incan- 
descent surface of the ¢ to the front of the retort, 
where it escaped 5 i the exit-pipe to the hydraulic 
main. According to Mr. Lowe, he was enabled to pro- 
duce, by this arrangement, a maximum quantity of gas 
of high illuminating power ; but, although the process 
was worked upon a very large scale under the immediate 
superintendence of the patentee, it did not succeed, and 
it was soon abandoned. Since that time a number of | 
patents have been taken out for a like purpose; but 
none have been successful. In some cases the tar has 
been mixed with small coals; in others with t; in 
others with sawdust; and, very recently, Mr. Way has 
a 0 the use of a porous stone, which he saturates 

ith tar. Some have distilled the material at a low 
heat, others at a moderate temperature, and others at a 
vory ve. ta so that every species of ingenuity has 
been exhausted in endeavouring to convert this rich in- 
flammable fluid into a permanent gas. 

Other organic substances have been resorted to as a 
source of M. De Cavyaillon has aoe a pois 
of bones, suet, oleaginous spent sawdust, 
sesh reaeg and Bane rae Mr. th has claimed the 
use of resinous woods and oily seeds. Mr. Witty has 
patented a mixture of vegetable oils, and refuse vege- 
table matters, suclf as spent hops, dry peat, or 
sawdust, which he presses into blocks, and distils in 
earthenware retorts; and then, again, it may be said that 


‘apertures were made 


ferential ones, and 


Mr. Lowe has obtained a patent for naphthalising gases 


from any source, passing them thro a vessel 
copalekiind pearie Alaar a Hs that ~~ 
many years by Dr, Henry, of Manchester. 2p; 
Mr. Archibald has gone so far as to naphthalise atmo- 
spheric air in a somewhat similar way. He first saturates 
e air with moisture, and then conveys it through 
benzole, which is the most volatile of the coal-naphthas. 
He also the air through a mixture of one of 
benzole, two of alcohol or wood-spirit, and one-and-a-half 
of water. By this means the air acquires inflammability, 
and may be burnt from an ordi gas jet: it may even 
be stored in gasometers, and distributed in the same way 
as coal If the air is not saturated with moisture, 
so much cold is produced by the volatilisation of the 
benzole as to stop the process of naphthalisation; and 
hence the necessity for clit water to the hydro-carbons. 


ON THE APPARATUS REQUIRED FOR THE 
CONSUMPTION OF GAS. 


The Gas-meter.—When gas was first used by the public, 
it was sold at an annual rent, at so much per burner; 
but it soon became apparent that this was not a fair 
mode of dealing with the article, and hence the ingenuity 
of the mechanic was taxed to contrive a means whereby 
the gas might be accurately measured, This was accom- 
plished by Mr. Clegg, who, in the year 1815, constructed 
the first meter. In the followi year he improved it so 
far as to obtain a patent for it. At first Mr. 
attempted to register the by means of two 
gasometers, which rose and fell alternately, one receiving 
the gas while the other was delivering it. But this plan 
was not successful, and it there’ abandoned for 
another which constitutes the basis of all the wet-meters 
that have been contrived since Mr. Clegg’s time. It 
consisted of a drum, which revolved in a chamber half 
filled with water. The drum was divided into two com- 

ents, one of which received the gas while the other 
delivered it. The gas entered through the hollow axis of 
the instrument; and as the drum revolved and sub- 
mersed the com ent, the gas was forced through a 
lateral ing Ho the outer chamber, and thence to 
the burners. By means of valvular contrivances, two of 
which were closed by water and two by springs, the gas 
was made to flow only in one direction ; but as the spring- 
valves were easily thrown out of order, and the water- 
valyes were of a clumsy form, the instrument was open 
to very great improvement. Mr. Malam, therefore, in 
1819 reconstructed the apparatus, He divided the drum 
into five compartments—one of which was central, and 
the others around it (Fig. 126). As in Mr. Clegg’s 
instrument, the gas entered the apparatus through 
axis of the drum; but in order that there should be no 
friction or impediment to its movement, he did away 
with the stuffing-box in which it worked, and brought 
the central tube or axis, by means of a bend, 
wp above the level of the water in the central chamber d. 

e also put aside the clumsy water-valves and the too 
delicate spring-valves of Clegg’s instrument, and adopted 
a simple contrivance 
whereby the delive 


to act of themselves 


b imply _risi 
shoe the level o} 
the water. These 


apertures were in 
the form of slits, 
which communica- 
ted first between 
the central chamber 
and the circum- 


then between the 
latter and the outer 
case. On entering 
the page com- 
partment, the gas r= 
escapes through whichever of the first set of slits 


~~ 
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happens to be above the level of the water. In the figure | was also possible for the company to be defrauded by a 
it is passing from dintoa. This gives a buoyancy to that | deficiency in the amount of water; but now both of 
chamber; and as it rises or floats, it turns the drum round | these objections are guarded against by the waste-tube 
from right to left, causing the gas which is in the upper | and cistern on the one hand, and by the float-valve on 
andd i tn saomepag shea outer | the other. 
i ence to the burner. It will be seen, by an examination of the meter repre- 
Tt will be noticed that, as the drum revolves, the | sented in Fig. 126, that, by tilting the meter a little on 
entrance-slits between the middle and outer chambers are | one side, the gas will pass through the slits of the upper- 
successively carried under the water, and that as soon as | most chamber without turning the drum at all, and 
this happens, the exit-slits in the circumference of the | frauds are sometimes committed in this manner; but 
drum are each in their turn brought out of it. This is pate io sreacipas deny dye dere alg a some bape shana 
shown in the figure as about to occur with compartment | to be practised by any but the most determined rogue. 
c, whose entrance-slit is just dipping under the water, The dry-meter is a more complicated apparatus, though 
while the exit-slit is rising out of it. Since the time of | it consists in all cases of a chamber, or set of chambers, 
Mr. Malam, other improvements have been effected in | with flexible leather sides. The action is very similar to 
the details of this meter; by means of which the revolu- | that of a pair of easy-going bellows; and the movement 
tion of the drum has been made steadier, the amount of | is communicated to levers and rack-work, which not 
friction lessened, and the water kept at one uniform | only register the amount of gas that passes, but, by a 
level. the names of those who have devoted | set of sliding-valves like those of a steam-engine, they 
attention to the subject, are Crosley, Wright, Evans, | also cut off the supply of gas from one chamber, and 
Hulet, Smith, Paddon, and Ford; all of whom have, in | turn it on into another. 
some particular or another, improved the instrument. The first dry-meter was patented by Mr. Maiam in 
Fig. 127. Figs. 127 and 128 | 1820: it consisted of a set of six ‘ows placed in a 
represent a meter of | radiating direction around a common cenire, the whole 
; modern _ construc- | being inclosed in an air-tight chamber. These bellows 
tion, with most of | worked successively one after the other, and they com- 
OO @ the improvements | municated their motion to a set of wheels, which served 
a) | adupted. The gas | to register the quantity of the gas delivered. This 
passes by the inlet- | machine was, however, not perfect—it had many radical 
yi pipe @ into the | faults; and hence it did not come into general use. 
chamber b, whence | Next after this was the instrument constructed by the 
there is a commu-| Dry-Meter Company. The measuring chamber was 
e nication by means of | formed of leather, which was found to be liable to many 
— = a flat valve with the | objections; for if the meter were used constantly, the 
= compartmente ; from | leather ex ed under the influence of the gas, and so 
—~——f thisit passes through | it recorded against the interest of the company ; whereas, 
the — pi — if it were Sie age snares it cerns con- 
i the | traction, it regi against the consumer: 
ae, into the com- | besides which, the valve moved so suddenly from one 
partment d, and | side to the other as to produce an unsteady flame, and 
——thence, inthemanner | hence the meter was not much patronised. Sullivan’s 
already described in Malam’s meter, it gets into one or | meter, which followed upon this, was open to the same 
other of the four compartments, and so Se by an | objections; for it consisted of two loose leather dia- 
Fig. 123. exit-slit into the space formed b; a. and a rotatory valve. In 1833, an American, 
é the surrounding case: f is a ball | by the name of Berry, patented an instrument which was 
which floats on the water, and | invented by a person named Bojardin. The meter was a 
keeps the flat valve open. if the | hollow chamber, which had a movable diaphragm or 
water below its proper level, | partition that divided it into two com ents, and, by 
@ the falls; and by bringing | means of sliding-valves, the gas was alternately let in or 
down the valve, shuts off the gas. | Out of them. 1836, Bojardin invented a still better 
g is a tube for passing water into | machine; and he is looked upon as the originator of the 
the cistern, and i is a waste t form of dry-meter. Since that time, Mr. Defries, 
cistern for receiving the water . Edge, and Mr. Croll have improved the instrument, 
when it above the proper | and,brought it into its present condition. Mr. Defries’ 
| level and flows- over: h is a| meter contains three measuring chambers, which are 
tube for drawing off the | separated from each other by a flexible partition formed 
water which has been added in | of leather, and partially protected from the action of the 
excess. Bya train of wheelwork, | gas by four triangular metal plates, which almost ver 
Ihthe revolutions of the drum are | the diaphragm. This flexible partition is raised or 
communicated to the hands on the | depressed by the gas, so as to form a pyramid or a flat 
' dial-plate ; and thus the quantity | surface; and the rise and fall of the partition is com- 
: of gas consumed is registered. municated to the wheelwork of the apparatus; but, as in 
are two objections to the wet meter, which | all cases where leather enters into the construction of the 
rmountable. These are, that the instrument | measuring chamber, the instrument is very liable to 
the vapour of water as well as gas; and, | register incorrectly. The meter which is manufactured 
t it is very liable to stop, at an un Messrs. Croll and Glover is said to be free from this 
the deficiency of water and the sinking of | objection: its construction will, perhaps, be understood 
When a meter is placed in a warm situation, | from the following account, taken from Mr. Croll’s paper, 
i aqueous vapour that is registered by the | which was read before the Society of Civil Engineers in 
gas, is considerable; | 1845. “If we imagine a steam-engine serge Sa 
i steam by the movements of the piston, we shall have 
some idea of the principle of the instrument. The steam 
enters the cylinder over the piston, and forces it down 
through a certain space; the supply is then cut off, and 
to | the action is reversed. Now, suppose the piston to be of 
e water- | a given area, and the distance through which it moves at 
whereby the capacity of each measuring chamber | every stroke to be constant, it can readily be conceived 
somewhat diminished; and thus a revolution of | how the actual quantity of steam employed could be 
drum did not record a proper quantity of gas. It | indicated and calculated. The meter in question bears a 


il 


etal 
HHH $425 
go8 geES 
e3 i : Ze 
lp! 
stile 
Feces 
A 

ie 


Fi 


128 


UNDULATORY FORCES.—LIGHT, 


[cas-BURNERS. 


resemblance to a double engine: it consists of a 
cylinder divided by a plate in the centre into two sepa- 
rate cylindrical compartments, which are closed at the 
opposite ends by metal discs; these discs serve the 
Lo greet may and they are kept in their places by a 

ind of universal joint pted to each. e@ space 
through which the discs move, and consequently the means 
of measurement, is governed by metal arms and rods; 
which space, when once adjusted, cannot vary. To avoid 
the friction occasioned by a piston working in a cylinder, 
a band of leather is attached so as to act as a hinge. 
This folds with the motion of the discs, but it is not in 
any way concerned in measuring the gas; so that if it 
were to contract or expand, the registration of the proper 
quantity of gas would not be affected ; for such a change 
would only decrease or increase the capacity of the hinge, 
leaving the disc still at liberty to move through the 
required space. The leather is also attached in such a 
manner as to avoid folds, and thus to render it more 
durable. 

Gas-burners.—Scarcely anything connected with the 
subject of gas illumination has commanded more attention 
than the means afore gas may be burnt to the best 
» advantage ; and although the greatest ingenuity has been 
displayed in the construction of many of the burners 


which have at different times been invented, yet none of |~ 


them possesses that universal applicability for which they 
have in most cases been so highly vaunted. The reasori 
of this is obvious: different kinds of gas require different 
forms of burners, in order to effect perfect combustion. 
As a rule, it may be stated, that the rich cannel gases are 
best consumed from burners with very fine apertures : 
while the rer gases—namely, those which contain 
less than ive or six per cent. of condensible hydro- 
carbons—are burnt with most advantage from larger 
apertures, Again, in the former case, provision should 
be made for a large supply of atmospheric air, as by 
spreading out the flame by means of an internal button, 
or by using tall glasses; whereas, in the latter case, the 
very opposite condition should be observed, It is mani- 
fest, ivetiies, that no single burner can be constructed 
so as to secure both of these requirements; and, con- 
sequently, that any burner which is well suited for one 
kind of gas, is altogether unfit for the other. 

Another point of importance to which we may refer in 
speaking of this subject, is the following :—that when 
several jets issue from the same burner, and blend 
together or coalesce, the light is always improved ; for it 
is the property of one jet to assist another by exalting its 
temperature ; and thus a greater heat and a brighter flame 
are the result of the union—more light being given out 
than is the sum of the individual jets. It is on this 
account that the Argand burner, the fish-tail, the 
Gaumont, and the Gardner, have obtained preference 
over many other forms of burners. 

Lastly, it may be stated, that in whatever way gas is 
consumed, the maximum effect, as regards its illuminating 
power, is always produced by burning the gas just short 
of its smoking-point: for if it be burnt with too much 
air, the particles of carbon are consumed; and we thus 
obtain a diminishing light, until the flame becomes of a 

blue colour. e other hand, if it be burnt with 
small a supply of atmospheric air, the particles of 
carbon will not be sufficiently consumed, and they will 
as soot—thereby cooling the flame, and making it 
of a dingy yellow tint. Our object, therefore, should 
always be to burn the gas in'such a manner that the 
particles of carbon may be first intensely heated, so as to 
produce a white light; and then, as they reach the 
exterior of the flame, they ought to be consumed entirely, 
so as to avoid the evolution of soot, Of the different 
varieties of burners now, in use, the following are the 
most important :— 

1. The simple jet is produced from a burner pierced 
with a single hole. This mode of consuming gas is not 
considered to be cleanly or economical; and, except for 
certain purposes of illumination, as where we wish to 
produce different kinds of devices, it is rarely employed. 
Occasionally it is used in the laboratory of the chemist 


for experiments with the blowpipe, as it is found to give 
a much hotter and clearer flame with this instrument 
than any other form of jet. The average consumption of 
a jet the thirty-third of an inch in diameter, with a flame 
four inches high, is about one cubic foot per hour. With 
richer gases quantity is a little less, and with very 
— it is somewhat more. As we have 

said, Dr, Fyfe prefers _ of this description for the 
purpose of estimating the illuminating power of gas; and, 
in a general way, it is equal to from one to one-and-a-half, 
or two sperm candles, 

When it is necessary to produce a greatly diffused ligh 
it may be accomplished by means of one or more rows 
single jets. These may be distributed around the cornice 
or mouldings of a room, and the effect is remarkably 
pleasant and agreeable, for there is a flood of light 
without the least glare or shadow. The only objection to 
it is its great cost and its liability to evolve smoke; but 
if these were overcome, and our rooms constructed so as 
to have a row of lights around a panel in the ceiling, 
there is no doubt that the effect would be much more 
pleasing than that which results from our present mode 
of burning gas; besides which, the panel might be so 

as to-convey away the products of combustion, 
and thus the effect would also be more salutary. 
. poy remap y etsy oh paar pate ah 
e iating off from it, and burning ag reyes ; 
ight from such a burner is only equal to cheval the 
individual jets; for as they do not coalesce, bp Dyserees 
in any way assist each other. It is one of worst 
a of burner that ee. be empoet: Pr burner with 
three jets, consuming t cubic feet our of ordinary 
London gas, gives a light of from five to six candles. 

3. The Fish-tail or Union Burner is so named because 
of the form of its flame, and because of the manner in 
which it is produced by the union of two jets. It is 
formed by drilling two holes at an angle of about 60° 
The jets are directed into each other; and as they 
coalesce, they spread out so as to produce a flat sheet of 
flame of the form of a fish-tail: by this means the in- 
tensity of the light is greatly increased. The holes are 
drilled | or small, according to the soay of the gas 
to be employed. In the case of cannel gas, the holes are 
small; and for common London gas they are rather large, 
The former are known by the name of Lancashire or 
Scotch fish-tails, and the latter as London jets. Each 
sort is numbered 1, 2, 3, or 4, acco ing to the size of the 
holes; and these numbers are indicated by means of little 
rings turned on the body of the jet. No. 1 is the smallest. 
These burners consume from two to four cubic feet of 
gas per hour; and with cannel gas beer fh rad the light of 

m eight to fourteen candles, and with common gas, of 
from four to ten. 

4. Johnson’s Burner is a fish-tail with four converging 
holes; and there is an aperture through the centre of the 
burner for the admission of atmospheric air into the flame. 
: 5. ape fe 7 greninrs Rta eh is a com- 

ination of two fish-tail or bat’s-wing burners, 80 
as to produce one flat flame (Fig. 129). The flames 
impinge on each other, and thus increase the Fig. 129. 
illuminating power by about thirty per cent. 

These burners are usually constructed of two 

fish-tails ; and paver fe for experimental 

P na aw attached to a hinge-joint, 

so that the es may be burnt separately 

or together. As in the case of the ordinary 

tish-tails, they are numbered 1, 2, 3, and 4. 

No. 1 consumes about three cubic feet per hour, and No, 
4 about five. 

6. The Bat’s-wing Burner is so named on account of 

the shape of the flame. It is one of the oldest forms of 

burners; it is constructed with a slit instead of two 

oles for the exit of ; and the flame is broader, and 

not so high as the fishtail. These burners are easil 

and on this account eg’ Bi generally suppli 

to the public lamps. They burn from three to five cubic 

feet Pe rod and, binge oe of four cubic feet 

per hour, they give the light of about nine sperm 

of standard quality. 


ah 
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7. The Gaumont Burner is a bat’s-wing burner with 
two or three slits, instead of one. By means of this 


- contrivance there are two or three flames amalgamated 


into one; and, as is always the case under these circum- 
stances, the total amount of light is increased. A Gau- 
mont, which consumes three cubic feet per hour, gives 
the light of seven sperm candles. 

8. The Sun Burner is a cluster of fish-tail burners, 
usually nine in number, placed round a common axis, 


and spreading out in a horizontal direction, so as to pro-, 


duce the figure of a flower or of the sun. This burner 
is so constructed, that the products of combustion are 
carried out of the room by means of a ventilating funnel 
and tube placed immediately over it; and the air which 
supplies the flame is made to descend through the ven- 
tilating tube, and thus to become very hot before it 
reaches the burner. By this arrangement there is a 
great saving of gas. In most cases the sun-burner con- 
sists of seven clusters of nine fish-tails each. The burners 
aresupplied with gas by a descending-pipe, which branches 
to each cluster; and, surrounding the whole, is a sheet- 
iron cone, with a tube attached to the top, for carrying 
off the products of combustion. In this tube there is 
placed a butterfly-valve, for the p of regulating 
the current of air, so that the dranget may not be too 
great, and the lights may burn in a horizontal direction. 
Around the cone are placed three other sheet-iron cases, 
which not only serve for ventilation and for the supply 
of air to the burners, but also insulate the inner cone, 
and by their cooling effect, prevent the intense heat of 
the latter from being communicated to the woodwork of 
the ceiling. These cylinders are not connected with 
each other, or the cone, and, therefore, distinct currents 
of air pass between each of them; and such is the cooling 
effect of these currents, that, while the cone is red-hot, 
the two outside cases are of the same temperature as the 
atmosphere of the room. On the upper part of these 
a there is an inverted cone, with a pipe passing 

ugh the ceiling and roof, and protected on the outside 
by a wind which allows the hot air and products 
of combustion to escape. By this contrivance the gas is 
¢ in a very heated atmosphere, and thus there 
is less necessity for combustion in order to obtain a given 
amount of light; for, in the generality of cases, a large 
portion of the gas consumed is employed in raising the 
air to the temperature necessary for sustaining the igni- 
tion of the small particles of carbon contained in the 
flame. It has been stated by Mr. Edwards, of Liverpool, 
that the burners, in this position, do not consume more 
than half the usual amount of gas; besides which, the 
intensity of the light is very great. 

9. The Common Argand Burner produces a flame 
which is exactly like that of an ordinary Argand oil- 
lamp. The burner consists of a circular dise of iron, 
pierced with a number of holes. It is hollow in the 
middle, for the a of allowing a supply of air to the 
interior of the 


case the holes are comparatively large, 
are very small. WVhen common gas is consumed 
Argand burner, the chimney ought not to be 
en inches in height; but, when cannel ge is 
may be increased to nine or ten inches. If the 
be too high, the supply of atmospheric air is 
and the gas is overburnt ; whereas, if it be too 
supply is not sufficient, and then the gas smokes : 
ther case the intensity of the light is diminished. 
ordinary London gas, a burner with fifteen holes, 
and a seven-inch chimney, is considered to be the best. 
Such a burner will consume about five cubic feet of gas 
per hour, and will give the light of fifteen sperm candles. 
Several patents have been taken out, during the last 
‘or improvements in this form of burner: they 
have chiefly been directed to the lessening of the shadow 
which is cast by the ring and body of the apparatus. 
vou. t. 
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10. The Argand with a Button or Deflecting Dise.— 
This form of burner has received various names, 
according as it has been modified by different patentees, 
It is called the Winfield burner, Young’s burner, Guize’s 
burner, and the Aberdeen burner. The button or disc 


is composed of copper or iron, and it is placed in the 
Fig. 130. 


centre of the flame, a little above the level 
of the burner. It acts as a break to the 
rood current of od ~~ deflects it out- 
wards so as to en e upper part of 
the flame, and thats it the form of a 
tulip (Fig. 130). This kind of burner is 
only suited for the richer kinds of gas, as 
cannel gas and naphthalised In some 
cases the air is defiected to the outside as 
well as inside of the flame. This is the 
principle of Guize’s burner, and the deflec- 
tion is effected below the button by means 
of a bend or constriction in the glass 
chimney, or else by the aid of a metal 
cone like that of the solar lamp. In 
—— burner there is a series of discs ! 
p one above the other, the discs being successively 
larger and larger from below upwards; by this means 
the air suffers a series of deflections, and causes the flame 
to be most vivid. A burner of this description is par- 
ticularly well suited for the combustion of very rich 
cannel 

11. The Argand Burner with two or more Rings of 
Flame, one within the other.—This is the principle of the 
Boccius burner; and, from the circumstance that one 
flame always assists in promoting the combustion of 
another, the light from this burner is very considerable. 
Mr. Carter has obtained a patent for a burner of this 
description, modified somewhat in its form, so as to pro- 
vide for a due supply of atmospheric air, and-also to 
carry off the products of combustion. The burner con- 
sists of a series of Argand flames concentric to each 
other, with only just so much space between the rings 
as will serve for the transmission of the necessary 
quantity of atmospheric air; and over the flames there 
is placed a conical chimney, which carries away the pro- 
ducts of combustion. In the concentric burners hitherto 
used, the object has been simply to obtain the effect of 
two or more concentric flames, without having due regard 
to the proper and uniform supply of air to cach flame. 
The consequence of this is, that great and unnecessary 
quantities of air enter such burners; and the flame is 


thereby cooled much below the temperature requisite for 
the perfect combustion of the gas. On this account the 


intensity of the light is very much below whee it ought 
g. 131. 


to be. In Mr. Carter’s burners this 
objection is overcome; for the space 
between the rings is properly gra- 
duated, and the current of air is 
made to compress the flame, and blow 
in upon it by means of a contraction 
in the glass chimney—the point of 
contraction being at such a height 
above the burner as to produce a 
bright and steady flame (Fig. 131). 
The ventilating-shaft is placed over 
the burner, and communicates above 
the ceiling with the chimney. It 
consists of a funnel, and a tube, which 
may be either of metal or glass. These 
are arranged so as to regulate the 
supply of air te the flames, and they 
are enclosed in a chandelier of glass 


pendants. — 

12. An Argand with a Jet of Gas within it.—This 
form of burner has been patented by Mr. Billows, who 
describes it as an ordinary Argand, having a central 
tube with a single jet, which burns within the hollow of 
the flame: and, instead of the ring being perforated 
with a number of holes for the issue of gas, as is usually 
the case, the ring is contrived with a circular slit, so 
that there is a continuous sheet of flame in a cylindrical 
form. 
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Fig. 132. 13. Leslie’s Argand is the very re- 
verse of the last; for the principle on 
which it is constructed is to allow a 
current of air to pass up between each 
of the jets, and so to destroy, to a cer- 
tain extent, the continuity of the flame. 
This is effected by a number of small 
tubes, which rise to the height of an 
inch or so above the ring which sup- 
ports them. These tubes are made 
to conyerge a little as they advance 
upwards, and thus they form a trun- 
cated cone (Fig. 132). The glasses 
are constricted, so as to deflect the 
air into the flame; and they are of 
different heights, in order that they 
may be suited to different amounts of consumption. 


Fig.133, These burners are very well suited for 
the combustion of cannel gas, but they 
destroy the light of common by over- 

= burning it. The flame shontd be always 


managed so as to reach nearly to the top 
of the glass: for if it pass above it, soot 
will be deposited ; and if it do not reach 
almost to the level of the glass, the gas 
will be overburnt, and light sacrificed. 

14. The Pinnacle Burner, of Messrs. 
Baldwin and Neal, is constructed on 
somewhat the same principle as the last, 
only the tubes are very short: they are, 
in fact, but mere nipples on the top of 
(ie ring. es the glass is not constricted 

Many other varieties of gas-burners 
have been invented ; and as the orifices of 
the jets are very liable to corrosion from 
the ammonia and sulphur contained in the 
gas, Mr, Hallen has proposed that clay 
or ee nozzles should be employed. 

he relative value of the several kinds 
of burners, as employed in the combustion 
of ordinary London gas, as well as that 
from cannel coal, may be perceived from the following 
table. The value is represented as per cubic foot, in 
sperm candles of 120 grains consumption :— 


Burner. eran. Poor vat rote 
Single jet. 26 . A 15 
Cockspur . 5 Su EO 1 Xe ; 15. 
Fish-tail, No. 1 4 nt NS s 19 

ae NO 2 i i es Wee 20 

of 1 eNOS pee ae ; 23 

os. No. 4 ees 3 24 

Bat’s-wing, nearly the same as fish-tail. 
Leslie, with 28 tubes 36>". A 2-7 
Gaumont . : : 4°0 > P 2:3 
CommonArgand15holes 40 . : 28 
Bynner’s ju F 3:2 
Platow’s 16°; 43 ‘. 29 
Guize a ee ee 5 30 
Winfield OB, So Ss ; 28 
Billows’, with 3 slits . 41 . P 2 


From this it will be seen, that the simple jet is the 
worst kind of burner that can be used for the consum 
tion of oe next come the smaller-sized fish-tai 
then the bat-wings, and lastly the Argands. The Gau- 
mont or double fish-tail, and the Billows’ or compound 
bat’s-wing, are also very good burners. But it will be 
evident from the mat is g table, that the burner which 
is best suited for common gas, is not always the one that 
can be most economically employed for cannel. 

The pressure at which gas ought to be conswmed is an- 
other point of considerable importance : for if the amoun’ 
of pressure be high, the gas will burn with a roaring 
noise, and will be consumed wastefully ; whereas if it 
be low, the fish-tail and bat’s-wing flames will not be 
ae out, and the light will be dim and 
smoky. . Letheby states, in his Ninth Report to the 
Corporation of London, that gas ought to be delivered 


to the public at not less than half an inch of water pres- 
sure; and it may be said that, in practice, this is found 
to be the best pressure at which gas can be consumed. 
Again, it is a matter of importance that the pressure 
at which the gas is supplied to the burner should be as 
uniform as possible ; for if at one time the pressure be 
great, and at another low, the burner will require constant 
attention, in order that the flame shall be of one uni- 
form height. ‘ 
Experiments have been made to determine the rate 


at which gas burns under different pressures ; as 
the results are somewhat important, they are tabulated 
below. In a general way, it may be said, that by 
doubling the amount of Seen we increase the con- 
sumption of gas by about half. 
Burner. fa 2 homealbe<ep 
Single jet . “ ee - 26 cubic feet. 
WRN Rae ; 060. ee: 5. epee = 
98: S89) ene: . 120 . + 82 5 3 
Small fish-tail . O34 . at Pea oe 
” ” ” J O77 ad ad 2-2 ” ” 
”» 9 . 048 + 23 5, 45 
> i, 5? - 7s ° . re] 2. el 
Large bat’s-wing . Y > . 2 Epes 
s00uls). a 80 140. -. - 4B ay 


“ ” 

Dr. Fyfe has also observed, that there are certain con- 
stant relations between the ific gravity of a gas (that 
is, equivalent to its goodness) and the pressure at which 
it is burnt, and the time required to consume it—that is, 
provided we use a jet of a given size, and take care that 
the flame is of a given height. The jet which he prefers, 
is one having a hole the fortieth of an inch in diameter; 
and the height of the flame should be five inches. These 
relations are as follow :— 

1st. The consumption of gas in a given time is as the 
square root of the pressure; and, consequently, the 
time required for the consumption of equal volumes, is 
inversely as the square root of the pressures. 

2nd. The specific gravity of the gas is also inversely 
as the square root of the pressures, 

“So that if we determine, by experiment, what time it 
takes for a given volume of gas, of known specific 
gravity, to burn from a jet of the given size, witha 
flame of the given height, we are then in a condition to 
tell the specific gravity, or the rate of consumption, of 
any other gas, provided it be burnt under the same cir- 
cumstances, and we observe the pressure. This will be 
manifest from the following table :— 


Liar poe in inch a —— 

of water. per hour. gravity. 
06. 6 5 OCT CS os Sa mee 
OF o's ins (OUR ec» eee eeEe 
OS . «4 OUT: ». do eae 
OD a os BOSE. Sheek ee 
ee Meer 
pe fe MR eh 
0 ee eM ney 
18S oe: ce OO ae) (on 
Os alah ph de ah ee “BSL 
LD 2 5 os aie - « Ses 
2G. seed Le > est Cee 
> de Semi bs a Saale 
8 3s oe READ eee bce eee 
1K eee earth fs Os ee are 
BO Fe on ee ee oe ie ee 

By means of this table, we are able to determine the 
rate at which 


is burning, or its set © gravity, by 
merely cheewag the pressure which is n to 
obtain a flame of the given height. In conducting the 
Pe ey pressure-gauge must of course be on the 
jet side of the tap. Dr. Fyfe suggests that we may, by 
operating in this manner, do away with the necessity for 
a meter or a photometer, or both, and that we may 
arrive at results which are ag pecusaaner correct. 
course it must be understood that the gas is of the usual 
quality, free from carbonic acid and atmospheric air, 
When coal gas is supplied to the consumer at pressures 
which are variable, or inconveniently large, the difficulty 
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instruments which er depae 
governors or some small towns, the only 
means that are adopted for ing the pressure of 
gas, is that of taking off or pu on the weights of the 
. But as this is a very inconvenient, and at 
the same time ineffective charms Nema supply 
Vo aati wrap adhe tees ler ies, to employ 
a governor at the works ves, This is a small 
gasometer, working very easily and truly in a tank or 
cistern of water. It is ished with two pipes—one 
for the inlet of the gas, and the other for the outlet. The 
former is situated in the centre of the apparatus; and 
it is provided with a conical or parabolic valve. This 
consists of a conical or parabolic cavity or socket, in 
which a solid plug of the same form fits very accurately. 
The plug is attached to the top of the gasometer, and 
the inlet-pipe, containing the socket, is fixed to the 
bottom of the instrument: consequently, as the 
holder rises and falls, it carries the pers and so 
opens and shuts the conical valve; by which means the 
supply of gas is regulated. Any amount of ure 
short of that at which the gas is received into the appa- 
ratua, may be communicated to the delivery-pipe by 
means of weights that are put upon the top of the gas- 
holder; and, as the governor is always placed between 
large gasometer at the works, and the pipes con- 
itatiag the atrect inainis, the pressure of the gas in the 
latter is ted in a tolerably effective manner. It 
would be very effective, indeed, if it were not that there 
is a rapid taking-off of pressure from the gas in the mains 
by the i of the consumers’ lights. This causes 
such @ sudden and enormous abstraction of gas from the 
that the pressure immediately falls. For example: 
—In the early part of the evening, just before the lights 
of the neighbouring are turned on, the in the 
ins has a pressure of one inch to one inch and 
a-half of water; but as soon as the supply is opened to 
the locality, the pressure imme- 
less than half an inch of water; and 


may be overcome by usi 


F 


burning gas in an economical 
; for it demands constant attention to keep the 

flame at its proper level. To remedy this, a smaller 
kind of governor is often used by the consumer himself. 
There are various forms of <nis instrument, but they are 
nearly always constructed on the same principle as the 
Pig. 134. large one. They contain a 

valvular ure, which 
opens or shuts according 
to the epely of the burn- 


js In royce’ either 
e plug and socket 
aiceaty described, or by 
means of a dise which rises 
and falls over a small aper- 
ture. The = mode of 
constructing the governor 
was patented by Mr. Clegg, 
as longago as the year 1815, 
and it constitutes the prin- 
ciple of most of the wet 
governors of the present 
time. Of these, one of the 
simplest in its construction 
is that manufactured by 
Mr. Glover. It is repre- 
sented in Fig. 134. 7 is 
the connection by which it 
is fixed to the meter, and 
the passes through 
the pipe g into the gaso- 
gee vate oa | 
g, a ical valve i, t of 

ich is fixed to little herd; 
and, consequently, as the hy ears the latter and lifts 
tale Seb rod eee the valve is closed, 

q isa fixed gasometer, and pro- 
Resting: Weyoad: Che cover. ce the insroment it ovnves 


for holding weights, rr, which press down the gaso- 
meter, and communicate any amount of pressure that 
may be required. The gas escapes from d, through the 
outlet pipe —water is poured into the apparatus through 
the funnel a, and it is kept at a proper level by the 
tube and plug n, while the gauge m enables the observer 
to note at what height the level of the water stands. 
Lastly, there is a plug at b to draw off any water which 
may happen to pass over or condense in the outlet 
pipe 1. When the gas enters the chamber d, it lifts 
the gasometer, and with it the plugh, so that the 
aperture i is then closed. Directly the gas is let out 
from the chamber to the burners by the delivery tube J, 
the weights rr on the rod p immediately depress the 
gasometer, and then the valve is again opened for the 
entry of more gas; and thus, according to the weights 
at rr, and the supply to the burners, will the gaso- 
meter be rising or falling, and so will keep up a uniform 
supply and pressure. 

n the governor which has been constructed by Mr. 
King of Liverpool, the gasometer is made rather heavy, 
and it is suspended to Fig. 135, 
one arm of a very nicely 
moving beam, like that gq’ 
of a ars of scales, while 
weights are attached to 
the other arm so as to 
regulate the degree of 
pressure. 

In Mutrel’s gover- 
nor the beam is within 
the body of the instru- 
ment (Fig. 135), and the 
gasometer floats in an f\ 
exterior vessel or cham- 
ber of water, while the pressure is regulated by a weight 
oo slides backwards and forwards on an external 
The American regulator, invented by Dr. Kidders, is 
constructed on the same principle, though the gasometer 
floats in quicksilver instead of water, and the valve is 


— 


discoid in lieu of being conical. 
The governor which is patented by Messrs. Hulett 
and Paddon contains the beam within a horizontal tube, 


and the weight floats upon the surface of quicksilver, so 

that the pressure of the gas may be made to regulate 

itself. This instrument is shown in Fig. 136. It will be 
Fig. 136, f 

| | =r, 


_ ~ R| c 


i : 
| 


seen, that when the gas from the main enters the cham- 
ber A, it will, by its pressure, force down the surface of 
the quicksilver at D, and this will cause the plug or 
weight C to fall, and consequently the valve B, at the 
other end of the beam, to rise, and so to close the aper- 
ture which transmits the gas to the burners. There are 
caps at F and G, to be removed when the counterpoise is 
to be regulated to any other pressure. 

Mr. Poole has taken out a patent for the use of a suc- 
cession of small governors, in order that the supply may 
be still better regulated ; and Mr. Platow has constructed 
a dry governor, which works without any fluid at all. 
Lastly, Mr. Biddel has contrived a burner which regu- 
lates itself. It consists of an ordinary Argand, with a 
compound bar of brass and iron. The bar is formed of 
a brass tube with a central rod of iron; the latter is at- 
tached to the top of the former, and plays freely within 
it. When the burner is lighted, the bar stands up in 
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the middle or hollow of the flame; and as these metals 
expand unequally for the same temperature, the motion 
of the longer rod is comniunicated to a small lever so as 


to move a plug which opens or shuts the aperture that 
delivers the The temperature of the flame is thus 
made avai 


as a means of regulating the kg of 
and so of keeping the flame at one uniform height. 

the burner has een once set, so as Mt agers er 
necessary amount of li any increase in the supply o' 
will immediately eeties the size of the flame, and 
will cause the bar to expand and act on the plug so 
as to shut off a portion of the gas. On the contrary, if 
the supply is not sufficient, the bar contracts, and then 
the aperture is opened. 


ON THE GENERAL MANAGEMENT OF GAS, 
VENTILATION, Ere. 


General Management of Gas.—On the continent, the 
government or municipal authorities enforce certain 
regulations for the management and distribution of gas. 
In Hamburg, for instance, the gas-fitters are obligéd to 
perform their work in a certain manner: they must use 
tubes of wrought iron, brass, or copper; and in cases 
where these are not very easily adapted, tubes of drawn- 
tin may be employed. The joinings must be made in a 
durable and solid manner, either by means of sockets 

und in and cemented with iron cement, or by screw- 
ing up, or by soldering. Any other mode of connection 
is forbidden. The tu must be placed in localities 
where they are accessible, so that in case of leakage the 
mischief may be easily remedied. The cocks must be 
arranged in such a manner that they only make the 
fourth part of a turn, and they must be fixed so as not 
to be removable from the barrel. The gas-meters are to 
be furnished by the gas company, and examined and 
«stamped by the adjusting commissioner. All the tubes 
of one inch or more in diameter must have a stopcock, 
so that they may be shut off from the main-pipe, in case 
of fire. No one is allowed to make use of his gas-fittings 
until the gas-fitter has tested their soundness, by means 
of a pressure of one inch of mercury or fourteen inches 
of water. All the gas-fitters are sworn to adhere to 
these instructions ; and in case of any damage resulting 
from negligence on the part of the fitter, private persons 
are entitled to enforce their claims against him before 
a civil court of justice. 

-In a supplemental notice attached to the contract 
made between the English Gas Company in Paris and 
its consumers, the following regulations are recom- 
mended :—‘‘ To prevent any inconvenience in the use of 
gas, it is requisite that the burners should not allow any 

to escape in an unconsumed or imperfectly-consumed 
state. This result is obtained by maintaining the flame at 
a moderate height—three inches and a quarter at most, 
and confining it within a glass chimney of eight inches 
in height. rooms lighted should be carefully venti- 
lated, even during the cessation of lighting, by openings 
in the ceiling, through which the gas and its burnt pro- 
ducts may escape. The plugs of the cocks abould be 
from time to time, so as to prevent oxydation, 

and to facilitate their working. 

**In lighting the gas, it is essential to open, in the 
first instance, the main-cock, and then to ce the light 
successively to each burner at the moment of opening its 
5434 as to prevent the escape of any unconsumed 

‘In extinguishing the light, it is better first to close 
the main-cock, and then to shut off the taps at each of 
the burners. Whenever a smell of gas indicates that 
there is a leak in the pipes, the doors and windows 
should be opened, so as to cause a current of air through 
the room; and the main-tap should be closed. The con- 
sumer should abstain from searching for any leak with a 
light, but he should rather give notice to the company 
and the gas-fitter. In case, whether by imprudence or 
by accident, the escape shall have been ignited, the best 
means of extinguishing it is to cover the aperture with a 
wet cloth.” 

These rules are of great importance, for very serious 


acciderits have resulted from the explosion of gas mixed 
with atmospheric air, A few years se ly, in the 
month of August, 1848—a fearful disester of this de- 
scription occurred in Albany-street. The gas accumulated 
in the shop for a very short time Nae ite: fact, it had 
been escaping no longer than one hour and twenty 
minutes from a crack in the meter; the area of the room 
was about 1,620 cubic feet ; but when the us mixture 
ignited, it blew out the entire front of the premises, 
carrying two persons through a window into a back-yard, 
and forcing another, by the violence of the shock, on to 
the pavement on the opposite side of the street, where 
she was picked up d For more than a quarter of a 
mile, on each side of the house, the effects of the explosion 
were severely felt, and the glass in most of the windows 
of the neighbourhood was shattered. But the most 
extraordi evidence of its enormous power was ex- 
hibited in the condition of the premises which imme- 
diately faced the house that was destroyed: in one of 
these the iron railings around the area were sn 
asunder, and in another a ee of the roof and 
windows were carried to a distance of from 200 to 300 
yards ; besides which, the pavement was torn up for a 
considerable length. According to the official reports 
which were made to the insurance offices, it that 
103 houses were injured by the explosion, ‘sind that the 
damage done amounted to £20,000. 


Another accident, of a similar kind, occurred in the | 


month of July, 1850, at the Ilford toll-gate, where 
three persons were severely injured. The space in whi 
the gas accumulated had an area of eighty cubic feet, 
and the gas had been escaping into it at the rate of f 
cubic feet an hour for a period of fifteen minutes. 
piece of lighted paper was incautiously introduced for 
the purpose of seeing where the | was, and the 
mixture immediately exploded, breaking up the flooring 
of the room, blowing out the window, and knocking down 
a large portion of the front and partition walls of the 
building. These accidents were made the enter of 
scientific investigation, and reports were furnished to the 
aplor.._Th peaking off inter es Lanett 
‘aylor. In s ing of the latter Y y says— 
2s it is difficult to form an estimate of the total explosive 
force exerted by the gas on this occasion; but I am led 
to think that it was probably equal to about twenty 
tons; for when a column of mixed consisting of one 
part of coal and seven of air (the proportion in this 
case), is fired, it expands to about five times its bulk, 
and exerts a pressure of about four pounds on the square 
inch.” In the report given by Dr. Arnott on the ex- 
plosion in Albany-street, it is stated, that the strongest 
explosive mixture consists of one part and ten atmo- 
spheric air, the expansion es in that case tenfold; 
and in a report furnished by M. Tourdes on the explosion 
which took place at Strasburg in 1848, it is stated, that 
the greatest force results from a mixture of one part of 
gas and eleven of air. These discrepancies do 
arise from the variations in the composition of coal gas; 


but it may be stated, in a general way, that from seven | 


to eleven parts of air to one of gas constitute the most 
dangerous proportions; for if the gas or the air be much 
in excess over these, the force of the explosion will be very 
much diminished. This is exemplified in a hig’ Panne 
manner by the admirable researches of Sir Humphry 
Davy into the explosive properties of light carburetted 
hydrogen, or fire-damp ; bor they show, that while seven 
or eight parts of air to one of gas produce the greatest 
explosive effect, other proportions are less rous: in 
fact, a mixture of equal parts of gas and air will burn, 


but it will not explode. The same is the case with a” 


mixture of two of air, or even three of air, and one of 
gas; whereas four of air and one of gas begin to show an 
explosive tendency; and this becomes more and more 
marked up to seven or eight of air to one of gas. His 
experiments also prove, that one part of gas to ten, 
eleven, twelve, thirteen, or fourteen of air were also 
inflamed, but the violence of the combustion became less 
and less; and when the mixture consisted of fifteen parts 
of air to one of gas, there was no explosion at all. 


> > 


“wherever there is an 


_ one-thirtieth, or even one-fiftieth, 
affected animals. 
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These results indicate, that the most easy way of 
destroying the inflammability of coal gas, is that of 
mixing it with a re 2 ae Steet of atmospueric air; 
and hence the necessity for good and effective ventilation 

of gas. We can recognise 
the odour of gas 1 akeie teatadxtetaadaniien ex- 
plosive properties. Dr. Alfred Taylor states, that the 
smell of gas is perceptible when it is mixed with five 
hundred parts of atmospheric air; and that it is very 
manifest when it forms one part in a hundred and fifty 
of air. We have, therefore, a ready means of discovering 
the ; and, indeed, the offensive odour of coal gas 
is one of its most valuable properties ; for if it were to be 
deprived entirely of its odour, accidents would be far 
more frequent than they are at present. 

As gas is lighter than atmospheric air, it is always 
dis to accumulate in the upper of the room; 

here it is that ventilation will most effective. 
Still, however, there is a strong diffusive power possessed 
by all gases, by virtue of which they rapidly commingle ; and 
hence the necessity fora conglet displacement of all the 
atmosphere of a room in which coal gas has been escaping. 

Dr. rane attaches importance to the poisonous pro- 
eo coal gas; saying that there are reports of six 

ths on record, where persons have been killed by 
sleeping in rooms near to which there was a of 
Tourdes found, that an atmosphere containing 
part of coal gas seriously 
It cannot, therefore, be too strongly 
impressed upon the minds of those who use in 
dwelling-houses, that where a smell is perceptible, the 
ane be immediately ape ng and pom 
When the leakage is comparatively slight it may en r 
the lives of those who ibe poses 150 the t ; ad 
it has reached a hi point, it may toa 
serious von tip hus explosion. oe effects which it 
ces on uman system are those of depression, 
he, sickness, and general prostration of the vital 
followed by deep coma. 
Gas Ventilation.—It oe been already stated that the 
products of combustion are very pernicious—that 
not ly cause discomfort to the feelings, and 
injury to the health of those who inhale them, 
are also very destructive to pro ; besides 
which, the high temperature which is produced in rooms 
where gas is burnt in a wasteful manner, is very objec- 
tionable. All these circumstances render it 


3 


necessary 
_ that the products of combustion, as well as the heated 


atmosphere, should be removed as speedily as possible. 
In fact, it is of the greatest importance that gas should 


| be consumed in such a manner as not to affect the atmo- 


sphere of the room at all. Several contrivances have 
been suggested for the purpose of effecting this. 
Many years ago, 
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B 
this contrivance the gas burns in a closed chamber, ir | 


the ucts of combustion are at once carried away. 
This of aie Bret g gas is practised at the club-house 
before men’ an at Bucki and Windsor 


* 


az 


it the t objection to it is the frequent 
th same, and the necessity for a venti- 


e 
lating with a upward current. 
The sun-burner pepe fet been described, and so 


aa purpose ; 
of a ventilating-bell and draught-tube placed over the 
burner. If the bell is lowered so as to be a little below 
the level of the glass chimney, and the whole surrounded 
* See ante, p. 120; Fig. 131. 


by a glass globe which is open only at the top, a current 
of atmospheric air passes down over the tube and - 
chimney, and thence to the flame, where it is consumed, 
after which it passes away through the draught-tube. 
By this means the air is heated before it reaches the 
flame, and therefore the intensity of light is augmented ; 
besides which, the cooling influence of the air on the 
draught-tube and chimney prevents the heat of the gas 
from being communicated to the room. 

Another mode of effecting ventilation, is to place a 
simple catch-tube, or funnel, over the gas, and thus to 
carry away the products of combustion into a —_ 
bouring chimney, or to the outside of the house. The 
draught-tube need not be v large, and it may be 
hidden above the ceiling. “When this plan is not 
available, a less perfect mode of ventilation may be 
adopted by boring a number of holes through the ceiling 
immediately over the chandelier or burner. The holes 
should be about half an inch in diameter, and they 
should communicate with the above the ceiling. 
A few ventilating bricks should also be introduced into 
the wall, bounding the space on each side of the house, 
so as to off the warm air. The holes in the ceiling 
may be hidden from view by means of a perforated or 
open rosette. 

Lastly, where gas can be burnt out of the room 
altogether, it is of the test importance that no plan 
of internal combustion should be adopted. Shop-windows, 
for example, are best lighted by means of an external jet 
with a reflector. On the continent this is the plan v 
generally employed ; and it is found to produce a mu 
more pleasing effect, than when the burners are placed 
on the inside of the windows. There is no reason why 

may not be used in a somewhat similar way for 
illuminating private rooms. At present we generally 
receive the light from the ceiling, and the combustion 
takes wer in the atmosphere of the room ; but it is quite 
possible to burn the gas in a closed chamber at the side 
of the room; say, for instance, in a recess which might 
be formed by removing a portion of the wall in some 
convenient situation, as between two windows, This 
recess might have a number of small gas-burners with 
reflectors behind them ; and it might be covered in front 
with ground glass, ornamented with some device. It 
should, of course, communicate with the external atmo- 
sphere, and be shut off from the room. By day it might 
be covered by a mirror; and at night the mirror might be 
slid to one side, so as to form a shutter for a window. 
Again, in some situations where the space between the 
ceiling and the upper floor is very considerable, a ring 
of gas jets, or a sun-burner, might be introduced into a 
closed chamber in the ceiling, and the light might be 
reflected or diffused in a very ble manner. In 
short, there are many plans which might be s ted 
for a more perfect and wholesome mode of burning 
for illuminating pu than that which we generally 
employ; and there is no doubt that if attention were 
sufficiently aroused to the importance of this subject, 
many improvements would be adopted. 

Vitiating Effects of Illuminating Agents. —Although 
gas is generally regarded as the most injurious of all 
ight-giving bodies, yet this is not true when we consume 
it in moderation ; that is, when we burn it in such a 
manner as to obtain the same amount of light as we are 
accustomed to have from other agents. This will be 
made evident from what follows. A very little con- 
sideration will show that we have become exceedingly 
wasteful in the use of gas, burning it in situations where 
we obtain the least possible advantage from its luminous 
effects, and demanding such a strong glare from it, that 
there is a much larger consumption of the material than 
need be; and consequently there is a larger vitiation of 
the atmosphere than would occur with any other illumi- 
nating agent. Take the case of an ordinary sitting-room. 
With two candles on the table, at a distance of a foot 
from the observer, he can see well enough to read, write, 
or work, But suppose that is introduced into the 
room ; it is placed in a chandelier four or five feet from 
the table, and then, according to the law of intensity, it 
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requires twenty-five candles’ worth of light to give the 
same amount of luminosity on the table; and so two or 
three gas-burners, consuming in all about ten cubic feet 
of per hour, are fitted up to do the work of two 
po. It is this profusion of light and heat which has 
occasioned so strony a prejudice against the employment 
of gas, on the score of its heating and vitiating effects; 
-| but the prejudice is not well-founded. Dr. Frankland 
has made experiments to determine the relative amounts 
of carbonic acid produced by the usual illuminati 
agents, and he states that the following proportions o 
carbonic acid are produced per hour phen, the com- 
bustion of a sufficient quantity of each of the materials 


to get the light of twenty sperm candles, each burning at 

the rate of one hundred and twenty grains per hour :— 
Tallow ° ° ¢ ° 10°1 cubic feet. 
Wax... ‘ . ° SOs va 
Spermaceti : * . BBs sy: 199 
Sperm oil . : ° “ Chis. ss 
Common London gas . ‘ ee 
Manchester gas . ; < hs 4 


London cannel OE ee 
Hydro-carbon Scstsal one eS i Se 
dro-car' e agogas 23 4, 4, 
Now, if we bear in mind that each cubic foot of 
carbonic acid involves the destruction of nearly five cubic 
feet of air, and that, according to toxicologists, a pro- 
portion of five per cent. of ‘carbonic acid in the atmo- 
sphere is dangerous to animal life, we shall perceive that 
re is an enormous amount of atmospheric air vitiated 
and rendered irrespirable from this cause alone; but to 
this must likewise be added an almost equally large 
quantity of oxygen which is consumed by the hydrogen 
of these illuminating agents, and which in coal gas 
amounts in many cases to nearly fifty per cent. It will 
be manifest, therefore, that in obtaining artificial light 
by any of these m we destroy a large quantity of 
atmospheric air; and hence provision should be made 
for an ample supply of it by means of good ventilation. 
This will be still more evident from what follows. 

Mr. Lewis Thompson has instituted a set of experi- 
ments for the purpose of ascertaining how long a flame 
of a given intensity, obtained from different illuminating 
agents, will burn in a given bulk of atmospheric air. In 

cases the value of the light emitted was the same— 
namely, that of thirteen standard sperm candles, each of 
one hundred and twenty grains’ consumption per hour; 
and a distinct experiment was made with each agent. 
The times that elapsed before the flames were extin- 
guished were as follows :— 


Rape or Colza oil . : . 71 minutes, 
Olive oil Se We ery ar 
Russian tallow~ . ° ° 75 ” 
ROMERROM Wks. oe Ae ay 
Sperm oil die DES, TNs 
Stearic acid . . . . [7 ” 
Wax candles . Fie of ANG Laas 
Spermaceti candles . $ ‘ ee 

ommon voal gas. 3 : 98 bs 
Cannel coal gas : A =~ 


152 : 
These times are inversely as the salubrity of the illumi- 
nating agent; and hence it follows that common rape oil 
is the most destructive of the atmosphere, and rich 
cannel gas the least. 

The same is true of the heating effects of these bodies. 
Already we have alluded to this fact; but as it has been 
made the subject of special experiment by Mr. Lewis 
Thompson, we will again refer toit. He says, that when 
the following materials are burnt for an hour, in such 
quantity as to give the light of one sperm candle of one 
hundred and twenty grains’ consumption, they raised 
the following amounts of water from the temperature of 


60° to 212° Fah. :— : 
Cannel gas raised 4074 grains of water 152° 
Common gas ,, 6840 ,, ” ” 
Sperm candle ” Toub ” ” ” 
Tallow eandle ” 7534 ” ” ” 


Colza oil ” 7870 ” 996, ” 
“The impossibility of maintaining one uniform rate of 


eensumption in the case of the candle and oil, detracts 

slightly from the value of the results; but the indica- 
tions are too decisive to permit the general conclusion 
to be doubted—that, light for light, the inconvenience 
arising from heat is much less with gas than with any of 
the ordinary agents employed to give light; and in the 
case of cannel gas the shyautags is very great,” 


ILLUMINATING AGENTS WHICH DO NOT 
VITIATE THE ATMOSPHERE. 


Or these there are two which are especially d i 
of notice: they are the oxy-hydrogen, or p Race 
light, and the electric light. 

The Oxy-hydrogen Light, —This was first introduced to 
public notice by Lieutenant Drummond, It consists of 
a jet of oxygen and hydrogen gases, or of alcohol and 
oxygen, burning so as to ignite a piece of lime or = 
nesia ; and the high temperature which is thus prod 
renders the earthy body so incandescent as to be in- 
tensely luminous. 

The apparatus which is employed for the production 
of this light has, at various times, undergone consider- 
able alteration and improvement. Originally the mixed 
gases, consisting of two parts, os Panaer pac of h 
and one re were condensed, by means e 
syringe wor' at t pressure, into a square me 
box, as which thes ievted a long jet, of very small 
bore; this jet through a thick oak partition, in 
order that the operators might be protected from the 
danger which was incidental to the bursting of the 
metal box from explosion. This was the form of appa- 
ratus originally contrived by Clarke and Newman. 
After this the safety-jets of Gurney, Hemming, and 
others, were adopted; and at the present time, it is 
customary to burn the mixed gases by means of the 
latter, or else to deliver the gases separately into a 
double jet or nozzle, where they mix immediately before 
they are consumed. Both of these plans are very 
manageable, though the latter is thought to be less 
open to the risk of explosion than the former. 

The hydrogen gas is obtained by acting on zine with 
dilute sulphuric acid (one of acid to ten or twelve of 
water) ; and the oxygen, by heating a pulverulent mixture 
of four parts of chlorate of po and one of peroxide 
of manganese in a glass retort, In each case the gas is 
to be collected in a gasometer, or else in bladders fixed 
to receivers over a pneumatic trough. Mr. Watson has 
obtained a patent for procuring the gases already mixed 
in proper portions by the decomposition of water by 
galvanic agency; but the process is an expensive one. 

When the mixed gases are burnt, the flame is pryienes 
upon a small cylinder of lime or magnesia, which is from 
time to time turned round, so as to expose a fresh sur- 
face to the action of the flame. 

Another mode of obtaining this light is to throw a jet 
of oxygen into a flame of spirit of wine or ether, or to 
mix the oxygen with coal gas instead of with hydrogen. 

The light which is obtained by either of these plans is 
very intense. When concentrated by means of a con- 
cave mirror, it is distinctly visible at a distance of sixty- 
five miles; and when compared with the light of a wax 
candle, the mixture of oxygen and coal gas is equal to 
twenty-nine of such candles; that of alcohol and o 
to sixty-nine; that of ether and oxygen to seventy-six; 
and that of hydrogen and oxygen toa hundred and fifty- 
three. In consequence of ob ag intensity of the 
oxy-hydrogen light, it is generally employed for the 
phantas' ia, the dissolving views, and solar micro 
scope, and or theatrical illuminations, and experiments 
in optics; besides which, it has been recommended for 
lighthouses and a hts. The light differs from all 
others which have escribed, in the circumstance of 
its being exceedingly white, and therefore well suited for 
the display of bright and delicate colours. With this light 
the various shades and tints of a picture or dress are as 
plainly discernible as they are by the diffused light of me 

The Electric Light.—Within the last few years, pub! 
expectation has been raised to a great height, by the 
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announcement that voltaic electricity might be made the 
means of producing a very pure and intense light; and 
several patents have been taken out for the purpose of 
accomplishing this. Indeed, many exhibitions of the 
light have been made at several public institutions, and 
also in the air, by which the sanguine hopes of its 

igi qo been apparently increased. Of late, 
however, little has been heard of the subject beyond the 
few remarks which occasionally fall from men of science 
in their discourse upon it. 

The idea of employing electricity for this purpose is 
not novel; for a. novet of the valu light was 
thoroughly investigated in the time of Sir Humphry 
Davy: but the difficulties which electricians had then to 

contend with in the inconstancy of the galvanic battery, 
offered an insurmountable barrier to its use. A part of 
this difficulty was overcome by the late Professor 
~ ” segeges Bage was the first to contrive a. constant battery. 
Since then, the voltaic arrangements, by which a current 
of electricity of great power may be sustained for any 
length of time, have been improved by Mr. Smee, Pro- 
fessor Grove, M. Bunsen, and the Rev. Professor Callen, 
of Maynooth; so that, at the present time, there are 
abundant facilities for producing the light. 
The first patent which was taken out for the use of 
electricity for illuminating purposes, was that of Mr. 
Staite, in November, 1846. In July, 1848, he obtained 


another patent for an improved form of battery. This 
he called the perfluent battery, in contradistinction to 
the ing, which was already in use. It was thus 
named on account of the ——- which he adopted 
for ing up a supply of acid. The troughs, or cells 
of the , communicated with each other by means 


of elastic syphons or cross tubes, and the acid was made 
to flow from cell to cell throughout the entire h of 
the series ; so that, when it arrived at the last cell, it was 


com ly 

pe yer zinc. It was thought that such an arrange- 
ment would be the means of economising power and 
material ; but it happens to be the very worst that could 
possibly have been contrived for such a purpose. The 
electrician knows, that if he requires the greatest power 
from his battery, each of the cells must be acting alike, 
and to their fullest extent; for it is the condition of 
electricity to multiply itself; not after the ratio of the 


most cell, but after that of the weakest. If, 
ned aes have in the arrangement a number of cells 


working unequally, as is the case in the uent 
battery, the sotivity of the one ect of celle will of no 


avail in raising the inactivity of the other; for the least 


amalgam, et ing of 6 of zinc and 1 of mercury. He 
likewise proposed lead should be employed instead 


retorts, or else formed by powdering the coke. 

izing it with a little coal-tar, then pressing it into 
monies and baking it at a low red-heat. Since then— 
namely, in the month of February, 1849—Mr. Charles 
Thomas Pearce obtained another patent for improve- 
ments of a like description. His haaheny was a perfluent 
onv, and it differed from Staite’s in the circumstance 


that the flow took place separately in each cell, and not 
from cell to cell; so that the amount of power generated 
in each cell was the same, and his porous diaphragms 
were made of sycamore wood, soaked in dilute acid. 
Another of his claims was the use of alkaline salts in 
solution, which did away with the necessity for am 
mating the zinc. Lastly, another patent has since this 
been obtained by Messrs. Staite and Petrie, wherein 
they recommend a modification of their former arrange- 
ment, so as to keep the — in all the cells of the 
same degree of " of these patentees has 
likewise secured to hi the use of certain contri- 
vances, whereby the charcoal-points which emit the light 
shall be removed and kept at a proper distance from 
each other. These, in fact, constitute the real claims to 
consideration; for the batteries which they have in- 
vented are not worthy of the least attention. 

Batteries used in obtaining the Electric Light.— 
(a.) Daniell’s Battery, which consists of a jar containing 
a cylinder of sheet copper, and a saturated solution of 
its sulphate; within this there is placed a porous cell 
(com of brown paper, unglazed earthenware, or 
bladder), which holds a cylinder of sheet zinc, and 
dilute sulphuric acid. These are arranged so as to 
obtain both quantity and intensity of electricity. 

(b.) Grove’s Battery is cons in a very different 
manner. The outer cell is of an oblong form, and it 
may be made of glass, earthenware, or gutta-percha, It 
contains a piece of sheet zinc bent into the form of the 
letter U, one leg being a little longer than the other. 
The zinc is amalgamated according to Mr. Smee’s plan, 
by dipping it into dilute sulphuric acid, and then cover- 
ing it with quicksilver. ithin the bend of the zinc 
there is placed a porous oblong cell of unglazed earthen- 
ware, and within this a sheet of platinum. The battery 
is set in action by pouring dilute sulphuric acid (in the 
proportion of one acid to seven water) into the zinc com- 
partment, and strong nitric acid into the platinum cell. 
As before, the battery may be arranged for quantity as 
well as intensity. 


is used instead of platinum; or a cast-iron cell is 
charged with a mixture of two parts of strong sulphuric 
acid, one-and-a-half of nitric acid, and the same of 
water; and it is better to excite the zinc with a strong 
solution of muriate of ammonia instead of with dilute 
sulphuric acid, for this does away with the necessity for 
amalgamating the metal. 3 

Professor Grove says that the result of his experience 
is, that the nitric acid battery, in one or other of the 
preceding forms, is the only one, hitherto invented, 
which offers anything like a practical means of applying 
this power to illuminating pw ; and the best 
arrangement that can be adop' for obtaining the 
greatest amount of power, is to use about forty or sixty 
cells, arranged in two series of twenty or thi each, 
By this means we have the quantity of two cells, and 
the intensity of twenty or thirty. If we go beyond this 
in the intensity arrangement, the fluids in the cells 
begin to boil, and quickly to evaporate. This is objec- 
tionable ; for it not only renders the atmosphere of the 
room irrespirable, but it frequently brings the action of 
the battery to a standstill. The source of power in all 
cases is the chemical action which takes place in the cells, 

Mode of obtaining the Light.—The wires which convey 
the electricity from each of the — must e bie 
nected, so t the two positive es are broug 
together, and the two negatives. The wires should be 
of size, so as to conduct the electricity with ease ; 
and they should be covered with gutta-percha, so as 
to insulate them. If this precaution be not taken, 
they may touch each other, and so cut off the current; 
or they may become u bly hot; or they may 
communicate a shock to the operator. Ii is usual to 
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have the aig batteries in any convenient place at a 
distance from the Speen, and to convey the elec- 
tricity, by means of the insulated wires, to the point 
zeae it is wanted. Light wy oe x, the 

ttery in two ways: ei ringing the poles into 
contact witha oaed or so of ee a or icidtum wire, 
wound into the form of a spiral; or by terminating them 


with cylinders of charcoal, and then bringing them into 

contact. In each case the light is produced by the igni- 

tion of the conducting medium. 
Pig. 137. 


latinum or iridium is 
“eg ue well suited 
‘or the purpose as 
charcoal, use, in 
the first place, the 
light is never so vi- 
vid, and, in the se- 
cond place, the metal 
is very likely tofuse, 
and puta stop to the 
experiment, When 
charcoal is employ- 
ed, it is found that 
the greatest inten- 
sity of light is pro- 
duced by drawing 
the points apart to 
the extent of from 
a quarter to half an 
inch ; and then there 
is astream of finely- 
powdered charcoal, 
—— Jin a most intensely 
alle d ignited state, pro- 
: jected from one pole 
to the other, forming an arc of flame. If the charcoal- 
Fig. 138. points are too close together, 

we do not obtain the maxi- 
mum effect; and if they are 
too far apart, the arc is 
broken, and the light extin- 
ished. This it is which 
constitutes the difficulty in 
keeping up the elettric light, 
and which gives to the flame 
its unsteady, flickering cha- 
racter. Consequently, all the 
contrivances which have been 
adopted for overcoming this, 
haye been made the bases of 
the several patents to which 
we have alluded. These we 
shall now proceed to describe. 
Apparatus for sustaining 
the Electric Light.—The first 
_ of Mr. Staite’s patents was 
for a contrivance or method 
for maintaining the charcoal- 
ints at a uniform distance. 

e of these is represented 
in Fig. 137: a and b are the 
charcoal-points; they slide 
easily in a brass tube which 
holds them, and their free 
ends rest upon a solid cylin- 
= of plaster of age c. At 
e@ opposite ends they are 
Siomee. upon by a spiral 
spring, which is contained 
within the brass tube; and 
by which means they, are 
ways forced down very 
firmly on the plaster of Paris 
cylinder. There is an ad- 
josting screw at d for regu- 
ting the distance of the 
points, and the arms f g con- 
E- vey the current. To set it 
=| — in action, the two charcoal- 

points are made to touch by means of the adjusting 


screw d, and then they are separated to thersquees dis- 
tance, so as to get the maximum amount of light, As 


the points burn away, the springs keep up a fi supply 
by forcing them down on the piston of Paris age 
and maintaining them at their proper di I 


was at first thought that this arrangement would meet all 
the difficulties of the case; but it was soon found 
that there were irregularities in the action of the 
battery, as well as a projection of the charcoal from one 
pole to the other, which demanded a constant motion of 
the points; and, therefore, a few months afterwards the 
patentee adopted another invention, whereby the points 
were adjus by the aid of an electro-magnet. A third 
patent, with still further improvements in this respect, 
was obtained in the course of the same year. In this 
last patent there are three distinct kinds of apparatus 
described for the management of the electric light— 
namely, one for obtaining a regularly intermitting li ght, 
another for procuring a constant uniform light, 

a third for developing a constant light by the ignition of 
a metallic wire. 

The apparatus for producing the first effect is repre- 
sented in Fig. 138: a b are the two charcoal-points; 
one of them is fixed to the conductor c, and the other 
to the movable rod d. The lower part of d is fixed to 
a rack f, and this to an iron rod g, which moves freely 
up and down in a tube h, that is surrounded by a coil of 
wire in the form of a helix: a weight i is attached to the 
mod Sg DE Pens at a string, which passes over a pulley. 
The object of this is to counterbalance the weight of 
rod, rack, and charcoal-holder; and there is a small piece 
Of chain, ais attached to the welghtk eo thas the takai 
may be equalised as the rod is pulled down. The action 
of the apparatus is as follows :—The conductor k, and the 
wire of the helix around A, are brought into connection 
with the galvanic battery, and the circuit is closed by 
bringing the two char- Fig. 139 
coal-points into contact. 
At this moment the iron 
rod g is rendered mag- 
netic, and is drawndown 
into e nee yd 
within the heli 
this means the spitaal 
points are separated, and 
a most intense light is 
produced; but soon the 
separation takes place 
too far, and then the 
circuit is broken and the 
light extinguished. The 8 
iron bar now loses its 
magnetism, and the 
weight draws it up 
again, so as to bring 
the charcoal-points once 
more into contact, when 
the same phenomenon is 
repeated. It is obvious 
that by this contrivance 
a succession of dsm at 4 
regular intervals is pro- 
duced, and the iad a 
may be so regulated as 
to maintain any period 
for the duration of the a 
light and its intermis- 
sion. R 

The apparatus for pro- 
ducing a constant and K} }om 
uniform light is shown os 
in Fig. 139. The char- 4 
coal-points A B are at- 
tached as before—one 
to a fixed conductor ©, 
and the other to a move- | Fr 


> 


able conductor D; the rs . 
latter is moved by a 
rack F F, which works into a pinion, and this turns on 


a 
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arecounterpoised. To thespindle there is fixed 
wheel H and a lever I; the latter carries a 
ul, which locks into the of the wheel in 
4 eases Pe A long horizontal lever, K, passes 
over the paul, and moves on the fulcrum L; while it 
end a rod M, which is fixed to an iron 
at the other a movable counterpoise O. The 
up and down in the coil P. 
i I are kept in a state of slow 
side to side by means of a crank R, which 
in a fork at the end of the lever I. This crank is 


leted, . This acts on 
er K, and causes the lower charcoal-point to 
descend and separate from the upper one. Directly the 

i ow theron rea i 


M. Lemolt’s apparatus for adjusting the charcoal 
electrodes is somewhat different from the last. In the 
the cylindrical, but are in 


square cogs of which are in communication below with 
the driving-wheel d, and above with another pinion f, 
the inner cogs of which are in gear with a large wheel g. 
Over the drum of the pinion at c, there pass two endless 
age which give motion to the charcoal discs, «, b. 
n order that the discs may be at a proper distance for 
the production of a good light, there are two adjusting 
stops h h, fixed to the arms on which the discs rotate. 
These stops are brought into close contact with two 
cams, which are situated in the periphery of the wheel 

; and as this wheel rotates, the charcoal discs are 

rought closer and closer together, so as to compensate 
for the wear of the electrodes. There is a spiral spring 
at i to keep the arms and their stops tight against the 
cams. The apparatus is thus set in motion—the termi- 
nal wires of the battery are brought into connection with 
the charcoal discs by means of the conductors k, 1. The 
driving-wheel d is then set in motion by clockwork 
within the case of the instrument, and its motion is com- 
municated to the other wheels, and also to the charcoal 
discs. The discs are then brought together so as to 
complete the circuit, and the stops are adjusted in the 
cams, so as to produce the necessary arc of flame. By 
the revolution of the discs, new surfaces are constantly 
presented to each other, and the old or worn edges are 
cleaned down by the sides of the stirrups in which they 
revolve, 

In Mr. Pearce’s arrangement, there is a prismatic or 

lindrical bar-electrode in contact with one, two, or 
cee of a discoid form. These are moved by clock- 
work ; and it is so that while the first advances 
or rises vee ty nh sheath, the others revolve at a pro- 
per di m it, and the edges are kept clean by 
means of iridium cutters. The charcoal bar is also held 
by the iridium conductors, which grasp it close to the 
note point. The advantige of this mode of mounting 

electrodes is, that if from any cause, such as un- 
equal waste of carbon, or irregularity of surface, the 
light should be extinguished at one point, the others re- 
main burning, until by the further revolution of the 
disc, or the advance of the bar, the electrodes are again 
t into contact, and the light restored. Besides 
which, in presenting two or three centres of light, so 
merged as to appear as one in a reflector, there is greater 
brilliancy and greater steadiness of flame. 

Another apparatus has been patented by Mr. Pearce, 
which does away with the necessity of clockwork alto- 
gether. It consists of two bar-electrodes, which are 
approximated by means of springs or weights and 
P ; and the n distance is preserved by the 
intervention of slips of non-conducting charcoal. He 
has also contrived a plan for relighting the electrodes in 
case the arc of flame is blown out. This he effects by 
aid of a wedge-shaped piece of charcoal, which falls down 
between the electrodes directly the light is extinguished, 
and thus re-establishes the contact. The charcoal is 
fixed at one end of a lever, and to the other end there is 
a soft iron armature: this is placed opposite to a soft 
iron et, enclosed in a coil which carries the current. 
While t 


ass | ose from which the 
ere is no novelty 

whatever in this contrivance; and, consequently, it is 

undeserving of further notice. 

Some little attention is aegres re the quality of the 
electrodes, in order to get the effect. Common 
charcoal is unsuited for the purpose, because of its bein 
in most cases a non-conductor of electricity ; the charcoa 
of porous wood is also objectionable, from the circum- 
stance of its burning away very rapidly: therefore it is 
that electricians make choice of the densest varieties of 
carbon. One of these is the charcoal from boxwood, 
which is obtained by cutting the wood into pieces of 

rT 
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erg: faire irrty form : they are then put into a cruci- 
ble, filled up with fine sand, so as to secure the exclusion 
of atmospheric air, and exposed for two or three hours 
toa bright red or white heat. The crucible is to be well 
covered, and allowed to cool before the charcoal is taken 
out. 


Hard coke has been employed with considerable ad- 
vantage by many persons. The objection to it is, that it 
frequently scintillates, from the quantity of iron 
which is contained in it. This difliculty may be overcome 
by powdering the coke, then stirring it about with a 
magnet so as to attract the iron, or else digesting it in 
nitro-muriatic acid, and washing very well before Te 
The powdered coke is then to be moistened with a little 

p or coal-tar, and rammed into a cylindrical mould: 

e bar which is thus made must be ignited in a crucible 
covered with sand, in the same way as that already 
described for the preparation of boxwood charcoal. 
These cylinders will be found exceedingly hard, and they 
give a light which is superior in whiteness and intensity 
to that from any other kind of charcoal. If the electrodes 
are soaked in a strong solution of common salt, and then 
dried, they give a still more brilliant effect; and by 
using a salt of copper, chloride of strontium, &c., we 
obtain green, red, and other coloured flames. 

Again, it has been noticed that the intensity of the 
light is increased by removing the atmospheric air from 
the vessel containing the electrodes, and effecting contact 
in a rarefied atmosphere, or in a vacuum. ‘The effects 
which are produced in this manner are very remarkable ; 
for the purity and intensity of the light are ter than 
those from any other source. In the first p we find 
that it simulates the light of the sun, in the circum- 
stance of its a a means of distinguishing the most 
delicate tints of colour: blues, yellows, and whites, 
which are not to be seen in a pure state by ordi 
artificial light, are recognisable by this mode of illumi- 
nation as if they were seen by day. Again, when the 
ce is decomposed by a prism, we obtain a spectrum 
which is similar to that afforded by the rays of the sun. 

The intensity of the light has been variously estimated. 
That which was exhibited by Mr. Staite on the 30th of 
May, 1849, from the summit of one of the towers of the 
rato PRI Suspension-bridge, was said by him to be 
equal to 750 wax candles. Professor Grove, in experi- 
menting with a battery of thirty cells, the platinum 
being four inches by two, obtained a light which equalled 
that of 1,444 wax candles; and Dr. rere Ate that 
in some experiments which were made by Mr. Hearder, 
of Plymouth, in the month of April, 1849, with a 
Maynooth battery of eighty cells, each four inches square, 

in two sets of forty each—the light, when con- 
centrated by a parabolic mirror, and sent over the 
country for a of 5,490 yards, gave a light equal to 
that of a candle at thirty feet distance; so that the 
intensity of the focussed light was- equal to that of 
301,401 candles. +It is probable that Mr. Grove’s 
estimate is nearest to the truth, as great pains were 
taken in his investigations to arrive at correct results. 

It is very natural that a light of so great brilliancy 
should command a share of public attention, and 
should likewise be miade the subject of frequent experi- 
ment. Hence it is that Mr. Staite and others have often 
exhibited it in London and elsewhere. When it was 
shown from the top of the Hungerford Suspension-bridge, 
the light was sufficiently intense to illuminate the water- 
frontage of Somerset House ; and when it was cast to the 
opposite side of the river, it lighted up all the buildings 
on the § shore. Exhibitions of it have also been 
made at the over-square Rooms, from the top of the 
Duke of York’s Column, and from the portico of the 
National Gallery; but the most marvellous illustration 
of its power was afforded by Mr. Hearder, of Plymouth, 
who the light at the top of the Devonport Column, 
and experimented with it at Trematon , Which 
is distant about 18,266 feet; and then at Bovisand, which 
is 16,470 feet from the column, At the former place the 
light was sufficiently strong to mark the time on the 
seconds-hand of a small watch, and the walks of the castle 


were distinctly visible at a distance of half a mile; 
besides which, the ivy-leaves over the gateway of the 
building were plainly seen when the observer was sixty 
feet away from them. Its intensity, says Mr. Tucker, 
who reported upon it, was magnificently brilliant. At 
Bovisand the light was sufliciently to cast a 
shadow of objects on a yellow wall, and it was thought to 
be about equal in intensity to that of the full moon when 
at its meridian in a calm clear night. At that distance, 
without the reflector, it looked like the planet Venus 
when seen through a telescope. 

The following are the accounts given of these effects, as 
seen at Bovisand and Trematon, by Messrs. Walker and 
Tucker, the two gentlemen who were deputed by Mr. 
Hearder to make the necessary observations. The 
accounts are extracted from the Plymouth Heraid for 
nt 2ist and May 5th, 1849. Mr. Walker writes 


rd to our observations at Bovisand. About 
half-past cig t o’clock we saw flashes and gli ings of 
a bluish light from the column at Devonport, which, to 
all but myself, were unsatisfactory. The pa thought 
that something had gone wrong. The light was then, in 
all probability, on the Trematon side of the column, the 
column being directly between us and the light itself. 


After waiting for some time, we finally saw the electric 
light outshining all the other visible lights, and we sent 
up a rocket or two to indicate our sati ion, Our 


personal shadows were ae ose upon a boat-house door 
(painted yellow, and i illuminated) by the electric 
light, and pronounced equal to that of the full moon when 
on the meridian in a calm clear night. 

‘* A candle (six to a 9 snore projected a similar shadow 
upon the same door, illuminated in the same way, at a 
distance of 30 feet from the m whose shadow was 
thrown upon the door. That is to say, the shadow pro- 
jected by the electric light at a distance of 5,490 yards, 
was just equal to the shadow projected by a single candle 
at a distance of 10 yards. msequently, their illumi- 
nating powers were as 10 (squared) : 5490 (squared), or 
as 1 ; 301,401. This comparison is rather a ‘stunning’ 
one! Iam of opirion that the electric light possesses a 
space-penetrating power infinitely superior to any light 
we can obtain by combustion, since it is free from all 
carbonaceous or solid icles ! - 

“The Breakwater light may probably dat Seay 
sing ng ta , each equal to half-a-dozen candles ; 
yet this light projected a shadow only slightly visible at 
a distance of 500 yards ; while the electric light projected 
shadows, at lucid intervals, strong enough for children 
to make rabbits with their fingers upon a wall more than 
500 yards distant from the light itself; that is to say, 
ten times farther than from a lighthouse that could ps 4 
throw a shadow ‘faintly visible.’ The electric light, as 
seen in the open air, may be compared (as far as colour 
is concerned) to that of the planet Venus when seen 
through a telescope, or to the light of a glow-worm, or 
to those brilliant ashes of light we sometimes see within 
the tropics, from the waves when surcharged with phos- 
phorescent matter.” 

And Mr. Tucker’s account is as follows :—‘‘ Sir,—A 
variety of occupations have prevented my sooner in- 
forming you of the effect uced here by the electric 
light, on the evening of the 12th inst. You are aware 
that this castle is 18,266 feet distant to the N.N.W. 
from the column at Devon The reflector which 
you used was one from which the rays dive The 
evening was very favourable ; but little breeze (E.N.E.) 
was stirring, yet sufficient to blow off the smoke from the 
town. The atmosphere was so clear that the Devonport 
lamps were very disti Pages Ara ge ecey ich 
appeared shone very brightly; but they were few, and 

e moon had not yet arisen. The instant the light 
shone, the 7% of Devonport were all but 
eclipsed: as it fell upon a sail spread over the walls of 
the keep, we immediately perceived that a shadow was” 
cast by the fingers of a hand upon the sail, by a twig of 
ivy, and by the stem of an ivy-leaf. We could clearly 
see what o’clock it was by our watches, I ascertained 
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the light to be polarised, and the whole effect was very 
striking, for the light upon the column was exquisitely 
beautiful—its brightness was magnificently brilliant. 
The interposition of the red shade then informed us 
that the light would be changed. When that change, 
whatever it were, was made, the light sensibly increased ; 
we then could see the time by the seconds-hand of a 
small watch; the usual hand-writing was read; and the 
ivy-leaves on the gateway tower were seen at the dis- 
tance of ninety feet. Persons more than half a mile 
behind the keep could plainly see the walks around it ; 
and we all were very much D egos by the striking effect 
produced by your turning the reflector upwards towards 
the clouds, which we clearly saw, the light then having 
the appearance of the tail of a huge comet, the reflector 
being the nucleus. I think I may state that the breadth 
of the Congest of the light was at least three-quarters 
of a mile; and I believe that persons standing on the 
brick-field (close to Devonport) saw the light reflected to 
them from a looking-glass which was suspended from the 


keep.” 

fi the electric light is exhibited in a room where there 
are gas or other lights, the intensity of the former is so 
great that it actually produces shadows of the flames of 
the others. At the Polytechnic Institution, the electric 
light is used for the purpose of illustrating the optical 
etfects of refraction aa reflection in a stream of water— 
as seen in Duboscq’s fountain. The chromatic effects are 
produced by means of coloured glass, which is rapidly 
shifted before the light. 

As to the economy of the light, little can be said. 
Professor Grove stated, that in his experiments with 
the battery which gave the light of 1,444 wax candles, 
the cost was at the rate of about 3s. or 3s. 6d. per hour; 
and Mr. Ward, who has devoted attention to this part 
of the subject, states, that to obtain a given light with 
100 pairs of Smee, 55 of Daniell, or 34 of Grove, each 
cell consuming 60 grains of zine per hour, the cost would 
be about 6d., 74d., or 8d. per ng respectively. But 
we go! jpraasxd that this does not include the original 
cost of the bai or the c for attendance. At 
the Royal Opera House, where the light was exhibited 
for several nights in a new ballet, it cost the manager 
£2 per night, although the exhibition was not of long 
duration. In this case a Maynooth battery of seventy- 
five cells was employed. 

This clearly indicates that the light’ can never be 
economically employed as an ordinary illuminating 
agent: indeed, it is manifest, that as the source of power 
is really the same as that of other artificial lights— 
namely, the oxydation of a combustible body—it resolves 
itself into this: whether it is cheaper to burn gas, oil, or 
tallow, by means of atmospheric oxygen, or to consume 
zine by the aid of. water and very expensive acids, Of 
course some allowance must be made for the value of the 
products in the latter case; but then, as a set-off to this, 
we have to consider the expense of constructing the 
batteries, and of attending to them. It will, however, 
be freely admitted, that although it is not an economical 
light for ordinary purposes, it may be advantageously 
employed whenever a vast amount of illuminating power 
is required, and there are facilities for charging the 
batteries. It might be employed, for example, in light- 
houses, perhaps also in mines, in theatres, and for 
public exhibitions of various kinds. It has been stated 
that tlie electric light has been used to illuminate the 
works of the udetecn Docks in Paris, where the men 
are employed night and day in their work. The light 
has been employed there for four months, at a cost of 
thirty-six francs per night: and as it served for the use 
of 800 men, the cost was exactly four-and-a-half centimes, 
or less than a halfpenny, per man. This does not look 
like a very ex ive mode of illumination; and it is 
very probable that it may be resorted to in such cases as 
this with considerable advantage. Again, it ix not alto- 
gether impracticable to have an electric light in some 
convenient part of a mine, and, by the aid of reflectors, 
to throw the light along the different galleries, and into 
the workings. By this means all danger from explosion 


in those localities where the fire-damp abounds, would 
be completely obviated. 

The Steel Mill of the Miner is the last form of apparatus 
for the production of artificial light to which we shall 
allude. Before the introduction of the Davy lamp into 
the coal-mines of this country, a rude instrument was 
employed by. the miner for the generation of light in 
those localities where the fire-damp rendered the atmo- 
sphere unusually dangerous. It consisted of a small 
steel wheel, which was made to revolve very fast by 
means of a small pinion that was turned by hand ; and 
while the wheel was revolving, a piece of flint was held 
against it, so as to emit a brilliant shower of sparks. 
These gave out sufficient light for the miner to work by. 
It was thought that the heat from this apparatus was 
less dangerous than that from a candle; but Dr. Pereira 
succeeded in firing explosive gas with it, and thus 
demonstrated to the Parliamentary Committee that it 
was just as dangerous in a mine as a candle. At the 
present time the instrument is quite out of use. 


Although the subject of artificial illumination has been 
fully dealt with in the preceding pages, the following 
remarks may prove interesting and useful to some of our 
readers. We have taken each subject separately, and 
supplementary to what has been already advanced. 

owng’s Paraffine Lamps.—Mr. James Young, of 
Bathgate, near Edinburgh, has, for some considerable 
time past, been engaged in producing an oil for illumi- 
nating and other purposes, from a shale known as the 
Torbanehill mineral. With respect to this substance, we 
may observe, that there is hardly anything in the way 
of scientific discovery which has proved so difficult to 
classify. Nearly every eminent chemist in Europe has 
been called on to decide as to its nature; the question 
being, whether it should be regarded as or as a 
mineral substance. Owing to the terms of the lease, 
the lessors reserved their rights to the minerals on the 
property ; whilst the lessees object and resist all claim on 
them, by asserting that the substance from which the oil 
is obtained does not fall within that category. Adver- 
tisements have been freely distributed in the leading 
papers by the lessors, since the commericement of this 
year (1861), inviting all competent persons to afford 
their advice and assistance; and as the means of warfare 
are not wanting on either side, and as the prize is of 
almost fabulous value, we may expect. to find a most 
exciting contest before the Court of ion, in Scotland, 
at the impending trial of the case, The object is to 
invalidate Mr. Young’s title in the question, so far as 
his patents are concerned—the right to use the material 
having been compromised by the parties. 

Paraffine itself is so well known as to require no de- 
scription ; andl Mr. Young uses a form of lamp similar to 
the one already illustrated.* Such are, however, modified 
as to size, ornament, dc. ; and the paraffine lamp may 
now be seen in the humblest cottage, and in the residences 
of our nobility, so popular and general is its use. 

The Fitzmaurice Light.—This invention caused a con- 
siderable sensation amongst naval circles, on account of 
its brilliancy and portability. For some time its arrange- 
ments were kept secret; but it is now stated that it is 
simply a modification of the lime light, the gases being 
kept in small reservoirs, into which they are pumped to a 
high pressure. 

he Lime Light.—This light has lately been partially 
used for street purposes ; and for the sake of introducing 
it into popular notice, one side of Westminster-bridge 
was lighted up with it. A company was formed to carry 
out its general adoption. We believe, however, that 
nothing further has been done than what we have men- 
tioned; and until a cheap and ready mode of obtaining 
oxy is discovered, it is very unlikely that the lime 
light will be generally adopted. 

The Electric Light.—This subject we shall fully enter 
into hereafter; but we may just mention, that Mr, 
Holmes has, within the last few years, made a con- . 
siderable improvement in obtaining elegtricity, by 

* See ante, p, 1]3; Fig. 117, 
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magnetic machine, which is driven by 
steam-power. Coils of wire, enclosing bars of soft iron, 


and, ee eee a current of electricity 


we were present at a trial of its 


and we haps, 
effect of this light, dna by stating, that we could easily 
detect the divisions or panes of a window in a house a 


mile distant, when the light was concentrated by means 
of the ordinary lighthouse lenses. The apparatus was 
subsequently transferred to the South Foreland; and 
nightly, for six months, without a moment’s interruption, 
the light was maintained, casting its brilliancy across the 
Channel, and being distinctly seen on the French coast, 

We shall reserve our further remarks on the electric 
light for the section of Electricity, under which it will 
more conveniently be discussed. 


CHAPTER IV 
PHOTOGRAPHY. 


Havrxe, in our former pages, entered fully into the ex- 
amination of the phenomena and laws of light, we are 
prepared to deal with one of the most interesting appli- 
cations of physical and chemical science—namely, the art 
of taking pictures by the agency of light. We shall 
have to introduce the subject by referring to some 
of the laws and facts of chemistry; because, although 
photography is an application of the effects of light 
as an agent, the process is an entirely chemical one so 
far as the operator is concerned. 

The power of light in changing the ordinary colour of 
objects, is far more universal than is generally supposed. 
Most of our readers must have noticed that some delicate 
colours speedily fade when exposed to the full light of 
the sun. This effect is undoubtedly due to some action 
produced by the rays of light on the substances with 
which a material has been dyed. Light-blue and pink 
siiks are thus easily faded. Sir John Herschel, in some 
masterly researches, published a few years ago in the 
Philosophical Transactions of the Royal Society, pointed 
oat, thet all the juices of any flower are thus acted on 
by light. Indeed, we may state generally, that the 
cause of the varied colours of our landscapes and flowers, 
is simply that of a process analogous to those employed 
in photography., One, of the simplest illustrations of 
the kind we can offer, is that of the different appearances 
of the inside and outside of some vegetables, such as 
celery, lettuce, and thé cab The external leaves 
which have been freely ex to the direct solar rays, 
have a deep green, or, in celery, a red colour ; whilst the 
inner leaves, which have been protected from light, 
always present a pale or blanched appearance. Even 
the human face may be taken as another instance of the 
same kind; for we observe the ruddy glow and deep 
colcur in the rustic, presenting a bright contrast to the 
sallow, pale, and ealthy appearance of the factory 
operative, or the resident of our large cities. Light, 
indeed, has a colourising and a sanitary effect, to an 
extent little dreamt of by those unacquainted with the 
science of physiology. 

Photographers, however, avail themselves almost en- 
tirely of the metal silver as the great medium of their 
operations. When that well-known metal is united with 
certain substances, the resulting compounds are rapidly 
affected by light; and on exposure thereto, become 
chan to a dark colour. e whole art of photo- 
graphy may be almost summed up as existing in the 
choice of the salts of silver, their proper application, and 
immediate removal when the desired effect is gained. 
It is true that many other substances may be similarly 
ye ra den but, in practice, they are of comparatively 
little ae ere worth. 

It will be impossible to go into the entire history of 
this most interesting art, for its inventors and im- 
provers are indeed *Tegion.” Suffice it to say, that we 
are indebted to Mr. Wedgwood and Sir Humphry 
Davy for the initiative of our processes; and, since their 
day, MM. Niepce and Daguerre, in France, and Messrs. 
Talbot, Archer, Hunt, Sir John Herschel, and a host of 
other eminent men, have, by their intelligence and 
practical skill, raised to the highest rank as a philoso- 
phical study, and as a social and artistic occupation, 


that which, twenty years ago, was but barely named in 
ordinary scientific works. 

It will be our endeavour to discuss and illustrate the 
principles and practice of photography in as plain a 
manner as possible. For the sake of saving space, we 
shall assume that our readers, through our previous 
pages, have become acquainted with the various optical 

ws, instruments, &c., to which we have alluded. This 
will prevent tedious and unnecessary tition. The 
chemical processes we shall describe as if we addressed 
those who are uainted with chemical science ; and 
whilst giving a variety of details as to processes em- 
ployed or recommended by different individuals, we 
ie mostly, keep > view aye which are simple, 
effective, an of prosecution by persons of ordinary 
intelligence, and limited scientific attainments. 


INTRODUCTORY EXPERIMENTS. 


We commence by introducing the experimenter to a few 
illustrations, which will give a general idea of the nature. 
of photographic processes, and which he will do weli to 
repeat until a certain amount of ease in manipulation is. 
gained, We must, however, preface our remarks by 
urging on all a great point, without attention to 
which all attempts at Photographing: must surely fail: 
we refer to scrupulous cleanliness, Neglect of this, and 
carelessness, are the two chief causes of all the dis- 
appointments both of the tyro and practised operator ; 
and to impress the necessity of our advice being attended 
to, we shall suggest an experiment, by which the cleanest 
hands may be proved to be photographically dirty on 
many occasions. , 
Experiment 1.—After washing and drying the hands in 
the usual manner, allow them to remain some time in 


distilled water, afterwards uentl them 
therein, Add to the water a solution of nitrate of silver: 
in a short time the water will assume a milky appear- 


ance, owing to the common salt exuded with the i- 
ration from the skin, forming a substance with the 
silver, called chloride of silver. If a little of the solution 
of nitrate of silver be added to pure water, no salt of 
the kind we haye named will be produced. 

It will thus be seen how, in every case, the photo- 
grapher carries with him the instruments of his own 

estruction. Whenever a piece of paper or glass is 
touched by. the fingers, then a spot of common salt, 
grease, and organic matter is left: these acting on the 
silver salts, produce patches and spots which spoil any 
photograph. We trust that our readers will be by this, 
ully pecmnades of the necessity of care in this respect, 
and thus they may prevent the numerous annoyances to 
which their neglect would otherwise expose them. 

The salt formed during Experiment 1, is called the 
chloride of silver, because the chlorine in the common 
salt from the hand, has joined with the silver contained 
in the nitrate of that metal. We must here state, that 
the term ‘‘salt” is applied by the chemist to a vast 
range of substances; and generally, whenever an acid is 
united with an earth or an alkali, a “salt” is formed. 
Thus nitre, or saltpetre, is composed of nitric acid and 
potass, and is called a salt of potass. Its name is partly 
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derived from the acid, the nitric, and partly from the 
base, the potass. Hence the chemist terms it the nitrate 
of potass; and by this system of naming salts, he in- 
stantly sees, by the name, what the salt is composed of. 
Our common table-salt is called, in chemical language, 
chloride of sodium, because it is composed of a gas called 
chlorine, which produces the smell of bleaching powder, 
with a metal called sodium, found in soda, &c. The 
reader having mastered this system, will at once see its 
great value; and although perhaps experiencing at first 
some difficulty in acquiring names of salts, he will 
speedily reap the advantage of the general nomenclature. 

To save repetition of terms, we shall, in future, call a 
solution of the salts of silver, the silver solution ; and solu- 
tion of common salt, the salt solution; and for our intro- 
ductory experiments, these may be made as follows :— 

To make the *‘ Silver Solution.” —Dissolve fifty grains of 
crystallised nitrate of silver in one ounce of distilled water. 

To make the ‘* Salt Solution.”—Dissolve sixty grains 
of common salt in four ounces of clean water. 

[t will be obseryed that we have mentioned, that 
distilled water must be employed to dissolve the nitrate 
of silver. This is because river and spring water contain 
common salt, Distilled water say be procured of the 
chemist and druggist, or may be made by affixing a long 
pewter tube to the spout of an ordinary tea-kettle. As 
the steam from the kettle it will be condensed in 
the tube, if the latter be kept cold by means of wet rags, 
or by being immersed in cold water. The distilled water 
may be received in clean glass vessels, which should be 
kept cee ope and free from dust. 

A still may easily be constructed by an intelligent 
smith; and such as is represented in Fig. 141 is a con- 
venient form. 


which the water to be distflled is introduced. 
is the head of the still, through 
e, until it arrivesatd. d is the 
the steam is condensed, 
water, tap s, where it may be collected 
be kept carefully corked. 
solution of the salts of silver should always be 
ept i toppered and surrounded with a 
ece per, or kept in a dark place, so as to 
prevent the action of light. 
Experiment 2,—Pour some of the salt solution into a 
then add a few drops of the silver 
vy, curdy, white substance, or precipitate, 
which is the chloride of silver. The 
chemical change which takes place is illustrated by the 


fire is 
b 


subjoined di ; wherein the materials are named on 
the left, and the products on the right side. 
Materials. Products. 
salt, 8odium—> Nitrate of Soda. 
Nitric Acid 
— Silver 
Silver. Oxygen 
Water Chloride of Silver. 


The result of the mixture is, that the chlorine and 


silver unite together to form the chloride of that metal; 
and the nitric acid, sodium, and water form the salt, 
nitrate of soda, which is dissolved in the liquid. We 
have thus an instance of chemical decomposition, and the 
formation of new compounds. 

Experiment 3.—Divide the white powder obtained in 
the last experiment into two portions, and keep one part 
in a dark place, and expose the other to the rays of the 
sun. In a short time, the portion left in the light will 
turn to a dark mul tint, owing to the action of the 
chemical rays on the salt; whilst that kept in a dark 
place will remain entirely unchanged. 

By these experiments the student will learn the ele- 
mentary principles of the art of photography; and may 
now proceed to the next step, that of preparing paper 
which will be-sensitive to the action of light. 

Experiment 4.—To prepare Sensitive Pa 
the salt solution into a clean plate, and p on its 
surface a piece of white writing-paper, leaving it there 
for some time, so that the solution may enter the pores of 
the paper. The salted side should then be marked with 
a black-lead pencil, so as to distinguish it from that which 
is unsalted. The paper may then be hung up to dry. 
The next process is to render the paper sensitive to the 
action of light; and is effected by placing the salted side, 
face downwards, on the silver solution contained in a 
clean plate, and leaving it there for about ten minutes. 
The paper is then to be dried in a place to which light 
has no access. This part of the preparation of the paper 
should be done by candlelight; and several sheets may 
thus be made and kept, till required, in a portfolio or book. 

Paper thus prepared will at once change its colour on 
being exposed to diffuse daylight, or in the sun’s rays; 
and if any opaque object be placed over it, a complete 
copy of its form may be procured, If a penny-piece, for 
instance, be placed on a sheet of this paper, and exposed 
to sunlight, all the uncovered portion will be turned to 
nearly a black colour; whilst that under the coin will 
retain a white and unchanged appearance, because 
there no light has reached, and therefore no chemical 
etfect could take place. On removing the coin, the white 
part will become changed, if pete to the light; and 
this introduces us to another process—namely, “that of 
‘* fixing” the picture obtained as above. 

The fixing process is intended to dissolve away that 
portion of ‘the silver salt which has not been acted on by 
the light; and it will thus prevent a picture, when 
obtained, from being spoilt or lost. The solution used 
for this purpose is that of a salt called hyposulphite of 
sodium, an ounce of which may be dissolved in four” 
ounces of water. The picture is to be left on this 
solution, face downwards, for a short time, and afterwards 
well washed in abundance of cold water. After being 
dried, it may be exposed, without any danger of under- 
going further change; in fact, it becomes permanent and 
unalterable.—If, instead of a coin, a piece of lace, a fern- 
leaf, or other such object be placed on the paper, and 
pressed thereon by means of a piece of plate-glass, a 
complete copy of it may be taken: a child’s transparent 
slate is a very convenient arrangement for this purpose ; 
but the ground-glass plate must be replaced by a piece of 
window or ees so that the light may freely pass 
through. By this simple plan a vast number of objects 
may copied; the solid. parts being represen by 
white spaces, and the transparent portions by dark marks 
on the paper. This process is so exceedingly easy, that any 
young person may readily follow the directions we have 
given. We may here remark on the advantages which ele- 
mentary scieice affords in training and disciplining the 

oungmind. The ordinary course of juvenile instruction, 
has the twofold object of teaching facts, and preparing 
the mental powers for future and more exact duties, If, 
however, we can find any means by which amusement, 
interest, and instruction can be combined, such become 
a most valuable adjunct to an educational course. 
We have now to notice that there are two classes of 
hotographs; namely, negative and positive. By the 
Tonner, the dark portions of the object are represented 
by light parts in the picture; but in a positive, the 
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| specially prepared for photography; but we still recom- 


| appearances are the same-as in the object which has been 
copied. 


Fig. 142 represents a negative, and Fig. 143 a 


positive, of the same object, 
Fig. 142. 


Fig. 143, 


picture in a basin of water for some hours, and mean- 
while frequently moving it in the liquid. 
10. The picture may then be dried, and pasted or 
gummed on a piece of cardboard. 


A positive picture may easily be obtamed by placing a 
negative, face downwards, on another piece of prepared 


| paper, and proceeding as before. The light will thus pass 


through the unchanged portions of the negative, and so | 
produce a darkening of the paper beneath it; whilst the | 
dark portions of the negative, of course, prevent any 
change in that part of the paper beneath them. The 
positive, thus obtained, may be fixed by the process | 
previously described. | 

We have purposely restricted these experiments to 
the simplest form of photographic practice. The materials 
are easily obtained ; and if the process be repeatedly per- 
formed, the student will gradually acquire an expertness, 
and, at the same time, meet with difficulties which he 
may easily overcome, If, for instance, he observe brown | 
marks on the picture, he may guess that his fingers have 
been their cause. White, round spots indicate places 
where neither the salt or silver solution have touched the 
surface of the paper, owing to the presence of air- 
bubbles. Blotches, and large patches on the surface, 
show that the. paper is not suitable for the purpose. 
This may easily be avoided by the purchase of an article 


mend that the tyro should begin in the simplest manner, 
and so arrive, step by step, at success, by becoming gra- | 
dually acquainted with obstacles as they accidentally | 
present themselves. 

To save trouble, and to simplify our instructions in 
these elementary attempts, it may perhaps be as well 
that we give a recapitulation of the whole of the 
process ; and also special directions for obtaining positive 
copies from negative pictures. 

1, Salt one side of the paper, taking care that no air- 
bubbles are left between its surface and the liquid. 

2. Mark the salted side. 

3. Dry the paper. 

4. Render the salted side of the paper sensitive by 
placing that surface in the silver solution for about ten 
minutes, taking precautions against the presence of air- 
bubbles, by drawing the paper over the solution whilst 
holding it at one corner. This must be done by candle- 
light. 
the paper in a dark place, and, when dry, 
keep it out of the light. 

6. To obtain a negative picture, place the object on 
the sensitive surface of the paper, and press thereon a 
piece of plate-glass, so that the object and paper may be 
in the closest possible contact. 

7. Expose to day or sun light so long that the paper 
may acquire a dark mulberry tint in those places where 
the light has free access. 

8. When the picture is finished, remove it into a dark 
100m, and fix by means of a solution of hypcsulphite of 
sodium,” 

9. Wash abundantly in cold water, so as to remove all 
trace of the salts. This should be done by placing the 


11. To obtain a positive picture 
from a negative, place the negative, 
face downwards, on a piece of sensitive 
paper, the two being pressed together 
by means of plate-glass, or otherwise, 
When the picture is finished, proceed 
as recommended in Nos. 8, 9, and 10. 

If resident in any of our large towns, 
the operator may purchase paper which 
is ready salted, and also covered with 
albumen. This only requires to be 
excited by placing the albumenised side 
on the silver solution, as named in No, 
4. This paper may be prepared by 
dissolving fifty grains of salt or sal- 
ammoniac in two ounces of water, to 
which twice as much of the clear white 
or albumen of an egg has been added. 
The mixture must be well shaken to- 
gether, and then strained through muslin. The paper 
may then be laid on its surface after the manner before 
recommended for the salting process. The albumen 
gives a nice gloss to the picture, and so greatly improves 
its appearance. 

We need scarcely state, that an ingenious person may 


| employ the above process to a vast variety of interesting 


and amusing purposes. Leaves of trees, flowers, ferns, 
engravings, lace patterns, and an immense number of 


| similar subjects, may thus be easily copied; indeed, we 


know of no branch of scientific application so readily 
acquired, and more varied or interesting in its pursuit, 

We may here mention, that the ordinary process of 
marking linen by means of common “ marking-ink,” 
and various modes of dyeing hair, are really but appli- 
cations of photographic principles and practice. In most 
of these cases, solutions of the nitrate of silver are 
employed; and the results obtained are identical with 
these we have named, except so far as the objects to 
which they are applied are concerned. 

Having thus attempted to introduce the reader to 
some of the most elementary instances of the practice of 
photography, we now proceed to describe more intricate 
processes, by means of which the highest class of effects 
are obtained; and which will of course require greater 
attention, care, and perseverance in their pursuit, than 
those to which we have hitherto referred. 


PHOTOGRAPHIC APPARATUS AND 
CHEMICALS, Ero. 


Berore proceeding to detail the various processes now 
in use, we shall enter into a description of the apparatus 
which will be required by the student, and also mention 
the different chemicals employed by photographers. 

The chief photographic instrument is the camera, 
We described some forms of this instrument under the 
head of Optical Instruments; but such are of far too 
incomplete a kind to be employed for photographic 
purposes, in which the utmost accuracy of construction 
hitherto attained has yet left many defects to be over- 
come. We shall therefore endeavour to point out, not 
only the best form of the instrument for various pur- 
poses, but also shall suggest contrivances which may 
assist the beginner in many circumstances in which he 
may be placed. 

A camera of an ordinary kind, suitable for a beginner, 
may be procured for a moderate sum; but where the 
means of the student will permit, none but the best 
kind, as to construction and character of the lenses, 
should be employed. Many persons commencing the - 
practice of photography, are content to do so with an 
inferior instrument. Having thus to contend with diffi- 
culties which, from their want of knowledge of the 
science of optics, they can neither overcome nor control, 
they often entirely fail in obtaining good results, and, 
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consequently are soon discouraged by failure. Our re- 
cranks cok aueieeeem eal coemlanngess to::the in- 
telligent reader, that the construction of an accurate 
depends on an extended acquaintance with the 
ws of optics, combined with a high of skill on 
of the maker ; and of course acquirements 
deserve an adequate pecuniary recom- 
; hence high price of some cameras employed 
If a lens could be ground of such an exact 
“overcome the occurrence of spherical aber- 
ly as the difficulty of chromatic aberration 
dealt with, such wo’ of course, almost arrive 
ection. We here observe how exact are the works 
ity compared to the best productions of human 
eye we have every of circumstance 
provided for,-as we have y explained when 
ing on the eye and its structure. Now, the lens of 
to fulfil the same object as the crys- 
radaceh gies Ube eure 
plate of the photographer 
analogue of ae retina of the eye; for, like Hs it 
ive and communicate impressions of the rays 
i — on eho 
course, i improper for us to recom- 
mend any instrument-maker, tn preference to others, of 
whom the student might purchase his camera, and other 
phic apparatus. . We, however, shall attempt 
to explain the advantages and improvements which have 
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been introduced by various persons; and gi the 
student an opportunity of j of the sensatial gaizta 
to which his attention directed, we must 
leave to his own judgment and the i 


particular 
form, &c., of the instruments he may desire to obtain. 
= a ne ethogthncpeeninn dally lig: sepa sets of lenses 
camera, are , for the separate purposes of 
taking likenesses nat Jaaicape views. This will be 
evident when it is remembered that, in the first instance, 
the object may be placed close to the instrument; 
whereas, when taking a ph p 
&c., the different objects will be at all possible distances 


in 
-but not entire the same result is 
Siieatasinitnsads thalondes ote coeace to 
a mechanical arrangement—the operation Being termed 
* focussing.” 


Fig. 144. Fig. 145. 
c 
B 
A 
)) D 
A represents the box of the camera; B a brass 
tube in which lenses ea ee 


) d-glass plate at C, in 
144, is focussed in this form of camera, by movin 
or adjusting the lens contained in the tube B in front 

; hence its use will be necessarily confined to 


distance between the ground-glass plate for viewing the 
nes and, the take Siehicls the Aastha. axe places, 3 


In Fig. 146, we observe that the box of the camera 
Fig. 146. is divided into two 
parts, of which B is so 
constructed as to slide 
A easily in and out of 
A. Thus the ground- 
glass plate represented 
in the frame D, may 
be extended to and 
fro from the lens, and 
a greater focal ar- 
rangement can be ar- 
rived at. 
A very convenient 
form of camera, for travelling purposes. is represented 
Fig. 147. 


c 


in Fig. 147. The body of the box, instead of 
being solid, is made exactly like the bellows of the 
concertina. The back, c, holding the plate, can thus, 
by means of the folding construction of b, be easily 
shifted any distance from a, the part of the 
ment holding the lenses; and all parts are maintained 
in a firm condition, when in use, by means of the cross- 
barsdd. These are secured in any desired position by 
means of screws working through slots in the 

We need not, however, occupy further space by de- 
tails of- pe at forms of the camera which rem from the 
peculiar choice, requirements, or means of the operator. 
Any, or most of these, he inspected at the optical 
instrument-makers, who, according to their individual 
opinions on the subject, will be able to ive more pre- 
cise and effective descriptions than it to our pro- 
vince to attempt. We may, however, offer a word of 
advice to those who may be desirous of purchasing an 
instrument; and, in so doing, we need scarcely state, 
that the purchaser will do wisely to seek his apparatus 
at any house whose reputation for skill and respecta- 
bility is well attested. Achromatic and Prepay Gite 
lenses, their transparency, firmness of wor! ip in 
the material of the box, are the essential points. We 
have seen cameras made of unseasoned material, in 
which some of the parts of the woodwork have con- 
tracted by change of weather, which rendered them ex- 
tremely inconvenient, not to say useless. In such cases, 
the dark frame, by fitting too tightly or loosely in the 
slide receiving it, will cause the camera to be 
shifted whilst introducing the 
sensitive plate, and so entirely 
remove the camera itself out of 
cay and destroy the focus, 

@ can only add, ‘‘ caveat emp- 
tor. 


Fig. 148. 


sup 

adapted so that it may be placed 
in any position, One of the 
most convenient of these is that 
represented in Fig. 148; and 
one of this kind is equally avail- 
able for house and out-of-door 
use. Great care should be ob- 
served in purchasing or making 
a stand of any shape, because the 
use of unseasoned wood soon 


144 “UNDULATORY FORCES.—LIGHT—PHOTOGRAPHY [PHOTOGRAPHIC CHEMISTRY, 


causes them to become unsteady, and makes them utterly 
aon the b tial f th 
Amongst minor, but essential apparatus of the 
her, are the following. 
Fig. 149 represents the dipping-bath, and frame for 
holding the plate in the silver solution contained in the 


Fig. 150 


SS 


2 a | 


Fig. 150 is a representation of a copying frame, by 
means of which positive copies are obtained from nega- 
tive pictures. It is an improvement on the simple ar- 
rangement of the child’s transparent slate, to which, 
and its use, we have previously alluded. * 

We have thus referred to some of the most essential 
arrangements required by the reader when commencin 
the study of photography. We shall allude to, an 
illustrate, various contrivances which have been invented 
oe purpose of facilitating several operations, as we 


2 In our humble opinion, it is better that every student 
ef science, whatever his means may be, should com- 
mence with as few ‘‘ assistants” as is consistent with his 
progress. He is thus thrown on his own resources ; he 
sees his wants; his ingenuity is stimulated to supply 
them; and his progress is infinitely more satisfactory to 
himself, and advantageous to others in every department 
of scientific research, than when he is helped over —_ 
little obstacle that may drop across his path. Bot. 
morally and mentally, ‘‘he that chiefly owes himself 
unto himself, is the substantial man.” 

Besides the different ——— we have described, the 
tyro will require some glass-stoppered bottles of about 
four ounces capacity ; square dishes of glass or po i 
for holding developing solutions, &c.; two or three 
graduated glass measures, of two ounce, one ounce, and 
one drachm capacity; some glass rods for stirrers; and a 
dozen or so of test-glasses, which, however, may be 
replaced by ordinary uncut wine or ale-glasses. He 
should also possess a spirit-lamp, of four or eight ounce 
size, and a small ring-stand, for supporting glass vessels 
in preparing solutions by heat; some glass funnels for 
filtering solutions, &c. ; some filtering papers, or, what is 
nearly as good, some stout white blotting-paper; and 
last, and by no means the least of his requirements, is 
that of an unlimited supply of clean, soft towels, and of 
rain or soft river water. The quality of ordinary water 
differs very much, according to the source whence it is 
obtained : when hard, distilled water should always be 


We have mentioned that distilled water is essential in 
Fig. 151. many of the ope- 
“eee of mt we] 

phy ; and we 

Sha Ae readers 
to the remarks 
made in reference 
to this subject.+ 
When required in 
but quanti- 
ties, it can be made 
using a pint- 
glass retort, sup- 
ported on a ring- 

stand. A spiri 
| lamp may be employed as a source of heat; and the 
stem of the retort should be kept cool by means of 

wet cloths. (See Fig. 151). 
* See ante, p. 141. t Ante, p. 141, 
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In the ordinary arrangement of a scientific work, it is 
almost a question of choice as to wheths:, De ADND 
might be considered an application of ical or of 
optical science. As we have adopted the latter idea, we 
shall necessarily have to introduce our readers to so 
much of the science of chemistry as will enable them to 
understand the rationale of the processes in which they 
must ¢ This will by no means prove any hin- 
drance; indeed, had the student to forage out, on his 
own account, such a knowledge of chemistry as he will 
require, we imagine that he would thus effect a much 
iture of time and means, and would, most 
likely, obtain a much less satisfactory result, than if he 
simply studied and followed the excerpta and directions 
of those who are more fitted by experience to point out 
and prepare the way for him. 
ith this end in view, we shall now direct briefly the 
reader’s attention to some of the leading applications of 
chemistry, so far as they are required in the p 
phic art; referring him, however, to the remarks whi 
we have already made on this subject in our introduc- 
ae experiments. t 
0 one or more of three substances (chlorine, iodine, 
and bromine) the pheno is indebted for his most 
successful results ; e student may become ac- 
ope with their specific characters by trying the 
ollowing experiments :— : 
Experiment 5.—Chlorine may be obtained in various 
ways. It is a constituent of common salt, &e. Placea 
teaspoonful of chloride of lime (bleaching-powder) in a 
glass bottle or jar; pour on the powder a little hydro- 
chloric (muriatic) acid and water; in a little time, 
will be given off, and will gradually fill the jar. It ae 
a ish-yellow colour ; hence the name, chlorine, from 
the Greek. Its smell is very enolaimenaeal if a 
pees of paper, coloured by litmus or any other vegetable, 
dipped therein, it will be immediately bleached. 
Hence the employment of chloride of lime in the manu- 
facturing districts, for bleaching cotton and linen goods. 
Experiment 6.—Iodine. This substance is obtained 
from sea-water, and was first discovered by its action on 
the pans in which salt was evaporated. In its ordinary 
state, it is a dark-coloured powder. Heat a little of this 
on a plate, and observe the colour of the vapour, which 
will be of a rich purple; and thence has arisen the name 
of the substance. Combined with ium or potass, 
it forms the iodide of potassium, or hydriodate of potass ; 
names which are used for the same salt. Iodide of 
potassium is largely employed for a variety of purposes 
in 


aperiment 7.—Bromine. This is always sold in a 
liquid state; and, like iodine, is obtained from sea- 
water. It has a deep orange colour, and most offensive 
smell. Expose a little of the liquid bromine to heat; 
its characteristic vapour will be at once noticed: the 
fumes, however, which are extremely irritating, should 
be avoided. Bromide of potassium—that is, bromine 
and potassium united together—is the combination most 
used. Bromine and iodine are used, together with 
collodion, in the liquid state for the collodion process ; 
whilst, as vapour, they are employed for making the 
silver plates of the Daguerreotype process sensitive, 
before being placed in the camera. 

These three substances, chlorine, iodine, and bromine, 
have been termed elementary bodies, because they have 
resisted all attempts at decomposition; that is, by the 
exercise of all our knowledge of chemical science, we 
have been unable to find any other substance in. them 
different to their own nature or characters. This fact 
leads us to remark, that the union of such elementary 
bodies with others, forms a class called com Of 
such are common salt, composed of chlorine and sodium, 
and the iodide and bromide of potassium, which we 
have just referred to in our experiments. 

The most essential element of photographic art, is the 

$ See ante, p. 140, et seg. 
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metal silver. This is never used in the state we observe 
it in our silver coins, because it is therein alloyed with 
copper, to give it sufficient hardness to withstand the 
wear and tear of daily use. : 
Silver is empl both in the metallic state and in 
the form of nitrate of silver: the former Shaan in 
lates for the Degeetensre process, or as plating or 
sata a sheet of copper; and the salt is universally 
used in the calotype, the collodion, albumen, and other 
processes of photography generally. e 
The salt, nitrate of silver, is easily formed, by putting 
a piece of pure silver in a little nitric acid diluted with 
water. A violent action takes place ; the metal is dis- 
solved; and by evaporating the solution, crystals of the 
salt are easily obtained. It, however, is far better that 
the o should purchase the salt at a photographic 
chemist’s or instrument-maker; as such prepare it more 
especially for photographic purposes, and thus avoid a 
variety of impurities which are ordinarily found in the 
nitrate of silver of commerce. It may perhaps be as 
well for us to remark, that all photographic chemicals 
may be procured by post from any of the leading towns 
in Great Britain and Ireland. is may be valuable in- 
formation to those resident at a distance from such 
places. In our own journeys, we have met with several 
**towns” so called, wherein we could not purchase a 
chemical of any kind; and while writing this, we have 
in our mind’s eye two p gos in Scotland, containing 
each over two thousand inhabitants, wherein neither 
medical man or chemist and druggist could be met 
with, or could their professed wares be obtained at any 
price—a fact which unutterably astonished us, consider- 
ing the prevalence of “‘ medicinal taste” amongst us as a 


people. 

On adding a salt containing chlorine, iodine, and 
bromine, to nitrate of silver, other substances are formed, 
being or yard the chloride, iodide, and bromide of 
that me Gk selbgee silver is Sane os powder, 
turning to a m tint on being exposed to 
the action of light. The iodide of silver is of a yellow 
colour, as is also the bromide; each being produced on 
adding eithe: the iodide or bromide of potassium to 
nitrate of silver. These salts are formed when a pla 
covered with iodised and bromised collodion, is di aa 
into a bath of nitrate of silver—a process into which we 
shall extensively enter when we consider and describe 
the usual method of taking likenesses, &c., by means of 
Pe ake odin d their sal sal 

ine, iodine, ine, and their salts, or salt- 

like ante a eo) have sang var caged _ 

ts employed in photography ; and in silver we have 

ce mabatanis acted on by them. The resulting products 

of their mutual action are the media which the photo- 

pher employs directly to obtain his result ; but these 

to be placed or used in combination with others. 

His chemi are as the colours of the painter ; whilst 

his collodion, &c., take the place of the painter’s 
canvas. 

Collodion, like its basis, gun-cotton, is of very recent 
discovery; but it has — more > a an Meayen 

ar the pursuit of photography, than any other in- 
fr which has been deauattet wlth the art; and the 
process deriving its name from the substance, at once 
affords beautiful and satisfactory results. Whilst we 
urge on our readers the wisdom of purchasing, rather 
than of attempting to make their collodion, we shall give 
a general direction as to its manufacture, so that its 
composition, &c., may be fully understood ; and to this 
end we suggest an experiment by which gun-cotton may 
easily be made. _ 

Experiment 8,—Put some perfectly clean jewellers’ 
cotton, or cotton wool, into a glass jar, or a common 
tumbler, Mix in a porcelain vessel equal of strong 
sulphuric and the strongest nitric acid; and, after 
stirring these together, allow the mixture to cool. We 
name a porcelain instead of a glass v because of the 

+ heat produced, which would ost certainly 
Susicy glans. The mixture should also be made in the 
open air, or in a place where a draught would carry off 


vor. 1 


the suffocating fumes which are given off. When the 
acids have cooled, pour them on to the cotton wool, and 
wiz them together repeatedly for about five minutes 

y means of a glass rod, so that every part may be well 
moistened with the acids. It then should be removed 
by means of the glass rod, and washed under a tap of 
running water, until every vestige of acid is removed. 
This can be judged of by the taste of the water as it 
runs away. The cotton may then be pressed between a 
clean cloth; and afterwards being opened out, so as to 
expose plenty of surface to the air, it may thus be dried 
either in the sun or in a warm room. Artificial heat 
should only be used with great care, because an explo- 
sion might ensue if too great heat be applied. Blotting- 
paper, sawdust, «c., may be treated in a similar manner, 
and they will undergo identical chemical changes. 

If the cotton thus prepared be ignited, it will be found 
to explode oe like gunpowder, and not in the 
slow fashion that takes place pr common cotton wool 
is placed in a flame. deed, the substance has been 
frequently employed instead of gunpowder for blasting 
P It, however, undergoes too rapid a combus- 
tion ing of por hiner — &c.; and is a dangerous 

nt if so employed, generally causing the bursti 
of the piece. We have lately been informed, rong 4 
friend, that in the summer of the past year (1860), it was 
successfully adopted by the Austrian service to a con- 
siderable extent. 

Having thus obtained the gun-cotton, or, as it is 
chemically termed, ‘‘ pyroxyline’—the next step is to 
dissolve it, and so to form collodion. This is done by 
adding a few grains of the cotton to a mixture of six 
perp of ether with three parts of alcohol, highly recti- 

ed; or the following proportions may be taken :— 
Gun-cotton . . 10 grai 
Ether . ‘ é an ounce, 
3 uarter of an ounce, 

These should be added er in a glass-stoppered 
bottle, and, after a short time, the greater portion of the 
eo will dissolve, and this solution will be col- 

on. 

If a little of this solution is dropped on to a glass 
plate, the spirit will soon evaporate, and a fine film will 
‘orm on its surface. It is this film that is employed to 
hold the chemical agents which are subsequently placed 
on its surface, and by whose changes, under the action 
of light, the photographer effects his beautiful results. 

The collodion thus prepared, requires, however, other 
additions to fit it for use ; and these consist of substances 
which, by their action on the silver solution in which 
they are afterwards placed, render the coating sensitive. 
For this purpose, iodide of potassium, iodide of ammo- 
nium, or that of cadmium, may be added to the collodion. 
The iodising of the collodion is a question on which 
almost every operator differs; and it is, to a large extent, 
an empirical subject. We shall, therefore, state gene- 
rally, that the addition of a few grains of either of the 
three salts, iodide of potassium, ammonium, or cadmium, 
to the quantity of collodion manufactured as we have 
just directed, may be employed by the student. We 
stl? however, only mention this that he may under- 
stand the constitution of iodised collodion; and, as 
before, advise its purehase as ready prepared. The 
uses and modincations of this liquid we shall fully con- 
sider hereafter. 

We have thus dealt with most of the substances em- 
ployed for the ordinary processes so far as preparing the 
plate for the eamera is concerned. We now proceed to 
speak of others which are employed for developing and 
fixing the pictures on the removal of the plate from the 
camera after its exposure to light, referring chiefly 
to those of the collodion process. Omitting alcohol and 
ether, we shall chiefly refer to those which are most in 
demand; and shall is avoid distracting the attention 
of the operator by too extended a description. 

The following acids and salts are variously pg 
for developing solutions; namely: acids—acetic, ic, 
pyrogallic, and nitric; salts—protosulphate, and proto- 
nitrate of iron, Acetic acid is the basis of the vinegar 

vu 
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of household use; but for the purposes of the photo- 
grapher, a pure and strong kind is required, It is 
generally sold by the photographic chemists, under the 
name of glacial acetic acid, which is its strongest state, 
and whick will assume the solid form when at a tempe- 
rature near the freezing-point of water. 

Gallic acid is produced by the decomposition of gall- 
nuts, which are ly exposed for a few weeks to the 
action of the air and water. Pyrogallic acid is obtained 
by the action of heat on gallic acid; and is largely used 
in the collodion process; whilst-gallic acid is equally so 
for the calot; 

Nitric acid ta employed for various purposes as a pho- 
tographic agent. fis usual source is nitre, whence it is 
obtained by distilling that salt with sulphuric acid and 
water. 

Protosulphate of iron is well known under the name 
of green copperas, although not a particle of copper 
enters into its composition, It is composed of iron and 
sulphuric acid, and may be obtained a adding these 
together. on a pope pate * is ane = iP ee $f rich 

n crys and is much emplo or developing- 
ee Protonitrate of iron, Thich is also similarly 
used, is composed of iron and nitric acid, and may be 
made by mixing together a solution of sulphate of iron, 
and one of nitrate of baryta. For ing small quanti- 
ties of this salt in solution, 100 grains of each salt should 
be dissolved in water in separate vessels. On the two 
solutions being mixed, a white powder, the sulphate of 

will fall down ; and being filtered from this, the 
solution will contain the protonitrate of iron. 

das | thus disposed of those acids and salts mostly 
employed in the collodion process, we conclude by re- 
ferring to two substances used for the purpose of 
fixing the picture, or, in other words, to remove the 
unchanged salts of silver, and so to prevent any further 
chemical change being mproderes on its subsequent ex- 


ure to light. Hypos phite of soda is largely prepared 
‘or photographic ‘‘ fixing,” and is accerdingly a cheap and 
ly procured salt. The strength of solution required 


will be mentioned when we further refer to its use. It 
is obtained by transmitting sulphurous acid through a 
solution of carbonate of soda. Sulphurous acid is a 
product of the combustion of sulphur, and may be 
abundantly obtained by heating sulphuric acid with the 
metal mercury in a glass retort. 

Cyanide of Potassium.—This salt has lately come into 

t use as a fixing agent, and is also largely employed 
in electro-plating and gilding. It is generally procured 
by heating together, in fine powder, one part of dry 
carbonate of P ckge with two parts of ferrocyanide of 
potassium (yellow Pi goaass of goes) a white deliques- 
cent powder is the result. e may here warn the 
student, that this salt is a most deadly poison, owing to 
the presence in it of cyanogen (the base of prussic acid) ; 
ag will act wisely in avoiding the smell which arises 
from its solution: he should also be cautious in immersing 
the hands, especially if they are at all wounded, or the 
skinabraded. This salt should be kept in close-stoppered 
bottles, as it readily absorbs moisture from the air. 

We have thus endeavoured to give a general idea of 
the nature and uses of those substances employed as 
chemical agents; and as the collodion process is one 
which is easily managed by a little care and patience, we 
shall commence our directions in practical photography 
therewith, reserving any further remarks, both on appa- 
ratus, chemicals, and other matters, to such opportu- 
nities as may epee pannenty be presented as we pro- 
ceed through the different branches of our subject. 


THE COLLODION PROCESS. 


In many existing treatises on this and other branches of 
the art, it has n the custom to introduce a vast 
variety of processes, which have been from time to time 
altered, improved, or modified by their authors. In 
our humble opinion, this course, whilst extremely 
valuable to those who have somewhat advanced, is of a 
most perplexing character to the student who may be 


commencing his attempts. We therefore, em 

the same method as we have adopted in all ney 
previous , endeavouring to place before our readers 
plain and successive directions, that Sus may, in 
obedience thereto, gain a satisfactory conclusion. To 
avoid distraction of our arrangement, we shall omit men- 
tioning the names of those individuals to whom photo- 
graphy is indebted for its advance ; earnestly hoping, that 
if such peruse our pages, they will, with share the 
desire in which we write them—that of spreading, by all | 
ible means, the elements and prescigies 
ledge to as great an extent as possible, in a disinterested 


an fale .pinipeop his pease We shall give all the 
hints and practi details which our own experiments 
will allow; and only hope that our may reap any 
or every advantage from the facts which we have 
gathered from numerous sources. 

Assuming that the student has provided himself with 
all the apparatus, chemicals, &c., which we have already — 
mentioned, we shall suppose that, under our direction, 
he is about to take the portrait of a friend, or a positive 
picture of any POOPIE, rig We Soe Pi 

itive pictures, use the beginner, they 
ete fruit of his early endeavours. . 


TO TAKE A POSITIVE PICTURE. 


Our esa naturally divides itself into the following 
operations ; namely— 

1. Cleaning the glass plate. 

2. Coating it with collodion. 

3, Rendering it sensitive. 

4, Exposing it in the camera, 

5. Developing the latent picture. 

6. Fixing the picture. : 

The above have been ai in the order in which 
they succeed each other; and neglect in carrying out 
cack process individually, will, without the shadow of a 
doubt, bring inevitable failure as its result: whilst, if 
conducted in a quiet, persevering, and cleanly manner, 
success may most justly be expected to reward the 
operator’s attempts. ~The glass plates are sold, of various 
have a high polish be perfectly: thee, fomh NpMaiE a 
ve a high polish— ectly 7m. or 

blemishes of any kind. For this reason common window- 
lass is rarely good enough ; and a better kind, manu- 
actured expressly for the purpose, must therefore be 
purchased. 
1. To Clean the Glass Plate—The methods p 
for this pErpose are endless in number. We, however, 
find the following to succeed as well as any we have 
tried. Place the plate on a soft linen towel, and alter- 
nately rub each side till all free dust and dirt are re- 
moved, Then, by means of a little soft cotton kpc 
wash the two sides with a mixture of spirits of wine 
liquid ammonia, in equal quantities ; this will remove all 
extraneous solid matter; afterwards wash with distilled 
water. The plate being dried, must then be held by 
means of a finger and thumb placed at opposite corners, 
over a spirit-lamp, until the surface of the glass presents 
a brilliant polished appearance, and the whole es 
very hot: this removes a film of air which rests on 
every polished surface. We have never seen this plan 
recommended by any photographer; but have no doubt 
that in many cases it will prove a remedy for a common 
evil—that of the non-adhesion of the collodion film. 
We were first led to try it from long practice with 
Grove’s voltaic batteries. The platina in such ar- 
rangements is always coated with a film of air; and 
unless this is removed, the nitric acid never comes in 
contact therewith. Having observed the effect of re- 
moving this aeriform coat in increasing the battery 
power, we tried it on the glass plate for ph hic 
purposes, and have found, with many whom we have 
induced to it, great advantage therefrom. After 
thus heating the plate, place it on its so that it 
may rest at an angle i <a! sup ; and do not 
attempt to use it till quite cool, but do so immediately 
after it has regained the temperature or the surrounding 
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al here, because another film of air or moisture will 
8 


hi " 
the chemical nature et echo as to present no 
mention, that although 


y 

are the more inclined to this point on our readers, 
from ha found great difficulty ty dsanaing glass for 
the purpose of several experiments on polarised light, 
ie in our pe ea the mere 

ical action in ru a piece of good glass, 
by means of a towel, silk handkerchief, chamois leather, 
&e., is OS sufficient to form minute lines, which are 
worked thus into its surface, and, therefore, render such 
uneven. Dyke visiting mills in A 4 north of 
England Scotland, we were surprised to in a large 
*€ doubli establishment—that of Messrs. Coats, of 
Paisley: thick rods, which have been employed 
as rollers, over whi pines, wero eat trough in bom 


PInNGL 90 Gao Gopal cfm quivior of an inch; Vy the soft 
a quarter of an i 
cotton filaments. The two following expechsents will 


the 

rm or cleansing glass surfaces, whe in the form 
| of in the camera, or of plates intended to receive 
on their surface. 


means i 
iquid, rub the sides of the means of the smooth 
an : 


cxytbala oF iterate Sotasa wil be sitet ay on 
i i eposi on 
vr gate hacen anh Oe dora ae ow, 
| as we crystals always require an angular 

| adkiont W:tadiat then tobe Acpostied om a eutface: wo 


justly 
_ inside of the althou means seemingly in- 
a 
—Khubd a ‘6 or OW-giass 


if 


in the same di means of an ap 

rently towel. Allow it to cool from the production 
of heat which the friction will evolve. If rubbed 
pote be observed hold rig 35 Peer ak penn 

on ing the glass at an angle, 
Sar by Yiawing'lé Uy the Hpht rehécted om Ite wakes 
| We thus observe, that the polished surface of any body, 
no matter how hard it may appear, Pony, sere by 
others of a much softer , by or peculiar 


urge on our readers an excellent old sa: of the 
Greeks—“ hasten slowly”—as a motto to be held in mind 
when they are preparing plates for the camera. 


After the plate is thus prepared, be careful to touch it 
part, except at those which are at the extremes 


it all the subsequent processes: the only ex 
tion allowable, i 4 ta which the plate mast ‘be d 
in certain positions during the time the collodion is 
poured on its surface—a process which we have now to 


2. Coating the Plate with Collodion.—The next step in 
our process is that of coating the cleaned plate with 
collodion. But before describing this, we shall give 
some directions ‘with respect to arranging the camera, 
and thus of having it ready to receive the plate made 
sensitive by a ichasqoent process, The professional 
photographer generally has an assistant, who cleans the 
plate whilst the operator is getting the camera ready for 
it. As, however, we presume that our readers will 
work alone, we need scarcely state, that the camera 
should be adjusted before the plate is coated and made 
sensitive. : 

The person whose likeness is to be taken should put 
himself into a natural position, free from constraint, and 
in such a posture that all the muscles of the body may 
be, comparatively speaking, at rest. In our opinion, 
there is a vast deal more art in sitting to have a portrait 
taken, than in taking it. Almost every one experiences 
a degree of nervousness ; and each determines to maintain 
a strict and grave deportment, which, by its affectation, 
increases, or at all events disposes to beget, nervous 
irritability. Hence, most persons complain that their 
“*likenesses” are not like them; nor, indeed, can they 
be, when individuals practically determine, on such occa- 
sions, to assume airs and graces which, like ladies’ best 
dresses and drawing-room furniture, are only used on 
“* state occasions.” 

A support of some kind is required to maintain the 
at fact aged because the muscles of the neck are 

me fatigued Fig. 152. Fig. 153. 
ifs long ‘‘sitting” be ne- 
cessary, — Contrivances 
of this kind are of 
various shapes; two of 
which are represented 
in the annexed figure. 
One of these (Fig. 152), 
as will be observed, ma 
be attached to the bac’ 
of a chair; whilst the 
other (Fig. 153) stands 
on its own pedestal. It 
will be found, in practice, 
that the latter is the 
most convenient, be- 
cause it is easily adjusted 
to any position, The 
rest for the head is the 


should be so arranged as ; 
to sup the head of the sitter just behind each ear; 
of course, out of sight with respect to the camera, 

or they will be included in the portrait, 
In arranging either of these supports, let them be 
employed solely as rests to support the head, and to 
prevent fatigue; and not as a framework, by which a 


‘rigidity of position would be induced, and stiffness of 


carriage promoted. 

Having adjusted the position of the sitter, place the 
camera in front of him; and after removing the brass 
cap from the front of the lens, adjust the camera in such 
a position, that if you are taking the bust only, its image 
shall occupy the centre of the ground-glass plate. This 
is of course done by looking at the image on the ground 
glass ; by shifting the camera to and fro; and focussing 
the lenses until a clear and distinct picture is observed, 

In obtaining a good focal view, pay especial aitention 
to the forehead and face, which of course form the es- 
sential points of the picture: and, in getting these 
correctly, the value of your lenses will at once be tested, 
and your full skill and judgment called into exercise ; on 
which, in fact, success will depend. These Dim having 
been attended to, the- ground glass is still to be left 
in the frame, so that the focus may be readjusted 
just previous to introducing the sensitive plate into 
its piace. f 

‘Although a plate coated with collodion only, is un- 
acted upon by light, still we shall presume that all the 
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su uent “except that of taking the like- 
a ee AL -eirs: i wie is called a dark room. 
This room, in the Lor ger og photography, is con- 
sidered to be a place into which not a ray of light of any 
sort, except of a deep yellow colour, is allowed to enter; 
such ray, as we have already remarked,* having little or 
no action of a chemical nature on the sensitive plate. 
The professional or amateur photographer often goes to 
considerable expense in arranging this ‘‘ sanctus sancto- 
rum.” We have had the good fortune to see a considera- 
ble variety, even from a room fitted with every conve- 
nience which science and means would permit, to one 
wherein a crazy four-post bedstead, covered with ex- 
tremely ancient bed-furniture, did duty in the waggon 
of a travelling operator. Leaving the choice of position 
or place to our reader, we may remark, that an abundant 
supply of soft water running from a tap, a sink to carry 
away waste water, a large firm table, and complete 
absence of daylight, are the essentials of such a p 
A sitting-room may be used in which the windows are com- 
letely closed from external light by means of thick 
rown paper pasted over them; and the water-supply 
may be that of a jug and pails, with such other contri- 
vances, when circumstances render greater conveniences 
unattainable. 

Of course light of some kind must be used to enable 
the operator to proceed. ‘Some persons employ a tallow 
candle, others a low gas-flame; but both of these have a 
prejudicial effect on sensitive plates. In some instances 
a little daylight is admitted through thick orange- 
coloured glass. We have always preferred to use a 
spirit-lamp, charged with spirits of wine, in which dried 
table-salt has been dhaplve!. This affords a flame of a 
dingy yellow colour, perfectly inactive, from the absence 
of chemical rays—affording both sufficient light to work 
by, and also a ready and necessary source of heat when 
the plate has to be dried, &c., after fixing and washing. 
It is essential that the dark room should be kept scrupu- 
lously free from dust and dirt, otherwise it is more than 
likely that such will settle on the delicate collodion film, 
and spoil the plate. It is a good plan to wet the floor of 
the room, ially in‘summer-time, which will prevent 
the fine particles of dust rising as the operator moves to 
and fro. 

A cleaned glass plate being held in the hands, the 
iodised collodion may be poured on it in the manner 
represented in the annexed engraving. The plate should 

Fig. 154. be held quite 
horizontally in 
the left hand; 
the _collodion 
bottle being 
placed over the 
centre, so that 
the liquid may 
/ spread evenly 
over every part 
until the edges 
are reached without its overflowing them. The object is 
to give a thin and perfectly even film to the entire 

‘ace of the glass; and when such is obtained, the 
superfluous collodion is to be poured off by holding the 
late over a wide-mouthed glass bottle, so that its 
iagonal may rest on the neck. (See Fig. 155), The 
plate is then to be restored to an horizontal position for 
Fig. 155. a few seconds, in order that the 
regularity of the film may be re- 
gained. This operation is one re- 
quiring both care and practice; and 
can only be successfully performed 
after the operator has had some little 
experience. It should, however, 
be done calmly, and without haste, 
to ensure results; and it is 
advisable not to proceed further 
with any plate which does not pre- 
sent an even coating. Such are 
easily cleaned for another trial, in 
* See ante, p. 50. 


the manner already described.t Great care is to be 
observed in the mode of removing superfluous collo- 
dion after the glass plate has been covered with the 


liquid. 

‘presuming that an even, ess, and otherwise per- 
fect film of iodised collodion been obtained, the next 
step is to render this sensitive to light, which we will 


now proceed to describe. 

3. To render the Coated Plate Sensitive-—The choice 
of a “bath,” as it is termed, for rendering a coated 
plate sensitive, has been a subject of great discussion 
amongst photographers ; and almost every authority 
has propounded views and directions, which, from 
their diversity, are eminently qualified to perplea a 


ner. 

Although a middle course is at all times the safest in 
which to steer, it is most difficult to find that position. 
Some have recommended a proportion of nitrate of silver 
in solution as the most sensitising, which is much less 
than half the quantity that others consider essential to 
success, It has hence been found n to include 
various ry in all of the works which have been pro- 
duced that deal with this subject; and the recommenda- 
tions, both scientific and empiric, which have thus been 
published, may safely be called ‘‘ legion.” 

We confess to a difficulty in recommending any speci- 
fic course to our readers ; but we shall do well to inquire 
into those contingencies which may affect the best 
formule; and afterwards we shall endeavour to 
not ex cathedra, but in deference to the opinion of every 
one who may differ from us, as to what is the best course 
for the student to pursue. 

The object which we have to attain, is that of making 
the coated plate sensitive to the action of the chemi 
rays of light; and this should be so effected as to require 
the shortest possible exposure in the camera to produce 
the picture. For this end, a salt of silver must be 
formed on the surface of the iodised collodion plate, 
which will meet our demands. The difficulty lies in satis- 
fying all the conditions which are essential to success. 

It would appear, at first sight, that the simplest mode 
of rendering a plate sensitive, would be that of im- 
praciece.§ it in a solution of nitrate of silver, of any 
strength within certain limits; but it is found in 
tice, that the result of developing depends v: a on 
the strength of the silver solution employ Again, 
unless the ‘‘ bath” is prepared by the addition of certain 
substances, the sensitive character of the film will be im- 
paired, owing to a loss of a portion of its iodine when it 
comes in contact with the silver solution. Even the 
constitution (if we may so call it) of the film itself, in a 
mechanical point of view, may be either modified or in- 
jured by neglecting certain precautions, ~ 

The student must not suppose that we are presenting 
imaginary difficulties in his way. We are only anxious 
to anticipate circumstances with which he may have to 
contend ; and thus by giving him preparatory hints, we 
hope to enable him to avoid both the Scylla and Charyb- 
dis of photographic manipulation. 

From our own experiments, we recommend the fol- 
lowing silver solution as an average one :— 

Nitrate of silver . . . . . 60 grains. 
Distilled water. . . . . . 2 ounces 
Iodide of potassium. . . . ‘1 grain. 

Dissolve the nitrate of silver first in an ounce and 
a-half, by measure, of distilled water; the iodide of 
potassium may then be dissolved in the remaining half- 
ounce of water. The two solutions should then be 
mixed and agitated er in a clean glass-stop 
bottle, and subsequently filtered through clean filterin, 
paper. This solution we have found to act well wi! 
good itive collodion. When, through repeated it 

me replete with iodide of silver, a further 
addition of a solution of the nitrate of silver, without 
the iodide of potassium, should be made; and the whole 
is then to be filtered. A few grains of kaolin, or pipe- 
clay, may be added to neutralise an excess of free acid 
which will occasionally be present. 
| 4 See unte, p. 146, 
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writers have recommended a less gis pag of 
nitrate of silver; others have advised the addition of 
more iodide of ium: some recommend the use of 
a little acetic acid and alcohol to such a solution. Wecan 
only state, that our own opinion is, that all these additions 
are, and have been, recommended to meet cases which 
may, or may not, occur to other experimenters. For 
instance, the nature of the collodion incessantly varies, 
by reason of the chemical changes to which it is subject ; 
and with every desire to assist the beginner, we must 
state, that experience, patience, and watchfulness, are 
the sole, guides or assistants on which pe. 08 at all 
depend. e shall, however, give a variety of recipes 
for these and other solutions which have been proposed 


by various experimenters, in another part of the work, 
leaving to the student the chance of trying each until an 

average of success attends his labours. 
The solution having been prepared, it should be 
Fig. 156. 


poured into an upright bath or 
trough, such ey illustrated 
in the annexed engraving. 
These are generally made of 
gutta-percha; but an a 4 
, or in trough, will 
answer just as well. The 
length and breadth, of course, 
must depend on the size of the 
glass, the vessel be wu 
= right, and not oblique, it should 
— not be less than an inch 
wide. Sufficient silver ‘solu- 
tion should be employed as will nearly fill the vessel ; 
and, of course, it should be in such a quantity as will 
cover the whole of the glass when introduced therein. 
Some operators use flat dishes for this purpose; but 
they run risks ee the plate, owing to dust, &c., 
settling on the surface of the solution. 
When an upright trough is employed, the plate should 
be in a e, for the purpose of supporting it 
whilst remaining in the solution. This arrangement 
prevents the necessity of touching the plate, or of 
wetting the finger; and, as such, is conducive to cleanli- 
ness convenience, One of these frames is repre- 
sented on the outside of the trough in Fig. 156. 
The plate having been coated with collodion, should, 
“se oat pn placed in the = and must then 
be steadily into the silver 


ually with- 
F ng a few seconds in the air, is 
again to be introduced, and may be left there for about 
two minutes longer. On removal, it should present an 
even opal appearance, and be ectly free from spots, 
lines, &c., or otherwise it will be quite useless. The 
a ag of time during which the plate should be in the 
depends on a variety of circumstances; and hence 

we have only mentioned an average, leaving to the ex- 
apeoen of the operator to decide in special instances. 
t should then be placed in the dark frame, the lid of 
which should be carefully closed ; and no time must be 


the Plate in the Camera,—The plate 
“niger and placed in the dark frame, 

y to be transferred to the camera; 
oving it, a cover of black cloth or velvet 
be thrown over the whole before removal 
dark room. This precaution pre any 
a ray of light entering through any imper- 
the construction of the frame itself. The 
should again examine the image formed in the 
; for — only two or three minutes may 
elapsed since he focussed his lenses, still persons 
to shift from their position; and therefore, 
by so doing they will lessen the sharp ap- 


u 


in 


pearance of their image on the ground glass. The 
sitter must be requested to remain Bas ered still ; 
and having arranged him in the’ most advantageous 

ition, and refocussed the lenses, the brass cap in 

mt of these should be put on to the tube, so as to 
prevent the ingress of any light into the body of the 
camera. The ground-glass frame is now to be removed, 
and the prepared plate must take its place. It is best 
put into position by lifting it up with the black cloth, 
which should be dexterously covered over the top of the 
camera, whilst the frame containing the plate is inserted 
in the slide. The lid or flap in front of the plate is now 
to be removed; and after again enjoining complete 
stillness on all fay it gradually remove the brass 
cap in front of the lenses. The rays of light will now 
fall on the sensitive plate, and produce their chemical 
effect. 

The student will expect that we should here give him 
minute directions as to the length of time during which 
he must expose the plate; but this it is impossible for 
us todo. The weather, both with respect to the amount 
and colour of dayli way a great effect: then, again, 
the nature of the collodion employed, the colour of the 
face and dress of the sitter, and various other contin- 
gencies, render the question of great uncertainty. The 
same collodion used on two different days, or at different 
periods in the same day, may produce different results. 
As a general rule for the beginner, an exposure of from 
fifteen to thirty seconds may be adopted; and as he gains 
experience, he will soon be enabled to estimate the value 
of the different causes which tend to render a picture 
more or less perfect. We shall have to more fully 
of this presently, when we refer to the developing pro- 
cess. ing that the plate has been sufficiently ex- 
posed, the brass cap should now be replaced in front of 
the lenses; the flap is to be shut down in front of the 
plate ; and the frame should be removed from the camera, 
so that the black cloth shall completely cover it. The 
frame, &c., are now to be removed into the dark room, 
for the purpose of development. 

5. Developing the Picture.—The tyro will very 
likely imagine, that on removing the plate from the 
frame, he will observe the picture at once on the 
prepared surface, Such, however, never occurs: the 
plate presents, as near as possible, the same appear- 
ance after, as before, its exposure to light; a the 
latent picture must, therefore, be developed—that is, 
brought out into a sensible form by means of further 
chemical action. The philosophy of this process is easy 
of explanation: the iodide of silver, formed on the 
surface of the collodion when it was immersed in the 
silver bath,* has now become changed. That portion 
which has received the rays of light, will be differently 
acted on, by the addition of certain agenjs, to that oa 
which no change has taken place by luminous rays. On 
pouring the developing solution on to the surface, this 
difference gradually becomes apparent as the picture 
unfolds itself on the glass surface. But we now proceed 
to the practical part of the operation. 


The door of the dark room being closed, and 
Fig. 157. 


only a faint oie] light em- 
ployed, the lid of the frame 
should be removed, and the 
glass plate is to be carefull 

taken out, and placed, wi 

the uncoated surface down- 
wards, on a level stand, rest- 


the annexed engraving. : 

In the absence of 4 stand of this sort, two glass rods 
may be placed across the edges of the vessel; and on 
these the plate may rest ; or even an inverted tumbler or 
wine-glass may be eaplere’ The object is to keep the 
plate quite horizontal during the development, and to 
receive, in the dish beneath it, the superfluous developing 
fluid which will run from the plate, 

* See ante, p. 148, 
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here on the operator to employ each 

his oye age piney for its specia: use 
only. By so doing, he will avoid any risk of mixing 
solutions, and of thus aaa aeentiteneiie-sem Every 
chemical it em) ughout the processes we 
have weeses oo Pe and are yet to describe, must 


e would urge 
in 


e ing in its place, should be a golden rule in 


2 The a ony gets arranged, the developing solu- 
tion should now poured on to it from a glass mea- 

Fig. 158. sure, similar to that represented in the 
annexed figure; and this should be done in 
a careful manner, so that the whole of the 

late surface may be covered evenly with the 

quid. The latent image will now gradually 
appear; and much care is required that the 
process is not carried too far, for fear of 
spoiling the picture. We must, of course, 

erefore leave the study of its indications to 
the judgment of the operator, who, although perhaps 
failing at first to arrive at the exact point at which 
development should stop, will even y, after a few 
trials and failures, acquire the necessary experience. As 
| soon as the picture is sufficiently brought out, all further 
| action should be stopped by washing the plate well 
with cold water. This may be done by holding it 
cornerwise under a gentle stream of water running 
from a tap, or by pouring water in abundance from a 
jug with a narrow lip. It is extremely essential that 
| this washing should be as complete as possible, so that 
every trace of soluble matter may be removed.—This 
being effected, the next step will be that of ‘‘ fixing” 
the picture. But before we proceed to that, we must 
give our readers recipes for making the developing 
solutions to which we have been referring. 

It will at once be perceived, by looking over the 
annexed list of solutions, that considerable latitude is 
assumed by various photographers. This is partly owing 
to the varying nature of the collodion employed; to the 
manipulation of the operator; and, in many instances, to 
the peculiar views of those who follow the art. We have, 
however, deemed it desirable, for the purpose of making 
our subject as complete as possible, to lay before the 
student ample opportunities for the exercise of his skill, 
judgment, and choice, with respect to solutions. 


Developing Solutions for Positive Pictures. 
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Protosulphate of iron . . . . 40 grains. 
Nitriciacid ‘(6 .i)6 | eee oe) Low Sdropsi 
Mebtic agidiix Avion: 30 colt BO vy, 
Miao ah cea sii 28 nla! ead os ODF 
Distilled water. ww 1 ounce, 
Oor— 
Protosulphate of iro’ a> orien Sel 0S Grains: 
Acetic acid idesi4 ame) a) Le Giidtadhm 
Nittioacid: i). wo Hi ws) 2 drops. 
Water " 2 ounces. 


6. Fixing the Pictwre.—The last-described process hav- 
img fully developed the latent picture, it only remains 
to secure this from further change by the action of 
light. The result produced is simply that of remov- 
ing every trace of those salts of silver which would 
become changed if white light were allowed to impinge 
on their surface. tna ee Pa loved 

There are two fixing agents which are chiefly emplo 
by photographers, each of which has the power of 
removing the sensitive silver salts: these are the h 
sulphite of sodium, and the cyanide of potassium.—The 
first-named of these salts was largely used in the early 
stages of Cpapy s rer practice; but at the present time, 
the cyanide of potassium is mostly employed as a fixing 
agent; and as such, we have, from our own experiments, 
to add our testimony to its value. 

The process of fixing is extremely simple. Hither of the 
following solutions being employed—they are to be poured 


is 


over the developed picture, and a portion 1s to be retained 
on its surface; or the plate may be dipped into a dish 
containing the solution, and be gently moved about in it. 
The soluble and omy ee salts of silver are thus re- 
moved, and any risk of injury is entirely prevented when » 
the picture is subsequen ee to daylight. After 
remaining in the fixing solution for about two minutes, 
the plate should be abundantly washed by means of soft 
water. We alvays employ distilled water in the last 
washing; because river and spring water contain salts, 
which are left, to a minute extent, on the surface of the 
plate, and so dim its lustre, and, consequently, lessen 
the brilliancy and purity of the picture. 

After the picture is thus thoroughly cleansed from 
every impurity, it may be left to and to dry gra- 
dually. The usual method, however, is to hold it fora 
short time over a spirit-lamp or gas-flame; which, of 
course, speedily causes the evaporation of all moisture 
For all ordinn the be 

‘or all ordinary purposes picture may now be con- 
sidered finished, with the exception that it requires 
coating with a black varnish; which has the twofold effect 
of preserving the collodion film from injury, and of also 
increasing the effect of light and shadow. This varnish 
is sold by all photographic chemists; or it may be made 
fe mee ving a little black asphalte in mi naphtha. 

is should be poured on to the collodion surface, and 
left to dry. Some ms varnish the collodion surface 
with the best white mastic varnish, before applying the 
black coating. 

Either of the following solutions may be employed to 
fix the picture. In that of the cyanide solution we have’ 
given considerable latitude; but it is advisable that the” 
student should commence with a weak solution, and» 
continue its use until his experience is sufficient to guide 
him safely in the employment of stronger kinds, 


Fixing Solutions. 
Hyposulphite of sodium . . . . 4 ouncas 
(C7 eerie a 
Or— 
Pyapiln nt pcramyinns, . + + « 6 t0/12 grains. 
(NT eee) ee oa) «oo el Oundes 


Tt will be unnecessary for us to enter, at present, into a» 
description of the modes of colouring positive collodion 
pictures, because we shall refer to this in a 
article. We may, however, mention a few causes which’ 
lead to failure in the early attempts of those unacquainted 
with the delicacy ab si 9 practice; and we shall 
discuss these in detail. 

First, we may refer to the cleaning of the glass 
This, we already have stated, is a matter of the highest 
importance, and sometimes one of some difficulty, because 
of the nature of the glass itself. The electrician is well 
aware, that no two circular glass plates, in the 
machine, will give off an equal amount of electricity 
when similarly sealered, | though they may be of 
exactly the same size. This is chiefly owing to the 
chemical constitution of the glass. Now, similarly in 
photography, the quality of the glass, to some extent, 
influences the photographie result; and such being the 
case, the operator cannot be too cautious in the purchase 
and choice of the plates he me ae In cleaning the 
plates, every precaution should be taken to prevent the 
presence of grease, grit, or dirt of any kind; and the least 
touch of the finger on any part of the cleansed surface, will 
most certainly produce an ugly spot at that place, Cloths, 
&c., used from time to time, gradually acquire grease 
and animal matter from the hands of the experimenter, 
and so communicate objectionable matter to the plate. 
Hence, an abundant supply of clean cloths is essential 
to success in the earlier steps of taking collodion pic- 
tures. 

The collodion itself varies, according to the source 
whence it is obtained. Each maker considers his to be 
the best; but we advise the cere after making re- 
peated trials, to keep to that which he finds to suit his 
p and not to heed the various recommendations 
of his friends, or others, unless they are backed by 
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decided proofs of superiority. Generally speaking, each 
maker maintains the regularity of the article he sells; 
and when once the student has so far succeeded in 
adapting his bath and developing solutions to one kind 
of collodion, he will only have the trouble of going over 
the old ground again, in attempting to suit his practice to 
the production of a new maker. Much, therefore, 
depends on making a first and proper choice of the 
collodion. 

For the silver bath, a thousand-and-one advices and 
recipes have been given: indeed, their name is legion. 
The object of course is, that when the collodionised plate 
is immersed in the bath, its surface shall be made as 
highly sensitive as possible, and that each should be 
equally so when compared with another. Sometimes the 
bath is too acid, and at others too alkaline. The former 
evil is remedied by the addition of a small piece of 
kaolin ; and the latter by the addition of a drop or two 
of nitric or acetic acid. Now, without goiug far into 


practical chemistry, we may state, that a piece of litmus | 


paper will turn red in an acid; and a piece of turmeric 

per turns to a deep brown in an alkaline solution. 
These may easily be obtained ; and by them the bath may 
at once be tested. The strength of the bath is subject to 
continual variations; because, every time a collodionised 
plate is introduced, a portion of silver is withdrawn, and 


| a small portion of iodine is left behind. Now these faets 


must be borne in mind, because they necessarily influence 
the process to a great extent. Fogging is the result of 
an improper state of the bath; and from whatever cause 
such may arise, it is of importance that the remedy should 
be instantly applied. This tendency is generally removed 
by the addition of a small sg of nitric acid, so that 
the super-alkalinity of the bath may be destroyed, and a 
prkae pty acidity be produced. is is a point which, 
having named, we must leave to the judgment and skill 
of the operator. 

Besides the alterations of the bath, produced by the 
causes to which we have referred, the student must 
bear in mind, that each time a plate is introduced, a 
small quantity of ether and alcohol is left behind. This 
produces a decided harmful effect in the end; and the 
only plan is to renew the bath entirely. : 

e may here state, that the silver can easily be 
recovered, in the form of chloride, from used-up baths, 
by precipitating with a solution of common salt. It 
may be red by means of heat in a crucible, to the 
metallic state, if mixed with cyanide of potassium ; 
which, however, boll vor too troublesome a process 
to most of our ers. pnotogra chemists and 
metallurgists, however, will pure it at its commer- 
cial value ; and this hint may therefore be of use to 
those whose means do not permit of extravagance in 
their photographic pursuits. 

The developing solutions, like the sensitising bath, 
have been the subject of enormous variation in the 

portion of their ingredients, We shall not enlarge 
because we shall only fall into the error of 
those who have preceded us, by giving advice for 
circumstances over which we can have no control, not 
being present to observe them. The student should 
watch the effect of the different strengths of the 
solutions he employs, and he will thus gain more 
pha, kl a few trials, than he could do by perusing 
any number es vanes on se a 7 
using the fixing solution of the cyanide of potas- 
sium, care should be taken that it is oe ot $60 ari 
strength ; it will be therefore advisable to use a weak 
pT incur the expenditure of a little extra time, 
than to spoil the picture by employing one of 
greater hh for the purpose of speed. The motto 
of ‘‘hasten slowly,” is, generally speaking, a piece of 
sound philosophy in the practice of photography. 

Abundance of washing removes almost every chance 
of pong Serge change in a positive picture. We strongly 
advise that the last washi should always be per- 
formed by means of distilled water. 

In choosing the transparent varnish for the collodion 
surface, care should be taken that it is such as not to 


crack when dry. The same may be said of the black 
varnish used for backing-up the picture. Each of these 
reli artes speaking, be depended on when pur- 
c of the photographic chemists, as they specially 
prepare these varnishes for the use of photographers. 

Having thus detailed the processes and the difficulties, 
so far as obtaining positive collodion pictures is con- 
cerned, we pass on to give directions for obtaining 
negatives ; and shall then describe the best modes of 
printing paper positives from them. 


NEGATIVE PICTURES BY THE COLLODION 
PROCESS. 


We shall now describe the methods which must be 
adopted to obtain negative pictures, or those in which 
the lights and shadows are the reverse of what we 
find in nature. The chief utility found in these pic- 
tures is, that they enable us to obtain any number of 
positive copies from them; and so, to a large extent, 
they increase the value of photographic processes, and 
approximate their application to a similar purpose of 
reproduction, as that obtained by the ordinary process 
of engraving. 

The remarks, advice, and precaution which we have 
already afforded, are equally applicable in reference to 
this part of our subject. e, however, shall find, that 
in some respects, the materials employed, and the mani- 
pulative processes, vary from those which are followed 
in producing positive pictures ; and it will now be our 
duty to point such out to our readers. 

The plates are to be pre with scrupulous care 
after the manner we have y stated, and are then 
to be coated with collodion prepared expressly for the 
purpose. This is generally sold under the name of 
‘* negative collodion,” and contains more pure collodion, 
in each ounce of the — than that employed for 


positive pictures. The following recipe for negative 
collodion is recommended by Mr. Hardwich Ds 


Purified ether, sp. gr. ‘720 . . . . 65 drachms. 
My: alcohol, sp. gr. "825. . . 2 8 ,, 
Soluble pyroxyline .. . . 8 to 6 grains, 
lodide ofammonium ... 3to4 ,, 


, 

Although we have introduced the above recipe, we 
still advise the purchase of the collodion by the student, 
as being the best course he can pursue. 

After rath Stree a coating on the surface 
of the glass plate, it must be made sensitive by means 
of the silver bath; and in this, considerable variety of 
constitution has been recommended. The student must 
bear in mind, that a positive picture is required to give 
a distinct appearance of surface by light reflected to the 
eye ; and this requires but a moderately thin coating of 
collodion. Now a negative picture must have depth 
and body, because its value and effects depend, in use, 
on the-differences of tone produced by the light trans 
mitted through it when paper copies are taken from it. 
Hence the various modifications required to produce 
these results in negative pictures during the prepara- 
tion of the plates. 

We annex some recipes for making the silver solution, 
or bath, which we have gathered from various sources ; 
and the student will do well first to try them in the 
proportions named, which, however, he can modify 
as his experience permits, and circumstances require. 
We need scarcely repeat, that the ever-varying qualities 
of the collodion he may employ will frequently require 
such modifications in practice. A knowledge of this 
can only be gained by experiment under special cireum- 
stances ; hence our duty cannot go further than to indi- 
cate, as complete direction to ensure constant success is 


entirely impossible. 


Silver Bath for Negative Pictures, 
Nitrate of silver . F - 30 grains. 
Iodide of potassium - +} grain. 
Distilled water - Lounee. 


This solution may be made by first dissolving the nitrate _ 
in a portion of the distilled water, and the iodide in the 
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remainder. The two solutions may then be mixed 
together for use, and be filtered if necessary : or, the 
bath may be made by dissolving 200 grains of nitrate of 
silver in six ounces of distilled water. Into this place a 
collodionised plate, and leave it in the bath for twelve 
hours. Sufficient iodide will be removed from its sur- 
aa 
P i sensitive, is to 
in the camera, as when positives are being produced ; 
but, as a general rule, the exposure should be of longer 
duration. Here, again, definite directions are impos- 
sible, because of the great variety of contingencies, such 
as weather, amount of light, temperature, &c., which 
have to be taken into account. 

After due exposure, the plate is taken into the dark 
room to be developed. A different kind of solution is 
employed for this purpose, to that used in developing 

tives, although the process, so far as manipulation 
is concerned, is similar. Much care, however, must be 
taken to produce the best result. The process should 
be conducted slowly, and the effect of the developing 
solution must be constantly watched. When the ope- 
rator conceives that a good depth of tone, and decision 
of light and shade is obtained, the process must be 
immediately stopped, and the plate should then be 
abundantly washed with cold water, preparatory to fix- 
ing. We annex recipes for various developing solutions 
as follows :— 


Developing Solutions for Negative Pictures. 


Protosulphate ofiron . $ + Lounce. 
Aceticacid . ° ee . 12 drops. 
Distilled water ‘ : : 1 pint. 

ic acid - 5 grai 
Glaoel anctie acid - 40 Heo 
Distilled water 5 - 10 ounces. 


Another solution, as follows, may be used:— 


Protosulphate of iron . 6 grains, 
Glacial acetic acid . "4 wii’ fas fee » so 
Distilled water : ~ 1 ounce. 
Or ic acid 1 aca 
aci . = - 
Glacial acetic acid - 60 , da 
Distilled water 4 ounces. 


Our readers will here perceive the extraordinary 
latitude which is given in the choice of developing 
solutions. We must, however, repeat, that whilst we 
have employed each of the above, and scores of others, we 
do not venture to say which is the best, because the cir- 
cumstances under which they are employed vary so much. 

Presuming that the operator has succeeded in properly 
developing the picture, the next process, after careful 
washing, is that of fixing it. This is done by im- 


mersing it in a bath, or pouring over it a solution of 

Soasaiphite of soda, which may be of the strength of— 
Hyposulphite ; P . 3 ounces, 
Distilled water. 16 


‘ j Pa 
The picture must then be well washed in cold water, as 
already recommended, for positives, and so all traces of 
soluble matter must be removed. 
As a negative plate has to undergo what we call 
comparatively rough usage, its collodion side must be 
in some way to prevent its destruction. This 
is done by coating it with a thin layer of varnish. The 
plate must first gently heated, and the varnish is 
then to be poured on so as to cover the coated side on 
a most evenly. After the whole surface is 
covered with the liquid, the superfluous quantity should 
be drained off, by inclining one end of the plate until it 
is pretty well cleaned. e plate is then restored to its 
horizontal position, and left to 7 carefully 
he over to prevent dust or dirt falling on its 
‘ace. 


The following varnishes have been recommended for 
this purpose, as suitable on account of their trans- 
parency and other qualities ; but the i tare can pur- 
chase those of a proper kind at the photographic che- 


mists. The object to be kept in view is, to have a 
varnish which shall be transparent, and not liable to 
crack when it becomes dry. 

Negative Varnishes, 

Mastic varnish, diluted till of a thin creamy con- 
sistency. 

Schnee’s varnish, which consists of white lac dissolved 
in spirits of wine. =a ee ‘ 

en of the consistency of thin syrup. 

It sometimes happens that the depth of shade, in some 
negatives, does not sufficiently contrast with the lighter 
portions of the picture: the result is, that a good print 
can be obtained from such. To dee those 
tones, we have tried baths or solutions of the bichloride 
of mercury, sulphate of iron, gallo-sulphate of iron, 
iodide of potassium, éc., of various strengths. A writer 
on the re eg the P. : i on re- 
commends the following solution, which can be applied 
after the pone has been fixed: namely— 


OGINA ss oe, 2a he. et ye PRL 
Iodide of potassium . . . 1 ,, 
Water 1 ounce, 


The picture is to be covered with this solution, and 
to be left for five minutes: the process may be con- 
ducted in st ome A fresh development in the dark is 


requi b er of the following solution :— 
Glacial aceticacid. . . . 15 ,, 


Distilled water. . . . . lounce. 

This is to be poured over the plate a few times. To 

this solution may then be added a few drops of a twenty- 

in solution, to the ounce of water, of nitrate of siver, 
This new solution is then to be poured over the plate, 
The iodine and ic solutions may be alternately 
used, until sufficient intensity has been obtained. The 
picture is then to be well washed, and afterwards 
varnished. ‘The inventor of the plan states, that, as an 
intensifying process, it is to be preferred to that of the 
bichloride of mercury ; and our own experiments con- 
firm that view. The student will arrive at some suc- 
cessful results by taking the observations we have 
rather as a guide to his own experiments, than as 
dicta. In hurried and pats 87 red trials with various 
solutions, we have occasionally hit upon successful re- 
sults. We, however, do not recommend such a course 
to our younger readers ; because, although permissible in 
those having experience, it engenders a careless habit in 
the beginner, which, of all things, is most to be avoided 
in scientific pursuits. 

We have thus given, so far as we can judge, the most 
definite directions for obtaining good negatives. Our 
next course will be to show how such may produce 
positives by means of prepared paper of various Finda 


PRINTING ON PAPER FROM NEGATIVES. 


We have stated, that the chief use to which negative 
pictures are applied, is that of producing an ost 
indefinite number of positive copies; and this is effected 
by means of sensitive paper, which the solid of the 
negative picture protect from the action of the chemical 
rays of light, whilst the Pa hyn permit that 
influence to have a greater effect. e transparent parts 
of the negative allow the freer transmission of light, and 
thus we can obtain a picture presenting, so far as light 
and shade are concerned, an exact copy of the original. 
We regret to say, that all attempts to copy the natural 
colours of objects have hitherto failed. It has often 
been announced that such has been accomplished; but 
hitherto no success has actually been attained, although 
some approximation has been realised. A positive copy, 
although precisely the reverse of a negative origi 

_ ae — es and rpagg eset hence ae follows, 
that unless a good negative is emplo’ a itive 
can never be printed from it. rhe fact the tyro’ in 
photography will do well to bear in mind, as it will 
induce care and caution in his attempts to produce the 
negative in the first instanve, 


—— 
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In our earlier pages we gave some elementary ex- 
iments, illustrating the process of paper-printing. 
ey were, however, necessarily of rather & crude cha- 
racter, because recs! Sage only intended as an introduc- 
tion to photographic practice. We must now enter 
more fully into the minutiw of the process, and so 
assist the operator in overcoming many difficulties which 
arise in its pursuit. We shall, therefore, examine each 
point in detail, so that the successive steps may be fully 
understood by all our readers. For this purpose, it will 
be proper that we should divide the process into separate 
heads; and in its pursuits, we must remind our readers 
of the necessity of care and complete cleanliness, as of 
the last importance. The following are the different 
ints to which we shall separately call the attention of 
experimenter :— 
1. The choice of paper. 
2. Its preparation. 
3. The copying process, 
4. The fixing. 
5. The toning. 

1. The Choice of the Paper.—Perhaps this is the most 
difficult, because it is the most uncertain, part of the 
whole affair. However much care is exercised in the 
selection, still some hidden defect is sure to appear in 
almost every specimen when it is submitted to the pho- 


There is, however, a general title of French and English 
paper. Either may be obtained, ready salted 
albumenised, of the photographic chemist; and we 
shall, therefore, dismiss them without further remark, 
and devote some space for the benefit of those who may 
be unable easily to procure them. We may observe, that 
the two kinds of paper most esteemed by photographers, 
are the Saxe paper and the papier Rive. 

In the manufacture of all sorts of writing-paper, nu- 
merous impurities, to a nerve oocciel grag of view, are 
always present. e water emp! in washing the 
rags, in reducing them to pulp, and in subsequent 

contain common salt, sulphates, &c.; and in 
8 cases within our knowledge, an appreciable amount 
of lead, or its sulphide, has been detected, owing to the 
impregnation of water by that metal as it flows past 
the mines. Oxide of iron is almost invariably present, 
and no doubt exercises a decided effect on the results 
obtained in paper. We do not wish to multiply the 
difficulties which present themselves to the tyro; on the 
contrary, we prefer that he should know the chances of 
failure which may continually present themselves; and, 
by being forewarned, he may, = patience and care, be 
equally forearmed. 

During the manufacture of paper, a portion of size or 
starch, and occasionally both, are introduced, for the 

of giving a smoothness and evenness of surface 
to the texture. readers will be prepared to find that 
such matters have a decided effect on the nitrate of 
silver, which is the salt usually employed to sensitise the 
paper. A drop of the solution of that salt immediately 
produces a black spot on the hands, owing to the in- 
creased or peculiar action which occurs from the presence 
of animal matter. Generally speaking, animal or vege- 
table matter is always nt in some form during 


phic processes; but when so in circumstances 

our control, it is often a source of great in- 
convenience. 

oe : to ~ wore eger se -ptimeerqud - 

otting, filtering, or bibulous paper, are all objectionable ; 

and the patent paper parchment which is prepared from 

these by means of sulphuric acid, is, from other causes, as 


unfit for p : 
We have f that the best paper of an ordinary 
kind, and which is generally to procured in most 
laces, is common drawing-paper ; that is, such as is used 
lead-pencil drawing. cream and blue-laid paver 
vou, 1 


are utterly useless. The plain Bath or satin post may be 
employed; subject, however, to the difticulties and 
objections to which we have already alluded. The 
points requiring attention are—that the surface should be 
even; not too cont WN escaeit free from spots; and the 
paper itself as chemically pure as possible. These results 
can only be practically arrived at by repeated and careful 


Albumenised paper is generally employed by photo- 
graphers, because the addition of the animal afl: has 
a very good effect on the appearance of the positive, both 
during the process and after its completion. The mode 
of applying this, together with the salting process, we 

presently explain. Gelatine, starch, &c., are also 
used for the same purpose; but they are not so con- 
venient in manipulation, or generally so successful in the 
result, as the white of an egg, which is nearly pure 
albumen. 

Before proceeding to describe the preparation of the 
paper, we may state, that there are a variety of causes 
which, independent of the manufacturing faults, produce 
pg parr to the oir pat ca 

cutting, sorting, and packing writing-paper, &c., it 
necessarily passes literally through many hands; and 
each time it is fingered, it acquires, in some part, a portion 
of grease and common salt. Despite, therefore, of all 
possible care in selecting a good paper, these accidental 
circumstances tend to spoil it in some parts. Hence, we 
often find unaccountable spots, and what are called 
‘*stars” on the surface; these being generally brought to 
light during the fixing process.—For these we can offer 
no remedy; only let the operator be careful that he 
does not increase their number by his own carelessness. 

2. The Preparation of the Paper.—I£ our readers can 
supply themselves with any of the different sorts of paper, 

ly salted and albumenised, the remarks we are about 
to make will be superfluous. But we should not be 
carrying out the general plan of our work, did we not 
revent, as far as possible, the chance of our readers 
ing left to their own reso without any aid waich 
we can afford them. We shall, therefore, give plain 
directions for the salting and albumenising process, and 
then deal with the modes adopted for making the paper 
so prepared sensitive to the action of light. The latter 
process is, of course, as equally necessary in its application 
to gor} which may be purchased readily prepared, as 
oe tt which may be salted, &c., by the student at 
ome. 

The albumenisation and salting of the paper may be 
thus effected. Break a sufficient number of fresh eggs 
as to produce two fluid ounces of the white, which must 
be poured into a clean vessel as it passes out from the 
shell. Care should be taken not to mix any of the 
yolks with it. To the clear albumen so obtained add 
an equal quantity of distilled water, in which has been 
dissolved eighty grains of chloride of ammonium (sal-am- 
moniac). This salt is to be preferred to any other, for 
many reasons, and its action is generally to be depended 
on. Shake up the albumen and the water together, and 
when well mixed, pour them into a tall g jar or 
bottle, and leave the mixture at rest for several hours. 
The clear liquid may then be poured into a plate or 
other flat receptacle, and after adding to it ten drops 
of liquid ammonia, it is ready for use, Then turn up 
one corner of a sheet of paper, so as to serve as a kin 
of handle, and placing the next to the corner first 
on the surface of the liquid, gradually draw the whole 
of the paper so that eac rtion shall be equally 
moistened. If this be properly m ed there will be 
no air-bubbles left on the paper surface. It may be 
left on the liquid for a few minutes, and is then to be 
hung up to dry in a moderately warm place. The 
object to be attained is that of an even coat of the 
albumen, so that when the paper is dry, each portion 
shall present a regular and even appearance. A good 
deal must be left to the tact of the operator: if, how- 
ever, our instructions are carefully followed, there need 
be no risk of failure. Any quantity may be so pre- 
pared ; and if it is properly dried, and kept in a dry 

x 
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it will remain without change for any length 
Pte We need say that it is not liable to 
alter by the action of light. 

The sensitising process, or that by means of which 
the salted paper is rendered fit for the action of light, 
should be performed shortly before the paper is mae 
for use, because animal matters, as we have already 
remarked,* haye a spontaneous action on salts of silver. 
The solution may be as follows, viz.— 

Nitrate of silver. . . . . 80 to 100 grains. 

Distilled water . . . . . 1 fluid ounce, : 
This is to be poured into a clean glass or porcelain 
vessel ; and a piece of the paper, prepared as we have 
described, is to be placed on its surface in the same 
manner as that recommended for its albumenisation, 
care being taken that no air-bubbles are left on the 
surface, and that no part be touched. by the finger, 
except the turned-up corner. |The paper may be left 
in the solution for a few minutes, and is then to be 
dried in a dark place, because, owing to the formation 
of the chloride of silver on the surface, it has become sen- 
sitive to light. Of course, this part of the process should, 
for such reasons, be entirely carried on by candlelight. 

The strength of the silver solution gradually di- 
minishes as each sheet is taken from it, and therefore 
an occasional addition of some more nitrate of silver, 
or of a strong solution of that salt, will be required. 
When the solution becomes of a brown tint, its colour 
may be restored by adding to it a small portion of pipe- 
clay. This is to be shaken up with the liquid, which 
can afterwards be filtered through some blotting-paper, 
if requisite. 

3. The Copying Process.—To effect this successfully, 
a copying frame should be employed. It consists of an 
outer frame, which holds a sheet of plate-glass. The 
negative is placed on the glass with the collodion side 
next to the paper. The prepared paper is placed with 
its albumenised side next to the negative ; and to keep 
the two in close contact, a back fits into the frame, and 
is secured by means of two cross pieces therein. Folds 
of blotting-paper, or soft cloth, may be placed between 
the paper and back of the frame, so as to press the 
paper ly against the negative plate. is is of 
great consequence, use any crease in the paper 
would at once spoil the 2 and produce general in- 
distinctness of outline. 6 back of. the frame is made 
to open and shut; so that whilst one part still firmly 
presses on the plate and paper, another part may be 
raised, and the progress of the printing examined. 

We can give no definite directions as to the length 
of time required for exposure, We have already often 
remarked on this point. To illustrate this, we may 
instance the numerous experiments which have been 
made for the purpose of testing the question. In the 
morning of a summer day, in clear sunshine, the printing 

has been effected in a few minutes; whilst after 
our o’clock, it has required an ex of from half 
to three-quarters of an hour to ecole the same effect. 
Occasionally we have noticed an almost entire suspen- 
sion of actinic effect; but, a few moments afte 5 
whilst the sun has been obscured by a thin cloud, the 
printing seemed to have gone on with increased vigour. 

In the hope of giving something like an idea on this 
point, we have had collodion positives taken during 
every quarter of an hour, from ten in the forenoon, 
with little intermission, till six in the evening, in the 
early part of June, choosing alternately a clear sun- 
shine and dark cloudy weather; and despite all attempts 
at uniformity in every circumstance, so far as manipu- 
lation and chemicals were concerned, our results entirely 
baffled 4 hope of affording constant rules. 


should be over, rather than under-printed, because, when 

placed in the fixing solution, it undergoes considerable 

modification, and every part becomes of a lighter tint. 

Of course, much depends on the depth of e, &e., in 

the negative, other circumstances being equal. We must 

therefore leave this point to the care and judgment of the 
* See ante, p. 140, 


reader, who will, by Prony arrive at something like cer- 
— of pes and which eer alone can give. 

i e printing process, the paper may ex- 
ighlinslt ta the way we ‘ave mentioned, or a piece of 
the same paper as that in the frame, may be ex 
under an euuay thick piece of plate-g! and the 
process of colouring be watched ; unless so placed it will 
deceive the operator, because the glass of the frame 
exercises a retarding effect on the progress of the 
chemical changes. 


A usual form of copying frame is illustrated in the — 


following engraving :-— 
Fig, 159. 


TOT 


i i 


fit into the sides of the frame, and eo press the paper and negative to- 
gether; disa by means of which, either end of the back may be 
opened, so as to allow of the positive being examined during the pro- 


gress of printing. 

4, The Fixing Process.—Presuming that the positive 
has been properly printed, the next step is to prevent 
further action of light thereon, and so to render the 
picture permanent. This is effected by Senge tee it 
in a bath of hyposulphite of soda, which dissolves 
away all the unchanged chloride of silver. 
portions of the solution are as follow :— 

Hyposulphite of soda. : - 1 ounce. 
Distilled water . : 5 . 4 ounces, 

On removing the print from the copying frame, it 
should be abundantly washed with cold water, which 
removes all substances soluble in that liquid. A solu- 
tion of half an ounce of common salt, and a small 
quantity of bicarbonate of soda, is then made ina oe 
of water, into which the print is to be dipped, to 
it from all traces of nitrate of silver and nitric acid. 
It should then be again washed in abundance of water, 
to free it from the soluble salts it may contain. The 
next step is to immerse it, face downwards, in the hypo- 
sulphite bath, in which it may remain for a quarter of 
an hour. It, however, should be continually examined, 
because the fixing solution has a tendency to destroy 
the distinctness of outline and ation of shadow 
which gives the beauty to a print. During this 
process, stains occasionally appear, which are owing to 
the accidental presence of free nitrate of ‘silver. i 
should have been prevented by the salt and soda bath; 
or they may have been caused by carelessness in touch- 
wa, By print with the fingers. As hyposulphite of 

is a cheap material, it is better to use a fresh solu- 
tion for every other picture. This plan often prevents the 
production of stains, and generally ensures good results. 

It only remains that the print should be afterwards 
well cleansed from all hyposulphite of soda, which is 
done by placing it on the surface of clean water, and 
pouring a gentle stream on it for some time. The print 
is then left for an entire day in a vessel contaiming 

lenty of water, which should be occasio: 

his having been effectually ormed, 
may be considered as permanently fixed. 

5. The Toning Process;x—We have as yet described 
what may be termed the ordinary process of printing: 
there, however, remain for us to mention various plans, 
by means of which the brilliancy of the positive may be 
increased. ‘This is usually effected by means of a solu- 
tion of chloride of gold, in the manner which we proceed 


to describe. We mist specially observ —— 
care is required to produce the best results ; the 


The pro- 


changed. 
e@ picture 


tyro must not expect, ata first ia to arrive at per-. 
e de 


fection, For this reason we hav: erred introducing 
the subject of toning until we supposed, by the practice 
ot previous processes, some amount of proficiency had 
been acq 


Oe ea i ce 


——— 
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We need scarcely ehnarve, thes patie but a really 
good itive print is w ming Process ; 
OH incon Uekss Gi ik Une hee praed pith 
that object in view. In giving instructions as to this 
process, we cannot do better than from the Pho- 
in which the writer lucidly 
e can confirm, from our own 


presume that our previous instructions as to sensitising 
paper have been fully carried out. The author of 


. the 
the per referred 
Y : 


La ag 
e printing sh be effected as soon after ex- 
citing the paper as possible: considerable over-printing 
is generally desirable. The lights should be of a delicate 
lavender tint, and the shadows mes CeeHY bronzed, before 


pressure 
4 prints should be washed in two or three changes 
of water just before i 


to its own purpose, and never used for any other; 
oo aes utmost care should be taken not ag fe the 


which have just touched the hyposulphite of 
sly ino te Id solution. s 
“ ifferent forms of the alkaline gold toning 
bath have been proposed, all of which have been prac- 
tised with more or less success. We shall only refer 
to those with the results of which we are familiar, and 
can speak ae Seen The first is the 
process of Mr. well Lyte, with which most pho- 
Koy ap already familiar. It ‘7 thus ;— 
“ 4 . 
chloride od iva phosphate of soda, should 
i i of gi —say one 
to an ounce of water; they can then be 
well mix (hans i tether Bae targa 
with sufficient water to float the prints easily. The only 


grain. 
18 grains. 


‘effect of using a large quantity of water, is to make the 


process of toning somewhat slower, which is frequently 


an advantage. Sufficient water bee moreover, to 
secure regular toni The prints should be kept mov- 
ing, and prevented sti together, or red, im- 


perfectly-toned patches will be the result. The water 


‘used for diluting the bath may be previo’ made 
“warm, as it materially facilitates the oma ayeaate 


in cold weather. 


cases, a few minutes—from 
to ten—is sufficient. It is, in all cases, 
allow the print to assume a little deeper 
me — 7 es >) as a little 
ypo fixing a sepia or 
decided Bp xy tint should be 
toning bath. a decided ead 9 be 
the tint in the toning bath should be 


then 
“For the phosphate of soda, the bicarbonate or 

may be substituted, but in less proportions 
in regard to the carbonate especially, as an excess of 
it has a tendency to dissolve the size of the print, and, 
in some cases, even the albumen. Five grains will, 
therefore, be generally found sufficient ; the only object 
being to neutralise the free acid in the chloride of 
"We have seen very fine prints produced by the 
toning process recommended Legray ; which is as 
follows :— ' © 


ee ee A 2 » 1 grain.) 


The treatment is similar to the first-mentioned ; but as 


there is a strong bleaching tendency, it is necessary 
that the prints be considerably over-printed. 

‘*The last process of gold toning to which we shall 
refer, is one published during the year (1860), as 
being the suggestion of M. L’Abbé Laborde. We may 
mention, however, that its advantage had been pointed 
out some months before by Mr. Hannaford, who states, 
that a peculiarly rich purple bloom is secured, which is 
absent when any other salt of soda is used with the 
gold, with the Creeeea of the citrate as pos by 


. Hardwich, which has a similar effect. Hanna- 
ford states, that it has another advantage, which the 
Abbé namely, that it may used more 


than once ; all other alkaline toning baths being useless 


for toning purposes after once being used for toning. 
The formula stands as follows :— 
Chloride of gold “ - bb grains. 
Acetate of soda : 3 pits hms. 
Water ° . 35-ounces. 


**The solution becomes colourless by degrees, and, at 
the expiration of twenty-four hours, it is ready for use. 
On removing the positive from the printing frame, it is 
washed in two or three wa’ to remove the free nitrate 
of silver; it is then imme: in the gold bath, where. 
it must be allowed to remain not more than twenty-five 
to thirty seconds, when the bath is first used. 

‘Tf the gold bath has been used before, its action is 
slower. Experience will enable the operator to see, by the 
successive changes in tone the proof assumes, when he 
should remove it from the bath. If it be removed too 
soon, the proof assumes a disagreeable red hue after it is 
fixed with the hypo; on the other hand, if it be allowed 
to remain too long in the gold bath, the proof assumes a 
cold blue tint. Between these two extremes there are a 
variety of tones of sepia and violet, which can be secured 
by removing the proof at the proper moment. In pro- 
portion to the length of time the gold bath has been 
used, so we must prolong the toning until the required 
tint a) The strength of the gold bath can be 

by adding fresh chloride of gold; but, before 
making the addition, we must take care that the solution 
is nearly colourless ; for if the chloride of gold is not in 
combination, it will, like other chlorides, weaken the 


proof. 

Tn all cases the prints should be washed in two or 
three es water, and then immersed in the hypo- 
sulphite of soda; which, it is desirable, should possess 
a strength of at least twenty per cent., or four ounces 
to a pint of water. It is better used fresh each time, 
and should be neutral or slightly alkaline. Mr. Lyte 
recommends the addition of a little Spanish white, or 
chalk, for that Prints on thin paper are more 


purpose. 
. rapidly fixed than those on thick; but they should not, 


in any case, be removed from the fixing bath in a shorter 
time than ten minutes. They should then be washed in 
several plentiful changes of water, within the first half- 
hour; and subsequently soaked and washed, so as to 
thoroughly remove all traces of hy ulphite of soda.” 
The above instructions will be of great value to all who 
desire to produce the best results obtainable in the 
printing process; and, as we have already observed, our 
own experiments affirm their useful and reliable character. 
Having thus entered fully into the entire process of 
printi &e,, we trust that our readers will find no 
i difficulty in pursuing these experiments: 
and we shall now primes neath photo- 
phic processes; which, although not employed so uni- 
Sotalty as those we have minutely dexeribed—etill, 
either afford*interesting results, or, in an historical point 
of view, are hot to be overlooked by us. 

* Our previous pages have been an exposition of processes 
which are universally adopted at the present time for 
likeness and landscape taking. Our limits have, of 
course, forbidden us to enter into every minute detail ; 
and we must refer those ec eee desire to 
make a special study of the philosophy of the processes, to 
the works of Messrs. Hunt, Hardwich, Price, and many 
others; in which they will find an almost exhaustion of 
the subject. ‘ 
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THE DAGUERREOTYPE PROCESS. 


We shall now proceed to describe, in general terms, the 
process which, by the use of silver plates rendered 
sensitive by means of iodine, &c., gives similar results 
to those to which we have already alluded. We may, 
however, observe, that this mode of taking portraits, 
é&ec., has been, of late years, but rarely employed, for 
the collodion process has almost entirely superseded it. 

We owe to M. Daguerre the first steps which were 
taken to render practically useful the fact that salts of 
silver are applicable to retain the impression of solar 
influences. It is true that Sir Humphry Davy and Mr. 
Wedgwood were well aware that copies of objects might 
be obtained by the agency of light ; but those eminent 
men never proceeded ond the threshold of their dis- 
coveries. Niepce wae M. Daguerre, however, applied 
themselves to the subject ; and the result has been, that 
every part of the civilised world has become familiar 
with the fact that light may be made a most valuable 

ton M. Dagu d red, that 

About twenty years ago, M. erre discovered, tha’ 
plates of silver, Soke eich iodine, were sensitive to the 
action of light, and that those portions so acted o' 
might afford a surface on which distin inct pictures coul 
be procured. This discovery produced a profound sen- 
sation in scientific circles; and the French government 
were so impressed with the novelty and value of the 
 snwe that they rewarded its discoverer in the most 

ndsome manner. He had voted to him a pension of 
6,000 francs ; and France took to herself the credit of 
having given to the world one of the most surprising of 

veries. 

That portion of the world which forms our native 
land, seems, however, to have been an exception; for a 
patent was taken out in this country, by which the 
employment of Daguerre’s process was limited to one 
person and his licensees. If we compare the likenesses 
taken in the year 1840, with those of the present day, 
we shall certainly find that we hold the palm in every 
respect. This fact, however, must not deter us from 
— justice to the valuable discoveries made by M. 

rre. 

e great objection which exists against this process 
is, that portraits, &c., produced by it, can only be 
viewed in one light, owing to the reflection from the 
silver surface. This is a source of considerable incon- 
venience, and, indeed, prevents any chance of repre- 
senting some objects successfully. 

We now proceed to detail each part of the process. In 
doing so, we shall not be so minute in our description 
as when speaking of the collodion process, for the reasons 
pare we have rrsagy A eon @ may conveniently 
consider, separately, the followi i in the 
order in whiah.are ve leeaeottoeeeke 

1. Cleaning the silver plate. 

2. Todising it, and exposing it to bromine vapour, &c. 

3. Exposure in the camera, 

4. The mercury process. 

5. The fixing process. 

6. The toning process. 

1, Cleaning the Silver Plate.—We may here observe, 
that various sorts of plates may be employed, providing 
a surface of pure silver is formed thereon. Hence, 
copper, plated with silver by the ordinary method, or 

e ing pure silver plates, or standard silver 
ectrotyped over with pure silver, may be employed. 
In either case the surface requires to he highly polished ; 
and the directions which have been given to secure this 
desirable result, are innumerable. e presume that a 
perfectly level plate has been chosen, free from scratches, 
&c. Its surface should first be roughly cleaned from 
oxide by dipping it into, or by rubbing it over, with a 
very dilute nitric acid ; this removes a thin coat of the 
silver, but ensures, at the same time, more chance of 
success in the process of cleaning. The plate is then 
to be washed in plenty of cold water, so as. to remove 
all trace of acid. This being effected, it may be polished 


the following means et aghr the plate hen a pit a 

ean white , much larger than itself, an y 
means of a vollet of the best cotton wool, which has 
been previously dipped in some of the best olive oil, 
commence rubbing the plate in a circular manner, from 
the centre to its outside. Having done this until the 
surface is covered with oil, dust over it some of the 
finest tripoli, and pursue the same plan of rubbing 
circularly, from the centre to the outside, for some 
little time. By such means all the coarse irregularities 
will be removed, and a tolerably level surface will be 
obtained, f j 

The plan which we have adopted, after ha’ given 
the plate the rough polish, is to wash it carefully with 
a mixture of equal of spirits of wine and liquid 
ammonia ; this has the effect. of dissolving and clearing 
away the minute portions of oil which would otherwise 
remain in the fine lines left on the surface of the plate ; 
which, although invisible to the naked eye, may easily 
be detected by means of a microsco After thus 
having cl the plate, it is to be held over the flame 
of a spirit or gas-lamp, which has the effect of drivi 
away a thin film of air which always rests on polish 
surfaces, and of which we have already spoken. * 

A little clean cotton wool, made into a Yer is then 
to be moistened with spirits of wine. Having dipped 
it into some of the finest tripoli powder, the plate is to 
be rubbed with it until a dark jet-like appearance is 
produced : a dry pellet of cotton is then to be employed, 
to remove all trace of the powder. The last operation is 
that of buffing, or rubbing the plate on some velvet 
fixed tightly over a piece of wood. This is cameras | 
made, in shape and a) ce, like a razor strop ; 
the plate is to be briskly moved, under pressure, to and 
we on the ke . ce velvet. By these means a 

rilliant polish is obtained ; and, practically speaking, 
we may suppose the plate as te for all subsequent 


processes. 
We must here warn the tyro against carelessness in 
to the cotton wool, tripoli, and buffer, each of 
which are liable to catch small portions of dust, sand, or 
grit. Neglect of this is sure to afford a scratched and 
uneven surface on the plate. The smallest particle of 
any hard substance, repeatedly rubbed on a com 
tively soft body like silver, produces an infinity of fine 
lines, and renders the plate useless. Our remarks on 
cleanliness, in a former page, have an equal application 
to the Daguerreotype process ; and, in too much 
care cannot be bestowed at each step of our progress. 

When the operator has a lathe in his ion, much 
labour is saved by its use in the operation of polishi 
Daguerreotype plates, because both buffer and plate 
may readily be fitted in it. The action is much more 
regular than that obtained by manual labour, and there 
is less risk of producing a scratched surface through 
over-pressure on any part. We need scarcely add, that 
the time required for polishing the plate is also mate- 
rially lessened. 

2. Iodising the Plate.—After thus producing a clean and 
polished surface on the plate, it must then be made 
sensitive to the action of light by means of the vapour 
of iodine and bromine. In the earlier days of pho- 
tography, iodine alone was employed ; but the addition 
of bromine has many advantages, as we shall presently 


see, 
The philosophical instrument-makers sell boxes ex- 
eee made for the iodising process. The student, 
owever, will succeed very well by using a square box 
of about four inches deep, and a little longer and 
broader than the plate. The latter should be fixed in 
a frame so that it may be ex with the silver face 
downwards. The frame itself may form the lid of the 
box. In the bottom of the box ‘a glass tray must be 
placed, to hold the iodine, &c. A similar box will be 


required for the bromising process, if the operations are 
carried on separately. this, however, we shall speak 
more fully as we proceed. 


To iodise the plate, put a stnall portion of iodine 
* See ante, p. 146. 
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into the glass tray at the bottom of one of the boxes ; 
and having fitted the silver plate, face outwards, in the 
frame, place it horizontally over the tray containing 
the iodine. The vapour which arises will reach the 
silver surface, forming an iodide of silver, which should 
be of a rose colour. The time required to effect this 
varies according to temperature and other circum- 
stances; and so, like many other pho’ phie pro- 
cesses, must be left to the judgment of the operator. 
As soon as the rose tint is obtained, the plate may 
then have its sensitiveness increased by means of the 
vapour of bromine, dc. ; and such have been termed 
accelerators, from their power of rendering the sub- 
ment processes more rapid of execution. After being 
jodised, the plate becomes sensitive to the action of 
ligkt, but not to any great extent. It is, however, 
desirable that iodising should be carried on in the dark 
room ; whilst it is essential that the accelerating process 
should be so conducted. Great care should taken 
that as little as possible of the vapour of iodine and 
bromine should escape into the room, because such 
not only may have a generally prejudicial action on the 
lates, but also on various metals, chemicals, dc. ; 
ides the personal inconvenience and injury which 
would occur to the operator. 

The accelerating effect is produced by exposing the 
plate, previously iodised, in another box, which Fe a 
glass tray, into which the accelerating solution is to be 
poured. The exposure is condu in precisely the 
same manner as in the of iodising, and a rich, 
but fuller, dark rose-red surface is obtained on the silver 
a which will then be nearly ready for exposure in 


e camera. 
A ing Solutions.—A solution of bromine in 
; and it is made 


ecelerating 
water may be employed for this A 
addi dis water, and shaking 


by adding some bromine to 1 
the two together until as much bromine as ible has 
been taken up. One pint of this saturated solution is 
to be dil with distilled water, until it presents a 
pale straw colour ; and then poured, to the depth of half 
. an inch, in the glass tray. : 

Another solution may be prepared by adding a few 
oat hydrochloride acid to a drachm of bromine, which 
is then to be diluted with six ounces of distilled water. 

By using the above solutions as accelerators, a rich 
red rose-colour is produced on the plate. The latter 
must afterwards be exposed again to the iodine vapour, 
until the silver acquires,a very deep rose-red, or, occa- 
sionally, a blue colour, resembling that produced on 
steel when it has been heated to a temperature of 
between 600 and 700 degrees Fah.; and iodising 
process is then finished. 

An accelerator recommended by M. Claudet, has the 
advantage of preventing the necessity of a second ex- 

to the iodine vapour. A portion of it is poured 
into the glass tray of the accelerating box, and after 
the silver been exposed to the action of the vapour 
for several minutes (even to the extent of half-an-hour 
occasionally), it is ready for the camera. The mixture 
consists of a saturated solution of iodine in bromine ; 
which is easily done by adding as much iodine to the 
liquid bromine as it will take up. A bromide of iodine 
is thus formed, and as much of it is added to distilled 
water as will impart to the latter a full yellow colour, 
It is stated, that this plan is always to be depended 
; and it has one advantage for the tyro—which is, 

that he can scarcely err in its employment. 

We must here point out a few matters by way of cau- 
tion. The iodine should be spread evenly on the glass tray; 
because, wherever it is in masses, it will produce a 
on tele over that part. Care must be taken not 
to di the particles of iodine by hastily placing the 
plate on the top of the box, as this might possibly 
cause the air inside to be disturbed, and so drive par- 
ticles on to the surface of the plate, where it would 
produce spots, and entirely destroy its fitness for sub- 


uent processes. 
Exposure in the Camera.—A sensitive plate having 
been produced, the next step is its exposure in the camera. 


On this head we have already made several remarks 
whilst directing the reader in conducting the collodion 
process. The same precautions and arrangements are 
required. The silver pits, however, is not so sensitive 
to the action of light as those of highly sensitised 
collodion. The time of exposure varies according to a 
variety of circumstances, each of which, as it presents 
itself, becomes the subject of annoyance to the operator, 
but yet adds to his knowledge and experience. We 
shall, therefore, not further deal with this part of the 
whole process, but refer our readers to the remarks we 
have made at a previous .* We may, how- 
ever, remark, that great care is required to prevent 
the effect called solarisation, which is due to over-ex- 
posure. This entirely destroys the contrast of light 
and shade, on which depends the beauty of all photo- 
graphed productions. ; parent to prevent this, the 
operator must be well acquainted with the power of 
his lens, and the excellency of the plates and che- 
micals ; matters which, of course, can only be gained 
by practice and experience. 

4. The Merewry Process,—On removing the plate from 
the camera into the dark room, no picture will be 
observed on its surface ; it must therefore be exposed 
to the vapour of mercury, which, settling on the face of 
the plate, rests on those parts which have been affected 
by the action of light. For this purpose a peculiarly 
shaped box is employed. In the lower part of it isa 
cistern, containing about two ounces of quicksilver ; and 
in this the bulb of a thermometer is placed, which indi- 
cates the temperature of the mercury when heated by 
means of a s ee beneath it. This tem- 
perature should never be allowed to rise beyond 150° or 
160° Fah. The plate is placed at an angle of 45° at 
the top of the box. 

Presuming that a plate has been duly exposed to 
light, and is allowed to receive the vapour of mercury 
in the manner we have explained, we shall soon ive 
that the parts which have been chiefly aged et, by. 
light, are mast sory brought out by the mercurial 
vapour, and every other part receives its due propor- 
tion, and produces a corresponding effect. 

By these means the latent picture becomes developed ; 
the effects of light and shade are produced on the surface 
of the plate, and a representation of the object copied 
is afforded, correct and brilliant, just in proportion to 
the care which has been eabes by the operator in 
each process, and in the actinio power of the light . 
which has produced the picture. 

5. Fixing the Pictwre.—The next of the process is 
that of fixing the picture, and of so preventing the 
further action of light on the plate. The only thing 
required is to remove the remainder of the sensitive 
silver salt from the face of the plate; and this. is 
effected by immersing the plate, when cool, in a solu- 
tion of one go of h: ulphite of soda, to from six to 
ten parts of water. It should be left in the solution 
for a few minutes, and then must be abundantly 
washed with cold water, This is best effected by allow- 
ing a gentle stream, from a water-tap, to impinge on the 
plate: by these means all the soluble ane are com- 
pletely removed. As, however, common water contains 
lime, &c., the plate should be finally washed with dis- 
tilled water ; and it may then be dried by holding it at 
some distance over the flame of a spirit-lamp. dry- 
ing, great care should be taken that no drops of water 
are left on the surface, as they would be sure to form 
spots. As the plate heats, the water has a tendency to 
run off from its surface ; and an attentive operator will 
take advantage of this fact, so as to prevent the occur- 
rence of spots, d&c., thereon. 

The appearance of all Daguerreotypes is remarkably 
improved by submitting them to the action of chlo- 
ride of gold, after they are removed from the hypo bath, 
The contrast of light and shade is thereby greatly en- 
hanced, and the brilliancy of the picture is of course 
increased. The process is very simple, and may be per- 
formed as follows :— 

* See ante, p. 149, 
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The Toning Process,—After washing the plate, 
it on a ring-stand, so that it may be quite level ; 
there is to ‘be poured on it the following toning 
ixture, 50 
wel otter of gold 8 grai 
le A See grains, 
Distilled om ° ° + 4 ounces, 
having been dissolved, is then added 
ution of — 
25 grains, 


of this 
a Osgeteored is cautiously applied beneath each part, 
unt 


the light and dark 
now be left to cool, and the gold solution is then to be 
washed off, by means of distilled water, until the plate 
is perfectly cleansed. The spirit-lamp may now be used 
to dry it; and on this being carefully performed, the 
whole age may be considered as complete, 

We have thus given a detailed account of the succes- 
sive processes which enable us to obtain pictures on 
silver plates by means of the Daguerreotype process ; 
but have omitted numerous modifications and improve- 
ments which have been from time to time suggested by 
various operators, because the process is rapidly becom- 
ing obsolete, in consequence of the greater value of, and 
the better results afforded by, the various processes on 
glass. It requires a considerable amount of care, and 
some pho phic experience, to obtain even tolerable 
results; and, as we before remarked, the silver plate has 
the great objection of reflecting light, so that the pictures 
- can only be seen at-a certain angle. We are not aware 

of any photographer who professes to take portraits by 
this process at the present time; and therefore we have 
introduced the subject more as a curiosity, and as an 
illustration of the earlier attempts at picture-taking by 
the agency of light, than as one of any utility or profit 
to the experimenter. 

We may conclude by stating, that if any of our readers 
attempt the process, and arrive at the very common re- 
sults of obtaining “ spoilt plates,” such may be employed 
— by heating the surface to remove the mercury, and 

by repeating the process of cleaning, according to 
the directions given in a previous page.* 


THE CHROMOTYPE PROCESS. 


I'ais process is so easily conducted as to be at the com- 
mand of any one, however slightly uainted with 
science or experimental manipulation. 1t depends on 
yong that certain rahe} chromic et acted 
on by actinic rays; and the most proper for the purpose 
is the bichromate of potass. : 

A saturated solution of this salt is made in cold water, 
in which any suitable-sized sheet of paper may be im- 
mersed. The salt will soon penetrate its pores; and the 
paper, after draining, is to be dried between folds of 
common blotting-paper. It will thus have acquired an 

yellow tint, and it may be preserved for any 
Jongth of time if kept in a place. It is used in 
exactly the same way as the positive paper (described 
at a vious paget) in the copying frame. The 
object is placed on the plate-glass: on this the chro- 
matised paper ; and the back of the frame is then fitted 
into its ; or the object may be simply kept in 
contact with the prepared paper, by means of a sheet of 


nape ; 
The time for exposure, of course, varies ac- 
cording to the chemical power of. the daylight. The 
parts should, however, present a dark-brown 
tint before the object is to be removed. 
The process of fixing is remarkably simple. The pic- 
ture is soaked for some time in warm water, so as to 
© See ante, p. 156, t Bee ante, p. 154. 


dissolve out any unchanged bichromate of potass. The 
paper will thus be rendered nearly white, or, at all events, 
of a light primrose colour, in those parts which have been 
shaded by the object copied ; whilst the other parts pre- 
me dark-brown ane ‘ loved f wie 
process ma: readily emplo ‘or cop, an; 
object whose poet A are well defined till as Se 
ferns, the shape of leaves, &c. Indeed, witha child’s 
transparent slate, and a few sheets of paper, the 
and others, may copy a vast variety of objects; and, 
from the simplicity of the whole affair, it may afford an 
instructive and interesting amusement to young people, 


THE CALOTYPE PROCESS. 


Mice ~ ber a ardent and — of = those who 
ve devo eir attention to photographic investiga- 
tions, has been Mr. Fox Talbot. From the earliest days 
of the art he has continually made contributions to our 
stock of information; and to him we are indebted for a 
+ variety of improvements on the processes proposed 

y other experimenters. 

So early as the year 1839, Mr. Talbot communicated 
his views to the Royal Society, in reference to “ the art 
of photogenic drawing, or the which natural 
chee may be made to delineate th ves without the 
aid of the artist’s pencil.” He also pointed out how 
such impressions might be fixed or rendered uuchange- 
able by the further action of light. 

The earlier attempts at producing and —- pho- 
tographic copies were but of a comparatively valueless 
character. The numerous causes of failure to which we 
have already so fully alluded, were only distantly guessed 
at; and the eagerness with which each new discovery was 
hailed, frequently prevented that close and philosophic 
examination into the chain of circumstances which gave 
them birth, or into the causes of failure, which almost 
invariably produced disappointment in those who at- 
tempted to repeat the experiments of others. We can 
well remember the obscure accounts which were published 
from time to time, in reference to the different 
as they were given to the world. This, coupled with the 
various opinions held by discoverers, by no means assisted 
even the most ardent experimenter, but-rather left him 
in what has expressively been termed ‘a fog.” The 
mists of uncertainty, however, were gradually di ed; 
and at the present time, photography stands out as one 
of the most complete ty ct th in rationale and 
practice, of any which have been made of the various 

ranches of science, 

These remarks are here made, because we regard the 
calotype as the first elegant and complete branch of 
photographic manipulation. The discoveries of Daguerre 
were of great value; but those of Mr. Talbot at least 
equal them in that respect, and, in practical utility, often 
ooiat ing ts i slight sketch of early photogra- 

aving thus given a early p 
phic history, so far as it bears on our subject, we now 
proceed to detail Mr. Talbot’s method of producing his 
calotype pictures; and shall introduce the subject in 
nearly the words used by the inventor whilst describing 
his earlier processes, 

We may, however, impress on our readers the remarks 
which have been made in reference to the choice of paper. 
It matters not what process is undertaken in pho 
phy—the same chemical laws must be observed, and 
chemical changes must be looked for or guarded against. 

The following, therefore, will guide the operator into 
what we may call the elements ot the calotype process, 

A proper paper having been chosen according to the 
general instructions we have already given, such is to be 
placed in a solution of nitrate of silyer, dissolved in the 


rtions of — , 
a Nitrate of silver - 100 grains. 
Distilled water ° , 6 ounces, 

In the manner described at a previous page.t The 


side so placed should be mar by means of A Dea 


that it may thereby be easily recognised. paper is 
+ See ance, p, 154. 
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afterwards to be dried in a dark place, and, if not imme- 
diately used (which is advisable), it should be kept out of 
the rays of the sun, or of diffused daylight. how- 
ever, organic matters tend to decom: silver salts, 
even in the dark,* it is better that this paper should 
only be prepared in such quantities as may be consistent 
with the immediate requirements of the operator. 

The paper is then to be p with its silver side 
down on a — of sagt potassium (hydrio- 
date of , in the proportion of— 

ogee en 
Distilled water. . . 3 ounces. 

By these Figs kg Seger of gt an on its 

surface, which gives the paper a kind of primrose ap- 
ce, It is then dried, first being pressed between 

olds of clean white blotting-paper. In this state 
it is barely sensitive to the action of light ; but 
the process should be conducted in a dark place, 
such as by candlelight, or in a dark room. This we 
ea term iodised paper; and, if properly prepared, 
all the precautions with bg to cleanliness, &c., 
having been observed, it may kept for some time 
without danger of undergoing any very serious change. 
However, in our repetition of Mr. Talbot’s experiments, 
we have found that the almost certain presence of nee 
matter in the size of almost every kind of paper, a 


garb to produce which eventually exhibit 
their in spo ped akan ape ah ode i 
paper, if such be for any length of time before being 
The reader will thus obserye, that the calotype pee 
the 


ee ee # formation of an iodide, in place 
of silver, on the paper surface ; and on this de- 
pend some of the peculiarities of Mr. Talbot’s calotype 


pau Sxponnre in the camera, this iodised paper must 
be more highly sensitive; and this is done by 
the prepared surface on a solution of— 
itrate of silver . - 100 grains. 
Distilled water = . 2 ounces, 
.  Aceticacid . P - a tae 
To which is to be added an equal quantity of a saturated 
solution of gallic acid. We may here observe, that gallic 
acid is but sparingly soluble in water. Mr. Talbot calls 
the get the gallo-nitrate Xs silver. This solution 
should, whilst in proportions we have 
named, be only bs am quantities required for imme- 
diate use, because it spoils by keeping. 
After the iodised surface been rendered sensitive 
5 cy i the is to be dried ; and this process 
be Bers ortly before the exposure of the 
in the camera. It may be used with advantage 
is a slightly moist state, which somewhat facilitates 
the subsequent process. 
The paper may then be used in the camera, in the 
manner already pointed out for the collodion and 


the 
about to be ied. 
Reansh send i 


the on, or 
of nitrate 


not been pao gral we 2 in the camera, the picture 
i ore it ap ; and, in such 
cases, the aid of a gentle heat may be called in. The 


picture may then be fixed by immersing it in’a 
Cr ietenide of 
i ium . . - 100 grains. 
Distilled water 10 ounces, 


After which it is to be abundantly washed with water, 

and subsequently dried. By these means a negative is 

produced ; and by, dipping the prepared in a solu- 

tion of iodide of potassium, a positive may be produced, 
* See ante, p. 140. : 


providing the gallo-nitrate immersion has been adopted. 
After e: in the camera, the gallo-nitrate solution 
is then used for development in the way already de- 
scribed, and the fixing process immediately follows. 

Such is an outline of the earlier attempts of Mr. 
Talbot ; which, however, have been modified by nume- 
rous subsequent experimenters. The same principles 
generally are involved, and the process is conducted 
more rapidly, owing to the more sensitive nature of 
the prepared paper. 

The calotype process, like many others, is not so 
much in fayour as that of the collodion, owing to the 
numerous details which have to be observed, and the 
tediousness of its manipulation. The effects, however, 
are very pleasing ; and we may almost call it the most 


elegant and refined of photographic processes, when it 
is properly carried out. s 


THE WAX-PAPER PROCESS. 


Amonest other materials which have been used as a pho- 
tographic material, we may briefly notice that of waxed 
paper, which has the advantage of considerable sensi- 
tiveness, and of affording a pleasing effect when the 
picture is gg vibe This, like all other photographic 
processes, has been the subject of numerous modifica- 
tions ; and we shall, therefore, only give a general out- 
line of it. 

A thin kind of paper is to be soaked in the best melted 
white wax, until that substance is well absorbed into its 

res. The waxed paper is then placed between folds of 
Plotting: per, and a hot iron niko over the whole, 
so that the wax may be equally di , and any super- 
fiuity be removed. The paper, so prepared, is next 
placed in a bath of iodide of potassium, to which a little 
iodine has been added; and, after remaining some time, 
it is carefully dried. It is sensitised by means of a 
weak nitrate of silver bath, to which some acetic acid 
has been added ; and if thus dried, it will keep for some 
time, provided it has been well washed with distilled 
water, to remove the superfluous nitrate from its surface, 

The of exposure in the camera varies from one 
mirmte upwards ; and the latent picture is developed by 
means of gallic acid and nitrate of silver, The fixing is 
effected by a solution of the hyposulphite of sodium, 
and su nent repeated washings in water. The pic- 
ture may then be dried before a fire, and a hot iron 
should again be passed over it to equalise the wax in 
each part of the paper. 

This plan is not much employed at the present time; 
and, like most others, has been superseded by the coilo- 
dion process 


THE ALBUMEN PROCESS. 


A CONSIDERABLE variety of organic substances have been 
tried by photographers, as media by which the sensitive 
salts of silver may be retained on glass and eit sur- 
faces. Amongst these, albumen has been frequently 
poy mee © ane we have bape drawn attention to ae 
of its uses when speaking of positive printing-paper. 
It has been applied with great austen olaae pea 
and some of the productions of French artists are ex- 
tremely beautiful. §S to say, few of the pictures 
produced exclusively by English photographers haye 
arrived at such excellence. 

Albumen, in this process, is used in place of collo- 
dion. The manipulation, generally speaking, is similar ; 
great precaution, however, being paid to the delicate 
nature of the film, lest it should be injured, A oers 

thus has a very trans nt appearance; an 

the best of the kind we fave sea ice thoes of the blood 

lobules, to which reference has already been made, 

ictures by the albumen process are extremely valuable 
for use in the oxy-hydrogen microscope, having a con- 
siderable transparency, and yet precision of detail. We 
shall now give full directions for pursuing the collodio- 
albumen process, 


4 See ante, p. 153 ¢ See ante, p. 68, 
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THE DRY COLLODION PROCESS, 


Grear inconvenience is felt by AY pac ew in taking 
views by means of the ordinary collodion process, owing 
to the necessity of exciting the plate immediately pre- 
vious to its being introduced into the camera ; and nume- 
rous attempts have been made to prepare plates which 
would retain their sensitive condition for a length of 
time after they have been excited. These have resulted 
more or less successfully, but they still leave room for 
improvement. It was at first proposed to use a salt 
which would deliquesce, or absorb moisture from the 
atmosphere, and so retain the collodion surface in a 
proper condition for the camera. This plan was super- 
seded by others, which seemed more convenient in prac- 
tice. We can only refer to some of the latest improve- 
oo which are, more or less, modifications of previously 
ished processes: and we are indebted for the fol- 
ing résumé of recent inventions, to the pages of the 
Photographic News Almanac (1861). 


THE COLLODIO-ALBUMEN PROCESS. 


** Tue plates should be very carefully cleaned for this 
Sri y Regteamercotangpea Porat oS apogee that they are 
perfectly dry before coating with collodion. The quality 
of the collodion used is not of importance, so far as the 
question of sensitiveness is concerned ;- but for the better 
prevention of blisters, &c., an old or powdery collodion 
diam esirable, au ~y iis anes and excited in the 

way, an thoroughly in a running stream, 
to remove free nitrate of silver. Tt is then coated with 
a solution, prepared as follows :— 


** Albumen . . r + 2 ounces. 
Distilled water F pa 
Todide of potassium 10 grains. 
Bromide of potassium 2 


”, 
Liquid ammonia . about 20 minims. 

**The iodide and bromide should be dissolved in the 
water, which should then, together with the ammonia, 
be added to the albumen, and the whole thoroughly 
beaten to a froth. When it has settled, the = Me 
pore should be poured off, and kept in a bottle 
‘or use. 


“*The washed collodion plate is to be coated with this 
whilst it is still wet. After it has drained a moment or 
two, pour over its surface the albumen twice. The same 
albumen may be used for two or three plates; but after 
that, it is better to take a fresh quantity. The plate 
must now drain on one corner a few minutes; then dry 
it rapidly before a clear, bright fire, and make it quite 
hot. In this state it is not sensitive to light, and 
will keep for many months. To render the plate sensi- 


tive for it must be again immersed in a bath, pre- 
d - follows ae 
* Nitrate of silver . > . 40 grains. 
Glacial acetic acid . . Sa SS net a 
Water . ‘ * “ -  lounce. 
“ After taking the plate outof the bath, draina moment, 


=~ then hg well poor , stream of water. <A plate 
well wash ways keeps longer, and develops cleaner, 
than one washed insufficiontly. After Saabing. drain, 
and place it on blotting-paper todry. The plate may be 

ied artificially ; but will do so spontaneously in about 
ten minutes. 

‘* The plates will keep ready for the camera two or three 
weeks in summer, and as many months in winter; but it 
is better to use them fresh. 

“The development of the latent image is the most im- 
Pot pasd operation in this process. It is slow; but, on 

hat account, very manageable. If the plate is well ex- 
posed, and free from blisters, there is no doubt of get- 
par, he picture. There are two methods of development ; 
with pyrogallic acid and with gallic acid. To develop 
with pyrogallic acid, take the exposed plate, and place it 
on a levelling-stand 3 poe a little water over the sur- 
face; then take a cient quantity of the following 
developing solution :— 


ap hoincid. 2. ew >. leh 
Glacial acetic acid “ - . Fa cove 

A coer Wore tien anal Whon the sky 
And pour it over the plate repeatedly. e 
and high lights appear, add a few drops of a ten-grai 
solution of nitrate of silver. This will bring out all the 
details of the picture ; but when held up to the light, it 
will appear weak and transparent, In this state more 
silver should be added, until sufficient intensity is 


** During the development, it is more than probable that 
the surface may be marked by streaks or stains, or a 
deposit may cover the whole plate. If this should 
occur, stop the development; wash with water; and 
with a piece of fine cotton wool, rub away these defects, 
and go on again with the development; the horny 
surface of the albumen allowing this to be done without 
fear of damaging the negative. This is the great advan- 
tage the process has over every other. The plate can be 
develo for hours or days; because, though a de- 
posit falls, it can be wiped over and over again, This 
is an immense advantage when the picture is under- 
exposed, as it can be frequently brought out by long 
arte doval th gallic acid, take the exposed plate, 

‘To develop wi ic aci e the e 5) 
and put it, face upwards, into a glass or other dish, with 
a sufficient argu Peal a saturated solution of gallic 
acid to cover it. en it has remained five or ten 
minutes, add a few drops of a ten-grain silver solution, 
and mix well in the dish; the picture will gradually 
ap When all the details are out, add more silver, 
till the development is complete. 

‘¢ Whichever process of development be adopted, Bsn 
care is required to attain just the proper amount of in- 
tensity, and no more. In all processes where albumen 
is used, the real printing intensity is much greater than 
it at first appears, owing to the light-resisting colour of 
the deposit. There is great danger of over-development, 
as some photographers are not content until the sky is 

uite black; at which time, in an artistic point of view, 
the picture is quite ruined. 

‘* The picture is fixed with hyposulphite of soda, in the 
proportion of five or six ounces of the salt to the pint of 
water, Cyanide of potassium would act rapidly on the 
organic deposit, and is therefore unfit for use.” 


THE FOTHERGILL PROCESS. 


From the same authority, we quote the following parti- 
culars of a modification of the Fothergill ‘process; so 
called after its inventor. 

_ “For coating the plates, take of old iodised collodion, 
containing one grain of a bromide, in addition to four of 
iodide, one ; and of a newly iodised collodion, con- 
taining iodide only, one part. The glasses must be 
carefully cleaned, and quite dry when coated: a thirty- 
five grain nitrate bath, with a very slightly acid reaction, 
is the best sensitising solution. The p) when excited, 
must be washed in a limited quantity of distilled water. 
A solution is then required; prepared as follows :—Of 
albumen, from fresh eggs, one ounce; of water, three 
ounces ; of the strongest liquid ammonia, a few drops to 
each ounce of the preparation ; and also a few grains of 
citric acid. The plate is coated with this preparation, 
which is left on it a few minutes; it is then to be tho- 
roughly washed in we and dried. “4 Plates so prepared 
are very sensitive, and possess good keeping properties. 

We have coon the two A spevranee above described, 
because they are comparatively easy of prosecution. A 
variety of substances, of a vegetable kind, have been 
employed as preservatives; such as linseed, malt, 
—, &e.; but our — forbid us entering into 
special details res: em. 

Our readers nil oaeeive, that many precautions have 
to be observed to ensure successful results; and their 
patience and perseverance will doubtless be well tested. 
At the same time, a really good negative is an ample 
reward for all the pains we can bestow ; whilst an inferior 
one is, at all times, valueless for printing purposes. — 
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PHOTOGRAPHIC ENGRAVING. 


Tue usual of copying from negatives is necessa- 
rily aencieen slow, sparituedice greatly limits the 


production of itives. A great variety of at- 
tempts has or been made, the object of which 
has to luce on which photographic pic- 
tures could be engraved, and printed from. 


Some of the earliest experiments for this purpose were 
made on plates. These were etched out 
by chemical means, or el: , so as to present an 
uneven which would afford the effects of light 
and shade when engraved from. 

One of the best prints which was made by this pro- 
cess, was luced many years ago, by Mr. Grove, at 

“the London Institution ; being an outline of that build- 
ing, obtained from a erreotype. However, no 
great success attended the efforts then made, 

Mr. Fox Talbot and others have, since then, made 
considerable advance in this department of photographic 
practice. Pictures have been transferred to stone and 
wood ; and, from these, vings have been produced. 

fomakines two processes ; the first 
, for an account of which 

ic News Almanac ; 
which the inventor kindly ex- 
us himself, and the whole of which we have 


P 
perfected by Colonel Sir Henry James, 
has led to the most important results, both in an artistic 
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ee ee ee ece ens in the 
copied ; this nega- 
tive may be identical in size with the i or larger 
or maller, a8 may bo mont desirable Saeed. cern 
required in obtaining this negative ect, as any 
ij ecessarily be reprod i 


with the size of the object copied, so as to avoid distortion. 
«c'The negative will re oe 


“In thi 
When dried and 


wen. 1. 


‘With this negative we proceed to obtain positives 
on paper. The quality of this paper is a point of much 
importance ; the best is that.known as ‘engravers’ 


tracing-paper. 

** 4 solution of gum-arabic is made by dissolving three 
ounces of the gum in four ounces of water. 

** Boiling water is saturated with bichromate of potass ; 
and two parts of the solution is mixed with one part of 
the gum-water, both being kept at a temperature of 
200° Fah. 

“The tracing-paper is evenly coated with the hot 
mixture, by means of a flat camel-hair brush, and dried ; 
itis then exposed to light, under the negative, in the usual 
way. ‘The time for printing may vary from two minutes 
in the sunshine, to ten minutes in diffused light. 
If a good image is not obtained in that length of time, 
the operation better be deferred to a more fayour- 
able opportunity. The period of is determined 
by the appearance of the print; when all the details 
have become distinctly impressed, it may be removed. 

*“The next thing is to coat the entire surface of the 
print with an even and thin layer of a greasy ink, which 
may be composed of the following ingredients :— 


ee : 44 ounces, 
ax. . - . . 
er. > é ; . 2 ounce, 
enice turpentine . : ° - 
Lampblack 34 ounces, 


**A portion of these is dissolved in turpentine suffi- 
cient to form a thin cream, which is applied to the 
surface of the positive print with a brush. 

“ The tine is allowed to evaporate for half-an- 
hour, and the positive is then floated, face upw: on 
hot water for a few minutes; then removed, and laid, in 
the same position, on a lain slab. 

“The surface is then gently rubbed with a sponge, 
dipped in warm gum-water, when the ink readily 
leaves the surface at those parts which have been un- 
acted on by light; while it adheres tenagiously to the 
ira ec. 

**As soon as lines are quite clear, the print is 
laced on a flat dish, and washed, first with warm, and 
nally with cold water. When dry, it is ready for 
transferring to zinc or stone. 

‘* There are two methods of transferring to zinc, vary- 
ing according to the quantity of ink in the photograph. 

“If a very small quantity has been applied on ‘ac- 
count of the closeness of the lines in the subject, the 
print is transferred by the anastatic process. 

‘* Tf a larger quantity of ink has been applied, the pro- 
cess is different. 


“The quantity of ink n to be applied to a 
photographic positive, to make a successful transfer to 

ined zinc, is greater than that which is necessary 
a and the anastatic process requires the least 
ts) 

‘The action of the warm water in which the positive 
is immersed on the insoluble gum, is to cause it to 
swell; and the ink which overlies the lines formed of 
insoluble gum, expands likewise. It is evident, there- 
fore, that if the subject photographed be of a close 
nature—as a fine engraving—the amount of enlargement 
of the inked lines may be sufficient to bring them into 
contact while the print is in the water; and when they 
have once coalesced, they will not separate again when 
the gum shrinks in dryin tg and there will consequent] 
be a continuous shade of ink instead of lines. su 
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a case, the quantity of ink applied should be as small 
as possible ; and to enable a Teht but even coating to 
be laid on it, must be thin. As a consequence of the 
small quantity of ink used, the transfer must be made 
on a smooth plate by the anastatic process ; because, to 
make a successful transfer to a grained plate or stone, a 
quantity of ink is necessary. On the other hand, 
as impressions taken from a grained plate or from stone, 
as arule, better than or from a smooth plate, 
aad as a larger number of good impressions can be 
struck off if the subject photographed be so open that 
there does not appear to be any likelihood of the lines 
coalescing in the water, it is better to apply the ink in 
greater proportion to the ‘mai as a certain quantity is 
indispensable for the employment of the latter mode of 
transfer. By the application of this process to the re- 
duction of the plans of the Ordnance survey, an 
immense saving of time is effected; while the total 
money saving will amount to no less asum than £35,000 
on the cost of the survey.” 

Having thus given our readers the above account 
of the photozincographiec process, we shall now pro- 
ceed to describe that of Paul Pretesh; which, as 
already observed, we have repeatedly examined in all 
its details, 


M. PAUL PRETCSH’S PROCESS FOR 
ENGRAVING BY LIGHT AND ELECTRICITY. 


Peruars one of the most ingenious and successful 
inventions which has yet been made in attempting to 
adapt photography to the purposes of the engraver, is 
that invented by M. Paul Pretesh, formerly manager of 
the Imperial Press at Vienna. That gentleman cour- 
teously explained the entire process to us ; and we shall 
give our readers a general outline of it. 

The inventor avails himself of the fact, that animal 
matter, combined with bichromate of potass, is pecu- 
liarly acted on by light, and becomes thereby consider- 
ably hardened. A mixture of good glue or gelatine is 
made with a solution of bichromate of potass, aided by 
the application of heat. It is of na. a consistency 
as to become solid when cool. Whilst in the liquid 
state, solutions of nitrate of silver and iodide of potas- 
sium are added to it ; and after the whole lias been well 
incorporated together, the liquid is poured on to a clean 
glass plate, and allowed to cool in a dark place. 

Presuming that an engraving is to be copied, it is to 
be placed, face downwards, on one of these prepared 
plates, and pressed closely on the glued surface. This 
is best effected by the copying frame referred to, and 
illustrated, in Mabie page.* It is then to be ex- 
—_ in the usual manner, varying from a few hours-in 

irect sunlight, to a day or two in diffused light. On 
removing the plate from the frame, it will present no 
great visible change, or, at all events, its surface will 
still bo perfectly level, even if some effect of shadowed 
outlines may be perceived. It is then to be immersed 
in water, or, as we believe the inventor recommends, a 
solution of common salt in water. An immediate effect 
takes place: those parts which have been ex to 
solar action retain their previous condition; whilst those 
which have been shaded by the dark part of the en- 
graving from the action of light, immediately rise up 

yond the ordinary level, and form a series of raised 
lines, exactly resembling the shaded lines in the ori- 
ginal, The giue surface, therefore, assumes exactly the 
pate condition of that of an engraved plate in which 

e shaded portions are hollow lines. The plate is then 
dried; and when in each part has become firm, a cast 
is taken from it means of any suitable substance, 
such as plaster of Paris, which, of course, uces an 
intaglio impression, From this a cast is taken 
means of gree &c., which becomes the moul 
from which a solid engraved copper-plate may be ob- 
tained. For this purpose the electrot; process is 
employed ; to explain which,.we may o e, that a 
current of voltaic electricity passing from one pole of a 

* See ante, p. 154. 


battery through a metallic solution, conveys at the same 
time portions of that pole to the other extremity or 
terminal of the battery. A galvanic battery consists of 
a sheet of zinc, and one of copper, silver, or platina. 
To each metal a wire is attached, and the two ts of 
metal are placed in a jar, into which acid and water are 
poured. long as the two metals do not touch each 
other, or the wires attached to them are apart, no action 
takes place in the battery. But on contact being made, 
then a current of electricity passes from the zinc, through 
the liquid to the copper, and thence by the wire, back 
to the zinc. If, however, the two wires are placed in 
another vessel containing a solution, say of hate of 
copper, then the electricity will from wire 
attached to the copper-plate, through the solution, to the 
wire p ng from the zine plate, and the latter wire 
will receive continually the metal from the opposite | 
one, till it is entirely dissolved away. If the gutta- 
percha mould is first blackleaded carefully so as to 
make it a conductor of electricity, and it is then 
attached to the wire from the zine end of the battery, 
whilst a copper-plate is hung from that wire i 
from the copper end of the battery—both being im- 
mersed in a jar containing a solution of sulphate of 
copper, and dilute sulphuric acid—the mould will be 
completely covered with the metal transferred from the 
plate by the electric action ; and in the course of twenty- 
four hours’ action, a complete copper copy will 
produced. This is next gently removed from the face of 
the mould ; its edges are trimmed; and it may then be 
employed in the printing-press, in exactly the same 
manner as an ordinary ved copper-plate. : 

It will be perceived that, by curious a 
complete and perfect engraved copper-plate may 
produced by the sole action of light and electricity ; and 
viewed in a philosophical point of view, it presents the 
most astonishing application of two forces with which 
we are acquainted. 

nid yee sake of simplicity, we have ony supposed the 
case of the copying of an engraving. Photographs, &e. 
can, however, tS cay eaonet by the same means ; 
and thus an exact copy of any object can be almost 
indefinitely produced. The inventor, however, finds, 
that, owing to the softness of copper deposited by the 
electrotype process, not more than six or eight hundred - 
copies can be printed from one pines. Any number of 
patos, however, may be produced from the original mould. 

e have seen p’umerous specimens of engravings so 
procured; and have no hesitation in pronouncing them 
to be of the ¢ accuracy and perfection in their 
detail and general effect. The i ious inventor has 


applied the process to a variety of purposes ; amo’ 
which we caf mention that of producing ‘ a 
from personal photographs; by means of which, linen 


or cotton may be marked with the likeness of the 
owner, intead of by the ordinary plan of ing-ink, 
Our readers of the fair sex will instantly appreciate this 
application, because it prevents that constant inter- 
c of the ownership of property, to which the 
laundry-women of our large towns are so prone. Simi- 
larity of initials is common enough ; but a photograph 
on wearing apparel at once stamps an unerring title as 
to the proper right of possession. 

We are not aware that this invention has received that 
encouragement which its value deserves. Several illus- 
trated works, however, have been published, in which 
the cuts have been Eagar by the process. Its value 
greatly consists in the accurate reproduction of natural 
scenes, dc., represented by it, 


STEREOSCOPIO PHOTOGRAPHY, 


THE stereoscope is so well known as not to require any 

particular description on our part. It gives to the eye 

the effect of solidity from two pictures, placed in a 

roper position, the images overlapping each other. We 

ve y entered into an exposition of the prin- 

ciples of the laws of vision ;+ and our remarks on the 
t See ante, pp. 44 and 49, 
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method of construction of each maker; and 
into such we shall not enter, but rather confine our- 
selves to the method of ve stereoscopic pictures, and 
the instrument required for t 
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exactly as occurs when any object is seen by one eye. 
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at two different es from the source. 
object, at a short distance from the eye 
is viewed alternately by each eye, it 
in the same position as it would if 
es simultaneously. The distance be- 
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the left than can the left eye; and, vice 
eye can see more to the right of any 


ictures are always taken in dupli- 
each varying with the other, as the 
angle of vision of the two eyes differs. It follows, 
‘ore, that either two cameras must be employed, or 

i is taken by one camera, then the 

instrument must be successively placed in two different 
i in a proper manner. An 
inspection of any stereoscopic print will illustrate the 
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ie a double camera is always employed ; for 
ving the two instruments arranged per- 
e, 


sitting, and the chance of 

head and body in such a position as would 

second and corresponding one 
mt. 


: 
: 


process ; two 


stereoscope has done much towards ularising 
I ¢ hy ; and the favour with Which the 
simple instrument has been received by the public, has 


ves, brings the objects successively in view 
to either stereoscope. 


MICROSCOPIC PHOTOGRAPHY. 


Some interesting results haye been obtained by 
ee ths photographic process to obtaining pictures 
eeroneets eoipole, This is easily effected by re- 
ceiving, ei through or without the eye-piece of an 
achromatic compound mi the image of the 
ona plate by means of usual collodion pro- 
ay ag? lenses of the microscope answer in 
so arranged an to bo entirely prtictol fom 
so as to entire 
ight. OS pgp rage Ree se am 
the eye-piece, from which 
the plate. 
can afterwards be submitted to the 
microscope, Pow f of ore be — to oy 
van arising from 
use of photography eat perishable objects can be 


copied exactly as they appear at any moment, and so 
all their peculiarities of construction or constitution 
may be permanently retained; and if negatives are 
taken, any number of copies can be subsequently pro- 
duced either on glass or paper. 

Perhaps the most interesting kind of photographs of 
this kind, are those which have been taken of the blood 
globules of animals, of which we have already spoken 
in connexion with the oxy-hydrogen microscope.* We 
believe that these were first exhibited by M. Duboseq, 
of Paris, at a meeting of the British Association, some 
six years ago, at Glasgow. Since then, an immense 
eo of microscopic photographs have been produced ; 
and they are now a common article of sale at the 
opticians, de. 


PHOTOGRAPHIC REGISTRATION. 


Amonest the various uses to which photography has 
been applied, is that of registering magnetic, astrono- 
mical, metrical, and er observations. As each 
of its applications is made in a form suitable to the 
instrument, the indications of which have to be noted, we 
shall confine our remarks to the explanation of the 
general plan, rather than to separate details. 

A piece of paper rendered sensitive to the action of 
light by any of the processes mentioned in the previous 
pages, is fixedround acylinder. This is moved by clock- 
work, so as to rotate once in twelve or twenty-four 
hours ; and the paper is divided into parts, so that 
each hour or part of an hour is marked on its surface. 
The whole is excluded from light, except at a small 
aperture, through which the rays of a lamp, concentrated 
by means of a reflector, alone can pass. Now the light 
so admitted will at once act on the paper opposed 
thereto; and as the paper is continually revolving as 
the day on, any ray falling on the surface will 
produce a black mark at a place on the paper, indi- 
cating the time of day. 

When the paper is removed, a long and irregular line 
will be observed on the surface; and the position of 
this line will thus indicate—say the vibration of a 
magnetic needle, the rise or fall of the mercury in the 
barometer tube, &c., according to the mechanical and 
other arrangements to which it has been adapted. 

It will be at once seen that this plan is of the greatest 
possible value to the philosopher. Day or night, the re- 
gistration can be carried on with the most extreme 
accuracy : no chance of error need creep in if proper 

recautions are taken; and the results, ae y the 

d of nature, are permanent, and not like the efforts 
of the human mind, which are intermittent from the 
necessity of rest, or uncertain from their infirmity. 
The plan is extensively employed in most of the public 
and private observatories of our own and other countries 


COLOURING PHOTOGRAPHS. 


We regret to say, that all attempts to obtain pictures 
with natural colours, by means of photography, have, as 
yet, been unsuccessful. The photographic artist has, 
therefore, endeavoured to supply this want by applying 
colours to pho phs, and so producing a picture re- 
sembling that produced by the painter. 

The practice was first commenced with Daguerreo- 

which, from their heavy metallic hue, were any- 
Ming but flattering likenesses in many cases. After the 
collodion process was introduced, the art of colouring 
was still more largely practised, and has now arrived, 
in many instances, to a high artistic rank; although, 
when in the hands of the majority of those who employ 
it, the results are scarcely better than hideous daubs, in 
which the value (if any) of the photograph is entirely 
concealed, and its defects strongly magnified. 

The colours, in a state of impalpable powder, are 
applied by means of a camel-hair pencil, moistened with 
a little water. Some highly-finished oil portraits have 
been produced by leading photographers ; which have the 

* See ante, p. 68. 
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advantage of being exact likenesses, together with that 
iarly ing expression which the taste of a tho- 
ol oye tl. ks hy f oth: 
e have frequently employed photography for another 
purpos, to wid wo wil refer; and our Fomarks tay’ be 
ul to the managers of Mechanics’ Institutions, dc. 
ae ntiaary pense ct 
: sketching on 
then of ep the outlines with 


ucing dissolving views, is that 
by means of Indian ink, and 
t colours. 


Instead of plan, we have had portraits and land- 
scapes first photographed, and afterwards coloured by 
the artist. The result is a pleasing and accurate pic- 


lanterns should be as free as possible from spherical 
aberration. The effects of this are avoided by the artist, 
as he paints all straight lines at a slight curvature : of 
course this is not allowed for in the photograph, which 
strictly represents objects as they actually appear. 


PHOTOGRAPHY BY ARTIFICIAL LIGHT. 


Tue comparative absence of the chemical or actinic 
rays in most kinds of artificial light, render them un- 
suitable for the purposes of photography in many cases. 
1t is, however, possible to obtain pictures by means of 
the oxy-hydrogen light, the electric light, and the com- 
bustion of some substances ; and as there has been but 
little published on the subject, we shall confine our 
remarks to our own researches and experiments. 

We have succeeded in taking likenesses by means of 
the following arrangements :— 

1. The Electric Light.—For this purpose a powerful 
Corie ara ‘ei 4 cells a Grove’s led was 
emplo' together with a modification of Duboseq’s 
electric lamp. The cells were arranged in single series, 
and each platina exposed an active surface of twenty- 

ight square inches. The length of flame was about 

an inch, and, as nearly as could be judged, about a 
quarter of an inch thick. No reflector was employed, 
and the sitter was placed at about three feet from the 
charcoal points. Ordinary collodionised plates, which, 
on an ave required from twenty to fifty seconds’ 
exposure in the camera by daylight, were used ; the mani- 
pulation, &e., being identical with the usual mode pur- 
sued in daylight ph phy. 

An equally good p yey was produced by an 
exposure tothe electric light for about thirty to forty 
seconds, so far as the intensity of the light and shade 
of a positive was concerned. But, strange to say, the 
same objection exists to such photographs as is found in 
the use of the electric light for illuminating purposes— 
namely, that of the excessive depth of light and shadows, 
all half tones seeming to be entirely lost. 

To remedy this, we tried a variety of ments, 
but are ae ee ee ee a face of the — 
presented a or g' y white appearance on the 
plate ; whilst aapbhaded or dark part of the dress or 
skin, was equally black. The picture itself was there- 
fore divided into two appearances only, and was entirely 
deficient of pleasing expression. In no trial with a 
varying strength of the light, did we succeed in temper- 
ing this excessive contrast of effect. 

2. The Oxy-hydrogen Light. ing to a less amount 
of actinic rays in this light, the solarising effect is not 
so intense. Longer time of exposure is ay i even 
to the extent of one minute; depending, of course, on 
the sensitive nature of the plate. 7 

8. The Combustion of Phosphorus in —By this 
plan a most intense light is produced ; but “hhc. to its 
short continuance, it is of little or no avail, The pic- 
tures are, however, softer than those produced by the 


means already referred to, and have a more intimate 
ar of light and shade, 
4. Moule’s Photogenic A rrangement.—Unaware of Mr. 


Moule’s invention, we tried, in 1856, some ts 
with a com called blue fire, com: of the 
following ingredients :— 
tt nr rar, Peper FS» 
Sulphur. . ° e . aspuuas 
Sulphide of antimony - . * - 1 part, 
And found that a portrait, ig 87 to that obtained 
by daylight, can be produced. . Moule, we believe, 
adopts some chemical compound similar to that we have 
named ; but in addition he uses a lamp, in which the 
substance is burned. Photographs taken by such 


means are very good, and well defined as regards 
tones, &c, The process, however, has not been 
employed ; so far as we know, has never 
commercially, having been confined chiefly to 


table purposes. 
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photo: 
tain As the objections which exist to portraits 
taken thus, are rather advantageous when the pictures 
of inanimate articles are required, the electric and oxy- 
hydrogen lights afford the most eligible means of illumi- 
nation in such cases, : 


CELESTIAL PHOTOGRAPHY. 


One of the most surprising achievements of modern 
science, is that of taking views of the heavenly bodies; 
which, in the case of the moon, are so accurate, as to 
permit our tracing the valleys and mountains repre- 
sented on photographs of her surface. The difficulty 
incident to such attempts, will be better estimated when 
we com the perfect stillness required of a cee 
sitting for a likeness, with the cireumstances which have 
to be allowed for in celestial aps . Some of 
these we may name, in connection with lunar photo- 
graphy. In the first place, the earth is rotating on 
its axis, at the rate of 1,000 miles per hour. At the 
same time, we are travelling through space at a rapid 
rate. The moon, again, is revolving round the earth at 
the rate of about 2,000 miles per hour. The difficulty, 
therefore, at once presents itself, as to how sufficient 
absence of motion, or its equivalent, can be obtained fora 


the telescope, &c., by means of clockwork, 
shall travel an distance equal to that 
by the heavenly body in any space of time. 

Our readers will understand the principle of this, if 
we afford them a familiar illustration. We will suppose 
the case of a steam-boat in motion, towards which a 
telescope is being pointed by an observer on shore. The 
instrument, if ually 
the steamer to the eye at a state of rest; and the 
motion of the telescope will require to be less, exactly in 
proportion to the distance of the steam-boat, 

ow the heavenly bodies are in a similar position; 
and as ve ee the exact prot of their, and our own, 
passage 8 it mes a matter of pure 
mechanical os oneat to accommodate the is 
motion of our instruments to them. This is done by 
means of clockwork; and the arrangements lately em- 
nore have afforded some very in ing results, 

e most recent instances of this application of pho- 

phy, is that effected during the solar eclipse of 
July 18th, 1860, To those of our readers who are unac- 
quainted with astronomy, we may explain, that some 


‘few seconds of time. This is managed by so 
as that it 
traversed 


shifted, will apparently present | 


ie 
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peculiar appearances which are presented during an 
eclipse of the sun, have afforded matter of deep discus- 
sion on the part of astronomers. Of these, the beads, red 
flames, &kc., which are frequently seen in an annular or 
total eclipse, are the most prominent. The intense ex- 
citement which naturally affects the coolest observer 
when phenomena of the deepest interest, and lasting 
but a few seconds of time, take place, is enough to 
unfit any one for taking accurate observations. Besides 
this, the power and peculiarities of vision of each person 
so i to so great an extent, as to give an 
entirely different complexion to the observations taken. 
Pho phy here, therefore, steps in. The inanimate 
paper is subject to no emotion, or disturbing cause, and 
it affords a ready and efficient means of registering an 
observation, which cannot possibly be otherwise than 
: F “th f ob ed and 

‘or the p of obtaining varied and positive 
results, some of the leading philosophers of our time 
betook themselves to various places over which the 
shadow of the moon would pass. They were abun- 
dantly provided with instruments for i and 
Serge ee observation; and when possible, the 
duties of observing were divided amongst a number 
of persons, so that each might make one phenomenon 
his special duty to attend to. We must confine ourselves 
entirely to the Spares, rae results ; and are indebted 
for such to the Photographic News Almanac, from which 
the following extracts have been made ;— 

“*M. Foucault studied the corona, both optically and 
photographically. Immediately after the disappearance 
of the last solar ray of direct light, a prepared plate was 
exposed ten seconds ; then a second plate was exposed 
twenty seconds; and lastly, a third plate was exposed 
during sixty seconds: they were developed by sulphate 
of iron, fixed with cyanide of potassium, with the 
object of obtaining direct positives. Owing to a vibra- 
tion accidentally given to the apparatus, four images 
were impressed on the first sensitive plate, in a very 
short space of time; three at least in less than a 
quarter of a second each: these possessed a peculiar 
interest and value ; they did not give a complete picture 
of the aureola, but only of a circumference of the circle 
surrounding the obscure disc of the moon. On the 
side where the interior contact took place, the circular 
contour presented greater intensity, which confirmed 
the impression entertained by M. Leverrier. Irregu- 
et es situated, on these three images were re- 
marked, which appeared to be an exaggerated represen- 
tation of the lunar contour, When the proofs were 
placed in the actual position of the planets, it was seen, 
that among the indentations, two were principal and 
contiguous, situated at the inferior and eastern extre- 
mity of a diameter inclined at forty-five The 
three other proofs gave an extension to the aureola, 
which increased with the duration of the exposure. The 
aureola diminished in proportion as it receded from the 
planet, and its line of demarcation became lost in the 
tint of the ground which represented the sky. In the 
proof exposed sixty seconds, the aureola extended sen- 
sibly to a distance equal to thrice the radius of the 
central disc. But, in certain particular directions, the 
aureola exhibited positive and negative variations in its 
intensity, producing the representation of a glory, One 
of them, better detined than the other, was prolonged, 
in all the proofs, beyond the rest of the aureola, and 
seemed to emanate exactly from the point occupied by 
the indentation on the of the moon, already de- 
scribed. 

“Such are the results of an experiment undertaken 
solely to ascertain the photogenic activity of the aureola 
on wet collodion. The harmony prevailing among the 
six proofs, supp! positive elements for the discussion 
of the nature of the aureola.” 

The Astronomer Royal, Dr. Airy, proceeded to Spain ; 
and the following contains the substance of a paper read 
by him before the British Association, at the meeting 
held in Manchester, in September, 1861. 

In the early part of his discourse, Dr. Airy gave a 


general account of the cause and phenomena of eclipses; 
entering into a great variety of astronomical data, which 
it would be foreign to our purpose to repeat. Having 
disposed of the general nature of eclipses, he called at- 
tention to some peculiar appearances, termed ‘‘ Baily’s 
Beads”—a number of bright spots, which have been no- 
ticed on the edge of the sun just before an eclipse became 
total. In 1842, red flames were noticed as protuberances 
from the edge of the sun; but the surprise and unpre- 
pared state of the spectators, unfitted them to make 
accurate observations or detailed reports. In 1850, 
during a solar eclipse, similar, and additional, pheno- 
mena were noticed; and due preparation having been 
made to observe the same in 1851, several philosophers, 
including Dr. Airy, proceeded to Sweden, and other 
places, for the purpose of making a fresh series of obser- 
vations. A variety of interesting results were obtained ; 
but still, the uncertainty of human power, and the mental 
excitement under which all the observers suffered, in- 
validated any conclusions at which they arrived, and 
Le aa much to be desired in the way of truthful 
result. 

Accordingly, in 1860, a large party of astronomers, 
and others, proceeded from this country to Spain, well 
provided with apparatus of all kinds, and also with a 
complete set of instruments, by means of which the 
photographic art was put into full operation; and the 
entire proceedings were attended with the greatest suc- 
cess; Similar ements of clockwork, to which we 
have already alluded, were employed, and an accuracy 
of result was obtained which left scarce any 
desired. 

Amongst the most successful of the operations were 
those by Mr. De la Rue; which he conducted by means 
of apparatus he had fitted specially for the purpose. The 
annexed engraving represents a photograph of the eclipse 


thing to be 


at its totality, and the red flames issuing from the outer 


eA 


edge of the sun. 
m Fig. 160. 


The pho phs thus taken were subsequently com- 
pared with those effected by other operators, and their 
exact similarity was so great, as to prove the extreme 
value of photography in its application to astronomical 
observations, indeed, many occurrences unperceived by 
the observer were thus registered, and additional light 
was thrown on a variety of previously obscure pheno- 
mena. 


CONCLUDING REMARKS ON PHOTOGRAPHY, 


Ly the precedi , we have endeavoured to present 
the ot re with i ctoumé of most of the photographie 
processes in use at the present time, together with others 
which have been superseded by various experiments. 
In doing so, our desire has been to assist those who may 
be almost entirely ignorant of the minutisw of scientific 
researches, and the difficulties which attend their pursuit, 
We have attempted first to introduce to the elements ; 
and, subsequently, to expand to matters of great diffi- 


| culty and importance in some branches of the art. 
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(CONCLUDING REMARKS. 


We must, however, remark, that the art of photo- 
gtaphy, perhaps, of all others, is continually undergoing 
rapid change and improvement; and if any of our 
readers have been so far interested in our experiments, 
d&o., as to be induced to repeat them, we may state, that 
the various photographic periodicals may, at all times, 
be advantageously consulted ; because, by them, the new 
processes, as they are made public, may be learned, and 
considerable saving of time and money effected. 

ite the elaborate treatises which have been pub- 
lished, the chemistry of qpitosephy is as yet but 
imperfectly understood. varying character of the 
numerous recipes which we have given for solutions, 
baths, &tc., proves that, to a great extent, empiricism, 
rather than strict scientific rule, is the order of the day. 
Indeed, if our readers had the patience and time to 
wade through the various processes which are contin- 
ually being published, and would compare the directions 
given with such processes, for instance, as those of the 
electrotype, they would at once perceive the absence gf 
exactness and precision which should always be sougli 
after in the application of experimental pags y- 
Many a discovery in the art has been made by an acci- 
dental mixture of chemicals ; and frequently pure acci- 
dent has been the best assistant to photographic pro- 

We may state, that pho phy stands now in a 
somewhat pala i ition to what alchymy does to 
chemistry ; and it is almost certain, that all our suc- 
cesses hitherto will form but the introduction to others 
of afar more enlarged kind. This, however, is a mat- 
ter of great importance and of encouragement to every 
attentive student, because an accident may just as 
readily lead him to new and valuable discoveries as it 
would the most practised hand. In mathematics a new 
discovery is almost impossible, so well has that branch 
of human: knowledge been arbi, are but in experi- 
mental science, we are continually stumbling over a 
novelty which often only requires elaboration to convert 
into a valuable addition to our stock of well-ascertained 
facts. 

Addressing ourselves to our young readers, or to self- 
taught students, we would observe, that however often 
a process or experiment be repeated, something new 
may be detected if close and keen observation be em- 
ployed. ‘There are hundreds of class experiments 
that have been long well known to every scientific in- 

uirer, which present new features on each repetition. 
ndeed, many of our most important discoveries have 
been made from occurrences which are familiar to every 
human being. ‘The invention and perfection of the 
steam-engine, by James Watt, isa remarkable instance 
of the kind. Applying these remarks to photography, 
we may state, that no two collodionised plates ever pre- 
sent the same appearances; the effect of developing 
solutions equally varies; and so on. Now, as each of 


these variations has its own cause, and cannot be the 
result of accident—as such must take place according to 
some definite, although, perhaps, unknown law—we 
cannot but perceive that a failure always contains a 
germ of some future success ; whilst success itself, like 
prosperity in life, often hides that which would become 
a og vantage. 

e make these remarks with another object : it is 
that of urging on all, the duty of at once making public 
any fact of importance which they may meet with. 
This is easily done by communicating the particulars in a 
terse, pithy manner to any of the photographic societies 
or periodicals, each of which is at all times open to the 
reception of useful information. The discovery of a 
new principle or fact, does not constitute a right of 
property in its discoverer, however justly he may make 
its application a matter of profit. The laws of nature 
are the property of every man; but as the application 
of each requires ial training and character of mind, 
it is only just that those who have such acquirements 
(and they are only to be obtained by great patience and 
perseverance) should reap a A reward for their 
exercise. is spirit, we are happy to say, has been 
eminently observed throughout the history of photo- 
graphy, and is as creditable to its possessors as it has 
proved beneficial to society at large. By pursuing the 
course we are recommending, the experimenter, whilst 
assisting his co-workers, will put forward, by his genero- 
sity, a claim on them for reciprocal conduct, and the 
result will be a rapid advance in every branch of this 
interesting art. 

Having thus investigated the laws of light, and 
their applications, we shall now direct attention to 
the phenomena presented by another of the undulatory 
forces—namely, that of Electricity. We shall find man 
analogies between it and heat and light ; some of w 
we have already pointed out in our general introduction 
to physical science.* The subject on which we are 
about to enter, affords a vast variety of interesting and 
brilliant experiments, and will so far relieve the mind 
of the tyro by exciting simultaneously the eye and the 
mind. ‘The science of light is necessarily of consider- 
able difficulty, although of deep interest: it involves 
an intelligent and deep study a ea in connexion 
with inattiedtatioal science, of which it is a most im- 
portant application, For the sake of simplifying the 
subject, we have avoided, as far as ipcsnibta: all diffi- 
culties of the kind, and have therefore given results 
by than — pen ae ; 

ectricity, on the other , is a purely experi- 
mental subject : many of its phenomena are familiar to 
every one; and we trust that our exposition of them 
will suffice to give the attentive reader a general know- 
ledge and insight into its laws and applications, 

* See ante, p. 1, et seq. 


Ar the time our remarks on the new discoveries of Messrs. 
Bunsen and Kirchkoff were written,t the published 
information on the subject was very imperfect. We 
have, therefore, availed ourselves of a most interestin 
paper, read by Dr. Miller, at the meeting of the Britis 
Association in Manchester, in September, 1861; and are 
indebted for a résumé and cogsyings to the London 
Review, of Oct. 5th, in which a full re may be found, 
The learned professor commenced by giving historical 
details of the various discoveries which hal Goal made 
in connection with the subject, from the timé of Newton 
to the present day; to which we have previously referred 
incidentally. Many facts bearing on the question have 
already been mentioned in the previous pages ; we ad 
therefore, confine our extracts to the practical details an 
results obtained by recent experimenters on the Photo- 


ADDENDA ON THE SPECTRUM ANALYSIS. 


ON THE PHOTOGRAPHIC SPECTRA OF THE 
ELECTRIC LIGHT. ‘ 


‘A plan of the apparatus by which the spectra may be 
photographed is shown im the figure (Fig. 161). It tes 
sists of an ordinary ca- Fig. 161. 
mera-obscura, O, attached 
to the end of along wooden 
tube, A, which opens into 
a long cylindrical box, B, 
within which is a prism of 
heavy flint glass, or of bi- 
sulphide of carbon, i. Atl 
is a lens of 15 inches focal 
length, and at s is a slit 
parallel to the axis of the 

rism, The slit is ad- : 


graphic Spectra of the Electric Light, in contrast with ested so that it shall be Apparatus for Photographing Spectra, 
those of the solar rays. distant from the lens 30 inches or twice its focal length, 
t See ante, p. 55. - and the screen of the camera is at an equal distance from 
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the lens. The prism can be turned round its own axis 
by the lever, d, and the tube, A, can be adjusted so as 
to vary the angle with the brass tube, e; a small reflect- 
ing prism is, when n , placed so as to cover half 
the slit, s, and to reflect light from a second source so as 
to form a second spectrum on the plate, as in Steinheil’s 
apparatus. 

‘*Tf the prism be so adjusted as to throw the solar rays 
reflected from a heliostat upon the screen of the camera, 
the wires which transmit the sparks from a Rhumkorff’s 
coil are placed in front of the uncovered portion of the 
slit, and the two spectra are simultaneously impressed. 
The solar beam is easily intercepted at the proper time 
by means of a sinall screen, and the electric spectrum is 
Rete to cg age its action for two, three, or six mi- 
nutes, as ma necessary. 
cc hithough with each of the metals—including pla- 
tina, gold, silver, copper, iron, bismuth, cadmium, zinc, alu- 
minum, maguesium—when 
re Big was taken in air, 

eci hotographs were 
obtained, it Geccared that 
in each case the impressed 
be mecha was very nearly 

e@ same, proving that the 

SLAs ae aanin-spran tines produced were not 
those which were characteristic of the metal, but that 
they were the lines due to the incandescence of the air. 
These bright lines, it is important to observe, do not 
correspond to any black lines in the solar spectrum, ap- 
parently indicating the absence of nitrogen in the solar 
atm ere. 

“The peculiar lines of the metal seem to be chiefly con- 
fined to the visible portion of the spectrum, and these 
have little or no photographic power. 


Fig. 162. 


“* Metallic Spectra, showing Corresponding Bands. 
Fig. 163.—Gold Spectrum. 


Fig. 165.—Copper and Solar Spectra.+ 


“This was singularly exemplified by repeating the 
experiments upon the same metal in air, and in a con- 
tinuous current of pure hydrogen. In these experiments 

Fig. 163. two iron or ergs wires were 


sealed into a bulb blown upon a 
long narrow tube which conveyed 
the gas under trial. Under these 
circumstances, for example, iron 
Iron Spectrum in Hydrogen. gaye in hydrogen a s i 
which a —— orange and a strong n 
at besides a few faint lines in the blue. 
the li 
to f. 


in 
d were 
Although 
t produced by the action of the coil was allowed 
for ten minutes upon a sensitive collodion surface, 
¢ Foous ratber shorter than that of other photographs. 


scarcely a trace of any action was perceived (Fig. 168); 
whilst in five minutes in the air, a powerful impression 
with numerous bands was obtained (Fig. 166). 

‘*Similar results were obtained with platina (Figs. 169 

Fig. 169, and 162). When carbonic 
acid was substituted for 
hydrogen, maintaining a 
continuous current of 
the pure gas during the 
whole experiment, the 
effect upon the sensitive 
plate was scarcely more marked. 

‘*No photographic impression was obtained in ten 
minutes of the brilliant red line produced by sendin 
the discharge of Rhumkorff’s coil through one o 
Geissler’s hydrogen vacua. 

“Fig. 170 shows a copy of the photographic spectrum 
produced by the violet line of light obtained from one of 

Fig. 170. Geissler’s nitrogen vacua, 
The lines produced by the 
different metals which are 
characteristic of them, are 
best displayed by using, as 

Nitrogen Vacuum Spectruuu. Wheatstone did originally, 
somewhat feeble electrical discharges. When, for in- 
stance, the Leyden jar is introdu into the secondary 
current of the Rhumkorff’s coil, as practised by Grove, 
the light is principally produced, as Alter and Angstrém 
have shown, by the ignition of the atmospheric air, and 
particularly by the nitrogen. The spectrum will appear 
to be filled with brilliant lines, which are nearly the 
same, whatever electrodes are used ; but if the Leyden 
jar be removed, the characteristic bands of the metals 
may be distinctly seen. Those of iron are only well seen 
when the metal is red-hot, but not actually burning. 

‘* Most of the metals give, as was remarked by Masson, 
a feeble continuous spectrum streaked by bright bands 
of varying intensity ; and this sombre ground is not due 
to the ignition of the electrodes, as may be at once seen 
by the instant change presented in the appearance of the 
spectrum, if one of the electrodes does become incan- 
descent. 

“Tt was early remarked by Mr. Talbot, that, in the 
spectra of coloured flames, the nature of the acid did not 
influence the position of the bright lines of the spectrum, 
which he found was dependent upon the metal employed ; 
and this remark has been co; ed by all subsequent 
observers. 

** But the case is very different in the absorption bands 
produced by the vapours of coloured bodies. There the 
nature of both constituents of the compound is essen- 
tially connected with the production of absorption bands. 
Chlorine combined with hydrogen gives no bands by 
absorption in any moderate thickness, 

“* Ghlorous acid and peroxide of chlorine both produce 
the same set of bands ; while hypochlorous acid, although 
a strongly coloured vapour, and containing the same 
elements, oxygen and chlorine, produces no absorption 
bands. Again, the teowaiek-col vapours of perchloride 
of iron produce no absorption bands; but iron, when 
converted into vapour in a flame, gives out bands which 
sd Pe ccna of the form in which it occurs com- 

ined. ; 

‘*These anomalies appear, however, to admit of an 
easy explanation, if we suppose that in every case the 
compound is decomposed in the flame, either simply by 
the high temperature, just as Grove has shown that water 
is. In other*cases of the production of bright lines by 
the introduction of a metallic salt into the flame of 
burning bodies, the reducing influence of the hydrogen, 
and other combustible constituents of the burning body, 
would decompose the salt, liberating the metal, which, 
afte. producing its characteristic lines, would immediately 
become oxidised, and be carried off in the ascending 
current. In the voltaic arc this decomposition must of 
necessity take place by electrolytic action. 

“The compound gases, protoxide and deutoxide of 
nitrogen, give, when electrified, the same series of bright 
bands as Pliicker has shown, which their constituents 


Platina Spectrum in Hydrogen. 
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— and chlorine. 

a = viously a marhei diference between Ds 
non-metallic bodies. 

“The observations of Pliicker the spectra of iodine, 
po ay chlorine, show that give, when ignited, 
a ifferent series of bands to those which they 
furnish by tion, as Dr. Gladstone has already 
pointed out; but it is interesting to remark, that in the 
ease of hydrogen, which, chemically, is so like a metal, 
we have a comparatively simple spectrum, in which the 
three principal bright lines correspond to Fraunhofer’s 
dark lines, O, F, and G (Plicker). It is, however, to be 

occasions no perceptible 


ially noted, that h 
ion bands at ordi temperatures in such thick- 


nesses as we can command in our experiments; and the 
m: 


:—Two gas- 


f the ow Ta 
of the light were absorbed by the sodium flame, the light 
emitted 'y by the flame should be sensibly increased. 
The Lo eI however, failed to indicate any such 
increase in the brilliancy of the Bae ey ee 
the eye is not sufficiently sensitive to detect the slight 
difference which was to be expected.” 

From a perusal of the interesting facts contained in 
the preceding remarks and bos mg wer our readers 
will perceive that eveiy solid body, when brought into a 
state of and incan saree ay Re ey detinite and 
decided effects in reference to the bands of the spectrum. 
fact, has a m of its own; the 


accustomed ti) delicate investigations. 
invisible bodivs floating in the atmosphere may invalidate 
the resuit.; aid, under certain circumstances, the minute 
cto ype fn rey often present in the air, has pro- 
ced a spectrum, of the sodium kind, much to the 
of ths observer. It must be borne in mind that 

the new methol of analysis is so excessively refined 
aud exact, that every possible precaution may fail in 


affording results which might be expected ; and sub- 
stances in proportions so small as to defy all other means 
al their detection, may intrude themselves, and so modify 
spectral appearances. 
The ae sedern anal, has been extensively investi- 
gated and employed by many eminent observers ; and 
its indications have been used in numerous branches of 


examined by it; and if the 

standards previously 

pect to the 

light and its cause, which would be — 
For instance, mu 


lysis, however, Professor Airy, the Astronomer Royal, 
oes no 


a state of strong incandescence; that immense bodies of 
i therefrom ; and even the 
iron in the state of vapour has 


each are checked or modified by each other ; and both the 
chances and sources of error are diminished in a wonderful 


likely that the spectrum 
analysis will prove, in a physical point of view, as 
beneficial and useful an adjunct as did the invention 

fluxions, or the differential calculus in the mathematical 


department of astronomy and allied sciences, 


eo 


SECTION III. 


ELECTRICITY, AND ITS APPLICATIONS 


CHAPTER I. 
FRICTIONAL ELECTRICITY. 


term elementary Thus, Thales was aware that 
‘certain resinous substances, ially amber, would, on 
being sharply rubbed, attract light bodies to its surface. 
It was _ wever, Sue won the last century, that 
such, similar results, were philosophically inves- 

the foundation of electrical science was 


laid. : 
Fe dhall aot expend an space in a historical 
: culty fall: into our 
as we describe various as which have been 
ee j illustrating the electrical 
office will thus be avoi 
of deciding the relative claims which have been ad 
on the part of individuals, as to their just rights to the 
merits of discoveries they have made; which are at all 
times liable to be unsatisfactorily dealt with, and to call 
up the criticisms of a host of partisans. 
The term ‘‘electricity” has been derived from the Greek 


, that of magnetism, which, 
liar affords us what has been uently 
a oe als trea 


i These ~ ‘eurrent,” “fluid,” dc. ; and which 
4 f ” &o.; whi 
Sek cae tees es eptisitbebrct cash axpecinen 


ters. Even in the parlance of daily life these terms are 
aches ; and thus it is frequently stated, ‘‘ that 


modern ify electricity with the undulatory 
forces ; and we equally believe in the idea of electric, as 
* See ante, pp. 13 and 41. 
VOL L. 


in that of calorific and luminous undulations. If, there- 
fore, in the following we employ the terms to 
which we have ref our readers must understand 
that we do so with the limitations we have mentioned, 
and that we simply consult the convenience of expres- 
sion rather than peculiar exactness of speech. 
Having thus guarded our future p’ against any 
of looseness of expression, rota aat proceed 
to examine generally the various means by which the 
electric force is excited, the machines which are em- 
pore to illustrate its effects, and the laws which have 
found as governing the occurrence of electrical 
effects. In doing this, we shall afford a vast variety of 
experiments, of which may be readily tried by the 
student ; and shall also put him in possession of means 
by which he may pursue his investigations at a compara- 
ag Mee reg cost. We must defer the consideration 
of icity, as produced by magnetic action, to a . 


ty. 
Frictrionat Execreiciry.—When ae of any 
body are disturbed from their quiet, ut in motion, 
there always results the production of heat, light, or 
electricity. They seem associated with matter in all its 
varied forms ; and thus we find them in every state or 
condition of all bodies surrounding us. 

The most ready means of evolving these forces is that 
of friction, of which daily life affords us numerous 
instances. The simple experiment of striking a lucifer- 
match will produce heat and light; and means of a 
piece of ap which we shall describe as we pro- 
eeed, the evolution of electricity is also detected. 

Former writers om electricity divided bodies into two 
classes—namely, electrics, and non-electrics. In the 
former, glass, resins, fur, silk, &c., were included ; 
whilst the metals, because they did not seem to evolve 
electricity by friction, were termed non-electrics. At 
the present time, however, metals are thé chief sources 
whence we obtain the f the rationale of which we 
shall explain under the of Voltaic Electricity. © 

The following experiments will illustrate the produc- 
tion of electricity by friction, and also exhibit some of 
the phenomena be oe its — ce in y free nae 

‘xperiment 1,— a glass tube about eighteen inches 
long and an inch in diameter, by means of a cloth, 
warming it occasionall ¢ Mhseryes a fire. Having also 
dried an old silk handkerchief, rub it briskly on the 
tube, and then hold the latter near to some feathers or 
small pieces of paper. These will be attracted to the 
tube, of which they will adhere for some time; they 
vee however, fly from it, returning to the table, again 
to fly to the tube. This motion they will continue until 
the electrical state of the tube is restored to the same 
condition as that of surrounding bodies, when the effeet 
bis n Repeat th iment, but 

azperiment 2.—Repeat the same experimen’ em- 
ploy a roll of sealing-wax or of pr res a piece of 
Zz 
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amber, and a sheet of gutta-percha. The same effects 
will be produced. 

Experiment 3.—Dry a sheet of paper before 4 fire 
until all moisture is removed from it, and then place it flat 
on a wooden table, Rub it briskly by means of a piece of 
India-rubber, and then suddenly lift it from the table 
surface, It will adhere thereto ; but on being removed, 
and held vertically by the hand, it will approach to the 
fingors, if they are held near to it; and if the experi- 
ment be tried in a dark room, a small spark will be 
seon to pass when the fingers and the ypgices nearly 
in contact. This experiment shows both an instance of 
electrical attraction and the production of the electric 
spark. 


Experiment 4.—The fur of animals is also capable of 
affording considerable electrics! effects. A piece of pre- 
pared skin may be rubbed, on the fur side, by means of 
a dry silk handkerchief. But the best plan is to rub 
the fur of a black cat, from the head towards the tail, 
either by means of the dry hand, or by a silk handker- 
chief. It will be found —_ each pe separates Pea 
its neighbour—giving an illustration of what is 
pre i Yee if the a Spe in 
a dark place, abundant sparks may be obtained by pre- 
senting the fingers to the fur; a sharp crackling sound 
being noticed at the same time. ‘ 

The above will afford a sufficient variety of illustra- 
tions, showing how friction disturbs the natural elec- 
trical state of bodies ; and an elementary idea will also 
be gai of what is meant by the terms “ attraction” 
eae uulsion,” in connexion with electricity ; on which 
we treat more fully hereafter, as our subject ex- 
pands to our view. 


ELECTRICAL MACHINES. 


Wer now to describe a variety of arrangements, 
by means of which we obtain a considerable amount of 
free electricity. We consider this as the best course, 
because the student must be provided with some instru- 
ment of the kind before he can perform sap aye 
ments elucidating the law of the science. e shall 
v1 Sec than Seeadiraghie penn 
sim: arrangements, which any person, 
= aed ordinary mechanical turn of mind, may, at a 
ight cost, construct for his own use. 

lass is universally employed in the usual form of 
electrical machines; and these are of two classes—the 
cylindrical “ — — en kind of machine has 
its advocate ; but for practical purposes, we recom- 
mend the use of the plate machine. 


The cylindrical machine consists of a glass cylinder, 
mounted on two upright supports. On one side a rubber 
which, by its friction, uces electricity, is supported 


on a glass rod, so as to press firmly on the surface of the 
On the opposite side of the cylinder, a ball or 
cylinder of brass is placed; its surface, next to the 
cree being coated with metal points. This is called 
© conductor, and, like the rubber, is also mounted on 
We may here, without entering at present 
to the laws of conduction, observe, that glass, resin, 
itta-percha, &c., convey electricity very slowly over 
oir surface; and hence have been termed non-con- 
ductors. Now, as it is requisite that the force produced 
by the machine should be guided in one particular direo- 
‘, the a is formed of | 1 con- 
acting substance, which is always a metal ; whilst it and 
a ober are insulated electrically by means of the 
rods on which they stand. At the end of the con- 
uctor a brass knob is placed, from which the spark is 
received. Points being useful in collecting electricity, 
are, therefore, as we have stated, exposed to the excited 
glass surface; whilst the brass knob, which has a kind of 
conserving power, forms the terminal of the conductor 
at atl Rood urthest from the machine. The cylinder 
is tu . by means of a handle, in the direction of from 
the rubber towards the conductor. The following en- 
greving illustrates the various parts of a cylindrical 
ne. 


ght is bam at Aa 3 winch beedia, oy whi tec apne 
turned; g, the rubber; A, the conductor; ¢, the glass bea on the 
rubber ; £; the glass support to the conductor; mn, a movable roe 
pap ee Seen Se en eee 
te maker; but the Gifterent parts are ps pen to every form of the 
mac Me 
As each kind of glass machine is similarly prepared for 
experimental purposes, we shall defer entering into such 
mene till after the description of the plate machine. 
hese have been made in various forms. Occasionall: 
two rubbers are used, which are placed at the top and 
bottom of the plate. In another form, the rubber is 
placed on one side, and the conductor on the opposite 
side, of the arrangement. Mr. Woodward recommended 
the use of two plates and two sets of rubbers, &c.: this 
arrangement is but at A rarely seen at the present day. 
Generally peng: sm cnet machines are fitted with 
double rub because they can easily be adjusted; 
whilst those of large size have only one rubber. This 
is a question which may be left to the views and decision 
of the experimenter; bearing, however, in mind, that a 
one-rubber machine can be turned more rapidly, and, 
therefore, by this means affords scarcely less electricity 
than those of a similar size fitted with double rubbers. 
In our opinion, there is less risk of fracture arising from 
unequal tension of the rubbers on the spindle or axis of 
the oe a single-rubber aware niche egal 
e following engraving illustrates a double-ru 
plate machine. sige 
pias 


_& 


aa isthe glass plate; 6, are the rabbers, fitted by reap thy an up- 
right frame; ¢ is a flap of black silk, which covers the g Layet ly 
is the conductor, which extends, by means of two arms covered 
points, to the two sides of the plate: they terminate at the ends of the 
silk flapa, and so collect the electricity from the excited glass. surface ; 
¢ isthe brass knob of the conductor; ff, are its two glass 
supports; g is the handle, by means of which the plate is turned be- 
tween the rubbers; A is the wooden table, on which the different parts 
of the machine are fixed, . 


a 
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Tae Roumkorf-coil Apparatus, (See pages 255—257 , 


An extended description of the 
Rhumkorf coil has been given at 
pages 255—257 ; but as ite arrange- 
ment and management require 
great care, we have added, in the 
annexed cuts, an illustration of 
various minutiw of detail, which 
will require the attention of the 
experimenter. It will be seen, 
that in Fig. 1, an ordinary ex- 
hausted receiver, such as is em- 
ployed in Frictional Electricity, is 
represented as attached to the 
secondary wire of the coil; and 
the ph thus obtained, are 
extremely beautiful, if a good 
vacuum be produced by means of 
the air-pump. 

Fig. 1. Rhumkorf’s coil—E, ex- 
hausted receiver. (See Experi- 
ment 16, page 256). 

Fig. 2. B, B, the poles of the 
fine coil; P,P, the glass pillars 
supporting them ; A, A, wires from 
the battery, connecting it, by X,X, 
with the primary coil. (See also 
Fig. 5). 

Fig. 3. A, the contact-breaker ; 
B, its handle, 

Fig. 4. The termina. wires of 
the secondary coil, arranged for 
the spark. (See Experiments 12 
—14, page 255). 

Fig. 5. Outune new of Fig. 2. 

Pig. 6, Book arranged for piere- 
ing the leaves, by spark from the 
secondary coil (See Experiment 
17, page 256), 


PLATE MACHINES. } 


UNDULATORY FORCES.—ELECTRICITY. 


171 


In a modification of the plate machine invented by 
Mr. Winter, an arm, extending to a height of three feet 
above the conductor, is p! whi y its inductive 
effect, has the power of increasing the length and inten- 
sity of the spark to an astonishing degree. 

Plate machines are made of various sizes. Indeed, we 
have experimented with them from those of one foot to 
one of seven feet diameter, of glass surface. The latter 
instrument may be seen at the Royal Polytechnic, Re- 
gent-street, London; and from it we have obtained 
sparks from six inches to two feet in length, depending 
on the dryness of the atmosphere and other circum- 
stances, to which we shall have to allude. One of still 
larger size was daily used at the Panopticon, Leicester- 
square, some years It had a plate ten feet in dia- 
meter, and was furnished with double rubbers and con- 
ductors. It is now in private hands, and is the finest 
specimen of a plate electrical machine yet produced. 

We may here give a caution to those intending to 
purchase an instrument of this kind. The quality of 

lass used very materially affects the results which can 
obtained. On one occasion, a twelve-inch plate which 
we possessed was cracked by being over-heated. On 
— the machine with a new plate, we found that we 
not obtain anything like so good a spark as from 
that i used. i 


was owing to a peculiar 
* greasiness” on the new glass. Some plates will attract 
moisture more than others; which, of all things, is most 


a be axciied “Ss Seen The onl. e- 
ral rule we can give is, that me iy i the 
serlipsd fitter it is for the purposes of the electrician. 
having specks, streaks, or on their surfaces, 
should be rejected ; and the rim of the glass should have 
as complete a polish as the flat surface. It is, also, of 
the utmost importance, that the spindle which holds the 
plate, and on which it turns, should be fixed exactly in 
the centre. If this be not attended to, there will be an 
pressure on the glass as it revolves, and risk of 
fracture will be inevitable. 

Attention should also be paid to the construction of 
nda tn i rpg and to the mode in which 

e conductor is on its supports, especially it placed 
ou one glass rod only, as is frequently the case. 2 

Before ing to the description of other forms 
of electrical machines, we will give directions for the 

t of those we have illustrated and explained ; 
pol gre seatbelt cay Ref ers, the 
nap a fled adherence to the precautions, &c., 
we shall mention, if they would obtain successful results 
in their electrical studies. 

Some old silk handkerchiefs should be provided, which 
poh eo halge oy Prue forged material, because 
silk does not afford fine fibres, as do cotton and linen. 
pate Myon bene if they get Es oem surface, adhere 
to it with great pertinacity, ve an astonishing 
effect in dispersing electricity. : 

j The cylinder or plate machines are prepared for use as 

1. Wipe the whole machine, glass, legs, 
foot, by means of a warm, dry handkerchief, so as to re- 
meere al Suet Ht Giet HeN may have accumulated on its 
surface 


on the glass, the greater will be the amount of elec- 
them, they may be slightl 
rowed vant ged radtecnion tiene 
be spread ly over the surface by means of a palette- 
knife. The amalgam is made by pounding ina 
meortar—one ounce of zinc shavings, with two ounces of 


clean mercury. The two metals will soon combine; and 
the amalgam should be kept in a box or bottle, out of 
the air, because it would soon otherwise become oxidised 
and spoilt. 

4, The rubbers abe been thus amalgamated, are to 
be replaced and screwed up, so as to press evenly and 
firmly on the surface of the cylinder or plate ; the silk flap 
being thrown back, lest it should become soiled. The 
handle of the machine is now to be turned gently, and 
the grease, &c., must be wiped off the machine until the 
rubbers no longer soil the surface. The silk flaps may 
=. be placed over the glass, and the machine is ready 

‘or use. 

5. As, however, all glass and metal surfaces receive a 
coating of moisture on being used in a room of higher | 
bic mache than their own, it is advisable to warm the 
whole machine before a fire, until its temperature exceeds 
that of the surrounding atmosphere. By this, all chance 
of the deposition of moisture is prevented. A silk hand- 
kerchief should be thrown over the machine whilst it is 
being warmed, so as to keep off any dust which might 
lodge on it. 

6. As dryness and cleanliness are absolutely essen- 
tial for success, the legs, and all other parts of the 
machine, should be continually wiped with warm, 
handkerchiefs, during the interval between the experi- 
ments, 

7. The rubbers of either machine should be connected, 
by means of phys i ire, with a gas or water-pipe ; or, 
in the absence of these, the end of the wire should be 
allowed to rest on the floor, so as to keep up a continual 
production of electricity. In many works, brass chains 
are recommended; we, however, strongly urge the use 
of wire, which, being continuous, produces a far better 
effect than any chain. 

A close observance of the above cautions, &c., will 
generally ensure successful experiments ; but much de- 
pends on the state of the weather ; for we have seen the 
spark of powerful machines, in the best order, reduced 
to one-fourth its usual length when a change has 
occurred from an east toa south-west wind. A simpls 
indication of the state of the atmosphere, as suitable 
or otherwise for electrical experiments, is to be found 
by the fur on the back of the cat. If this produces a 
decided repulsion between the hairs on being rubbed, 
the electrician may expect success in his attempts with 
the machine ; but sometimes the air is so loaded with 
moisture as to render it next to impossible to exhibit 
any effective results. We have seen more than one 
eminent lecturer risk his reputation with his audience 
by attempting electrical experiments in a crowded room. 
Of course, from ignorance of the cause of failure, the 
vox populi votes that the experimenter has pegs 
taking proper precautions, ilst such may be partly 
true, fa) aeulen will soon become convinced, by ex- 
perience, that every allowance should be made, under 
such ci for ‘the pursuit of science under 
difficulties.” 

We may now proceed to describe machines constructed 
of resinous materials, which may easily be put together 
by any of our readers, and in which gutta-percha forms 
a chief material. Mr. Simmonds, of the west of Eng- 
land, has exhibited a machine composed of gutta-percha 
and resin, in the proportion of two of the former to 
one of the latter substances. In this, the plate (for 
it was a complete copy of the plate machine), the 
rubbers, handle, foot supports, and conductor, were all 
made of the same material ; the points of the conductor 
were pins ; and it was covered with tinfoil, to make it a 

conducting surface. The rubbers were covered 

with rabbit-skin, and required no amelee A machine 
of this kind, which he favoured us with some six years 
ago, could be worked in any weather, provided it 
was first carefully wiped from dust. It seemed to have 
a very slight attraction for moisture ; and, although the 
late was no more than twelve inches in diameter, we 
se given a shock to twenty persons by means of a 
Leyden jar, under circumstances in which no glass plate 
machine could be made to work. If the plate 


expense, put themselves in 


person may, at a tri 
" ese ingenious electrical con- 


ion of one of 


ivances. ‘ 
Another form of gutta-percha machine was invented 


some yoars and was, we believe, exhibited at the 
Exhibition in Hyde-park, in 1851. Tt consists of an 
endless band of gutta-percha, running over two rollers. 


The rubbers are formed of hair-brushes ; and its 


a construction is illustrated in the following 
Fig. 3, 


Tepresents the band of gutta-percha; BB are the two rubbers; C is 
the handle which tsne the upper roller ; the under one moving by the 
friction of the gutta-percha against its surface; D is the conductor, 
which extends in two arms, ended with points facing the gutta-percha 


As we have never tried this form of machine, we 
can give no particulars with respect to its value. 
It, however, has the advantages of ready construction, 
slight cost, and, of course, does not require amalgama- 
tion or extended preparation before use, beyond that of 
cleaning all the surfaces from dust and di 

Perhaps the simplest form of electrical machine is 
that of the electrophorus, which, at a most trifling ex- 
penditure of trouble and expense, presents an oppor- 
tunity for any one to try a vast number of electrical 
experiments. It may be constructed as follows :— 

to a tray of sheet-tin or zinc, half an inch deep, and 
twelve inches in diameter, pour melted yellow resin till 
the liquid reaches the top. This forms the sole of the 
electrophorus. A circular piece of zinc plate, nine inches 
in diameter, should have fixed to its centre a gutta- 
percha handle nine inches long. The plate should be 
Fig. 4. quite level, and its edges 

smooth. The arrangement 

is represented in the annexed 


gure. 

The mode of exciting the 
electrophorus is very simple. 
The resin is, of course, al- 
lowed to cool, and it may 
then be rubbed briskly, b 
means of warm, dry flanne 
The metal A inca held by the 
YY " handle, is then placed on the 
eee Tetin plate. The top of the 

~ cheng re Sige by 

A represents the resin sole; e r, and it is then to 

—aa handle; be raised a few inches. On 

presenting the knuckle, a 

spark will pass to it. This process may be repeated for 

a long time, as the plate only requires occasional 

rubbing means of the flannel. A continual supply 

of electricity may thus be obtained; the only incon- 

venience which is experien is that of continually 
lifting the zinc plate to obtain the spark. 

We recommend our readers, especially the ae 
portion of them, to make one of these useful little 


A 


Cc 
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illustrated i n tak ttern, and the | instruments, as, in the absence of those of larger size, a 
rare Mt hi a aes fies esky; be used,” any | great number of the experiments we shall mention in 


our future pages may be tried. 
Another, and im ular source of electricity, is that 
from the friction of pure water; which is effected by 
means of steam as it condenses at its exit from the 
boiler. Machines constructed for this purpose are 
called hydro-electric machines. The largest of the kind 
is that at the Pol ic Institution, Regent-street ; 
and as we there had it in daily use for several months 
together, we shall be somewhat particular in a’ 
its construction, and the effects which may be obtain 
from it. The following engraving illustrates the ex- 
ternal appearance of this instrument. 


Fee. 5. 


A A represents the boiler, which is about eight feet 
long, toctoding the smoke-box. B B are six cay 1 
which support and insulate the boiler. C is a box fi 
with iron spikes or points. This box can be removed 
nearer or further from the boiler, and, by its proximity 
thereto, influences the length and intensity of the spark. 
DD are the handles, by means of which the steam is 
permitted to pass into, or to be shut from, a series of bent 
tubes, which are curved into the form of the letter fin 
and are represented at EE. These tubes are termina’ 
by circular knobs, which enclose jets of partridge-wood, 
shaped of a cylindrical form, and having a jet somewhat 
resembling a bat’s-wing gas-burner. As the steam 
passes from the boiler through the series of bent tubes 
to which we have alluded, it is partially condensed, and 
arrives at the jets in the state of minute particles of 
water. The pressure of the steam drives them with 
great force against the side of the jet and thus the 
sides of the jet take the place of the rubber in this 
“machine, rae the pure water that of the glass. The 
action of the hydro-electric is therefore analogous to 
that of the glass machine in most respects, It has 
been stated, that the water used in the boiler should be 
almost, if not entirely, free from mineral substance. 
We may, however, state, that having used this machine 
for illustrating lectures on electricity for a | time, 
in daily succession, it was always supplied with water 
abounding with lime and oxide of iron. Care, how- 
ever, was always taken to prevent “priming ;” and 
the neglect of that may have given rise to the opinion 
in respect to the necessity of pure water, to which we 
have referred. 

The effects pS cheghso by this machine vary with the 
pressure, all other circumstances being equal, We have 
employed pressure varying from thirty pounds on the 
square inch to that of 120; and up to ninety pounds 
the spark was in direct proportion to the pressure. 
Thus, if a spark of six inches was afforded by a pressure 
of thirty pounds, one of eighteen inches in length was 


produced by a pressure of ninety pounds; but beyond 
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¥ 
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that pressure the results were uncertain ; and, indeed, 
no further benefit could be observed in that respect. 

It must, however, be borne in mind, that the steam 
was necessarily shut off and thrown on suddenly ; and, 
pies ee Sse ode ne Capp atehen moran Cate 
‘‘priming,” in direct proportion to the pressure employ: 
Full allowance must therefore be made for errors 
which may thus arise in computing the effect of an 
praca yer By careful watching, we arrived 
at the opinion—whether correct or not—that an excess of 
pressure beyond ninety pounds on the square inch, did 
my ae etenis Seated, tiks-tho length d 
e have iously an 
intensity of spark were modified by shifting the box 
of metal points nearer or further from, the steam 
issuing from the jets. effect of these points is 
i Siladaaioren taba which we shall have 

fully hereafter. The closer the box of 
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In damp weather, it is essential that the glass legs, 
or supports, be continually wiped between the intervals 
i This precaution we 
to as necessary with all kinds of 


machines, of all sizes less than that 


THE ELECTRIC SPARK AND BRUSH. 
We shall now enter into some descriptions of the dif- 


ferent appearances which the electric light presents in 
the form of a spark or brush, as produced by electrical 
machines of any kind that we have already referred to. 
When a metallic wire is placed in contact with the con- 
ductor of the machine, the electrical effects pass off 
silently, because the wire has sufficient power to conv 
them away—being what is called a conductor. - i 
however, an interval of air be wed between the 
wire and the conductor, the charge produced by the 
working of the machine will not expend itself noise- 
lessly ; but owing to the resistance which the air affords 
to the passage of the electricity, a brilliant spark is 
produced, the size of which depends on the power of the _ 
machine from which it is obtained: a loud snapping 
sound is also afforded, which increases in intensity ac- 
cording to the + wn electricity set free. From a 
small machine, having a plate of a diameter of twelve 
inches, a spark of one inch in length may be obtained ; 
from one of three feet in diameter, a spark of six 
inches is produced; and the large plate machine of 
seven feet diameter, and the h ectric, already 
described, afford varying from fifteen to thirty 
inches in length, depending on the dryness of the sur 
rounding air, 

When a large quantity of electricity is in motion, 
thes Se light mp Sorte shape, 
stint ea O) tning ; w] it, in really 
is in miniature. The colour varies aah ee the 
medium in which the spark is produced, and also from 
the substances from which it passes. Some beautiful 
experiments may be tried by means of an air-pump ; 
and a convenient arrangement is illustrated in the 
following engraving. we 


@ represents the du of the hine; 4 is a wire connecting the 
conductor with the rod c; ¢, a rod which fits air-tight in a brass coller, 
<5 Aion tha epper euvesine of: We Geek i 
extremity of the rod, between which and g the 
place; A is the cylinder of an air-pump, of which é is the handle. 


With this apparatus the following experiments may 
be tried :— 


Experiment 5.—Having attached the conductor a 
to c, draw the rod ¢ f so as to leave a space of six or 
eight inches between its end f, and g, and exhaust the 
air from the receiver so as to produce a vacuum ; 
connecting the air-pump, by means of a wire, with a gas 
or bse then commence to work the machine, 
A spark will pass between f and g, of a colour which 
varies according to extent of vacuum in the receiver, e, 
If that be good, a fine peipls tint is perceptible : if 
the vacuum be imperfect, the k, i of pre- 
senting a continuous disc , will be intermittent, and 
of a red colour, attended with sudden star-like flashes 
and a snapping noise. When the vacuum is good, and 
ase org of large size, ws forms one ie ne 

uti experiments in physica] science. e spar 

from the h ato Glackric machine, when passed through 
a tube five feet long and three inches in diameter, pro- 
duced a magnificent appearance of purple flame, which 
completely filled the tube so long as the vacuum was 
maintained. On bersesng this by a gradual admis- 
sion of air, the continuity of the spark ceased, and in- 
termittent discharges, of a blue colour, were produced. 
The engraving (Fig. 6) gives an idea of this appear- 
ance, so far as shape is concerned, and as it may be 
obtained by means of a small-sized air-pump. 

Experiment 6.—After the air has been exhausted 
from the receiver, admit, by means of the small screws, 4 
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small portion of air, ny Ce ey alae tla ce kbhet cd Fig. 8, so that acontinuous and equi-distant series 
phite of carbon. is is easily done, by placing a little | pass from one end to the % Fig. 8 Si 
pe okgeadca a liquid, ~ bag screw. oe ly arc De peri —— ee 
air, ing in, wi @ a portion of vapour with it. | wire, co wi oe Ps) ° 
Tho receiver is agai after closing the | earth, and present the op- So FofoFos os. 


again to be exhausted, 
screw. If the spark be then passed, 
Bog ee paar eyecare row gr 
will be decomposed ; a bright flash of blue light wi 
seen 


; and sulphur will be deposited on the inside of the 


may be em 
provided with a 


of may then be admitted by opening the 

sto ‘The spark is then as Fed Og and some 
pleasing effects may thus be obtained. 

We must caution the experimenter, however, as to the 

employment of coal gas, or pure hydrogen ; as, if the re- 

iver happen to contain air, or if the gas be mixed with 

air in the ae the electric spark may cause its ignition, 


mode of trying these 
found in an ordinary 


to prevent the escape of the metal, the tube is to be in- 
aa vessel containing mercury. The 
finger may then be removed from the tube, and a portion 
¢ the metal will run vag = — The pei 
mercury remaining in the tu ill correspond wit 
that of an ordinary barometer, and a vacuum will be left 
at the top of the tube. The platina wire is then to be 
conn with the conductor of the machine, and any 
liquid or gas can easily be passed up to the vacuum por- 
Fig. 7. tion of the tube, by means of its open 
d end. We first employed this ar- 
rs rangement for experiments with a 
Rhumkorff coil machine, and found 
it extremely convenient; because, 
excepting the presence of a slight 
amount of mercurial vapour, a oe 
Te por is readily obtaina sa 
ig. 7 represents an apparatus 
this kind. 

We shall have again to refer to this 
arrangement when we explain the 
cause of the Aurora Borealis; but 
we may just remark, that the elec- 
trical disch in a vacuum, pre- 
sents many points of resemblance to 

pearing we have menses 

e er, on repeating the ex- 
periments we have suggested, will 
at once perceive the truth of what 
4 we before stated—that the colour and 
H_. intensity of the electric spark de- 
pend = ie eer of pr grass a 
through w: it : and having 
iDustrated this fact, we may now 
suggest a variety of experiments, 
which present the spark as it passes 
between conductors. A great num- 
bok. — devices have been 

‘or pee 

Experiment 10.—Paste, on a piece window-glass, 
some small dots of tinfoil, in the manner illustrated in 


WAN 


posite end to the conductor of the machine, At each in- 
terval between the pieces of tinfoil, a spark will pass as the 
electricity breaks from one to the other es 
Any device may thus be made luminous by the ic dis- 

; and an illustration of one of these arrangements 
Fig. 9 


is found in Fig, 9. 
ob g 
should be attached 
to that end which 
is presented to the 
conductor, for rea- 
sons we shall pre- 
sently explain. 
Experiment 11,—A 

electric spark, is that 


mode of showing the 
s : alternately, glass 
beads, with pieces of cork covered with tinfoil, on a silk 


thread previously varnished. One end of this is to be 
connected with the earth; and the opposite one, being 
terminated with a brass ball, is to be presented to the 
conductor of the machine, As the spark passes, each 
bead will appear luminous. A thread of upwards of 100 
feet long was frequently used with ius Nerds closets 
ine, when many hundred passing over the 
whole length, produced a most brilliant effect. 
Experiment 12.—Those of our readers who possess a 
three-feet plate machine, may make a very elegant ar- 
ent for exhibiting the spark passing inside egg- 
shells. Four or six egg-shells are attached to each other, 
so that a copper wire may pass through the end of each, 
The wires are separated, at the centre of the egg, by a 
thin thread of si being tied to each, so as to preserve 
the mechanical continuity of the chain whilst the elec- 


trical continuity is broken. On presenting one end of 
the arrangement, by means of a knob, to the conductor, 
each will be beautifully illuminated as the spark 
passes between the wires inside it, The arrangement is 
illustrated in Fig. 10. Fig. 10, 

In each of the experi- 
ments ted, we have 


recommended, that one end 
of the apparatus should 
have a brass ball attached 
to it; or, what will do* 
equally as well, one of cork, 
covered with tinfoil; an 
that this ball should be held 
at a small distance from the 
pedi This ae se 
the effect, apparently, 
(what we shall call, for want 
of a better term) giving an 
money the charge. If 
any of the arrangements we 
have described are placed 
in direct contact with the 
conductor, the effect is very a is the conductor of the machi 


feeble, > is a discharger, which 
This leads us to remark  {besPark passes toc; dd dd, are 


on the result which points passes’ ¢ isa wire coun 


ecting them 
have on the passage and with the earth; f, a stand of glass 
ee a thy Pied cies x oesedet 
8 en any pointed object is presented to an 
electrised surface, the spark does not in the manner 
we have previously spoken of, but mes converted 
ra brush-like form; hence the term “electric 

rus! e 

Experiment 13.—Present a penknife, or pointed brass 
mashing" k yeodion ‘kaicp-ice spas wik'Us peseaiel 
m e, -like spar’ p 
having an appearance ill ted,in Fig. 11. 

Points have exactly an opposite effect on the electric 
force, to that of round and even substances. They tend 
to diffuse the force; and hence the conductor of the 
electric machine is always well rounded and polished ip 


‘ 
; 
: 
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every part, to prevent the loss of electricity. ‘For the 
Fig. 11. 


opposite reason, lightning conductors (of which we shall 
spook fully ra have their extreme end, towards 
sky, always pointed. A very instructive experi- 
ment, illustrating the property of points, may be tried 
Roe 14.—The machine be good acti 
i _— ine being in ion, 
ie te tee iszcs sparks between the conductor and a 
brass knob, place a sod of grass on the conductor itself. 
On presenting the knob, no further spark can be ob- 
tained, because the points of the grass leaves radiate 
and diffuse the electricity. The grass of the fields thus 
exercises a wonderful effect on the electrical state of the 


earth. 
Ani i ent of points, which are fixed 


to a common centre, anditree to rotate on a point fixed 
in the conductor of the machine, exhibits another effect 
of pointed surfaces; which is, that a current of air is 
driven from them on the electric discharge taking place. 

Fig. 12. 


One of these is represented in 
Fig. 12; in which a a a a are 
the pointed wires, fixed in a 
common centre b, ¢ is the con- 
ductor of the machine; and da 
ivot on which 6b can rotate. 
ow, not only will such an ar- 
rangement afford a current of 
air at each point—which may be 
tried by holding a lighted candle 
thereto—but the wheel will 
speedily turn round, owing to 
the mechanical action which is generated by the electric 
force — the surrounding air; and at each point a 
brush-like flame will be seen. This arrangement has 
been termed the “electric windmill.” 


noticed ing a pointed wire to any part of the con- 
ductor. “ie the machine be then set into action, and a 
lighted candle be held before the point, the flame will be 
ra : 


‘because each acts 


arrangemen’ 
aaa be tried with the electric spark, as 
human body, &c. For this purpose, an electric stool 
be required; which is easily made, by fixing into a 
w previously well dried by heat, four rods 
of glass, to serve as legs, in place of wooden ones. An- 
is, that of resting a square piece of wood on 
four glass wine-bottles, which, as bad conductors, } 


the purpose of an electric stool ; 


ot gaa to interpose, between the earth and the 
individual, some cas-aeloning’ tad = "1 


fa 
iH 
aa 
ff 
ze 
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i 
te 
aE 
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ting 

t 14, hold one 
and a bright 
Indeed, the ly becomes, for the 
ion of the conductor of the machine. 
17.—Present a metal spoon, filled with 


Ts 
1 
a 
F; 
Q 
: 
& 2, 
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_ ee nee held helen hand of the person on 
e stoo) en the spark p: the ether will be 
So aes te 
ese € iments may varied in many wa’ 
and they will be sufficient to show the roadie pine 
ducting others. We must, however, caution our readers 
not to take strong sparks from the eyes bed head, as such 
may prove ex! ingly A spark passing from 
the body of a person electrified by the hyde aleoteiay or 
large plate machine, has so powerful an effect on the 
system, as to produce a shock which would prevent the 
individual from choosing a repetition of the experiment. 
We must, of course, here confine our attention to the 
spark produced by frictional electricity. We shall find, 
when we treat on voltaic and magneto-electricity, that 
the light, and general luminous effects produced thereby, 
are much different from those to which we have been 
referring, owing to causes which we shall then explain. 


ATTRACTION AND REPULSION. 


Havixe chosen first to of the electric spark, 
because it naturally attracts the attention of the ex- 
perimenter, and paves the way for more intricate and 
interesting electrical phenomena; we shall now con- 
sider two effects which present themselves when bodies 
are electrified—namely, those of attraction and repulsion. 

It has already been mentioned, that an electrified body 
has the power of attracting light substances to its sur- 
face. * Thus, if a piece of dry window-glass be placed 
at a distance of half an inch from, and over, some pieces 
ba gop or feathers, and its upper surface be briskly 
rubbed by means of a silk handkerchief, the feathers 
will dart up, and adhere for ar short time to the under 
surface, until, being electrified = com with the glass, 
they will be repelled from it, and an sgpeeto Si pioce 
on which they had previously rested. e 


shall st 
a few experiments illustrating both attraction aan re- 
pulsion, before entering into the laws which govern the 
eo 18.—H small f h. 
periment 18.—Hang two pieces of pith, 
obtained from the elder-tree, by means of a silk 3 
from the conductor of the machine, so that they may 
Fig. 13. 


rest against each other. On 
working the machine, they will 
be similarly electrified, and 
will repel each other so long as 
they continue in that state. 
On presenting the knuckle, or 
—— ball he either, they 

i together again, owing 
to their electric equilibrium 
fees hea The mode of 

— uctil i — t is 
SSS Mustrated in Fig. ce: wkby 

Experiment 19.—An amusing arrangement is 
the instrument-maker ; in which a head of hair is em- 
ployed. It is to be fixed, by means of a brass rod, in an 
upright position, on the conductor of the machine. 

Fig. 14. So long as it is unelectrified, 
the hair rests naturally about 
the head; but on working 
the machine, each hair be- 
comes similarly electrified, 
and so repels its neighbour 
in the manner shown in 
Fig. 14. 

Experiment 20,—Let a per- 
son stand on the glass stool ; 
and having combed out the 
hair of his head, connect 
him, by means of a wire, 
with the conductor of the 
machine. Each hair will se- 
parate, as in the last experi- 
ment ; and if the machine be in good action, the effect 
produced is often highly ludicrous. ; 

Experiment 21.—Another mode of showing the effect 

* See ante, p. 167. 


7 


176 UNDULATORY FORCES.—ELECTRIOITY, 


leonpverion, 


of neem mente auaraing & Sumber Of narrow 

strips of tissue-paper to the conductor of the machine. 

i they will all separate, as in the two 
its. 


have been constructed, which are in- 

to show the presence of free electricity. They 
of two Finds—-the pith ball and gold-leaf 
they are sometimes also called. The 
former alone deserves that name, 
g because it registers, by the extent 
of repulsion indicated on a gra- 
dua quadrant, the amount of 
free electricity present. Its con- 

struction is as follows, (See Fig. 15). 

Now, when this electrometer 1s 
placed in contact with a non-elec- 
trised body, the ball, a, will rest 
in contact with f; but if the body 
be electrified, then a will be re- 
pelled from f, and will rise towards 

F the top of the quadrant, just in pro- 
portion to the amount of free elec- 
tricity present : the number of de- 

marked on the quadrant, by 

, EELMINLIN means of the straw attached to the 

@ fon pith bell snepended pith ball, of course indicates the 

User utd nine extent of electrisation. 

Upright sent 4 ie le Such an cry whilst acting 

nah open uated tolerably well when a large amount 

to be: 7 we "the une of free electricity can be observed, 
right stand. is of far too coarse a nature for 
detecting minute electrical disturbances ; and, for 
this purpose, the gold-leaf electroscope is of t value, 
Fig. 16. One of these is represented in Fig. 16 ; 
A in which A is a brass cap, fitting on a 
cylindrical glass vessel, B; C C are two 
pieces of gold-leaf, suspended from the 
brass cap; D D are pieces of tinfoil, 
B pasted on the opposite sides of the glass 
cylinder, Now, so longas the brass ca: 
is not electrified, the gold leaves, C C, 
D 4H hang together in contact; but on pre- 
Mae senting any electrified body to A, the 
leaves immediately repel each other, 
even although the free electricity is ex- 
eee tremely slight in quantity. We should, 
— however, state, that the indications of 
this instrument entirely depend on the state of the 
glass cylinder. If this is in the least dirty or moist, 
the electricity at once away. This electrosco 
must therefore be ty dried before use, and should 
be slightly elevated in temperature beyond that of the 
surrounding air. 

Siping GE andy fie Alaepitiaan ie Gi Tone 
ploying an ordi chimney: n the inside. 
to about half its Tasath: two narrow strips of tinfoil 
are to be pasted opposite to each other ; the bottom of 
the glass should then be closed with a cork. Into the 
top, another cork, entirely covered with tinfoil, may be 
fitted ; and to the inside of this, two strips of gold-leaf 
are to be attached, so that they may inside the 
glass with the lower end a little below the top of the 
tinfoil strips, as shown in Fig. 16. Such an. instru- 
ment, if carefully made, will answer every purpose 
which can be required for many delicate electrical 


es. 

arious forms of electroscopes and electrometers have 
been devised, each being suited to some special purpose. 
Amongst the most delicate of these is that invented by 
Professor Thomson, of Glasgow ; which was used during 
the laying of the Atlantic telegraph. Its peculiar con- 
struction prevents the ibility of illustrating it by an 
engraving : we may 0 e, however, that its indica- 
tions of the feeblest electrical disturbance, makes it of 
great value in many investigations. 

Generally speaking, electrical attraction and repul- 
sion are coincident. The reason of this we shall under- 
stand better when we examine into the opposite elec- 
trified conditions which bodies assume, a:d which have 


been termed positive and negative. For the presen 
te a veg & ustrate the Leperesee: without baecares] 
eeply into their causes ; an uce some experiments 
illustrative of attraction. 
Fig. 17. ' Tf a metal plate be 


the plate. An amusing 
mode of showing this is 


illustrated in Fig. 17; 

act ilar pee 
‘or 

of m pgp fo ra 


three or more inches, 

the plate from the con- 

ductor is suspended. On 

; working the machine, 

the figures will commence dancing between the plates, 

owing to the electrical attraction and repulsion which 
ensues. 

Another mode of showing the same effects, is that 

of the electrical bells. The ent consists of 


whilst the clappers oscillate 
between them ; and so long 
as the machine is worked, a 
continual ringing of the bells 
takes place. A chain is hung 
from the centre 80 as tu 
communicate with earth. 
The ordinary form of this 
ones is shown in Fig. 
‘ 3. 
and Electrical sco-saws, de. 


are constructed by the in- 
strument-makers, for illus- 
trating the eral laws of 
attraction and repulsion. 

The intensity of these 
forces varies inversely as the square of the distance 
between the electrified body and that on which the at- 
tractive or i Srp effect eeiges and this law 
agrees with that governing all iating forces, as we 
have previously explained in our sections on heat and 
ight. There are, however, so many interfering causes 
which disturb the exactitude of an experimental illus- 
tration of this fact, so far as electricity is concerned, 
that whilst, as an inference, we may entirely trust to 
its truth, we’ have not such rigidly-founded premises 
and conclusions as we can obtain when investigating the 
other undulatory forces. 


CONDUCTION, 


We have already stated, that all bodies have, electrically 
speaking, been divided into two classes—namely, con- 
ductors and non-conductors; or, what is equivalent 
thereto, electrics and non-electrics. This distinction, 
however, has been made without any title to correct- 
ness ; for we are acquainted with no body which will 
not, to some extent, however trifling, conduct electri- 
city ; and, on the other hand, we can never call any 
body incapable of affording evidences of free paar ps 
when proper means are employed to that end. e 
shall therefore use such terms with the limitations we 
have named, and as expressions which, whilst they 
assist to convey definite ideas to the minds of our 
readers, are not to be considered as incorporating the 
real facts of the case. 

By the term ‘ conduction,” we mean that ability 
which some substances have, of exhibiting, at a distance 
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from its source, certain effects of any force which seem 
to be conveyed on, their surface, or by their mass. The 
relative power of such substances is measured by the 
rapidity with which these effects are shown when one 
body is compared with another in that respect. Thus, 
a piece of wood, six inches long, may be in a rapid state 
of combustion at one of its extremities, whilst, at the 
other, not the slightest sensation of heat can be ex- 
ienced A piece of copper, of the same size, will, 
however, produce a very different result; for if one 
end be heated but moderately, the calorific effect will 
be speedily evidenced at the other end—showing that 
the principles of heat, or its effects, travel much more 
rapidly from one extremity of the metal to the other, 
than is found in the case of wood. Now, the metal is 
therefore termed a good conductor, and the wood a bad 
one ; or sometimes, erroneously, a non-conductor. 
Generally speaking, there is no great difficulty ex- 
perienced in copy Se the relative electric ‘conducting 
power of a oy. e effects of free electricity can be 
easily observed by means of electroscopes, &c., even 
when the amount present is but very sli ht. In the 
case of heat and sound, our means of detection are not 
8o delicate ; and, therefore, a list of conductors is less 
to be relied on. On the other hand, the electrical indi- 
cations rapidly exhibit themselves and pass away, and, 
for that reason, are sometimes but slightly appreciable at 
a distance from the source of disturbance. With respect 
to electricity obtained by friction—glass, resins, sul- 
phur. gutta-percha, fur, hair, and similar bodies, are in- 
eluded amongst bad conductors, because they have very 
little tendency to it the passage of electricity over 
them. Possibly, for this reason, they most readily ex- 
hibit electrical effects when submitted to friction ; and 
hence have been termed electrics. The metals, in the 
order of gold, silver, copper, platina, brass, iron, &c., 
are excellent conductors of electricity, and, accordingly, 
are employed whenever its effects are required to be 
shown at a distance from its exciting cause. Another 
class, standing intermediate between good and bad con- 
ductors, embraces fluids of various kinds, moisture, &c. ; 
which, according to circumstances, more or less readily 
permit of the passage of electricity. We have often 
spoken of the necessity which exists of keeping every 
part of electrical apparatus free from moisture ; and 
this is simply because its presence on the surface of 
non-conductors, such as glass, dec., actually has the 
effect of rendering them, superficially, tolerable con- 
ductors. 
way of parenthesis, we may observe, that it is a 
plan to cover the legs and supports of electrical 
apparatus with a solution of shell-lac, or best red seal- 
ing-wax, in spirits of wine. This forms a coating, which 
has not so great a tendency to condense moisture as 
lass ; and, in damp weather, its advantages are greatly 
elt by the electrician. This resinous coating is a worse 
conductor of heat than glass; and it and gutta-percha, 
for that reason, may at all times be employed for insu- 
teeing purpoess. eo 
With respect to the mode in which electrical effects 
travel over, or are conveyed by, conductors, we may 
observe, that, unlike heat, which travels in the mass of a 
body, electricity seems conveyed only by their outer sur- 
face. Hence, within certain limits, a large surface of a 
ak pei bad conductor, may act as efficiently as a 


mass of a good conductor. e have thus observed 
all the ex effects of a seven-feet Ht raed machine, or 
of the ectric, entirely dissipated by a damp glass 


surface; whilst the same quantity of electricity, sent 
through a solid but fine metallic wire, would have in- 
stantly reduced it to a melted state, or dispersed it into 
fragments. It is thus of extreme importance, in employ- 
ing conductors for protecting buildings from lightning, 
that the double condition of surface and solidity should 
be attended to. In experiments with large electric and 
voltaic batteries, we have, for many Pperhe preferred the 
use of flat copper strips to that of wire of the same 
weight, but, of course, exposing less superficies. And, 
at the present day, flat copper bands are preferred as 
vou. L 


lightning conductors, in the navy, to copper rods which 
had been previously used. Mi a 

The continuity of a conductor, if broken even to the 
smallest extent, destroys its efficiency. We shall, however, 
defer considering this element, until we examine the 
mechanical and other effects of intense charges of electri- 
city, which will come under our notice when we speak of 
the Leyden jar. We have already stated our preference, 
at all times, for the use of wires to that of chains, in 
connection with electrical experiments ; and this arises, 
experimentally and theoretically, from the facts which 
we are here mentioning. As a powerful charge passes 
over either a brass or iron chain, a spark may be noticed 
at every link, indicating, that there the continuity of 
conduction is broken, and that the force has, so to speak, 
to ‘‘leap over” an obstacle. Besides, at each break 
there is a tendency to diffuse electricity, and hence a 
decided loss of power ensues. 

The conducting power of bad conductors is modified 
by heat; hence, heated glass and air become better con- 
ductors than when they are at ordinary temperatures. 
This fact should be borne in mind in warming and dry- 
ing electrical apparatus; and their temperature should 
only slightly exceed that of the surrounding air, so as to 
prevent the deposition of the moisture, by condensation, 
on their surface. 

Some very remarkable effects may be noticed when a 
powerful electric charge by a good conductor. We 
have observed, that the external surface of a metal may 
be actually fused, whilst the internal mass is entirely 
unaffected. It often happens that metallic objects, in 
the pockets, &c., of persons struck with lightning, have 
been externally fused ; but this generally occurs where 
no continuous conductor for either heat or electricity is 
present. We can only explain this by suggesting, that 
the development of each force is very sudden, and yet 
only affects the extreme outer portion of the metal, the 
mass of which speedily absorbs the intense heat which 
has been generated. 

Circumstances occur in which a tolerable conductor 
may become an excellent electric ; and the most extreme 
case we can point out is that of water. This liquid, in 
the state of fine particles, spread dew-like over a bad 
conductor, as we have already seen, improves its con- 
ducting power; yet, in exactly the same state at the 
nozzles of the hydro-electric machine tubes, it affords, 
by friction, an enormous amount of free electricity. 

From these facts, our readers will at once see, that the 
idea of conduction and non-conduction can only be sus- 
tained in a relative or comparative point of view, and 
that special circumstances can entirely modify, and 
occasionally change, the character of any substance .or 
liquid. There, however, exists great analogy between 
heat and electricity in this respect. 


ELECTRICAL THEORIES. 


For the sake of simplicity, we have hitherto restricted 
our observations to such facts as could be explained, 
under the idea that electricity, like heat, could be con- 
veyed to any place ; was diffusible, and, generally, had 
the characteristics of what we may term a single acting 
force. We carefully abstained from mentioning, that 
certain theories which have been, and are strongly main- 
tained, entirely militate against that notion. This 
course has been adopted because it permits the reader 
to become acquainted with facts sufficiently plain to 
explain themselves, and so a kind of foundation 
has been laid for the more complicated structure of 
phenomena and iaws which we shall now begin to 
examine. 

The earlier electricians were of opinion, that an elec- 
trified body differed from a non-electrified one, by con- 
taining a greater quantity of electricity in a free state, 
In other words, an electrified object had an excess, 
whilst the non-electrified had a deficiency, of the electric 
force. Hence, the terms positive and negative were 
continually employed, in their strictly mathematical 
sense, to express such an idea; and we may, perhaps, 

A 


OO — a 


178 UNDULATORY FORCES.—ELECTRIOITY. 


[:Npuction, 


still further illustrate the position by referring to the 
ordinary process of addition in bra, whereby num- 
bers of different signs, on bei ded together, give a 
total value midway between their individual amount. 
Thus, the addition, algebraically, of + ato — a, would 
afford nothing in amount. In the same way, electric 
equilibrium was similarly considered as existing in bodies 
at zero, whilst its disturbance was simply an addition to 
the electrical quantity of bodies in a positive electrical 
state, and an Dhatrecton from those which assumed the 

tive condition. 

is has been termed the single theory ; and so exten- 
sive was its employment at one time, that all its terms 
are still to be found in electrical works and lectures. In- 
deed, it is often a matter of considerable amusement to 
a strictly philosophical person, to hear those who 
strenuously adopt the double theory, using constantly 
such terms as “current,” Se, and the like, 
which can only properly be under the supposition 
that a single electric force exists. j 

We shall find, however, that although the single 
theory has the advan of great simplicity, and ready 
adaptation to nearly all the circumstances of electric 
disturbance, it yet fails to explain some of the most 
important phenomena, especially such as are involved in 
electrical induction. 

The double theory supposes the existence of two 
electricities, exactly opposed to each other in every 
respect, just as we observe in the opposite poles of a 

et. When electricity is excited, this theory sup- 
ew that the two electricities are ; that they 
ve a mutual tendency to recombine; and that all 
electric phenomena result from one or other of these ten- 
dencies, and, generally speaking, from the combined 
action of the two. 

In the double théory, the terms “positive” and “nega- 
tive” are used in a physical sense only. They express no 
idea of quantity, but rather of position. The opposite 
electricities, indeed, are sup tobe exactly equal in 

uantity and intensity; and this is one chief cause of 
their constant tendency towards recombination, and, 
consequently, to reproduce the natural or normal state 
of all bodies in an unexcited state, electrically speaking. 
The distinction has been carried even still further; and 
the terms “vitreous,” or ‘‘ glass,” and ‘‘ resinous,” or 
“ rosin-produced” electricities, are employed, for reasons 
which will be best explained by our readers trying the 
following experiment. 

Experiment 22.—Suspend a feather, by means of a 
silk thread, so that it may hang freely, and ata distance 
from any other substance. Let an excited glass tube be 
brought near it, when the feather will be immediately 
attracted, and afterwards repelled. Remove the glass 
tube, and then present a roll of sealing-wax, which has 
been rubbed with a dry flannel, and the feather will 
immediately fly towards the wax. 

This would be explained, under the single theory, by 
saying that the glass had positively electrified the fea- 
ther, and that the wax, being in negative or deficient 
electrical state, had attracted, and so the excess of elec- 
tricity of the feather had combined with the deficiency 
of the wax, and «n electrical equilibrium had thereby 
been restored. : 


Under the double theory, we should say, that the 
vitreous kind of electricity of the excited feather com- 
bined with the resinous kind of the wax, and hence the 
result. Our readers will thus perceive, that the most 
simple way of eorge Baer oe them the antagonism of 
the two theories, is that of assigning quantity as the 
leading feature of the single, and kind, or quality, as 
that of the double theory. ‘That similarly electrified 
bodies repel each other, is, of course, admitted by the 
advocates of each theory as a fact; but the cause each 
assigns is in accordance with that adopted to explain 
the results of our last experiment. 

We do not intend to take our readers through the 
almost interminable arguments which have been used on 
both sides. It has been our good fortune to have read 
most of the works, and to have heard the public lectures, 


of the leading electricians of the day; and the only 
conclusion at which we have arrived, is, that whilst the 
subject in dispute has strong and able arguments on 
either side, those who take in it are almost con- 
stantly led to compromise their views as some occasional 
or accidental circumstance arises. As we before ob- 
served, the employment of the terms of each theory, 
indifferently at least, indicates extreme uncertainty as 
ba Sane dgp oder a 
owever, the double theory is the most usually re. 
cognised at the present day; and we shall use it in 
explaining many of our future experiments. The 
strongest objection which suggests itself to our mind 
is, that it has no analogy to the theories of the other 
undulatory forces. It is true that magnetic phenomena 
countenance the idea ; but we must bear in mind, that 
the connection of magnetic and electric affections is so 
intimate, as to leave us scarcely room to doubt whether 
any difference really exists. however, we compare 
the double theory of electricity with our theories of 
heat and light, the analogy at once fails; and no one 
has yet been bold enough to suggest the idea that there 
are two kinds of heat or two of light. The investiga- 
tions which have lately been made into the correlation of 
forces, certainly tend to induce the adoption of the 
single theory. However, this is one of a class of sub- 
jects which can only be ly understood by a much 
more extended knowledge of force, motion, matter, 
than we at present possess. We shall, therefore, re- 
frain from urging any further views on the subject upon 
our readers ; having endeavoured to state the case 
fairly, shall make free use of each theory, in our 
future pages, as convenience of expression or illustra- 
pos = render Ee We shall thus stand free 
m the charge of inconsistency or dogmatism. 
It will now be proper that we should examine the 
doctrine of electrical induction, and use the Leyden jar 
and battery for the purpose of illustrating it. 


. INDUCTION—THE LEYDEN JAR AND 
BATTERY. 


Iw attempting to convey an adequate idea of the phe- 
nomena Proheied in w Hrs goo a8 considerable 
difficulty arises, because there is no analogy to which we 
can refer, except that of magnetic phenomena, which 
can assist us only to a limited extent. We there- 
fore, rely on a careful and attentive study on the part 
of our readers, if we endeavour to present to them, 
as far as ible, a logical exposition of the doctrines 
or laws which modern science has determined to be the 
basis of this department of natural philosophy. The 
term ‘‘induction” has been chosen by electricians as ex- 
pressing a similar i in electric science, to that which 
the same word would convey in the conversation of 
daily life. 

We endeavour to induce a person to fall into our 
ideas by presenting him such facts or arguments as will 
be sufficient to bring him into our mode or course of 
thoughts. Similarly, when we wish to induce a certain 
electric state in any body, we present such an electrified 
condition as will uce the effect we desire. There is, 
however, this difference—we produce an exactly opposite 
state to that we present ; because, if we mecwey a7 
body positively, we intend to produce on its s a 
negative electrical state, and vice versdé, Hence, we 
de Bot tas teh tes te eis ea ae ee 
only t + they, in certain cases, are natu- 
rally pecdnsible. Our readers will more fully under- 
stand our statements when they reduce them to a prac- 
tical form by actual experiment, 

The most eligible instrument we can choose for the 

of illustrating our subject, is that of the Leyden 
jar and battery. The early experimenters in electrical 
science, were not acquainted with the fact, that a greatly 
increased effect might be produced by means of an 

ent such as that to which we allude. It is 
sta that the discovery was accidentally made by M. 
Muschenbroosk, who, having allowed a chain from the 
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conductor of an electrical machine to rest inside a glass 
vessel partly filled with water, whilst his hand encom- 
= the outside, was astonished at receiving a power- 
shock on attempting to remove the chain from the 
vessel. The ie es or, at all events, 8 repetition, > 
the town of Leyden, has given a name to the 
A Leyden jar is easily made by coating any iin d of 
— vessel with tinfoil, on sides. They are 
ly cylindrical glass jars, on the outside and inside 
of which tinfoil is to about two-thirds the height. 
The reason the coating is not carried higher, is, that the 
charge would rapidly discharge itself if the two coatings 
were not separated to some distance. The bottom of 
both, in sad odteias, should be also covered with foil. 
The coatings are simply required as distributors of the 
electricity, and, as such, only are they essential. It is 
well that the reader should bear this in mind, because 
pace eae imagine that the rests in or on 
the tinfoil, instead of the . So far from this being 
the case, a jar may be fitted with movable coatings, 
which, after charging the jar, may be removed by means 
of silk threads, and it will be found that the charge is 
actually retained on the surface of the vessel. On the 
top of the jar a wooden cover is placed, _Fig. 19. 
the object of which is to keep out dust, d 


Fig. 19 represents the usual form of the 
aoe je: a is the outside coating of 
tinfoil ; 5 is the interval of glass between 
the inside and outside coatings; ¢ is the 
wire which extends into the jar ; and d is the brass knob 
at which the charge is received. 

The annexed en- 


j charged. 
The length of time required to charge the jar, depends 
cal machine ; for 


r, in one 
minute or less; and a single jar, of the same size, can 
be charged several times per minute, by either the plate 
or 


steam machine. 

If a jar be cig teat a Leila’ ask, ch 
machine, it discharge i ; a brilliant s at- 
tended aesiaad 


ith i ise, will take. 
pce than liksly that the alecharge will fores ise 


it is more 
some ion of the glass, and so render the jar 
seemed sebpabetoed : 
The usual mode of discharging a jar is in 
the following engraving. An instrument, called a dis- 
oe is employed, which consists of two brass knobs, 
to a bent wire,aa, The instrument is held by 
the glass handle b, and the wire is fixed on a joint c, 
by means of which the two balls can be removed from 
oo Tecate the ven Berg aN Araneta hin 
being charged, balls o discharger are brought 
areicloct Gk the lnoud, 4 of ths fe tad tto ooncide 


coating, e, when a spark and a snap will be produced ; 
Fig. 21. 


and the electric equilibrium will be restored in a small 
jar, and nearly so in one of large size. In using the 

tter, a slight second discharge may occasionally be 
observed, which arises from what is called the residual 
charge. In very dry, frosty weather, we have found 
that very large jars will actually charge themselves—a 
fact which we first became acquainted with by removing 
one whilst holding the knob and the outside coating at 
the same time. is, however, is a rare occurrence, be- 
cause, unless a Leyden jar is kept very clean and dry, 
dust and moisture soon settle on the glass surface, and 
so prevent the electrical separation of the two coatings. 
In frosty weather, and during a dry east wind, some 
curious results are often obtained from Leyden jars; and 
it is a good rule to apply the discharging-rod to every 
part of an insulated coating before setting the apparatus 
aside, because the charge will sometimes remain for 
days on its surface. Large jars have the necessary dis- 
advantage of being made with thick glass, which prevents 
their being readily charged. They, however, must be 
used for machines. It is usual to connect a num- 
ber of either the large or small size Ye when 
powerful electrical effects are desired. Such an arrange- 
ment is called a Leyden Battery; and by its use some 
most interesting natural phenomena may be readily 
illustrated. One of these is represented in the following 
engraving ; in which it will be observed, that all the in- 
sides are connected ther by means of rods which are 
fastened to the knobs of the jars, and the outsides rest 
in a box lined with tinfoil, by means of which they are 
all, electrically speaking, joined together. It is advis- 
able, however, to fix a wire so that it may pass round 
each jar, and it should be extended to a gas or water- 
pipe, so as to ensure the ready charging of the jars. In 

ig. 22, this is effected by means of a wire attached to 


the hook 1m the side of the box. A rod should extend 
from the knobs of the jar to the conductor of the ma- 
chine ; and thus the battery is to be charged. The mode 
of discharging it will be noticed as we proceed with our 
experiments. We should here state, that unless the 
single jar, or each one in a Leyden battery, is kept per- 
f wf se from dust and moisture, it is impossible to 
charge them. They should be carefully wiped with a 
warm silk handkerchief before use, and heated to a little 
beyond the temperature of the room in which the expe- 
riments are to be tried; and it is also frequently 
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necessary to them when in use, as they often gather 
tere the electrical attraction which 


A very convenient form of d w for ul bat- 
tories is represented in Fig. 23. 1t has the advantage 
of discharging the bat- g. 23 
tery at any period, or 
ep dependent he 

experimenter may 
choose. > Newwegcen e y @ 
two upright glass . a ~_ @ 
aand b. Ona, a brass es O° 
knob and hook are 
fixed, from which ex- _ 
tends a wire to the out- 
side of the battery, or @ b 
to any intervenin 
piece of apparatus, an 
thence to the outside 
of the battery. ceisa 
rod of brass, moving readily on a pivot, d; and g is a 
sliding weight, by means of which the balance between 
the knobs, ¢ and ¢, can be adjusted. The knob, c, tends 
to raise e upwards; but by shifting g from d to e, the 
Eacteel cf einzen'in the be can be regulated. The 
inside of the battery is attached by a wire to the hook on 
the knob f. aes engine represents the arrangement 
as if a bat were being c . When it is fully so. 


harged. 

ob, ¢, will fall down towards that on the rod, a, an 

the discharge will at once take place. We need scarcely 
state, that the principle on which this arrangement 
is that of electrical attraction between the 
charged knob, ¢, and that fixed on a. Besides the con- 
venient character of this apparatus, it prevents the un- 
pleasant possibly, ser effect which might 
arise when a battery is discharged by means of the 

i previously described. * 

It is, however, occasionally necessary to use a hand 
discharger ; and the handle for that ped should be a 
glass rod, not less than two feet in length, so as to pre- 
vent risk of accident. 


e 
5 


i 


been proposed, but as they present no special advantage, 
we shall refrain from daperth 


round glass phial with brass or iron fili 
then to be fitted into its neck, and a wire should be fixed 
in the cork, so that one end may enter the filings, and 
the other should extend two inches beyond the neck of 
the bottle. On the outer end of the wire a brass knob 
is to be fixed, or, what answers equally well, a round 
cork covered with tinfoil. The outside of the phial is to 
be coated with tinfoil to half its height, and the bottom 
should be similarly covered. The arrangement, though 
somewhat rude in its construction, answers. remarkably 


Such a jar may easily be by means of the 
ore, San must be first excited, as alread: 
peice ee seres. eo Dee ao ie kno 

jar, when a ill pass. is is to be re- 

ted until the ete which may ppeetily be 

lone with one of the kind we have just descri The 
method of thus charging a jar with the electrophorus, 

is illustrated in the following engraving. 

Having described the apparatus which will be required 
for illustrating the laws of induction, dc., we shall enter 
into an experimental investigation of them, and also 

* See ante, p. 179. t See ante, p. 172, $ See ante, p. 172. 
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illustrate the luminous, calorific, mechanical, and other 
effects of a high charge of Fig. 24. 
electricity. 

When a cere san 
charged by presenting the 
knob roy 8 conductor of 


.| an electrical machine in 


action, the natural equili- 
brium of the latent electric 
force is at once disturbed, 
and the surfaces acquire 
what may be termed a polar 
state. By this we mean, 
that a new and active con- - 
dition of force is induced, ~— _ 
by which the hitherto quiescent and inactive conditions 
of the latent electricities are placed in opposite positions 
to each other, and yet having a tendency to recombine, 
This may be better understood if we employ a diagram 
illustrating the changes which take place on the glass 
surfaces ; and instead of using the ordi Leyden jar, 
we shall suppose that we have, coated on each side with 
tinfoil, a piece of window-glass. A Leyden jen in fact, 
may be regarded as such—a piece of glass t intoa 
cylindrical form. We shall also confine our attention to 
one small Rae's on its surface, as such, of course, illus- 
trates all takes place in the entire jar whilst being 
charged and discharged. 
In Fig. 25 we have two diagrams, of which No, 1 is 
Fig. 25. 


a 
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intended to represent a jar or piece of coated in 
its natural state; and No. 2 me the Epona 
change which takes place when the jar is | ais 
the glass plate, and bc are the tinfoil coatings. No. 1, 
we observe a circle illustrating an electric equilibrii 

in which the negative and positive, or vitreous ani 
resinous electricities, are in a state of combination. In 
No. 2 we observe the effect of charging the jar, which 
results in the separation of the two electricities, by which 
a polar state is induced, and each side of the glass plate 
becomes in an opposite electrical state. 

If a metallic or other good conducting communication 
be made between b and c, in No, 2, the two electricities 
will recombine, the polar state be lost, and the coated 
surfaces return to a state of ee such as at first 
was spoken of, and shown in No, 1. : 

We therefore observe, that the primary effect of 
charging a glass surface, is to put the natural electric 
state of repose into an active condition ; and this results 
in the separation of the two electricities, and their indi- 
vidual appearance on each side of the glass plate, which 
we have supposed to be infinitely thin, and to have un- 
dergone no electrical change of any kind in its mass or 
substance, 


o 
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We need scarcely observe, that the explanation we . 


have given is that arising from the employment of the 
double electric theory. , howeyer, we hig! Ceca the 
existence of only one kind of electricity, we 
shall gag the changes which oceur by stating, that 
each side of the charged plate eegoe Biting but that 
the positive side has an excess of electricity, whilst the 
negative one becomes deficient in that respect. These two 
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| in a quiescent state; that 
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lass ; and before proceeding further, 

man the thickness of the glass has a decided effect 
on the readiness with which the two sides may be polar- 
ised. This arises from two causes—namely, distance 
between the sides, and the partial polarisation which the 
material itself Tt peer semnontial in 
making a Leyden jar or battery, that glass employed 
should be as thin as posible, as on ry depend bath the 
facility of charging. discharging the arrangemen’ 

We shall now examine the effect produced on a num- 
ber of icles, with respect to the electrical arrange- 
ment which they assume when in an excited state; and 
we shall represent the quiescent and active condition 
PLE MAREE, Wala HE se, US CUATPTINS 
the subject in an intelligible manner to our ers. 
For this purpose, we shall suppose the following arrange- 
ment to represent the twofold state to which we have 
alluded. Of course, we do not intend to assume that 
the particles we speak of are those of electricity. We 
presume that they are the atoms of a body, in which 
electricity is respectively in a latent and active form. 

No. 1, NP NP NP NP 
No. 2. x PN PN PN P 


We here sup’ the existence of four,atoms of a 
body, whose sides are respectively negative and posi- 
tive; but in No. 1, such states are those of latent or 
combined electricity. If, however, by means of the 
electrical machine, we induce an active state, then the 
previous electrical equilibrium is at once disturbed ; and, 
as we observe in No. 2, the electricities arrange them- 
selves so that at each end of the series of atoms we have 
a free electricity ; and, intermediately, the electricity of 
one atom instantly acts on, and induces action on, that of 
its neighbour. Ifa connection be made between the oppo- 
site electrical states, at the extremities of the series of ex- 
cited atoms, then they are at once restored to the condition 
shown in No. 1, and the equilibrium is thereby reproduced. 

It will thus be perceived, that electrical induction 
takes place when an excited body is brought near to one 
the effect produced is that of 
arranging the electricities of the previously unexcited 
body in a polar state; and these laws hold good, no mat- 
ter how many particles may be affected, provided that 
- wigs power is a ee energy. re 

t wi presumed, in ture experiments, that 
our readers will bear these facts in mind, and that when 
we speak of induction, they will fully understand the 
term in all its bearings. 

We shall tee i gh ean to illustrate the various effects 
which a pow charge of electricity, as afforded by 
means of the Leyden battery, produces ; and shall divide 
these into mechanical, luminous, calorific, and physiolo- 
gical phenomena; although, occasionally, two or more of 
these classes are simultaneously produced by the same 


experiment. 


THE MECHANIGAL, LUMINOUS, AND OTHER 
EFFECTS OF ELECTRICITY. 


We shall now suggest numerous experiments which 


hibited; and shall also ex- 
amine some nataral phenomena 
in which that force is the active 


agent, 

Most of the experiments we 
shall introduce, may be tried by 
means of a plate machine of 
from twelve to vighteen inches 
in diameter in the glass plate, 
and with a battery of from two to four jars, To facili- 
tate the construction of an arrangement of the kind, we 


refer to Fig. 26, which represents a battery of four j 

of about three pints capacity each. Such is sufficient 
for a vast variety of experiments, and each jar may be 
of the simple kind we have already described.* 

The different. parts of this Leyden battery correspond 
in every respect, except as to size, with that illustrated 
at a previous page.t Before commencing any experi- 
ment with the battery, careyshould be taken that the 
outside of the jars be connected with some good con- 
ductor, such as a gas, drain, or water-pipe, as on that 
will depend much of the success which may be desired. . 
As it is impossible to separate the mechanical, luminous, 
and calorie effects of frictional electricity, we shall in- 
troduce our experiments without reference to such dis- 
tinctions; pointing out, however, as we proceed, any 
notable mattér which may arise. 

Experiment 23.—Combustion of Metal Leaves.—For 
this purpose, a narrow strip of gold or silver leaf is to 
be pasted on paper. The width of the strip of metal, 
as well as the length, depends on the power of the bat- 

; but a strip of an eighth of an inch wide, and eight 
inches long, may be used. The paper should be well 
dried ; and strips of several metals may be then 
on it. The paper so coyered is to be fastened on to a 
well-dried board, and one end of the metal strip is to be 
attached, by means of a wire, with the outside of the 
battery. The otherend of the strip may be connected 
with the knob of the di at a—illustrated already. t 
To the other knob, marked f, the inside of the battery 
must be attached by a wire. By such means the charge 
will spontaneously discharge itself. In the absence of 
such an arrangement, the ordinary discharger may be 
used, one of its ends being brought into contact with 
the inside of the battery by means.of a wire ; and its 
other end, after the battery is charged, is to be brought 
in contact with Fig. 27. 
thestrip of metal. 
On the charge be- 
ing thus di 
over the metal 
strip, a loud ex- 
plosion will take 
place, and the me- 
tal foil will be de- 
stroyed. The ef- 


@ @, ce, represent two strips of metal leaf pasted 


on ashect of paper; 6 illustrate the appear- 
ance of a strip of metal alread. ixpianet: da 


dis is a wire proceeding from the discharger, by 
% means of which the charge of the battery has 
CERISE the Pasead, ie axe connected with the out- 
me in direc- 0 - 
tions. The mode of carrying out this experiment is illus- 
trated in Fig. 27. : 


Experiment 24.—Gunpowder may be ignited by means 
of the Leyden jar, if the charge be arrested in its course 
by means of a piece of moistened string. When the charge 
is sent directly to the powder by a wire, it will be simply 
dispersed. To ignite it, place the gunpowder on a plate, 
and dip into it a wire proceeding from the outside of two 
jars. Attach a piece of wet string to one knob of the 
discharger, and to the end of the string fix a’ piece of 
wire, which is to rest on the gunpowder, at a short 
distance from the end of the wire proceeding from the 
outside of the jars. When they are fully charged, bring 
the other knob of the discharger into contact with their 
inside coatings in the usual manner, and the powder will 
be at once ignited. Fig, 28 shows the proper method 


of conducting the experiment. 

Experiment 25.—Two very singular effects may be 
roduced by causing the Leyden discharge to pass 
haus awo plates of glass. A narrow strip of gold 
leaf is to be placed between two slips of common 
window-glass, which may be an inch wide and four 
inches long. These should be tied tightly together, 
and the metal leaf should extend about half an inch 
beyond each end. One end of the leaf is to be at- 
tached to the outside of the battery, and the plates 
should be insulated by placing them on two glusses. 
* See ante, p. 180. t Ante, p. 179. + Ante, p, 180; Fig. 28. 
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means of the usual discharger; and the mechanical 
effect will be such that portions of the gold leaf will be 
driven into the glass, and the two plates shivered into 
numerous small pieces, This experiment requires great 
care, as the broken pieces are exceedingly sharp, and 
fly to a considerable Fitines on all sides. It is advis- 

le that a kind of screen be placed over them, to pre- 
vent accident to the experimenter. 
engraving illustrates the whole arrangement. 


Fig. 29. 


We have frequently shivered into almost dust, by 
means of the h. lectric machine and twelve large 
fers, pieces of a foot long and four inches Wide. 

‘or this and many a beau, ex gry thas 
venient arrangement may which is i 
in the following figure. 

Fig. 30. 


In the ving, ab are two brass rods, which are 
easily moved on universal joints, secured to two glass 
pillars, cc; d is a small table, on which the object to be 
experimented on is to be placed ; e and f are two wires 
for conducting the electricity from the battery. One of 
these is to be attached to the outside of the battery, 
and the other to the discharging rod, so that when the 
battery is charged, the electricity may be thereby con- 
veyed to the gt gies We shall suppose 
that the student will supp’ 
ment of this kind, whi 
struct, in a rough way, himself; and which he will find 
a matter of * convenience. We shall in future call 
it the “universal di .” We may add, 
similar arrangement will be required for man: 
inents in voltaic electricity. 
represented the ends of the discharger as terminating 


When the battery is charged, it is to be discharged by 
Pig. 28. 


The following 


7 expert 
In the engraving, We hate 


E 


points; two brass balls will, however, be occasionally 
uired in some of the experiments. 
i 26.—Place a few sheets of paper between 
the two points of the universal di Tr, and pass a 
them. The mechanical effect will be so 
great as to perforate them with ease, 

Experi: 27.—Place a piece of loaf-sugar on the 
table, and bring the ends of the di ing rod in 
contact with it on its rm sides, The charge will 
pass through the sugar if the points be closely pressed 
on it, and it will be shivered into pieces. A beautiful 
phosphorescence will be noticed if the experiment be 
tried in the dark. A piece of dry wood, if similarly 
placed, may easily be broken to pieces. 

Experiment 28,—Cork tightly one end of a narrow 
glass tube, and insert a wire in the cork, so that its two 
ends may be respectively inside ond outside; and having 
filled the tube with distilled water, cork up the other 
end, with a wire also inserted in the cork, and let the 
two wires be se’ toa short distance in the tube 
from each other.* Place this on the table of the dis- 
charger, and bring the two rods in contact with the two 
wires of the tube. If a charge from the battery be now 
effected, the tube will be burst into pieces, owing partly 
to the mechanical expansion of the liquid, the effects 
of the heat genera and the ial decomposition 
which the water und We annex an engraving, 
which will assist the student in carrying out the experi- 
ment, (See Fig. 31). 


Fig. 31. 


being effected, the alum will become beautifully 
illuminated, and be broken to pieces. 

In the preceding experiments we have chiefly ob- 
served the mechanical and luminous effects of frictional 
electricity; we will, therefore, give some instances in 
which the calorific effects of the force are manifested. 

Kase ape oe’ 30.—Connect the two rods of the uni- 
v discharger by means of a very fine piece of steel 
wire, about six or eight inches in | and send the 
charge of the battery through it. The wire will be 
instantly melted, and will fall down in fine globules, 
Steel and other metallic wires may be thus melted. This 
result may be obtained by a single Leyden jar, if of 
about three pints capacity : the wire is to be attached 
to one knob of the common di , and so may be 
brought into contact with that of the inside of the jar ; 
the other knob of the discharger must rest against the 
outside of the Leyden jar. 

Experiment 31.—A_ gas-lamp, or newly-blown-out 
candle, may easily be ignited by means of the battery, 
The wre: i must have one knob in contact 
with one belonging to the jars of the battery, and the 
other knob is to be brought nearly into contact with the 
gas jet. A wire should stretch from the metal pipe to 
the outside of the ba’ z 

These experiments will be sufficient to illustrate some 
of the mechanical and other effects of a powerful elec- 
tric charge. We shall now proceed to put our remarks 
to a practical purpose, by referring to the use of 
lightning conductors in protecting buildings, chim- 
neys, sweples, masts, de. 


wi. 


ae oth 
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ATMOSPHERIC ELECTRICITY—LIGHTNING 
CONDUCTORS—THE ELECTRIC KITE, Ero. 


Tere are; perhaps, none of our readers who are not 
familiar with the destructive results which are occa- 
sioned by severe thunder-storms ; and we shall now enter 
into some examination of the phenomena of atmospheric 
electricity, and explain the inventions of various kinds 
which have been brought out for the purpose of averting 
the danger arising from an over-accumulation of elec- 
tricity in the air. 

Franklin was the first to discover that atmospheric 
and frictional electricity are identical in all respects. He 
was also the first “‘ to draw fire from the clouds ;” except 
we give that honour to Prometheus, whom some have 
considered to have been the earliest inventor of lightning 
conductors. Franklin, for the purpose of ascertaining 
ps 2 sags creel neg iar a A he mag neo aero ral 
havi osen, for urpose, a when a thun 
on wis expected. For some li time no success 
attended his experiment ; but when the string became 
wet, and so was a better conductor, he was enabled to 


as well for us to give a little advice on the subject, and 
so to diminish the chan 
in such attempts. 


A kite, from four to six feet long, oy BA eaneres 3 
and, at t' a sharp metal wire should project about 
two inches. is wire is to be connected with the long 


ing by which the kite is to be flown. This string 
have a fine copper wire twisted inside the ex- 
hemp, which is easily done; and, of course, 


ly improves its ons power. 
t care is to be observ in flying 
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perimenting with. It is well to have the rod on which 
string is wound made of copper, with a ring at each 


prove highly dangerous. Fatal accidents, indeed, have 
occurred from want of caution ; and we should not have 
given directions for carrying out the trial, except under 
the idea that some of our readers might resolve to 
attempt it for themselves, and, in the absence of proper 

recautions, might have sustained injury. We have 
eianetty adopted the plan we lates dentiitied; and 
therefore recommend it with confidence. It is, how- 
ever, advisable that no tyro should ever attempt to fly 
the kite under any circumstances. 

The most cdbbeiiodl electrical experiments of this 
kind, of modern times, are those which were conducted 
by Mr. Crosse, of Bromfield, near Taunton, who was a 
complete devotee to electrical science. This gentleman 
erected, on ground near his house, a large number of 
metallic rods, which were insulated at their lower end, 
and joined together by a rod, the terminal of which 
entered a room speciall for electrical experi- 
ments. Opposite to the terminal was placed a rod of 
metal, which, by sliding to and fro, could be fixed at 
any required distance from the rod communicating with 
the external conductors. By these means he was able 
to conduct a thunder-storm and its effects into a small 
space, and the results he obtained were of the most 
extraordinary character. During stormy or hazy wea- 
ther, brilliant flashes of light were observed between the 
conductors, accompanied with terrific crashes of sound, 
and violent reports. The entire effects were sometimes 
quite appalling, and cannot be conceived by any ‘one 
who has not seen them. 

Now, it is plain, from these experiments and results, 
that, by means of proper arrangements, electricity may 
be conducted (to use an ordinary phrase) from the 
clouds. But we must now be more philosophical in our 
remarks, and explain the phenomena of thunder-storms, 
&c., in accordance with the principles already laid down. 
In doing this, we shall materially assist the student in 
unde: ing the circumstances which attend the de- 
velopment of atmospheric electricity, by comparing the 
arrangement of the Leyden jar, or piece of flat-coated 
plate, with that of the clouds, air, and earth. We shall 
consider, therefore, that the air corresponds to the glass 
of the jar, the clouds to its inside, and the earth to its 


outside coating. Tigh tning Fig. 33, No. l. 
conductors we shall hold in a 

the light of a discharger, SSS 
such as is usually employe i Ne 


in our experiments. 
may be better understood 
the illustration which 
the annexed engraving af- 

fords. 

In Fig. 33, No. 1, we 
have a piece of window- 
b, coated at a and ¢ 
with tinfoil. Now, we have 
already shown, that if a or 
¢ be positively charged, the 
opposite will become nega- 


tively so by induction. Similarly, in No. 2, we shall 
suppose the clouds, a, to be charged positively 5 the 
air, b, which corresponds to the glass, b, in No. 1, to be 
intermediate between the clouds and the earth ; and the 
earth, c, by induction, will necessarily be in a negative 
state. 


In a former page,* we have stated, that when a jar is 
overcharged, it will generally bee a A itself ; and this 
is exactly what occurs in nature. e high charge of 
the clouds is spontaneously discharged to the earth ; and 
just as we have the spark and snap of the jar, so, in the 

scale in nature, we have the flash of lightning and 
the clap of thunder. It will thus be seen that the ana- 
logy is complete. ’ 

‘e may, however, go a step further, and remind our 
readers, that if a wire be stretched from a to c (No. 1) 
whilst the former is charged, the discharge takes place 
without any external manifestation. In the very same 
way if a tall metallic rod be raised from the ground, c, 

© See ante, p. 179. 


1 


UNDULATORY FORCES,—ELECTRICITY. 


[LIGHTNING CONDUCTORS. 


towards the clouds, a (No, 2), a sileut di at once 
takes place; and this is precisely the way in which light- 
ning conductors act. The common notion is, that light- 
ning conductors attract the lightning—an idea which is 
entirely erroneous. They simply form the readiest and 
most effectual means of pesboning the electric equilibrium 
of the earth and clouds, and only so far are they of any 
use or purpose, 

We briefly glance at some practical matters in 
connection with this subject, which may be useful to 
any of our readers desirous of putting our remarks into 
active use, 

The conductor should have its upper end pointed, for 
reasons previously explained.* Its lower end should be 
not Jess than from to four feet imbedded in the 
. earth, for the same reason that we connect the outside 
ofa posaty with a gas or water-pipe.t Copper, being a 
better uctor than iron, is to be preferred ; but gal- 
yanised iron answers very well. 

All the adjacent metallic objects, such as the leaden or 
zinc gg fo a wired pre poaenes an ae con- 
ductor, use they might possibly act in independence 
of it, and produce antagonistic results. The top of the 
rod should extend much beyond the highest part of the 
building, and should not be attached to the chimneys of 
private houses, because the fine soot they contain is, to 
some extent, a conductor. 

In many buildings, such as churches, the stones 
of the steeple, &c., are tied together by means of iron 
clamps. In the absence of a conductor, these produce 
the most serious results in a storm. The weathercock is 
first struck as the most prominent metallic object, and 
then every metallic tie in the building succeeds as a con- 
ductor. ese being at a distance from each other, do 
not permit of a continuity of conduction ; and the result 
generally is, that large stones are thrown down, and the 
edifice often destroyed. Under such circumstances, the 
building often is set on fire; and here we have an exact 
analogy to the experiment of igniting gunpowder. We 
stated ina previous page,t that the powder would be dis- 

if the wire were continuous, but would be ignited 
if a bad conductor, such as a wet string, were interposed. 
This is just the case with the stones of the building 
Their non-conducting character prevents the rapid re- 
storation of the electric equilibrium; and hen¢e the evo- 
lution of heat and light. : 

' Occasionally, comparatively bad conductors are struck 
by lightning, and then destruction is sure to follow. 
One of the most remarkable instances of this kind which 
we have met with, was that of a flag-staff, forty feet 
high oer on the roof of a large inn opposite to the 
City Prison, Holloway ; the destruction of which occurred 
during the early part of the summer of 1861. The staff 
was rent to pieces; but the course of the lightning was 
in a screw form, from the top to the bottom of the wood, 
every portion of which was divided into the finest 
splinters, so that it was impossible to touch any piece of 
it except with injury tothe hand. ‘This seemed to arise 
from the sudden expansion of the moisture in the fibres 
of the wood, which was good pine. When viewed by the 
microscope, it appeared like a bundle of fine hemp fibres 
Fig. 34. rather than solid wood. At 
C7 a the time of the occurrence, the 
entire house seemed filled with 
flame, but no further damage 
was effected. A strong sulphu- 
rous smell was noticed for some 

time an chan - . 
An experimental illustration 
if 6 b of the effect of non-conduc- 
tors, or of breaks in the conduc- 
tor, may be made by the ar- 
J rangement represented in the 

o annexed engraving. 

. In the cut, the same letters 
are used for each figure. a is 
No. 1. No.2. q brass knob for receiving the 
charge from a jar; } is a piece of dried wood, in the 
* See ante, p. 175. ¢ Ante, p. 179. $ Ante, p. 181. 


shape of the gable of a house; ¢ is a wire conducting to 
the earth; and d is a small square of wood, with il 
rons on it, and movable in the larger frame, Now, in 

0. 1, the conductor is continuous from a to ¢, and so the 

iece of wood, d, would not be disturbed by a charge. 

ut if a jar be di on No. 2, then the wood, d, 
will be rapidly ejected from its place, because the con- 
ducting course is broken by its position and that of the 
Hala ag a 

moderately good conductors, are often 
similarly injured ; but unless they are very dry, they 
are pone ggme oi ing, cloven into pieces. Tho 
rain whi y in a thunder-storm, improves 
the conducting power, and so renders them exceed- 
ingly dangerous as places of shelter for man or ani- 
Bae och i cireu: posmance coupe -Saiee our no- 
ce, years ago, a rp ae persons had 
taken shelter under a tree, which was subsequently struck 
with lightning. They were all prostrated and rendered 
insensible for a time, from which they soon recovered; 
Lert npg De ligeh miadien boots were com- 
pletely torn off, owing conducti wer of the 
nails in them, Tila in Angeber illnstobn of lee ae 
marks we have just made, in reference to the necessity of 
continuous conductors from the different metallic ar- 
rangements in buildings, 

Tt seems a tolerably well ascertained fact, that persons 
struck by lightning fatally, undergo rapid decomposition, 
The cause of this is by no means evident: it is sta’ 
however, in such instances, that the albumen of the bl 
does not coagulate, as is usual in ordi cases of death, 

When injury by lightning has taken place, it is well to 
treat the person in the same manner as would be adopted 
for drowning; the object being to restore, as speedily as 
possible, suspended animation. The latter is ca 
a cessation of the action of the h and consequent 
asphyxia. Occasionally the application of electricity may 
Suit on Retetlieg san toating being’ cecioeots souemtes 
and, on brea and fee recourse 
should at once be had to the warm bath, and subsequent 
i with very Rages spe 4 

ore quitting the subject of thunder-storms, we ma: 

make a few observations on the cause of the rolling acta 
of thunder. This is entirely owing to the echo produced 
by a tag Pigeon Mi noise cs the di 

wo ike that of the Leyden jar, single were it 
not for this cause. On a cloudy ae if the report pro- 
duced by the discharge of cannon be noticed, a p’ 
similar effect is prodpyed, and successive, instead of 
single sounds, are heard. 

Another atmospheric phenomenon, most commonly 
observed in the northern regions, is the aurora borealis, 
the cause of which we pri 5 to a di of electri- 
city in a highly sige: medium. We have 

iven an experiment illustrating its appearance in a 
cheno vanes and shall not artic ante into the 
subject here, as it more properly belongs to the depart- 
ment of meteorology. % 


PHYSIOLOGICAL the AND ANIMAL 
ELECTRICITY, 


Unper the above heading we shall include some of the 
physiological effects of electricity, together with a short 
account of fishes, which have the power of transmitting 
electric shocks from their bodies, We shall have 
extend considerably on this subject in our next chapter: 
we shall therefore here confine our remarks to those 
effects which are due to electricity excited by friction, 
or its analogues. : 
Physiological Effects. —If the knuckle be nted to 
the conductor of an electrical machine, a tingling sensation 
will be experienced as the spark passes. If, however, 
one hand be placed on the knob of a charged jar, whilst 
the other grasps its external Maret Te! po shock 
will be felt; which will possibly, if from a pint jar, ex- 
tend as far as the chest. This effect is produced’ by the 
sudden and powerful contraction of the muscles. Any 


2 See ante, p. 173; Fig. 6 
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number of persons may readily take a shock simultane- 
ously (if the jar be large enough), by joining hands, and 
by the last person at each end respectively touching, one 
the knob of the inside, and the other the outer coating 


of ac jar. A convenient way of doing this, is 
illustrated in the following engraving. 
Fig. 35, 
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the body a better conductor. Persons with a harsh, dry 
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i generally ; 
e all other novelties, it 
all the ills that flesh is 
heir to.” In the present day, the coil machine (which 
we shall describe in a future page) is chiefly employed 
for that purpose, because it is easily set into action, and 
the of the shock, which may be continued for 
length of time, is entirely under control. 

is no doubt that electricity, in animal bodies, is 
pd sag agent in sustaining life. The nerves and the 
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shall have to expand 
belongs to that of voltaic electricity. 
Electrical Fishes. —Some animals can set free from their 
bodies, spontaneously, a rt amount of electricity : 
to ? 


the gymnotus electricus, 
and the silurus electricus. 


*) other 


Each of these fishes has the power of giving an electric 
vou. 1. 


shock. The torpedo is a native of Europe; and its 
electric organs are placed in its body in a manner which 
is analogous to the arrangement of a Leyden jar; for the 
shock is obtained by placing one hand on the belly, and 
the other on the back of the fish, 
The gymnotus is a fish of the 
eel kind, and is chiefly found in 
i Taji of South America. 
t a very powerful effect on 
animale and can not only 
stun them, but even destroy 
life pide brag: One of these 
was ibited, some years ago, 
at the London Polytechnic. gi 
was about three feet long, and 
was kept in a circular tank of 
water. Two wires were laid 
inside ; and these extended to 4 
the outside of the tank, and 
cores in aro basins Pas water. 
e were dipped in 
the basins, a erful shock 
was experien about equal 
neil that Toya fully-char, 
-pint en jar. he 
of the shock varied, 
however, from day to day, ac- 
oxsins to the activity of the 


Fig. 36. 


ity of the body; dd, the ventral fin; 


3 5, the cavi' 
9 9, the electrical organ; and A A, the 


3; J J, the muscles of the fin: 


smaller organ. 


the -kin 


ee 


In the above, a represents the head 


CHEMICAL EFFECTS. 


Tue chemical effects produced by frictional electricity 
as to be scarce worth 
that they complete a chain of analogy 
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ted by bad conductors, such as the air 
; but has little or Be Sen or that which would 
a ‘ace or mass energetically. A 
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ered a better conductor by the addition of some 
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adopted for this end, is that of 
employing two gold wires, the extreme points of which 
are alone Sptaed ts the liquid. A continuous current from 
a large plate machine, the conductor of which is connected 
with one wire, may be used; the other gold wire is to 
be connected with the earth ; and so a continued current 
passes between the points of the wires, which should be 
near to each other. Minute bubbles of will be seen 
to rise, which are those of oxygen and hydrogen. The 
process is extremely slow, difficult of pursuit, and re- 
quires care in the entire arrangement. Minute quan- 
tities of metallic solutions, such as of sulphate of copper, 
have been decomposed by the action of the hydro- 
electric machine, which was evidenced by the deposition 
of metallic copper on one of the wires. Feeble, but 
decided evidence has been adduced, that the gymnotus 
electricus has the power of decomposing water—a result 
which, we believe, was first obtained by Dr, Faraday. 
This fact goes to prove the identity of the electricity 
obtained from the fish, with that produced by friction. 
2B 


$d 


186 ' UNDULATORY FORCES.—ELECTRICITY. [VOLTAIC BATTERIES, 
CHAPTER I. 
VOLTAIC ELECTRICITY 
Tr may, be no exsegrenon Sy, that scarcely | terms employed in science do not sufficiently indicate 
any branch experimental science has produced so | the meanmg and object they are intended to express ; 


a social revolution as that which we are about to 
in vestigate. — ~ short space of Sy ian or 
seventy years, that-which was, comparatively ing, 
a philosophic toy, has become the cement of nati 
social, and commercial relations. The simple experi- 
ment which, according to the generally received opinion, 
first gave birth to the idea that electricity could be set 
or chemical action, has ded to an extent far 
exceeding the most sanguine hopes of its discoverers, 
and has become, in its applications, a positive necessity 
of daily life. 

Most of the remarks and experiments we have given 
in connection with frictional electricity, have a decided 
boar on the subject with which we now have to deal. 
Indeed, we shall presume that the student and general 
reader has entirely mastered all the laws and _pheno- 
mena (so far as the present state of our knowledge will 

rmit) to which reference has already been made. 

ven the terms and expressions we have employed will 

have to be constantly repeated in our future pages, and, 

as such, they will form the groundwork of further 
, * * . x 


it is some- |. 


priority of d ry; 
pure love of science o 


place, many 

the theory of contact, 
idea of chemical 

of voltaic electricity. 
mere contact of two 
citing cause. Dr. Faraday, however, by a series of 
masterly researches, proved, that on such contact taking 
place, chemical action instantly ensued ; and, further, 
that electricity was evolved by chemical action in cir- 
cumstances where contact was impossible. We may add, 
that just in proportion to the chemical action in a 
voltaic battery, so the quantity of electricity set free is 
increased ; and, at the present time, we are not aware 
that any advocates of the contact theory are to be found. 
We shall at once proceed with our subject, and com- 
mence our experiments with voltaic batteries, 


VOLTAIC BATTERIES. 
[rv is an unfortunate circumstance, that many of the 


and hence the incessantly finds o! es to 
his progress, An amusing illustration of the ignorance 
of even well-educated persons, with respect to this point, 
came under our notice whilst effecting a fire insurance 


alpina, and was utterly rised to see fifty cells 


rove’s ‘‘batteries,” ‘ ” with acid and water, 
instead of the iel of warfare. 
A voltaic battery is a combination of each con- 
ig the materials requisite to the uction of 
electricity by chemical action ; and we now pro- 


ceed to examine such arrangements theoretically and 
practically. . ; 

7 Bdge of zine and a silver coin are placed on 
either side of the tongue, no sensation of any sort is 
experienced until they come in contact in some part : 
oe eee a peculiar ic taste is 


the arrow, ast return to the zinc plate ; 
abundance of hydrogen will be given off from the 
copper plate. If the wire be broken in any and 
its extremities be kept in contact with each plate, the 
tongue will feel the same sensation when in contact 
with the ends of the wire, as that which we have 
already alluded to; and thus the existence and 

of an electric current will be at once made evident to 
the senses. Each of the plates of the battery is 
named in accordance with the theories we have already 
discussed in the last chapter.* The zine plate is called 
the positive, and the copper the negative, element of 
the battery ; and we may here lay down, as a general 
rule, that that metal which is most acted upon in a 
voltaic batterv, is positive to the other metal. 

* See ante, p. 178. 
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There are several circumstances into which we shall 
here inquire, which modify, increase, or diminish the 
power of voltaic batteries. They may be shortly summed 
up as follows :— 

1. The extent and rapidity of chemical action. 

2 The size of the plates: 

peg hi sen = emierthegtes capall Sige, 
excitant ; of wire, &c., joining the plates, 


We have already mentioned, that there have been 
those who have strongly advocated the idea, that the 
production of electricity by the voltaic battery, is due 
to the contact of dissimilar metals. The causes of the 
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mixing acids, &c., with the water used as an excitant. 
Pure water has so little chemical action on zinc, and is 


only the most feeble 
disturbing electricity ; if a li 
acid be added thereto, the result fone rapid chemical 
be speedily induced. cond 
of a liqui othe Nee bon ova, nj cheg eraaer baroets 
that the two plates of a cell should be placed as near as 
ible to each other without touching. As an illustra- 
Toao8 thd: we tiny state, that twelve sets of copper and 
zinc plates, each at a distance of an inch from each 
other, do not afford a tenth so much effect as when 


os Bo sleoe ‘aha Mb in as close proximity as 
posible without touching. The addition of sulphuric, 


conductor in all voltaic batteries; and we suggest the 
use of flat ribbons of the metal im place of wire, as 
being more convenient where long conductors have to be 


A voltaic battery consists simply of a number of single 
cells joined together. The zinc of one cell is attached, 
by means of a wire, to the copper of the next; and so on, 
throughout the series. By this arrangement, one zinc 
and one copper, at the extreme ends of the battery, will 
be unconnected; and it is to these that the terminal 
wires, by means of which the experiments are carried 
on, are ai 

The intensity, or power of a battery to overcome 
resistance offered figs conductors, such as air and 
water, depends on number of cells employed. 

The quantity, or power to overcome the resistance of 
good conductors, such as metallic wires, in melting them, 

epends on the size of the plates. On the regulation of 
these two particulars in the construction of voltaic 
arrangements, their efficiency for all purposes is governed. 
It may be well that we should here give some general 
directions as to the management of voltaic batteries 
erally, before p ing to describe the various 
inds which have been invented. And first, the 
zine should always be amalgamated. This prevents 
the acid acting on the metal, except when the battery 
is in action; and it is easily performed. The zine 
plate should be dipped into some strong sulphuric 
acid and water, until abundance of gas arises from its 
surface. It may then be laid on a plate, and mercury is 
to be rubbed over it until the whole presents a highly 
, eserpha Sw apogee rg eae: Tf the metal be now 
ipped again into the acid water, no gas will arise from 
its surface, because the mercury has covered over a vast 
number of impurities, <a of iron, &e., which 
are in the zine, and which f little batteries on its 
surface. This process has been of the utmost importance 
in the application of voltaic batteries; and diminishes to 
a great extent their working cost, by economising the 


zine, 

Every junction of wires, binding-screws, &c., 
should be kept quite bright; and, wherever possible, 
soldering should be employed, as complete contact of all 
connecting arrangements is very essential We have 
seen batteries in a dirty condition which would scarcely 
melt an inch of wire ; mare with the same charge, they 
would melt five or six feet, all the connections were 
ey nee For this purpose common sand-paper 
should be used, or sand may be rubbed on to the metals, 
by means of a damp cloth, until they are quite polished. 
In winter-time the action of a battery will quite cease, 
if the weather be very cold. Of course, the only remedy 
is, to carry on the experiments in a warm room, or to 
heat the solutions before charging the battery. 

In using those batteries having porous cells and two 
re, Sa! (Daniell’s and Grove’s), great care should be 

en not to allow the two liquids to mix, as this would 
ruin the zinc: and the porous cells, when done with, 


should be completely emptied, and left to soak in water. 
oN calbe whish would cryetallice and 


so as to remove 
break them to pieces. 

It will occasionally happen, in large batteries, that the 
middle cells will get very hot, and the liquid will 
evaporate from them. This of course must be watched, 
and, if necessary, they must be refilled. The student 
should bear in mind, that the power of the battery is 
regulated by the action of the feeblest cell of the whole 
series. It is therefore essential that each should have 
the same charge, equal-sized plates, and that the con- 
nection should be perfect throughout. After using wires 
for voltaic experiments, they sometimes become com- 
pletely rotten, and break with the least touch. This is 
cmnadied by heating them red-hot, which at once softens 
them. : 


DIFFERENT FORMS OF VOLTAIC BATTERIES 


Havtve explained the construction and principles of an 
elementary battery, we now proceed to notice the various 
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rarely 
to notice would be their 
their inventors. 

The first we shall examine is the pile, which was 
the invention of the celebrated Volta. It is easil 
constructed by means of zinc and copper plates, of 
of which there should be about forty, of a size of two or 
four inches square. Forty pieces of woollen cloth or 
brown paper are required, which are to be soaked in 

salt and water, and left to drain. The pile is 

made by building up the series in the order of zinc, 

copper, cloth, and so on; a wire is attached to the last 

. 38. plate at each end ; and so the 

pile is completed. One of 

these is represented in the an- 

nexed engraving ; in which the 

letters or initials indicate the 

position of the metals and the 
sloth. (See Fig. 38). 

If the two wires, a b, be 
crossed, then a current of elec- 
tricity is at once produced; 
and if one of these points be 
scratched over a file, the other 
being in contact with it, bright 
little sparks are afforded. A 
shock will be ine - the a 
are moistened, and grasp the 
terminal wires. 

We need not say that such 
an arrangement is extremely inconvenient ; for it almost 
surely happens, that the first experiment determines the 
existence of the pile, by upsetting it altogether: if not, 
the salt drips from each cloth, and so makes a continuous 
conductor—destroying the power of the battery. Mr. 
Cruikshank improved on it by placing the plates, soldered 

ther, in a water-tight box, which was charged with 
acid and water; and a modification of this form of 
battery—the cells being filled with wet sand, pl cor 
spilling the liquid—is still employed by the telegraph 
companies at the present day. 

next form of battery which came into favour was 
that of Wollaston’s ; in which a lain trough, to hold 
the acid water, was employed; and the plates were 
screwed into a frame. The zine of one cell was con- 
nected with the copper of the next, by means of a copper 
band, and nuts and screws; and at each end of the 
frame a binding-screw was placed, which served to hold 

Fig. 39, the conducti 

_ wires, One o' 
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We have con- 
structed an ar- 
ment of a 
kind ; in 
which each plate 
was less than the 
twelfth of an inch 
from each other ; 
and forty of these 
will enable the 
student to try 
* mumerous = ex- 
iments at little cost. A wooden trough, pitched 
inside, and without divisions, will do to hold the acid. 
But to all these forms of batteries there is the fatal ob- 
jection, that the power diminishes from the moment the 
arrangement is put into action, This arises from a 
variety of causes, but chiefly from the adhesion of the 
hydrogen to the surface of the copper plate, which as 
ectually injures the conducting power as if it were 
varnished over. For =a! years electricians combated 
with the difficulty. Sir Humphry Davy’s brilliant dis- 
coveries were ail made with the instrument we last 


which, by their number of cells or the size of the plate, 

Eventually, Dr. Daniel, of King “Coleg mayer 
vent N , i ing’s 

Sasmeale that the adhering hydrogen may be readily 

removed by presenting the oxide of a metal, in a state of 

solution, to it ; and by the extension of this princi 

peat all the usual class experiments by 


sulphate of copper (blue vitriol) in the liquid, it wi 
found that the gas will cease to rise, a i 
pure copper will eager sc ay ag the metal plate. 
this is an instance of what is called secondary action, 
and may be thus explained. The sulphate of copper 
contains that metal in combination with oxygen; the 
hydrogen, wing from the zinc, seizes the oxygen, and 
forms water, and the metal being set free, 

a powder, or is deposited on the iron 
for the present, the action which takes place on the iron 
or zine, the following diagram illustrates 
which occur, 


Acid 

A Daniell’s battery is constructed on the above prin- 
ciples. It consists of an outer case of copper, a us 
earthenware pot, and a rod of zinc; and one of is 
represented in Fig. 40: in which C is Fig. 40, 
the outer copper vessel; D the porous = 
pot; Z the zinc ie on which eben gel 
ing-screw—one also, B, being to 
the copper sslindee, tthe zinc being ~ 
amalgamated, is placed in the porous pot, \_|p 
which is filled with a mixture of one 
part of sulphuric acid to eight of 
water. The copper vessel is filled with 
the same acid mixture, which, however, 
dee he, fk ee ee 
of copper ; of which are hung 
on a kind of tray, T, to replenish the 
solution with copper. If the binding- 
screws, Z and B are connected sogetbess i“ 
a current of electricity is generated ; 

Sheeigune Seel la veils ae try at 
@ copper v is with a me i 
which Shon copper, This continues as long ni 
battery is in action, and the strength of the copper 
solution is kept up. Any number of these cells be 
joined together by means of wires inserted Sa the enting, 
screws, eaenge tl one being connected to the zinc of 

the next, in the usual manner, throughout the series. 

ae ere many moans fe a ae of 
aes by and, for constancy 0’ action ve found it to 
Pp) 


ex any other. A common ipot, a sheet of 
copper with a wire soldered to 3 Prmede porous pot 
of brown paper, with a slip of zinc in the cen 
will answer very well for many experiments. In fact, 
twenty such cells will enable the student to perform 
many experiments on the small scale, and forms a cheap 
and effective little baitery. Dr. Daniell produced some 
most brilliant effects with seventy cells, each twenty-one 
inches high. Some years ago, we fitted up eighty flat 
cells, each exposing a copper surface of two square feet ; 
which, of course, was a much arrangement than 
that we have just named. The ght between charcoal 
sy and other effects, were of most astonishing 


In using Daniell’s battery, it is essential that none of 
the copper solution should get into the pot holding the 
zine; i it would immediately attack the metal, destroy 
its amalgamation, and lower the power of the battery, 


GROVE’S BATTERY. | 
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The accidental occurrence of this is common, and is the 
chief objection to the use of the arrangement. 

Grove’s Batrery.—The next arrangement to which 
palo salma Soy ally ie g ig eae 
essor jw is em) a presen 
time for lecture-table eoause it is the. most 
powerful of its yet discovered. The same 
oo gree eo its construction as in that of 

’s; but the | is removed by means of 


itric acid; and p instead of copper, is 


employed. There is a great advantage in the use of 
platina, because it is quite unacted on; and the further 
Fig. 41. 


the affinity of the two metals 
forming a emp ap iaasiale el 
noes Geasiee SAP LOSS the 
combination. 


The annexed 
illustrates a flat of a 


; porous pot with strong 
nitric acid. "et ner apg noha of electricity is thus 
generated, which lasts so long as any nitric acid re- 


flat cells four inches deep, 
three broad by two wide, with the usual-sized porous 
cells, will k in action for about an hour to an hour 


and a-half, care must be taken that the zinc 
is well amalgamated before use, as the nitrie acid soon 
attacks it. 

We a employ a strong solution of chloride of 
zine, in sulphuric acid and water. It dispenses 
with the necessity of ion, and never requires 
renewal, except in the of more water. It is 


in 
wader porsen ty aiding common zine to hydrochloric 
acid water; and many conveniences attend its em- 
ployment. 
The chief 


gallipots, two inches high, and as 

tobacco-pi The latter must 
ve the small hole at the lower end 
stopped w means aster of 
Pereaiiniee ind of stand made of 
the same material, to support the 
bowls. upri as seen in Fig. 42, 


goog cut from the sheet, or be u piece of 
copper soldered on the zinc ; it should 
and half‘an inch wide. (1.) The 
+ into the form of a cylinder (2), 

ip is so bent as to form a 


The zine, when bent into form No. 3, must be amal- 


gamated, 
Fig. 43. 


/ 
2 3 
Nh 

There must be soldered on to each of nineteen of the 
zines, a piece of platina, a quarter of an inch wide and 
two inches long. This is easily done by wetting the end 
of the copper strip with a little muriatic acid, and then 
dipping itinto a little soft solder melted ina . Some 
of the solder will adhere to the copper ; and by now holding 
it in the flame of the spirit-lamp, and placing the edge of 
the platina with it in the flame, the tin _ Fig. 44. 
will melt and the platina will pot and 
must be allowed tocool. The whole, when 
finished, will appear as in Fig. 44, 

By this easy all the connections 
are complete without binding-screws. To 
one zine, and to one platina (the first and 
twentieth of the series), a copper wire of No. 16 gauge, 
and thirty inches long, must be soldered. These will 
form the last plates of the series, from each of which 
the wires will serve to conduct the electricity. 

The next step is to put the battery together. First, 
fill each of the tobacco-bowls with strong nitri¢e acid, 
and place them in the centre of each gallipot. Take 
care not to spill the acid over into the outer pot, as that 
would s ly destroy the zines, Then place the zine 
cylinder, to which the wire is attached, in the first. pot; 
and, inthe prvnnd. ph another cylinder of zine, with 
its platina imme’ in the tobacco-pipe bowl of the 
first one, the platina of the third zine in the bowl of 
the second pot, and so on throughout the series. 

Having thus perenged that the platina of each zine 
shall dip into the bowl of the pot immediately preceding 
it, on arriving at the last the platina, with the 
wire attached, must be in its bowl, and the wires 
kept steady by driving into a board two nails, round 
which each of them should be twisted, but kept separate. 

The outside pots, containing the zines, should each 
now be filled with sulphuric acid and water, in the pro- 
portion of one of the former to eight of the latter by 
measure. The mixture should be cooled before being 

ed into the cells, 

A battery of this description will melt ten inches of 
thin iron wire ; will give a spark of an eighth of an inch 
long Seat Pye iy rae slescraDoen water rapidly, 
potass, soda, &c.; and, in short, will answer every - 

which the student can require it for. We iamn 
Sorenntis used such an arrangement for purposes of 
research, extending the number of cells to one hundred, 
from which some interesting results may be obtained. 

Several modifications of Mr. Grove’s battery have 
been proposed, the object having been to do away with 
the i Considerable misunderstanding seems to 
rest on this point. The first cost of ina is its only 
cost ; and if it be carefully dealt with, and pe beg 
heated red-hot, it will last almost any length of time. 
We may here observe, that we invarial heat the 
platina to a red heat before using it, so as to drive away 
a film of air which always rests on polished surfaces, 
and which wonderfully lessens the pews of the battery 
cegremesting Bie Semmmnocens te the acid to the platina 


ace, 
Bunsen’s carbon battery is exactly the same as Grove’s, 
with the exception that some form of charcoal is em- 
ployed in place of platina. The plate may be cut out of 
the carbon which forms the inside lining of gas-retorts, 
or may be made by pounding coke and making it into 
a paste, with sugar, &c,, and prentag it into a mould 
to obtain the pr shape. e mass is aflerwards 
heated to a red heat, and allowed to cool gradually. 
Iron, especially in the cast state, has the singular 
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power of ming passive—that is, of resisting the | connecting the zinc of one cell with the silver plate of 
action of nitric acid It may, therefore, sometimes be | the succeeding one. Asa Fig. 46, = 


used in place of platina; and we believe it was first 

roposed for this purpose by Dr. Callan, of Dublin. 
There are, however, several inconveniences attending its 
employment with nitric acid. So long as the acid re- 


ee 
uced in the iron cell, an 


poem 
possible to) come near the battery. 

After all the modifications proposed, no arrangement 
equals Grove’s platina battery, in any respect, where 
great power is required in a small space. 

» We noticed some very singular results, on mio 
a ey of copper instead o} ss in the nitric aci 
cell of a Grove’s battery. e heating effects were 
quite equal to those of the platina arrangement ; but, 
as might have been expected, a most violent action took 
place on the copper surface ; still it maintained a nega- 
tive state, in respect to the zine, when tested with a gal- 
vanometer, and afforded a strong current for a con- 
siderable period. When the nitric acid was saturated 
with the metal, of course a kind of Daniell’s battery was 
gery The point which we chiefly noti was the 
‘act, that the metal most powerfully acted on still retained 
its negative character, and the action was neither modi- 
fied or suspended when the zinc and copper were joined 
by means of a _ ; 

In using a Grove’s battery, it is of great importance 
that the plating surface should be perfectly clean. We 
have already noticed, that the film of air which always 
coats polished surfaces, frequently prevents the contact 
between the acid and the metal. any persons use a 
charge in the porous parts of equal measures of sulphuric 
and nitric acid. This, although increasing the power 
temporari iy, does not permit of so great constancy in the 
action of the battery, owing to the diminished quality of 
nitric acid.—The mixture must be cooled before charging 
the cells. Mixtures of nitrate of soda and common 
nitre (nitrate of potash), with sulphuric acid, have been 
recommended in place of nitric acid; but they have the 
fatal objection of forming crystallised salts, which speedily 
disintegrate the porous cells. 

The next form of to which we shall direct 
attention, is that invented by Mr. Smee; which has 
long been used for a great variety of purposes, It 
has no greater intensity than the old form of battery; 
but it affords great quantity, requires but one fluid, 
and is the most manageable of any kind. It consists 
of two plates of zinc, connected together by means 
of a binding-screw; between which is placed a plate 
of silver, previously coated with platina in the form 
of a fine black powder, by immersing it in a chloride 
solution of that metal. The extremely fine points 
thus formed on the silver surface, throw off rapidl 
the hydrogen, whic 
otherwise would adhere 
to the negative metal. 
The battery is 
with sulphuric acid and 
water, in variable pro- 
portions, according to the 

wer required. This 


‘orm of battery is perhaps 
the most suitable for 
electrot xperiments, 
especially for inners ; 


because, if the zincs are 
well amalgamated, the 


battery requiresno further 
nara, sttansion beyond an occa- 
sional renewal of the acid and water. A single cell is 


represented in the above engraving. 
A number of Smee’s batteries may be connected 


together, and they so form an efficient arrangement 
for various experiments. The mode of doing this is 
illustrated in the following cut; in which a b represent 
the end-wires of the battery; and ¢ ¢ copper bands, | 


guide to any of our readers 
who may desire to know 
the relative power of this 
and other arrangements, 
we may observe, that 
twenty cells of Smee’s 
battery, each plate being 
four inches square, give 

the same heating, chemical, and luminous effects as a 
Grove’s ba‘ of four oF with each platina four 
inches long and two inches wide, In each instance our 
measurement refers to the actually immersed surfaces in 
the exciting fluid. 

The following results of experiments we have made 
with various batteries, may pe generally interesting. 

Ist. Discarding all the old forms of battery, we fitted 
up, amongst many other ents, forty-eight cells 
of Grove’s flat-cell battery, cell containing sixteen 
square inches of active platina surface. This battery 
gave an arch of light between charcoal points of the 
le te “ag two inches, and nearly three-eighths of an 
in c 

2nd. Seventy-two cells of Daniell’s battery in flat cells. 
Each copper exposed a surface of two square feet, and 
was distant from the zinc about an inch on each side 
From this we obtained a splendid light of about an inch 
and a quarter long, and three-quarters of an inch thick. 

3rd. Twenty of Grove’s battery, with platinas in 
a central porous pot, surrounded by zinc. The platinas 
were fourteen inches long, and two inches wide. This 
battery gave a light of about three-eighths of an inch 
wide, and half an inch long ; and made a piece of platina 
foil, of the same thickness as that used in the cells—one 
inch wide, and sixteen inches long—red-hot through its 
entire extent. 

4th. Fifty cells of Bunsen’s carbon battery. The 
carbons were one inch and a-half wide, and six inches 
long. This gave a flame half ap inch long, and an eighth 
of an inch wide. 

5th. Fifty cells of Grove’s round pots, of the same 
size as the last, and arranged in a similar manner, but 
with platina instead of afforded, for nearly six 
hours, a light of one inch in length, and rather thicker 
than the last. 

6th, One hundred cells of Grove’s battery, of the same 
as ok nth have ee a lektt as to Mpa: Bere 
pipe bowls, &c., gave a light an inch and a- 7 
and about as thick as an ordinary bell-wire. The shook 
from the battery was very severe. 

Mr. Gassiot, of Clapham, obtained an arch of light 
three inches long, by using a battery of 100 cells, of the 
same size as those mentioned in No. 1, above. 

In all these experiments, tlie effect on the and 
face was very severe. The battery No. 2 produced a 
shadow at nine o’clock in the morning, when a piece of 
stick was held in the direct rays of the sun, shining 
clearly ; and the experiment was tried about the early 
part of May, 1849. 

There have been a vast variety of modifications pro- 
posed of the different forms of battery we have described ; 
one of the latest being the use of cast-iron, in place of 
the copper of the old form of battery. We had twenty 
of these fitted up; the cast-iron being in the form of a 
fiat cell, six inches high, four inches broad, and half an 
inch wide. Into a slip of ted zine was 
placed, which was covered with brown paper to prevent 
contact with the iron; and the iron of one cell was con- 
nected, by copper strips, with the zinc of the next in the 
usual manner. The charge we used was very ‘ec 
namely, one of sulphuric acid to two of water. 
quantity of electricity produced was sufficient to render 
a piece of No. 16 gauge copper wire, six inches .} 
quite red-hot; but the intolerable stench of sulph 
hydrogen given off from the battery, compelled each 
present at the experiment to beat a rues Beaty The 
intensity, or chemical effects, were exceedingly feeble. 

* See ante, p. 189, 
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In all the batteries we have described, the effects pro- 
duced have resulted from the decomposition of water. 
Professor Grove, however, has constructed a gas battery, 
in which the combination of . with hydrogen, and 
) i -water, is sufficient to 
glee ind ag 
in which each glass contains two tubes, one ith 


one glass tube is thereby connected to the hydrogen of 
the next, and so on. A wire is brought from the two 
end-tubes of the series, by means of which the current of 
aga ee guided to any desired place. The tubes are 
filled with the gases, in the same i by bulk, as 
are required to form water; and during the action of 
the ba’ , they diminish their conversion into 
water. e liqui 


ordinary effects of tlie voltaic are readily ob- 
tained. Fig. 47 represents one of singular ar- 
a Fig. 47 


as] = = — , 
Having thus described the leading forms of voltaic 
tteries, we shall pass on to examine the various effects 
which may be produced by them. 


THE LUMINOUS EFFECTS OF VOLTAIO 
BATTERIES, 
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In the whole range of experimental science, we can find 
Serertal aise battery “ee will be Later dig 

taic . It necessary to have 
least twenty of either Daniell’s, or forty of Smee’s 
to repeat the experiments we shall 
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and other of these arrange- 
In Fig. 48, a is the table of apparatus; b b, 
t 


See ante, p, 182; Fig. 30. 


the two uprights; ¢¢ the crayon-holders; d d the char- 
coal, or other points; e the are of light; z the wire 
from the zinc; and p, the wire from the platina of the 
battery. With such an instrument, the following ex- 
periments may be tried. 

i 34,—Insert in each crayon-holder a piece 
of pointed boxwood charcoal, or of the hard carbon 
formed inside gas-retorts; and having attached the wires 
of the battery to the crayon-holders, bring the two 
charcoal points into contact. They will immediately 
become red-hot; and if they be separated for a short 
distance, a brilliant are of flame will extend between the 
pare This light, which, par excellence, is called the 

ectric Light, far exceeds, in intensity, any other kind of 
artificial light we can obtain. It is not due to com- 
bustion, for it will take equally well beneath the 
surface of water, or even in the vacuum of an air-pump. 
It is due to the fact that fine particles of carbon are 
transferred rapidly from one pole to the other. This is 
easily noticed when a powerful battery is employed; for 
one point gradually increases in size, whilst the other 
becomes perforated with holes. 

We have already given some account of the effects to 
be obtained by using powerful batteries, at a previous 
page it but we may remark, that a light produced 

y fifty cells of a Grove’s battery, with platinas four 

inches long and two wide, is equal to about 1,000 
wax candles, of six to the pound, all burning at the 
same time. 

The objections to the use of this light, are its great 
unsteadiness, and the intensely black shadow which it 
casts. The latter difficulty cannot be overcome; and 
every attempt has been made to compensate for the 
i ity and intermittence which occ by the con- 
struction of electric lamps, some of wile late already 
been illustrated in our chapter on artificial ilumination.§ 
We have tried some of the best lamps yet constructed by 
the most celebrated makers, and others which we have 
had made ourselves ; and we cannot but unhesitatingly 
observe, that they are all failures in every respect. The 
objection of ex is of no great force, because the 
intensity of the light is so 

The application of the electric light to lighthouse 
purposes, however, been highly successful ; and for 
many months, the South Foreland shone brilliantly with 
the light produced by the magneto-electric machine, 
which we shall describe under the head of Electro- 

i At the present time, some parts of Paris 
are thus lit, and the effect is stated to be very fine. The 
electric light seems to have what we may call a space- 
es wate power, and it can accordingly be seen 

er in a tome any other kind of artificial light ; 

its value for lighthouses, on this d alone, is there- 

fore very great. The colour of the electric light varies 

ne to the mice used jo se between which 

are of flame is produced, as the following experiments 
will illustrate. 

Experiment 35.—Remove the charcoal points, and in 
their place insert two of zinc. On bringing these into 
con and again ting them, a most beautiful 
effect is produced. vivid blue flame, tinged with 
ruby red, is afforded, and the zine becomes oxidised, 

ucing, in abundance, a flocky-white powder, which 
been called ‘‘ philosophers’ wool.” 

7 afer 36.—Use two points of thick copper wire: 
a rich green-coloured light is produced, which has a 
singular optical effect on all surrounding objects, giving 
them a deep-green tint. The face of the experimenter 
presents a most p eryray appearance, which has often a 
most ludicrous efiect on an audience, at the lecture-table. 
Silver affords a rich green colour, of a darker hue than 
that of copper. 

Experiment 37.—Fix two pieces of stout iron wire in 
the crayon-holders, and bring their points ether, 
taking care that they do not fuse, and so me 
solidly united. On separating them, a splendid are of 
flame will be produced, and the iron will burn with the 
most brilliant coruscations. Steel affords a still finer 

+ See ante, p. 190. 2 See ante, p. 136. 
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will sometimes rise from the metal to 

a height of several feet. 
BE. 38.—Pour some mercury into a wine or 
and insert one see See 
Introduce the other wire of the battery, and then wit 
draw it to a distance of a quarter of an inch from the 
mereury surface, A very brilliant flame will be produced, 
of a bluish-green colour; and the mercury will burn 
rapidly away, affording dense fumes, which should be 

carefully avoided. 


A modification of this experiment has been applied by 
Mr. Way in constructing an apparatus, by means of 
which he obtains a tolerably continuous electric light. 
‘Two surfaces of mercury, or one of platina and mercury, 
and the fiuid nature of the latter metal 


a, and if a powerful battery be employed, 
ers of 


39.— 


X as in the last experiment; 
but introduce a steel wire, 


or watch-spring, in place of 


the copper wire of the battery, and withdraw it a short 
distance from the mercury. A splendid combustion 
Fig. 49, 


will ensue, and the sparks of 
melted steel will be driven 
about in all directions, afford- 
ing one of the most beautiful 
experiments with which we 
are acquainted. Great care 
should be “puesrvee — pe = 
periment, particles of the 
melted metal enter the eyes— 
an occurrence which may take 
place, and which might be a 
source of injury. he an- 
nexed engraving illustrates 
the mode of carrying out this 
beautiful experiment. 
Experiment 40. — Another 
plan of burning steel, is that of holding one of the 
wires of the battery in contact with a piece of coke, 
whilst a file or knife, to which is attached the other 
wire of the battery, ~ -o into contact with it, and 
then from it. e combustion is often so 


few only of the metals, the rest afford very beautiful 
results. 

Some of the experiments we have named may be 
easily tried under water, by introducing one of the wires 
into a vessel full of that liquid, and containing some 

at the lower in which one wire should 
rest. e other wire is to be dipped into the water, 
and then into the mercury, and to be withdrawn, as in 
Spatadsaldaliqnidyiad:thoaiugubcsaypenranetat 
e liqui appearance 0: 
Esperiment A. wal bres rah steel fi 

i —Fill a basin with iron or lings, 

and dip one of the wires of the battery into them. 
Then introduce the other er" ee stir it about rough] 
heated, 


ced. 
= rey eee 
harge is v t, as may be shown by introducing 
Yl kdateeaabe danstel-gulsteceestee 


most interesting of the luminous effects of voltaic elec- 
tricity, If conducted with a battery of great power, we 


(CALORIFIC EFFECTS. 
should warn the reader that the intense light uced 
is very injurious to the eyes, Indeed, the some- 


times Se when ie berth rere mo ensues, 
Green es, or spectacles, shou wa. emp © 
whilst conducting these experiments. “i a 
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Havino investigated the luminous effects which may be 
obtained from voltaic battery, we shall now proceed 
to describe the heating effects which re A produced 
from thé same source ; and shall presume that a battery. 
similar to that we have already described,* or one of 
pe! size, will be employed. 

t will be that the thick wires which con’ 
the electricity from the battery, are not easily 
except at the points, after they have been in contact. 
This is because they are sufficient] to carry the 
current without affording any considerable resistance to 
its passage. If, however; these wires are joined together 
by means of a thin iron wire which is too smal] to 
the current, and which accordingly affords 
sistance to its , then a large amount of 
be set free, and the wire will either be greatly 
or if the battery be very powerful, the heat 
sufficient to melt even a platina wire. The a 
wire heated by any battery depends on the num 
cells ; whilst the thickness of the wire which may 
melted, depends on the size of the plates. 
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Different metallic wires, of the same thickness, vary 
in their power of ing a voltaic current, Copper, as 
the best conductor, is most difficult to melt; and - 


iron or platina, which are much inferior in their con- 
ducting power, are very readily heated by the voltaic 
current, and hence are most suitable for illustrating 
these effects. 

The relative condu power of wires of different 
metals, or of different thicknesses, may be conveniently 
illustrated by making a chain of them. Thus, a chain 
of silver or copper wire, with links of iron wire, will, 
when made to form part of the conducting course of a 
powerful at the ne of an alterna- 
tion of cold and red-hot wires. the thick wires may 
be nailed to the edge of a table, and each joined by 


Fig. 50. 


pleasing. The heat thus generated may be made to boil 
water. The fine wire should be coiled into a screw-like 
form ; and after being attached to the large conducting 
wires of the battery, it may 
be introduced into a g! 
of water. After a short 
time, the liquid will com- 
mence to boil, and will soon 
be evaporated off. The best 
mode of carrying out the 
experiment is illustrated in 
ee annexed en, ra ee 

‘cperiment 43.—The elec- 

tricity of a powerful battery 
may be conveyed to any dis- 
tance by means of properly 
insulated wires ; and for this 

urpose, — answers 
cidinke. e _ heating 
powers of the voltaic bat- a : 
tery have thus been applied > 
for blasting, military, engineering, and numerous other 
purposes; and we shall suggest an experiment which 
will illustrate the plans usually adopted in applying 
electricity in this manner. 

* See ante, p. 189. 
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Experiment 44.—A cartridge, closed at one end, and 
well rg over, to render it water-tight, is tu be filled 
+ 52, with gunpowder, and into it may be 

fitted a cork, through which two thick 
copper wires have been passed, their 
inner ends being joined together by a 
fine iron or platina wire, as represented 
in Fig. 52. The iron wire thus rests in 
contact with the powder. The conduct- 

wires are attached to the coarse 
wires of the cork, and their other ends 
are laid near the battery. The cartridge 
is then to be sunk into a pail of water, 
‘or a pond, and one of the wires may 
be connected with one end of the bat- 
tery. On the other wire being brought 
into contact with the battery, the cur- 
rent at once passes; the fine wire in 
the gunpowder becomes ignited, and an 
explosion at once ensues. The mode of carrying out 
this experiment is illustrated in the following engrav- 
ing; in which each part of the arrangement is fully 

wn. . 


ing the Russian war, “infernal mach‘nes,” of two 
the Russians. One kind of 


wires two long conducting wires extended to the shore, 
the ends being placed in close proximity to a voltaic 


any vessel; and when the 


For engineering and mining purposes, in which every 
arrangement can be made as complete as possible before- 
hand, and not necessarily exposed to any chance of 
disarrangement, this plan of igniting gunpowder for 

VOL, I. 


blasting, &c., is of the utmost value. Any amount of 
powder may be discharged simultaneously. There is no 
risk of the explosion occurring before proper precautions 
have been taken, because the whole arrangement is 
subject to the will of the superintendent. The instant 
the command to “fire” has been given, the effect takes 
place ; and hence no accident need occur. 

As an instance of such an application of voltaic electri- 
city, we may mention the removal of many thousands of 
tons of chalk from the cliffs of Dover, during the 
formation of the South-Coast line of railway. Chambers 
were made in various parts of the rock, and these were 
filled with powder. Each was connected, by means 
of wires, with the large battery placed at a considerable 
distance from the charge : when connexion was made with 
the battery, the explosion instantly took place. : 

Colonel Pasley first proposed to apply voltaic electri- 
city for the purpose of blowing up sunken vessels; and 
this plan has been most successfully adopted in many 
cases. It is much to be regretted that our miners adopt 
hichiyy dane uncertain reg age common fuse, which is 

i angerous, and is uent cause of loss of 
life. of speaking, nothin is more difficult than 
the introduction of any new invention; and just in 
proportion to its value, so the prejudice against it 
increases. We once met with an old miner, whose chief 
objection to the use of voltaic electricity, for blasting 

urposes, was its great safety; for he argued, that a 
iminished risk would tend to lower the wages of the 
men. 

A very oe application of voltaic electricity has 
been made by Mr. are optician, and philosophical 
instrument-maker, of inburgh, for the purpose of 
lighting chandeliers, and other arrangements which 
are inaccessible by ladders. e arranges over each 
burner two main conducting wires, connected by means 
of a fine platina wire. On the ignition of the latter b 
the voltaic battery, the gas is simultaneously lit in wif 
burner; and by means of an electro-magnet, the platina 
wire is instantly removed from the flame when the 
latter is produced. is, of course, prevents the de- 
struction of the platina by the impurities which coal 
gas always contains. The experiment may be easily 
— by means of a single -burner: indeed, a 

w candle may be readily ignited by a wire heated 
white-hot by means of the voltaic battery 
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As this subject will be fully dealt with under the head 
of Electrotyping, we shall confine our remarks to the 
pure philosophy of the question; and so prepare our 
readers to enter into those details which the applications 
of any branch of science always afford. 

We have already stated, that a voltaic battery, or 
the single cell, depends for its action on thw fact that 
chemical decomposition takes place in some port of the 

ment; and to this is due the evolution of free 
electricity.. If the terminals of a single pair of plates, 
or of one cell of any form of the voltaic battery, be 
immersed in a solution of any salt, the acid always 
passes to one side, and the to the other; and 
this is so universally the case, that definite laws, of 
what has been termed electro-chemical decomposition, 
have been discovered, which govern every case. in 
as chemical changes take place in the presence of 

city. 

Tho sinolost instance of the chemical effects of a 
voltaic battery to which we can refer, is that of the de- 
composition of water, which is a type of all electro- 
chemical changes. For the purpose of trying the fol- 
lowing experiments, four cells of Grove’s battery, or ten 
of Daniell’s or Smee’s, will be required; and presuming 
that the student has supplied himself with any of these 
arrangements, we shall proceed to investigate some in- 
teresting phenomena. The wires proceeding from the 
battery should be connected with a piece of platina foil; 
because, as that is unacted on by most of he substances 
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ly is repre- 
an instrument, 
which when 


reuni 
collecting the gases 
in the following figure. By su 
the two 


be readily 
examined. e left-hand 
tube, in Fig. 54, issupposed 
to be recei o gas ; 
and that on t hand 
is being filled with hy- 
the other consti- 
tuent of pure water. By 
bulk, one of oxygen to two 
of h n is given off; 
but, by weight, one pound 
of h to eight 
pounds of oxygen are re- 
quired to produce nine 
of water. 

If the (oxygen) re- 
ceived in the left-hand tube 
be tested, it will be seen 
that the combustion of a 
taper or match is rapidly 
increased by it. On the contrary, the gas (hydrogen) 
received in the right-hand tube, will not support com- 
bustion ; and, indeed, it will at once catch fire if a light 
be ted to it. 

t is found, that these gases, evolved during the de- 
composition of water by electricity, always present 
themselves in the same part of the instrument. For 
instance, hydrogen is invariably found at that terminal 
or pole (as it is frequently se which ends the wire 
proceeding from the zinc end of the battery; whilst 
oxygen is always noticed as ing from that 

i or pole, which is connected with the platina, 
or copper plate of the battery. It hence follows, that 
that pole which proceeds from, or ends the positive 
plate of a battery, is negative to that which terminates 
or proceeds from the negative plate of the battery itself. 
Mary tag ng) coven pestis, a AH oes a 
battery, is mg in any solution un ing decom- 

ition. e may any state, that the or 
Sicasteahe of a battery, when immersed in any solution 
decomposition, have m5 electrical states 
of the battery from w ch they proceed ; and 
from tite laws of induction, already explained 
in a previous page. 
poles, or terminals, have had other names 
ied to them. . Faraday has the term 
Greek ‘ odos,” a way; and the 
or that terminating the wire from the zinc 
has been the ‘zincode,” or 
from, and ending the 


| 
s¥ 


the copper pole to that of zinc—a question on which 
we have already made some remarks in our earlier pages. t 

The — which occur, both electri and che- 
mically, may be represented ab in the following di — 
No, 1 on oH oH - 

No. 2 ° nO HO H 

In No. 1, we observe the constitution of pure water 

* Bee ante, p. 178, ef seq. t See ante, p. 169, 
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represented as a combination of oxygen & with hy- 
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water, 


and may then be eeame he * means of some seali 
to a piece of wood, which will serve as a stand. Fi 
ment we have described. 


into contact with D D, the water 
Fig. 55. 


2 
gk 


breed p to ree in tats B a oe aie: 
pokey edi et LY D, 
‘oil, on which the wires of the are to be p 
by which the electricity enters and leaves the water. 

inside the glass will be decom ; and if the bent tube 
be dipped beneath the water in a pneumatic trough, the 
ie ag Batelco ged vessel, after the usual 
manner. en the tube is filled with gas, apply a light, 
and an explosion will at once take place, water wi 
be tke phil hical makers sell 

i ical instrument-makers an arrange- 
ment of a similar, but more complete kind : the studen’ 
however, who has to consult economy, will find tha‘ 
which we have described to answer every purpose. 
Some patents have been taken out, the object of which 
has been to apply the mixed gases thus obtained to 
illuminating purposes. The mixed gases may be pro- 
duced at the rate of 200 cubic inches per minute, by 
means of a Grove’s battery of five cells, each platina ex- 


posing one hundred square inches of active surface ; and 
if the so afforded are through a Hemmi 
safety-jet, and their flame be thrown on a cylinder oj 


ordinary lime or Drummond light will be 
produced. We have frequently tried See ae 
this kind; but much prefer the ordinary mode of 
ducing oxygen and hydrogen, and burning them 
gasometers or gas-bags. Independent of any other con- 
sideration, the expense of the voltaic battery is a serious 
item, in a commercial point of view, in this application. 
If two pieces of platina, attached to each end of the 
battery, be immersed in a solution of any neutral salt, 
chemical decomposition at once ensues, and the acid 
and the base are separated from each other, An 
ordinary tumbler, or any other glass vessel, may be em- 
ployed. It should be divided by means of a stout 
ecard, as shown in Fig. 56; in which the two platina 
oy eo BS ee OO Se battery, are 
represen: 
Eeperiment 45.—A solution of common salt in water, 
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coloured by a little litmus, may be used. The chlorine, 
Fig. 56, 


set free by the voltaic cur- 
rent, will bleach that side 
of the liquid in which the 
wire from the platina of 
the battery is immersed, 
whilst the other side will 
retain its blue appearance. 

Experiment 46.—Employ 
a solution of sulphate of 
soda, also coloured with 
litmus. The salt will be 
decomposed ; the side in 
which the wire from the 
i - zine is immersed, will re- 

= ‘tain a blue colour; whilst 
that containing the other pole, will present a red ap- 
ccc erm omati sulphuric acid acting on the 
itmus. 

i 47.—Dissolve some iodide of potassium in 
water, and add a little arrowroot (nearly pure starch). 
On inserting the two poles of the battery, the iodide will 
be decomposed, and one side of the liquid will turn 
odes deep-blue colour, owing to the liberation of free 

ine. 

The above are instances of chemical decomposition 
effected i sence of the current of electricity passing 
through liquid; and we may here remark that 
liquidity is essential for such changes. We shall, 
perhaps, draw too ly on the chemical knowledge of 
some of our readers, if we state, that a direct connection 
exists between the equivalents of the metal dissolved in 
= ba , with the amount of the elements set free in 

glass decomposing-vessel. What we mean is simp] 

this—for every thirty-two grains of zinc dissolved in ns 
cell of a battery arrangement, one grain of hydrogen, 
and eight grains of , are set free during the 
decomposition of water. five battery cells are used, 
then five times as much zinc is consumed during the 
evolution of one grain of hydrogen and eight of oxygen ; 

i f 


quantity of electricity which is set free, 

There are other modes of ascertaining the of 
a voltaic current; and although such would be better 
described under the head of Electro- we may 
just state, that the galvanometer, by the deflection of a 
magnetic needle, when a current of voltaic electricity 
passes over it, is often employed as a test of the presence, 
and also as a measure of the amount, of electricity 
passing over its wires. One of these instruments is 
represented in the following engraving. 


Two wires may be observed on the left-hand of the 
out: these convey the electricity from the battery, A 
coil of fine covered wire is wound repeatedly over, but 


not touching, a metic needle ; and just in proportion 
as the quantity of electricity in the current is great, so 
the needle is deflected from zero, or 0°. This deflection 
rarely exceeds 70°, even when a powerful battery is em- 
ployed. But neither this instrument or the decom- 
posing apparatus five any measurement of the intensity 
of the current. i heaps ip ap Doren See 
length of some bad conductor, such as pure water, between 
one of the wires and the galvanometer, or the decom- 
posing apparatus. The latter has been somewhat 
ambiguously termed, by way of distinction, a voltameter. 

The secondary results of voltaic action in the decom- 
position of metallic solutions, is so elaborately and prac- 
tically dealt with in the next chapter, by Mr. Gore, of 
Birmingham, that we shall not enter into any explana- 
tion of the subject. Our readers will have the opportu- 
nity of studying the theory and practice of te 
typing, plating, and gilding, in all their details. We 
have been com to make some alterations in the 
original paper, because we have already explained many 

ints in our previous All essential ma‘ 

wever, have been retained ; and we have made se 

additions on processes which late discoveries and in- 
pena have rey meee ublic notice. eRe 

the early t) is century, Sir Humphry 

created a Bah sensation in scientifi¢ circles, by 
the publication of his researches in electro-chemistry. 
He found that, on ens the two poles of a voltaic 
battery into contact wi i na of potash, that sub- 
stance was decomposed, a metal was liberated 
which he called potassium. He extended his investi- 
gations, and eventually obtained sodium, barium, and 
other metals by a similar process, The student may 
_try the following experiments, which will illustrate this 
interesting discovery. 

Experiment 48.—Place a small piece of eee 
on some platina foil, which must be connected with one 
pole of the battery; and bring the other pole, which 
should be a piece of platina wire, into contact with the 

Chemical decomposition will soon take peas 
ydrogen will be given off, and potassium will set 
free. If a little mercury be used instead of the platina 
foil, an of that metal with the potassium will 
be produced ; and a little of this, if placed in cold water, 
will show the presence of potassium by the production 
of hy gas, through the metal decomposing the 
water, and seizing its axygen to form potass.—A similar 
experiment may rformed with when the metal. 
iedians wile 1 ueed. If the air be very dry, the 
potass should be breathed on, so as to make it a con- 
ductor by the moisture which it absorbs, as, in the dry 
state, its power of conduction is very slight. 

By these experiments, it is shown, that potass, soda, 
&c., are oxides of metals, similar in constitution to the 
rust of iron, red lead, &c. At first these results were 
chiefly of interest to philosophers only; but during the 
last few years, the cheap production of sodium has led 
to that of aluminium, a metal obtained from common 
clay, which has now come into extensive use for a great 
variety of purposes, Our readers will not fail to ob- 
serve how valuable are those philosophical researches 
ae at first seem 2 have no preie) result, Mew 
which, by patience and skill, may even’ 'y turn ou 
be of the utmost tamed nf social benefit. 

Electricity, it is believed, has a great influence in pro- 
ducing many of those valuable gems which adorn jewel- 
lery ; and many attempts have been made to arate the 
diamond, &c., by electro-chemical means, It has been as- 

ined that a current of free electricity always exists in 
mines from which metals are obtained, This, however, may 
be caused by the chemical changes which air and moisture 
always produce on metals and their oxides. Mr. Crosse 
and others have succeeded in producing minute crystals 
of some minerals, by long-continued, intense voltaic 
currents; and for this purpose small quantity is re- 
quired, Indeed, a battery composed of small plates in 
large numbers, charged with common water, is as 


effective as any of the powerful arrangements to which 
we have already alluded. Such an arrangement is 
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termed a water battery; and, for the purposes we have 
named, its two poles, which should be platina wires, are 
to be immersed in a mineral solution. As natural pro- 
cesses are always slow, so the results of the action of 
the electric current, in these cases, must be greatly pro- 
A microscope is often required to detect the 
formation of crystals; and much patience and care 

are required to obtain a successful t. 

By means of a moderate bat power, some very 
interesting results may be obtained from various metallic 
solutions. Amongst them we may mention the pro- 
duction of brilliant metallic rings on a steel plate; and 
the deposition of metals in veins similar to those we 
observe in nature. The two following experiments 
illustrate each process. 

Experi 49.—Nobili’s Rings.—These are most 
beautiful ri ‘ormed on a piece of steel by means of a 
small galvanic battery. To produce them, place a sheet 
of polished steel in a plate containing a solution of 
re ere and attach the steel plate to the wire coming 
from the platina end of three cells of Grove’s 
battery. Hold the wire from the zinc end in the solu- 
tion, within an eighth of an inch over the centre of the 
steel plate. Beautiful rings of the ovide of lead will be 
at once produced ; and in a few seconds the steel should 
be removed, and carefully washed in distilled water. 
This is one of the prettiest effects uced by a galvanic 
battery, and the colours obtained are similar to those 
observed on mother-of-pearl. Care must be taken to 
make no mistake with reference to the wires in placing 
them in the solution. 

The next experiment, if carefully performed, illustrates 
the formation of metallic veins, such as are found in 


mines. 
D apertinees 50.—To produce Minerals by means of Elec- 
tricity.—For this purpose, half-fill a garden-pot, six 
inches deep, with plaster of Paris, by stirring some of 
this powder in a basin of water, and pouring the mixture 
into the us pot, where it must remain until it 
becomes solid. Solder a copper wire toa piece of zinc and 
a piece of copper, so that the two metals may be placed, 
one in the inside of the pot, and the other so that the 
pot may rest on it, and cover the intermediate wire with 
sealing-wax. Fill a basin, say to a depth of four inches, 
with a strong solution of sulphate of copper, adding to it 
little sulphuric acid. In this basin place a piece of 
copper, and on the metal place the pot. Bend the wire 
so that the zinc may rest inside the pot, and touching the 
plaster of Paris; and fill the inside with a solution of 
common salt. Having done this, throw a cloth over the 
whole arrangement, and leave it for two or three weeks, 
replacing the loss of liquid, both in the basin and 
pot, by occasionally adding some water. At the end 
of the time named, on breaking the pot and plaster 


in half, it will be seen that the has crept in and 
assumed various beautiful forms. some places it will 
Fig. 58, be observed in crystals ; 

in others as a layer of a 

rich blue or purplecolour; 

and if the lump be dried, 


it will form a complete 
counterpart of a natural 
mineral. We have suc- 
ceeded with iron and 
other metals, by using 
them instead of copper, 
which, however, we have 
given as being the easiest 
to commence with. To 
assist in constructing one 
of these interesting ar- 


engraving 
a we have referred. roleoedt 

msi e sensation was produ some years ago, 
by the statement, that insects of the acarus’ kind had 
been produced by Mr. Crosse, through long-continued 
voltaic action. Mineral solutions, after being electri 
a few weeks, seemed to produce an abundance of these 


insects; although great care had been taken to prevent 
extraneous circumstances from interfering with the ex- 
periment. We believe that Mr. Weekes, of Sandwich, 
repeated these experiments, and obtained success. 
The idea of such a method of producing living creatures 
was 80 repugnant to theory and common sense, that it 
has been supposed some eggs of the insect had been 
accidentally present, and that time, electricity, and heat 
had eventually caused them to be hatch We re- 

ted the experiments exactly as they were described 
by Mr. Crosse, with the exception that every possible 
care was taken to prevent the access of fresh atmospheric 
air, which is always loaded with germs of all kinds ; and, 
like most other experimenters, we met with no success. 
We can only hint, to say the least, that it was a most 
respar occurrence that electricity should produce a 
tole: ly perfect organised insect, such as those of the 
acarus kind. One would naturally suppose, in the 
absence of all extraneous interfering causes, that nature 
would have presented us with creatures of a more ele- 
mentary kind of organisation as the result of electric 
action. We must, however, dismiss the subject, and 
leave our readers to draw their own inferences as to the 
results and the circumstances which were connected with 
the experiments. 

The ‘‘results,” published by Mr. Crosse, have actually 
been quoted as instances of p nagy 29>: generation, by 
some who, however, have n more noted for the 
boldness than the exactitude of their speculations, 


THE PHYSIOLOGICAL EFFECTS OF VOLTAIC 
ELECTRICITY. 


In our remarks on the effects of frictional electricity on 
animals, or on the human f it will be o 

that the shock obtained from the Leyden jar is sudden, 
and only occurs each time the jar is di . The 
shock from the voltaic battery, on the con , is con- 
tinuous as long as the arrangement. is kept in action, 
and its power depends conjointly on the number and size 
of the plates, together with the amount of chemical 
action which is going on in each cell. The sensation 
produced, also materially differs from that of the Leyden 
jar: an intense cramp of the muscles is felt; and, if a 
very extensive series be sunloved, it will be impossible 
for any one to leave hold of the wires proceeding from the 
battery, owing to the contraction of the muscles of the 
arm which ensues. 

aes 08 On eae et pees in the pile, or the same 
number of Smee’s or Daniell’s arrangement, produce 
considerable effect on the muscular system of one person, 
But if a number of persons be joined together, the 

wer of the shock will be greatly inished, unless the 

ds are well moistened with salt and water. Fifty 
cells of Grove’s battery produce a severe shock ; and it 
is ccteaet that that portion of the wires which have 
to be touched during the experiments, should be covered 
by some non-conducting substance, than which nothing 
is better than brown Ree 

Voltaic electricity been frequently employed for 
medical purposes, in cases of drowning, asphyxia, from 
inhaling carbonie acid gas, paralysis, &c.; and it has the 
advantage of being easily regulated to any extent de- 
sirable, with respect to the power of the shock, The 
coil machine, which will be described under the head 
of Electro-Magnetism, is almost invariably employed 
for this purpose, however, at the present time. 

Some remarkable experiments have been tried on the 
bodies of men and animals immediately after death, by 
means of powerful voltaic batteries ; and the most curious 
which we have met with, is that related by Dr. Ure, in 
his Dictionary of Chemistry, under the head. of Gal- 
vanism. The body of a murderer, recently executed, 
was the subject in this case; and by sending the current 
through various parts of the body, many of the appear- 
ances of life were produced ; in fact, had the y not 
been drained of blood, there is no donbt that life would 
have been restored. We must refer our readers to the 


work named, for full particulars ; but may remark, that 
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the contortions of the face, and the contractions of 
various muscles so produced, were of such a horrible 
character, that most of the spectators had to leave the 
room from sickness or faintness. Such experiments 
may easily be repeated on rabbits, cats, and dogs, imme- 
diately after death. In one experiment which we tried 
by a powerful battery, a rabbit leaped several feet from 
the table on which it was viplaoes which was caused by 
the powerful contraction of the muscles of theleg. By 
a judicious insertion of the poles of the battery in 

ifferent parts of the body, any set of muscles may be 
called into play, and the effects almost invariably pre- 
sent the appearance of restored life in the subject. 


ANIMAL ELECTRICITY. 


Ix the previous chapter, we confined our remarks on 
this subject to descri ing some particulars in reference 
to electrical fishes. e shall now place before our 
readers some facts relating to the effects on, and the 
production in, the bodies of animals, of free electricity. 

Electricity and ism have always been z 
with being the cause of various phenomena observed in 
animals, to which no other could be assigned : hence, we 
have had the vagaries and absurdities of ‘‘mesmerism” 
and “animal ism” continually thrust on public 
notice. We can only spare space to remark, that those 
who have been most prominent in support of such sub- 
jects, have generally been Ly weed eminent for their 
i ce of true science, and have, according to the old 

found plenty to admire them. It is a most un- 
fortunate fai of our mental powers, when in an 
untrained state, that we are always ready to believe 
that which is hardly credible, in preference to well-sub- 
stantiated facts and conclusions which may be readily 
demonstrated—the imagination frequently overruling the 
power of our ing faculties. 

Tt Has long been known, that electrical may, in some 
cases, be rycen nd for Me taped th 
many years ago, it was shown that a piece of zinc, an 
poo ct Fi i ight be inserted between the previously 
divi nerves the stomach of a rab and that 
digestion, and other vital processes, contin just as if 
no alteration of the continuity of the nerves had 
occurred. 

Aldini has made numerous researches in this branch of 
science ; and the fact of free electricity in the current form 


being always t in the body, and ing between 
the nerves muscles, has been sati ily proved. 
Tndeed, a voltaic battery may be made, and many expe- 


riments can be tried, by means of the nerve and muscle 
recently obtained from the living ani if such are 
‘arranged in a similar form to that of the voltaic pile.* 
Many persons may exhibit a kind of double set of 
phenomena in reference to electricity. Some, indeed, 


may haye the hair and skin excited by friction, so as to 
afford ks in abundance. This, however, is chiefly 
obse in persons of a phlegmatic temperament, having 
a harsh skin, and a om from excessive perspiration 
of the body. Others, of a sanguine and nervous tem- 
perament, more readily exhibit free electricity in the 
nervous system, arising, as far as we know, from chemi- 
cal action. Thus we may rank individuals under the 
separate classes of those presenting the phenomena of 
frictional and voltaic electricity respectively. 

That electricity has a decided influence on the general 
health, is admitted on all hands. Every one experiences 
in foggy weather, or at times when the atmosphere is 
surcharged with electricity, a peculiar heavy and de- 
pressed feeling. The sanitary tables, now so freely 
published, when taken in connection with simultaneous 
electrical observations, indicate that electricity has a 
definite relationship, in some way or another, with the 
health and diseases of a community. 

This fact, however, has been sometimes extended far 
beyond its legitimate limits; and there have been those 
having some claim to a scientific reputation, who have 
not hesitated to avow their belief that electricity is the 
vital principle, Had they affirmed the same of caloric, 
their views would have had a more feasible or plausible 
appearance; for it is an admitted fact, that life cannot 
be maintained unless a certain amount of animal heat is 
oa up. It is, however, unn for us to discuss 
this question. The common sense and experience of our 
daily lives, a: from the more exact teachings of sci- 
ence, are sufficient to show, Aw boners: active and 
n certain agents may or the purpose of pro- 
ducing definite results, it by no means follows that such 
are re causes. The celebrated Stephenson once 
asked a friend what it was that caused the rapid motion 
of one of his locémotives. The reply was characteristic 
of an experimentalist—the combustion of the fuel in the 
furnace was assigned as the reason. Stephenson, how- 
ever, most expressively corrected this; and referred to 
the fact, that all the heat and effect produced, were due 
to those rays of heat and light which had first been 
absorbed from the sun, and were given out again with 
their full force in the furnace; although, perhaps for 
thousands of years, they had laid dormant in the bowels 
of the earth. In the same spirit, the true philosopher, 
whilst investigating and admiring the chain of second 
causes, constantly By nay in the course of natural 

enomena, refers all for their first origin, to that Great 

irst Cause who called them into being. As glimpse . 
after glimpse is obtained of the infinity of creative 
power, which our limited intelligence can but feebly 
comprehend—the humble but earnest inquirer is com- 
in reverence, to exclaim—‘‘Oh Lord, how mani- 
said ate thy works; in wisdom hast thou made them 


CHAPTER IIL 
ELECTRO-METALLURGY. 


Tux following », written by Mr. Gore, of Birming- 
ham, affords fail details of ro peecapie practice of the 
arts of electrotyping, gilding, plating, &c. As many of 
the which were di in the original, haye 
already been mentioned in the preceding pages, the 
editor has omitted such portions, and has made various 
alterations and additions in reference to numerous pro- 
cesses, and their practical details, which he trusts may be 
of value both to the student and general reader. 


THE THEORY OF ELECTRO-DEPOSITION. 


Introductory Remarks.—As the ultimate object of this 
chapter is to enable the reader to work in an electro-plate 
in a commercially successful manner, we shall 

See ante, p. 188; Fig, 38, 


endeavour to include within its pages, as far as the limited 
space will allow, every portion of the subject calculated 
to assist him in obtaining that result, excluding from it 
a other which does not contribute towards that object. 
ith this view we shall explain the principles or theory 
of electro-deposition, because every workman in an elec: 
tro-plate manufactory is certain to meet with difficulties, 
which no amount of practical knowledge or experience 
will enable him to overcome without a ect knowledge 
of the theoretical principles. These difficulties may 
new ones, such probably as he has never seen before; and 
no doubt, in some cases, such as no one else has ever 
seen ; a knowledge of the theory will here enable him to 
apply principles, and suggest remedies, some of which 
are almost sure to be successful. 
We shall also include the practice of the subject; 
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because, after all, its success depends on careful manipu- 
lation ; for with ever so ines a knowledge of principles, 
without a perfect know of the application of those 
principles in the form of tical rules and manipula- 
tion, success cannot ibly be attained. With the same 
end in view, we avoid saying anything about the 
history of the subject, or the claims of rival discoverers 
or inyentors—these being subjects for the historian. 
Neither shall we say much about the electro-deposition 
of rare metals, or about any collateral branches of the 
subject, excepting only so far as they are capable of 
illustrating the subject in a direct manner, or of other- 
wise furthering the object in view. 

To enable the reader to master the subject as he pro- 
ceeds, we have so arranged it that every portion shall be, 
so far as it complete in itself, requiring no antici- 
patory knowledge of more advanced parts to enable him 
to understand it. 

The only arrangement which admits of this important 
object being attained, is to explain the theory before 
treating of the practice, and by arranging the theory im 
an inductive order. In other words, we commence 
with the various classes of facts on which electro-deposi- 
tion is founded, and ascend from these to the general 
laws or principles, chemical or electrical, which govern 
them. Pecenaiiin ¢ from the theory to the practice, ar- 
ranging all in a deductive order, and applying theoretical 
principles in the form of practical rules, the results can- 
not be other than su ul. Beginning with the more 
general rules which apply to all electro-deposition pro- 
cesses, and to the electro-deposition of all metals, and 
proceeding, by step, to those more special rules of 
manipulation which are required for the working of par- 
ticular metals and solutions, the necessary requirements 
for the production of the more difficult substances and 
more complicated works of art will be attained. Through 
the whole chapter, the reader will thus be led gradually 
from the most common and well-known facts, to the most 
complex and difficult apr of electro-deposition. 

In accordance with this plan, the subject will com- 
mence with a review Se oes facts of electro-de Arvin id 
every man possessing the few n materials, whi 
are easily procurable, may readily verity for himself. On 
these facts the whole subject throughout will be based, 
From them we shall proceed to the circumstances or 
conditions under which they occur; namely, the causes of 
electro-deposition. The principles will be inferred from 
the facts as we proceed, until we arrive at the more ab- 
stract laws of the phenomena. 

The facts will be based on numerous experiments, in 
which instances where deposition does occur, as well as 
experiments in which it does not occur, will be cited. 
These investigations will satisfy the reader, that in all 
cases where deposition does occur, certain conditions are 
invariably present; and where it does not occur, one or 
more of them is invariably absent; and, therefore, that 
the conditions observed are essential to the production 
of the phenomena. Another and more ultimate reason 
for mentioning negative as well as positive instances is, 
that, in practical working, it is nearly as important to 
know what will prevent deposition, as to know what will 
produce it. 

The following table exhibits the phenomena of electro- 
ition, in an inductive order, suitable for 
ing the subject theoretically, and without immediate 

reference to its practical applications. The first portion 
of the table contains the facts of electro-deposition 
divided into seven classes, under which may be 

the whole known facts of the art. The second portion 
contains the principles or conditions under which those 
facts are manifested; these are also divided into seven 
classes, which are ee of including all the known 
conditions or causes of electro-deposition. 


A.—Facts. 


1. Deposition by one metal and one liquid. 
2. Deposition by two metals and one liquid. 
3. Deposition by one metal and two liquids. 


4. Deposition by two metals and two liquids. 


5. Deposition by connecting either of the foregoi 
res ments (except the first) with a separate Fresh. rree 
qui 
6. Deposition by connecting other sources of depositing 
power with a separate depositing liquid. 
7. Deposition by combinations of the foregoing. 


B.—Pxruxcreces. 


1. Chemical conditions of deposition. 
2. Electrical conditions of deposition. 
3. Thermal conditions of deposition. 

4. Mechanical conditions of deposition. 

5. Mathematical conditions of Seanad, 

6. Logical conditions of deposition. 

7. Ontological conditions of deposition. 

This arrangement has been used with much success in 
teaching the theoretical of electro-deposition, as it 
enabled the pupils to un each portion clearly as 
they proceeded. They adopted was— 

irst, to exhibit before the pupils numerous experi- 
ments of each class of facts in succession, including 
positive cases in which deposition did occur, as well as 
negative ones in which it did not occur. 
ms, to place. costal he, earn inciples in 
succession before them in the form of a ypothetical 
question, referring them to the various facts on which it 
is founded, and leaving them to observe for themselves 
whether or not the principle there stated was borne out, 
allowing them to draw their own conclusions. By this 
method they were soon led to observe, that, wherever 
deposition occurred, certain conditions were present, and 
that where it did not occur those conditions were absent. 

When treating of the laws and principles of deposition, 
the reader will be referred back to the facts upon which 
they are based; so, when describing its practical appli- 
cations, he will in like manner be ref to the laws or 
principles for his guidance : his knowledge of the practice 
will thus be in a great measure upon the principles, 
as the principles will be deduced from the facts, which, 
as we have said before, are within the reach of every one 


deposition, by the various prey of such metals and 


ismuth, zinc, cadmium, tin, 


THEORETICAL DIVISION OF THE SUBJECT. 


1. Facts. —One Metal in One Liquid.—There are various 
Fig. 59, 


modes in which deposition of one metal 
upon another may take place; and they 
may be classed as follows :— 

Ist, By the simple immersion of one 
metal in one liquid (Fig 59); namely, by 
putting the metal to coated into a 
solution of the metal to be deposited, and 
allowing it to remain a longer or shorter 
period of time, the liquid being at a 
suitable temperature ; for instance, if we immerse a piece 


* pth etl 


GENERAL PRINcrPLes.] UNDULATORY FORCES.—ELECTRO-METALLURGY. 199 


of clean iron in a solution of sulphate of copper, it will 
become coated with copper; but if we immerse a piece of 

silver in that liquid, it will not become so coated. 
2nd. Tiwo Metals in One Liquid.—By the immersion of 
ee eee 60), the te dantals being 
Fig. 61. in contact with each other : 


6008. for instance, if we connect 
a piece of silver A and a 
piece of iron B together, 

8 and immerse them in a 
prac aa of sulphate of 
copper ©, the silver will 
become coated with copper 
as well as the iron; but if 

, ng, eo rete silver in contact 


with a piece of gold or platina be immersed in the 
same liquid, it will not become coated. We have already 
that silver immersed alone in such a liquid, will not 


receive a di ty ane 
3rd. One ‘wo Liquids. —By the immersion of 


ona mal (ce ons bind of metal) in two liquids D and 
Fig. 62. 


E (Figs. 61 and 62), the liquids being 
pobbiracane from th cach other 
er a porous partition 61) 
of bladder, thin wood, unglazed earth- 
enware, or other porous material which 
will allow the two liquids to touch 
each other through its pores; the 
piece of metal being either bent so as 
to dip into each liquid, or cut into two 
portions, and its two ends united by a 
wire C, the end or piece to receive the 
deposit being immersed in one liquid, 
and the other piece in the other liquid 
(Fig. 61); or the two liquids being 

t in a deep narrow vessel, he 

arate bo rors poured in first, 
one poured carefully above 
ie bo a nit to Oe the in the for and 


two Tiquids 

the lower liquid consist of a 
ne pe a ft a Su a of 

piece of cop imm in 

it which is £4 the sulphate solution will Balchad noated 

as r, whilst that in the acid liquid will be partly 
; but if, instead of copper, we use a piece of 

ay i wll nelther be disolved nor reesve a metallic 


iquids.—By the immersion of 
. two metals and B (Fig. 63) in two 
ape D and E, the two being, as in the 
last arrangement, either separated by a 
porous diap F, or poured one above 
8 the other, the two metals being immersed 
one in each liquid, and connected 
by a wire C: for instance, if one liquid 
be dilute sulphuric acid, and the other a 


in * Ta00 Metals in Two 
Fig. 63. 


solution of sulphate of , and a 
piece of copper be immersed in the dilute 
Bi aactate be of silver in the metallic solution, the 
- tie ne thus in mutual contact, the piece of 


ve, and the silver receive a deposit of 

yn if we ’immerse a piece of platina in the 
phe acid with the silver in the sulphate solution, the 
platina will not dissolve, nor the silver receive a metallic 


Fig. 64. a 
Separate Depositing 
Liquid with all the others.— 
By connecting any one of the 
ents by 
means of wires with two 


tenn ar yet se pte of metal = 


A Mi r te and suitable 

liquid (Fig. 64): for in- 
stance, if we take the arrangement of two metals in 
one li such as iron B and copper O, in a solution 


of sulphate of copper A; or zinc B and silver C in 
dilute sulphuric acid A, and connect them by two 
separate wires, D and E with two pieces of copper, D 
and E, immersed in a solution of sulphate of copper 
F contained in a separate vessel, the piece of copper 
E connected with the silver will dissolve, whilst the 
other piece D which is connected with the zinc will 
receive a deposit of copper; but if we substitute a 
solution of sulphate of zinc, freely acidulated with 
sulphuric acid, for the ssleitsces of sulphate of copper 
F, and two pieces of platina for the pieces of copper, 
the one piece of platina will not dissolve, nor the other 

th ope Depot waiting a with any other Source of 

6 rate any ree © 
Power.—By connecting 7 th pieces of metal in the 
separate deposi! posting qui we any other source of de- 
— power, such as a magneto-electric machine, cell. 
or battery. 

2. In these arrangements, it will be observed that we 
have—Ist, deposition by one metal and one liquid; 2n 
by two metals and one liquid; 3rd, by one metal an 
two fags oe 4th, by two metals and two liquids; 5th, 

te depositing liquid and metals connected. 
with eit er of these; and 6th, by a separate depositin 
liquid pg metals connected with any other source of 
depositing power. These six classes, and their com- 
binations, are capable of including all the known cases of 
electro-deposition. 

3. Under the head of each of these classes will be 
mentioned a number of experiments with various metals 
and liquids ; oy it would be advisable for the student to 
try a few, as he proceeds, both of deposition and non- 
deposition of class, in order to the facts more 


firmly in his memory, ” and give him a fuller compre- 
hension of the principles. 

4. Depositing Arrangement No. 1.—Deposition by 
Fig. 65. 


one metal and one liquid (Fig. 65) takes 
place in the following thataineens — 

Hydrochlorate of Terchloride of Anti- 
mony.—In a solution of hydrochlorate of 
terchloride of antimony (the ordinary 
chloride He procera : + for phase 
maceutical purposes), bismuth, zinc, tin, 
lead, poe Been and German silver, become 

antimony; whilst antimony, 
iron, nickel, copper, silver, gold, and platina do not 
become coa: 

Chloride of Bismuth.—In a solution of acid hydro- 
chlorate of bismuth oxide (chloride of bismuth), zine, 
tin, lead, and deposit the bismuth upon themselves ; 
whilst antimony, bismuth, copper, brass, German silver, 
gold, and platina do not. 

ee Nitrate, or Acetate of Zinec.—In a 
solution of either sulphate, chloride, nitrate, or acetate 
of zine, neither antimony, bismuth, zinc, tin, lead, iron, 
nickel, copper, brass, ilver, silver, gold, or 
platina become coated with zine. 

Protochloride of Tin.—In a solution of protochloride 
of tin, zinc and lead become tinned; whilst antimony, 
bismuth, tin, iron, nickel, copper, brass, German silver, 
peas dirs ciate, Barone. receive no deposit. 

itrate, or Acetate of Lead.—In a solution 
of Teonitrate, nitrate, or acetate of lead, zinc receives 
a coa of lead ; whilst antimony, bismuth, tin, lead, 
iron, nickel, copper, brass, — silver, silver, gold, 
and latina receive no de 

Ferrous Sulphate.— no,” as Fischer sa “im- 
mersed in a varfactiy neutral solution of ferrous 
sulphate (protosulphate of iron) contained in a stoppered 
bottle, throws down metallic iron, which is deposited 
partly on the zinc;” but in this solution neither an- 
timony, bismuth, tin, lead, iron, nickel, copper, brass, 
German silver, silver, gold, or platina receive any 


metallic deposit. 

Sulphate of C -—In a solution of sulphate of 
copper, zine, tin, and iron become coated with 
co ; philet antimony, bismuth, nickel, copper, silver, 

latina do not. 


Chontae of Copper.—In a solution of chloride of 
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copper, bismuth, gino, tin, and iron receive a cop 

deposit; whilst antimony, ni copper, silver, A 

and platina do not. 

itrate of Copper.—In a solution of nitrate of copper, 
zino, tin, lead, and iron become coated ; whilst antimony, 

Laegheves Sat copper, silver, gold, and platina receive 

no de; 

i i ide of Copper.—With a solution of dichloride 
of copper in liquid ammonia, or of oxide of copper in a 

solution of sal-ammoniac, zinc receives a deposit; whilst 

antimony, bismuth, tin, lead, iron, nickel, copper, silver, 
gold, or platina do not. 

Mercurial Salts.—Solutions of mercurial salts have 
their metal deposited by arsenic, antimony, bismuth, 
zinc, cadmium, tin, lead, iron, copper, and brass; also by 
the alloys of silver with zinc, tin, Tea’, or copper. 

Nitrate of Mercury.—A solution of nitrate of mercury 
yields its metal to bismuth, zinc, cadmium, lead, iron, or 
copper, and, if acidulated with nitric acid, to antimony 
also; but not to silver, gold, or platina. 

Acetate of Mercury.—Iron deposits mercury froma 
solution of acetate of mercury. 

Silver Solutions.—The following metals—viz., man- 
ese, arsenic, antimony, bismuth, zinc, cadmium, 
lead, iron, copper, and mercury, deposit silver from 

its solutions in the metallic state; an aqueous solution 

of nitrate of silver yields its metal to manganese, 

arsenic, antimony, bismuth, zinc, tin, lead, iron, nickel, 

co ie brass, and German silver; but not to silver, 
tO) 


r platina. Lead and tin deposit the silver most 

; then follow the other metals in this order— 
mium, zinc, copper, bismuth, antimony, arsenic, 
mercury. Arsenic deposits silver from the alcoholic 
solution of nitrate of silver ; antimony receives a coating 
of silver either in the aqueous sulphate “or alcoholic 
nitrate; bismuth deposits silver from the alcoholic ni- 
trate, but not from the aqueous sulphate; zinc receives 


i 
ne 


yered in the alcoholic nitrate, but more quickly in the 
aqueous sulphate; iron deposits silver from the sulphate 
of silver, but not from the alcoholic nitrate; copper de- 
poe it from the aqueous sulphate or alcoholic nitrate ; 

and the alloys of silver, with zinc, tin, or lead, 
——_ silver from silver solutions completely. In a 
rene of the er aces of silver = pomann 

inary plating liquid), zinc, lead, and copper 

come silvered ; ist tee and German silver, but more 
slowly; whilst antimony, bismuth, tin, iron, nickel, 
silver, gold, and platina do not. 

Gold Solutions. —From an acid solution of terchloride 
of gold, most of the base metals, likewise mercury, 
silver, platina, and palladium deposit gold, generally in 
the metallic state, but not always; arsenic rapidly de- 
pee gold from this solution; antimony, tellurium, and 

ismuth become gilded; zinc, cadmium, lead, iron, 
cobalt, mercury, silver, platina, and palladium deposit 
the gold; whilst titanium, tungsten, molybdenum, and 
chromium do not. Ina solution of the aol cyanide 
of gold and potassium, zine quickly becomes gilded, and 
copper, brass, and German silver slowly; whilst anti- 
mony, ren gg tin, lead, iron, nickel, silver, gold, and 

i o not. 

Bichloride of Platina.—Platina is deposited from a 
solution of its bichloride by arsenic, antimony, tellurium, 
bismuth, zine, cadmium, tin, lead, iron, cobalt, nickel, 
copper, brass, German silver, mercury, and silver; but 
not by gold or platina, 

5. Observations upon Class of Instances, No. 1.—In 
reviewing all these instances, we may make the following 
observations ;—Ist, that various metals, by mere im- 
mersion in solutions of other metals, at the ordinary 
temperature of the atmosphere, sometimes become 
coated with a deposit of metal, and sometimes not ; 
2nd, that no metal becomes coated by mere immersion 
in a solution of the same metal—for instance, zine does 
not become coated with zine in a solution of sulphate of 
zine ; copper with copper, in a solution of its sulphate, 
gold with gold in its chloride; 3rd, that the baser 
metals, especially zinc, cadmium, tin, lead, and iron, 


a silver deposit in the alcoholic nitrate; tin becomes sil- | 


become coated more frequently than the noble metals, 
especially gold and platina; 4th, that solutions of base 
metals, especially of zine and iron, yield their metal less 
frequently than those of the noble metals, especially 
those of gold and platina; 5th, that of all the ordinary 
metals mentioned in the foregoin , Benga pec zine de- 
posits ir ny Be dog greatest — of solutions, ae 
appears to have the strongest depositing power ; 
that the coherent and adhesive depnetie obshined, are, in 
all cases, exceedingly thin; and 7th, that frequently the 
deposited metal, whatever its kind may be, has the ap- 
Lice ecpeciliy when $s hae tee dageciend wall Seedy 
‘ace, especially when it ited very ra ; 
but sometimes it exhibits its ordinary odoin ps wl 
ance, especially if its outer portion be rubbed off. 

6. To this mode of depositing belongs the process of 
tinning brass articles (wash tinning), by boiling them in 
water containing a salt of tin and bitartrate of potash ; 
the process of silvering brass nails, buttons, and 
eyes, buckles, &c., by rubbing them with any of the 
well-known silvering compositions moistened with water ; 
also the water-gilding process, fe 

7. Depositing ra bek sg ‘0. 2.—Deposition by Two 
Metals and One Liquid.—The maser instances pelong 
to the class of deposition by two and one liquid, 
the two metals being either in mutual contact (touchi 
each other either above or beneath the liquid), or con- 
nected together by a wire. 

Fig. 66. Chloride of Antimony.—If we immerse 

a piece of antimony A, in contact with a 

A piece of zinc B, in a solution of the 

® ordinary chloride of antimony ©, it will 

receive a coating of antimony; or if we 

immerse a piece of platina in contact with 

a —_ of tin in this liquid, it will receive 

a deposit of antimony; but if we immerse 

a piece of antimony in contact with a 

piece of platina, or a piece of platina in 

contact with a piece of silver in this liquid, it wil] receive 
no metallic deposit. 

Chloride of Bismuth.—In a solution of “chloride of 
bismuth, brass in contact with a piece of zino, copper in 
contact with tin, or German silver with iron, receive a 
deposit of bismuth ; but brass in contact with a piece of 
pela, gold in oantaick with Ritver, or German silver with 
platina, receive no deposit. 

Sulphate, Chloride, or Nitrate of Zinc.—With a solu- 
tion of either sulphate, chloride, or nitrate of zinc, no 
metal of any, pee of metals selected from amongst the 
following, will receive a deposit of zinc: antimony, bis- 
muth, zinc, tin, lead, iron, nickel, copper, mercury, 
silver, gold, platina, or palladium. 

Protochloride of Tin.—With a solution of protochloride 
of tin, either antimony, tin, or copper, immersed in 
contact with zinc or lead, will receive a coating of tin; 
but antimony in contact with tin, tin with silver, copper 
with iron, or either gold or platina with copper, will not 
receive a deposit. 

Hyponitrite of Lead.—With a solution of hyponitrite 
of lead, either tin, copper, or brass, in contact with a 
piece of zinc, will receive a deposit of lead; but tin in 
contact with copper, copper with lead, or brass with 
platina, receive no deposit. 

Nitrate of Lead.—With a solution of nitrate of lead, 
either copper, brass, or silver, in contact with zinc, 
receive a coating of lead; but copper in contact with 
iron, brass with tin, or silver with copper, receive no 


such coating. 
Protoullodiads of Iron.—With a saturated solution of 
protosulphate of iron, platina in contact with zine re- 


ceives a deposit of iron ; but in contact. with copper it 
receives no metallic deposit. 

Chloride of Nickel and Ammonia.—In a solution of the 
double chloride of nickel and ammonia, copper in contact 
with zinc receives a deposit of nickel; but in contact 
with silver it does not receive such a deposit. 

Sulphate of Copper.—In a solution of sulphate of 
copper, brass in contact with zine; or tin, German 
silver, silver, or platina, in contact with iron, receive 


Pa 
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a deposit of copper; whilst silver in contact with anti- |. 


mony, or platina in contact with brass, receive no 
it. 


ide of Copper in Ammonia.—In a solution of oxide 
of copper in ammonia, platina in contact with zinc re- 
ceives a deposit; but er in contact with iron 
does not. : ‘ 

Nitrate of Mercwry.—In a solution of nitrate of mer- 
cury, silver in contact with either zinc or iron, or pla- 
tina in contact with copper, receive a metallic deposit ; 
but platina in contact with silver does not. 

trate of Silver.—In a solution of nitrate of silver, 

ld in contact with zine receives a deposit of silver; 
But in contact with platina it dose not 

Bichloride of Platina.—In a solution of bichloride’ of 
platina, platina in contact with zinc becomes coated 
with platina; but in contact with gold it receives no 
such coating. 

8. Observations wpon Olass of Instances No. 2.—The 
following eral observations may be made upon the 
foregoing facts : Ist, that in some instances deposition 
does, and in others it does not, occur; 2nd, that no 
metal will cause another metal to be coated by this 
method, unless it can coat itself in the same liquid b 
simple immersion—for instance, zinc cannot coat itse 
ra Sp eg solutions of zinc, neither can it cause other 
metals to become coated with that metal in those solu- 
tions ; copper cannot coat itself with zinc in a solution 
of sulp of zinc, or with tin in a solution of chloride 
of tin; neither can it cause silver, gold, or any other 

to become eoated with zinc or tin, in those 
ids ; bg Page the two metals which receive a 
it by this method, derives its power of receiving 


the virtue of its contact with the other 
metal ; that any metal which has the power of 
coating itself by simple immersion in a given liquid, 


method, cause other metals which do not 
ves by simple immersion in that liquid to 


u 
le 


themselves with copper by simple immersion in a solu- 
i ea at silver, gold, and platina 


former metals be connected 


u 
Ee 
f 
fe 
i 
u 
Se 
e 
ge 


7 
E 
EB 


possess this 
i ited much more frequent] 


SER 
E 
g 
i 
4 
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is method, rovided the action is continued suffi- 


E 


i 
g 
E 
= 
2 
i 
2 
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connected together by a wire or wires 
C, or in one piece, and bent so as to 


dip into both liquids: the diaphragm 
be di i 

ten as ready explain 

i it liquid conetally 
8 the other, and 
placing the piece of me- 


: connected 
wires C, are immersed, one in dilute nitric 
he other in a solution of chloride of anti- 
the piece in the dilute acid will dissolve, whilst 
chloride solution will receive a metallic deposit, 


Chloride of Bismuth.—If£ two pieces of antimony are 
immersed in the previous manner, one in hydrochloric 
acid, and the other in a solution of chloride of bismuth, 
that in the acid will dissolve, and the other receive a 
coating of bismuth. 


on the other, a free eae of bismuth is soon obtained, 

i a piece of zine be bent so as to 
dip into dilute hydrochloric acid on one side, and into a 
neutral solution of chloride of zinc on the other, a free 
deposit of zinc will be found upon the end in the metallic 
solution after a period of twelve hours. 

Solution of Acetate of Zine.—With zinc in a solution 
of acetate of zinc on one side, and in dilute sulphuric 
acid on the other, that in the dilute acid will dissolve, 
whilst the other end will receive a metallic deposit. 

Iron in Chloride of Antimony.—With iron in dilute 
sulphuric acid on one side, and in a solution of chloride 
of antimony on the other, the end in the metallic solu- 
tion will receive a deposit of antimony, whilst that in 
the dilute acid will dissolve. 

Iron in Sulphate of Zinc.—With iron in dilute sul- 
phuric acid on one side, and in a solution of sulphate of 
zine on the other, no deposit of zinc is obtained in 
twelve hours ; similarly ith teen, dilute sulphuric acid, 
and a solution of protosulphate of iron, no deposit occurs 
in twelve hours. 

Tin in Chloride of Tin.—With tin in dilute h hlo- 
ric acid on one side, and in a solution of chloride of tin 
on the other, a deposit of tin is obtained. 

Zinc in Sulphate of Zine.—With zinc in dilute sulphu- 
ric acid, and in a solution of sulphate of zinc, a free 
bo Se of zine occurs in twelve hours. 

ismuth in Nitrate of Bismuth.—With bismuth in 
dilute nitric acid, and in a solution of acid nitrate of 
bismuth, a thin deposit of bismuth is found in twelve 


hours, 
Copper in Sulphate of Zinc. With copper in dilute 
sulphuric or dilute nitric acid on one side, and in a 


solution of sulphate of zinc on the other, no deposit of 
= aoe in Sulphate of Copper. —W: 
ass or in oy) .—With brass or 
copper in dilute sulphuric acid on one side, and in a solu- 
tion of sulphate of copper on the other, a deposit of. 
copper is obtained in twelve hours; simil ly with 
per in dilute hydrochloric acid, and in a solution of 
oride of copper, a metallic deposit occurs. : 

Silver in Plati iquid.—With silver in either dilute 
sulphuric or dilute nitric acid on one side, and in a 
solution of sulphate of copper on the other, no deposit of 
copper takes place in twelve hours; but with silver in a 
solution of cyanide of potassium on one side, and in the 
double cyanide of potassium and silver on the other, a 
free deposit of silver takes place upon the end or piece in 
the latter solution. 

Platina in Nitrate of Copper.—With platina in aqua 
regia on one side, and in either a solution of nitrate of 
copper, the se a ide gilding solution, or a solu- 

Pp 


tion of bichloride tina on the other, no deposit of 
Id, or platina occurs, 
mt ( ions on Class of Instances No. 3.—Ist, it 


appears, that in this class also we obtain negative as well 
as positive instances; 2nd, that by this arrangement, 
unlike the previous classes, almost any metal may cause 
the same metal to be deposited—for instance, zinc may 
deposit zine, copper deposit copper, and silver deposit 
silver; 3rd, that by it even a noble metal may cause the 
deposition of a base metal, provided we have a suitable 
combination of liquids—for instance, if a piece of gold 
or silver be immersed in a strong solution of cyanide ot 
potassium on one side, and in a solution of sulphate of 
copper or chloride of wrens on the other, the end in 
the free cyanide solution will dissolve, whilst that in 
the copper or antimony solution will receive a deposit ; 
4th, that the metal, or end which gta a deposit, 
D 
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derives that“power from its contact with the metal in 
the other liquid; 5th, that, as a general rule, base 
metals have a greater power of causing deposition by 
this method than the noble ones; 6th, that the noble 
metals are more readily and more often deposited than 
the base ones; and 7th, that we may produce thick and 
OT Dhpelien de this ace. ee by 
iting Arra 0. 4. —Deposition wo 
Metals and Two Liquids.—The following instances 
Fig. 69. belong to the class of deposition produced 
o by the immersion of two metals, A and B 
(Fig, 69), in two liquids, D and E, the 
A g metals ing in mutual contact, or con- 
nected together by a wire OC, and the 
liquids separated by a porous parti- 
tion F. 
Zine Depositing Antimony.—If a piece 
o E of antimony A be immersed in a solution 
of chloride of antimony D, and a piece of 
zinc B be immersed in dilute sulphuric acid E, and the 
two metals are connected together by a wire or wires C, 
a free deposit of antimony upon the metal A will take 
place in twelve hours. 

Tin Depositing Zinc.—With tin in hydrochloric acid, 
and zinc in a neutral solution of sulphate of zinc, a de- 
posit of zinc is obtained in the metallic solution. 

Tron Depositing Antimony.—With iron in dilute hy- 
drochloric acid, and antimony in chloride of antimony, a 
copious deposit of antimony takes place in twelve hours. 

Co Depositing Zinc. —With zinc in dilute sulphu- 
ric acid, and zinc in a solution of sulphate of zinc, a 
deposit of zine occurs. 

ine Depositing Copper.—With zinc in dilute sulphu- 
ric acid, and brass in a solution of sulphate of copper, 
copper is deposited. 

ismuth and Chloride of Antimony.—With bismuth in 
dilute hydrochloric acid, and antimony in chloride of 
antimony, no deposit of the latter takes place in twenty- 
four hours. 

Tron and Chloride of Tin.—With iron in dilute hy- 
drochloric acid, and tin in a solution of chloride of tin, 
no deposit of tin took place in eighteen hours. 

and Chloride of Antimony.—With copper in 
dilute hydrochloric acid, and antimony in chloride of 
antimony, or tin in chloride of tin, no deposit of anti- 
mony or tin took place in twenty hours. 

12. Observations wpon Class of Instances No. 4.—I1st, it 
appears that negative as well as positive instances occur 
in this ment in common with the others; 2nd, 
that by using suitable metals and liquids, deposition 
may be effected more rapidly by this method than by 
the preceding ones; 3rd, that the metal which receives 
the deposit derives its power from its contact with 
the other metal; 4th, that base metals in strong acids 
have the greatest power of causing a deposit upon the 
other metals, and noble metals the least; 5th, that the 
noble metals are more readily deposited than the base 
ones; and 6th, that thick and coherent deposit may be 
obtained. . 

In all the above instances, instead of using one vessel 
divided into two parts by a porous diaphragm, it will be 
found convenient to put one of the liquids in an unglazed 
earthenware porous cell, and immerse the cell in the 
other liquid. (See vessel A, Fig. 71). In this case, either 
liquid may be in the outer vessel. This last arrange- 
ment (No. 4) is usually termed the “‘single cell” process. 

Fig. 70. 13. , irrange- 


in which either of the fore- 
going arrangements, except 
the may be connected 
by wires with two pieces of 
similar metal immersed in a 
separate liquid. For in- 


stance :— 
Ast. With Two Metals and Jne Liquid (Fig. '70).—If we 
ilute sulphuric acid 


take a vessel A, containing either 


or a solution of sulphate of copper, and immerse in it a 
piece of zinc B a rn with copper wires D and E 
attached to them, either immerse the free ends of 
those wires in a separate solution of sulphate of copper 
F, or connect them with two pieces of copper immersed 


in that liquid, the piece of copper E in liquid F will 
dissolve, whilst the opposite piece D, connected with the 
zine, will receive a deposit of copper. 

2nd. With One Metal and Two Liquids.—If we take a 
ig. 71) containing a porous cell B, with a 
Fig. 71. 


vessel A 
neutral solution of sulphate 
of zinc C in the outer 
vessel, and dilute sulphuric 
acid D in the inner, and 
immerse two pieces of zine 
E and F, with copper wires 
G and H nitached into D 
and C respectively, and 
immerse the ends of those a) 
wires in a separate solution 
of sulphate of cop a 
the end of the wire i will 
dissolve, whilst that of G will receive a deposit of 
metallic copper. 

3rd. With Two Metals and Two Liquids (‘single cell” 
arrangement, Fig. 71).—If we substitute a piece of 
copper for the piece of zinc F in the last-mentioned 
instance, and a solution of sulphate of copper for that of 
sulphate of zinc, similar effects will take place at the 
ends of the wires in the liquid I, except that the action 
will be much more rapid ; but if in either of these three 
instances we use a solution of sulphate of zine 
acidulated with sulphuric acid, instead of the solution of 
sulphate of copper I, and platina wires in place of the 
copper ones to be immersed, neither of the pieces of 
platina will dissolve or receive a metallic deposit. 

14. Remarks upon Class of Instances No. 5.—In this 
class of instances, the m or —— differs 
from the three preceding ones, simply by the wires which 
connect the two pieces of metal being cut in two, and their 
free ends either immersed in a separate liquid, or con- 
nected with two pieces of metal dipping into that liquid. 
It is not necessary to have the Sepcsitine vine perfectly 
separated ; it may even be attached to the same piece of 
apparatus, provided the liquid in it is perfectly sepa- 
rated from the other liquids and metals. The pieces of 
metal in the separate liquid possess no power of depo- 
sition of themselves in that say even if they were 
connected together, but derive their power of dissolvi 
and receiving a deposit wholly from the other metals 
liquids by means of the wires. 

15. Spey: Arrangement No. 6.— Deposition by 
Magnet and Coil (Fig. 72).—We may produce deposition 
in the separate liquid by connecting the twe P rarer of 
immersed metal with any other source of sce 
power—for instance, if a long copper wire A, cove 
with silk or cotton, be coiled up a large bar of pure 
soft iron B, and its ends O and D are immersed in & 
solution of sulphate of copper E, and the of a 
powerful horse-shoe magnet F are brought in contact 
very many times with the end of the bar, and every 
time before removing the magnet from the bar one 


of the ends of the wire be taken out of the liquid, 


and replaced before returning the et, one end of 
the copper will slightly dissolve, and the other receive 
a thin copper deposit ; but if of the ends be allowed 


to remain constantly in the liquid, no such effects will 
occur. . 
16. Compound Depositing A. No. 7.—Any of 


the f ing combinations of liquids and metals (except 
the first), or the magnetic arrangement, with or without 
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ids, may be connected 
, and may include each of the 
arrangements in the same series, or include any number 
of depositing liquids, and deposition may be obtained 
either in the whole or in any portion of them at the 
same time: for instance, the vessel A (Fig. 73) contains 
a piece of zinc B, and copper C immersed in dilute 
Fig. 73. 


in a series of any num! 


PA Lin Lin 


N ao S 


sulphuric acid ; vessel D contains zinc E, in dilute sul- 
phuric acid, and copper F, in a solution of sulphate of 
copper; vessel G contains a series of separate depositing 
liquids, consisting of solutions of sulphate of copper, 
connected together by bent pieces of copper; the ex- 
treme pieces being attached to zine B and copper F; 
here deposition takes place upon every alternate piece 
of copper throughout the whole series, except that in 
vessel A. 


17. General Observations. —We » > hagerydog following 
ral observations upon the whole of the foregoing 
:—Ist, that n ve as well as positive instances 

oceur in all classes of facts of electro-deposition ; 2nd, 
that almost any of the ordi metals, both noble and 
base, may be ited by each of the methods or ar- 
rangements described ; sed, that the particular result of 
| deposition or non-deposition occurring, appears to depend 
_ chiefly upon the particular combination of liquids and 

pears ir arrangement and connections; 4th, that 
the size or of the containing vessels, the bulk or 
depths of the liquids, the size, form, or position of the 
metals, appear to exercise little or no influence upon 
the result ; 5th, that in all cases of deposition there is a 
difference in kind, either of the m of the liquid, or 
of both ; 6th, that in all such cases a metal dissolves in 
a liquid; for instance, in Arrangement No. 1, witha 
piece. of iron immersed in a solution of sulphate of 


cop a portion of the iron is dissolved as the copper 
is deposited ; in ngement No, 2, with iron and 
copper er in a solution of sulphate of copper, the 
iron dissolves and the copper receives a deposit ; in Ar- 


the sara doposting liquid dissol hilst the othe 
iting liquid dissolves, whi e other 
i ry a < ar same with the com- 
= Arrangement No. 7; £ in ments 
os. 1 and 2, the same piece of metal ‘which Tenolves 
also réceives a metallic deposit ; 


5, 6, and 7, the 
goed oat idacart at th, that, as a general rule, in 
methods, and in all solutions, except alkaline 


H 
H 


7 
eal 
i 
a 


| 


together ; either by means of a porous diaphragm, or otherwise ; 


8rd, that when a series of metals and liquids are used, 
they must together form a complete circuit, and all their 
ints of contact be perfectly clean; 4th, that a separate 
epositing liquid no power of deposition by 
itself, but derives its power by means of the wires from 
the other arrangements with which it is connected; and 
5th, that the length of the connecting wire, if not great, 
has no influence on the result. These ob- 
servations have led us to conclude that de- 
3 position is caused by some force which is 
generated in some part of the apparatus, 
and circulates through the liquids, metals, 
and wires, which compose the circuit. 

19. Principles.—Conditions of Electro-De- 
position.—From the simple facts of electro- 
deposition, and the general observations 
made upon them, we proceed to consider 
the causes of deposition, and the conditions 
or circumstances under which deposition occurs, in the 
following order :— 

1st. The Chemical Conditions.—If we immerse a clean 


iron wire in a solution of nitrate of mercury, it receives © 
a deposit of that metal; but if we immerse it in per- | 


fectly dry metallic mercury, it receives no deposit, be- 
cause in the former case the necessary chemical con- 
ditions of deposition are present, whilst in the latter 
case they are absent. 

2nd. Electrical Conditions,—I£ we connect together 
a piece of iron and a piece of copper, by means of a 
metal wire, and immerse them in a solution of sulphate 
of copper, the copper will receive a metallic deposit ; 
but if we connect them together by a cord of gutta- 
ae or rod of glass, no deposit will take place, 

use, in the former case, all 

are present, whilst in the latter case, one of them— 
viz., a complete conducting circuit, is absent: 

8rd. The Thermal Conditions remain almost unknown. 

4th. The Mechanical Conditions.—If a piece of iron 
be immersed in a solution of sulphate of copper, it 
receives a copper deposit; but if a piece of platina be 
so immersed it receives no such deposit, because, for one 
reason, in the former instance the mechanical conditions 
of attraction and repulsion at the dissolving and deposit- 
ing surfaces are present, but in the latter they are 
absent. 


5th. The Mathematical Conditions.—If we immerse 
two pieces of carbon in fused proto-chloride of tin, and 
connect them with a voltaic battery, tin will be de- 
posited; but if we immerse them in bi-chloride of 
tin, no deposition will occur, because, in the first in- 
stance, all the mathematical conditions are present ; the 
fluid salt contains one atom of chlorine for each atom of 
tin; whilst in the latter case one of them is absent, 
the salt contains two atoms of chlorine to one atom of 
tin; and, according to Faraday’s law, ‘‘only those sub- 
stances of the first order are directly Crag ese which 
contajn one atom of one of their elements for each atom 
of the other.” 

These several heads are capable of including all the 
known circumstances or conditions under which deposi- 
tion occurs; and under each of them will be given a 
few instances, both of cag esx and non-deposition, to 
illustrate the principle. It would be advisable for the 
reader to try for himself most of the experiments given, 
in order to fix the principles firmly in his memory. 

20. Chemical Conditions of Deposition.—The first che- 
mical condition to be pore Pigg that in rites — of 
deposition, the depositing liquid contains acid ani ic 
eer a dbase ges? Ma the acid of which is to dissolve 
or combine with one metal, and its metal or base to be 
deposited upon the other. 

Ist. Deposition by One Metal and One Liquid.—With 
the first class of facts, if we immerse a piece of clean 
iron in a solution of nitrate of mercury, it will receive a 
deposit of that metal; but if we immerse it in mercury 
alone, it will receive no deposit: in the first instance an 
acid as well as a basic substance was present, and de- 
position took place; but in the second instance the 


e electrical conditions | 
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metal or base alone was present, and no deposition 
ocourred. 


2nd. With Two Metals and One Liquid.—If zinc and 
are immersed in mutual contact in a solution of 
of mercury, the platina will receive a metallic 
but if they are immersed in pure dry mercury, 
One Metal and Two Liquids.—If we im- 
d of a platina wire in a strong solution of 
of potassium, and its other end in a solution of 
of the two liquids being in mutual 
ition, the end in the 


i 


i 


a 


ig 


i 


merse zine in dilute sulphuric acid, and platina in a 
solution of nitrate of mercury, the two liquids being 


separated by a us partition, and the metals con- 
nected ther ap wire, the patina will quickly re- 
ceive a deposit of mercury; but with dry mercury 


instead of the metallic solution, the platina will not 


receive a deposit. 

5th. With a | Separate Depositing Liquid.—If we take 
two pieces of platina wire, connect them, as already 
descri (13), with either of the f ing Arrange- 
ments, or with a magnet and coil (15), and immerse their 
free ends in a solution of nitrate of mercury, one of the 
wires will receive a deposit of mercury; but if the sepa- 
rate liquid consist only of dry mercury, no deposit will 
be obtained. 

It is evident from these facts, that in every case 
where deposition occurs, the depositing liquid contains 
both acid and basic substances, and that without the 
presence of both no deposition will take place. 

21, Degrees of Chemical Affinity of Metals and Liquids, 
—At the present point it is ecacage! | to mention a few 
instances of the different degrees of chemical affinity 
manifested by different metals and liquids, that the 
reader may be able to understand their general chemical 
relations in electro-deposition more clearly. 

1st. If we immerse a piece of potassium in almost an 
liquid, very violent chemical action takes place, whic 
is stronger in mineral and vegetable acids than in water 
or organic liquids; if we place a small piece of it upon 
water, violent chemical action occurs, the water is de- 
composed, heat is uced, is evolved which takes 
fire, the metal ts and rolls about on the surface of 
the water, oxidates and dissolves. 

2nd. If we immerse a piece of zinc in any of the 
strong mineral acids (sulphuric, hydrochloric, hydro- 
fluoric, or nitric acids), strong chemical action takes 

lace, gas is freely evolved, and the metal oxidates and 
issolves; with solutions of the ordinary vegetable 
acids, i.¢., oxalic, tartaric, citric, formic, and acetic 
acids, the same effects occur in a much weaker degree ; 
but with pure water there is no visible crore poate. 
no gas evolved, nor any perceptible chemical action. 
These instances show that potassium has a much stronger 
affinity for water or its oxygen than zino, and that both 
um and zinc have a stronger affinity for acids, 
especially mineral ones, than for water. 
3rd. it we immerse a piece of zinc successively in each 


of the pie mineral and vegetable acids diluted with 


water, it will be quickly dissolved, with evolution of 
hydrogen gas in nearly all of them; but if we immerse a 

of copper in those liquids, it will be quickly dis- 
solved in 


one of them—viz., nitric acid ; and from 
this we pe Aer that copper has generally a much 
weaker affinity for acids than zine. 

4th. If we immerse either gold or platina in any of 
the strong mineral or vegetable acids, or even in cold 

ua regia, it will be quite unaffected in all of them ; 
whilst copper would be rapidly acted upon by nitric acid 
or by aqua regia, and slowly by several of the others, 
thereby showing that the affinity of gold or platina for 
acids, is generally much weaker than that of copper. 

From the foregoing, and many other instances that 
might be mentioned, we conclude that the general order 


pore Batata btn Sasceed -as i 
er—namely, potassium, ©, copper, 
erases Hydrocyanic acid and cyanogen Spade to 

iffer in one respect, in their chemical relations towards 
ordinary metals, from oxygen, chlorine, and the ordinary 
mineral and v le acids, in having a much 
affinity for noble metals, and a weaker for base 2 
this is probably one of the chief reasons for the extensive 
adoption of cyanogen compounds in electro-deposition. 
Those compounds are highly suitable for the deposition 
of noble metals, because of the great affinity of-cyanogen 
for them; but not, as some persons for the de- 
position of many of the base metals, on account of a 
comparatively weak affinity for them. 

. Potassium is an alkali metal; zinc, cadmium, tin, 

lead, iron, cobalt, nickel, and copper, are base metals ; 


and mercury, silver, gold, platina, ium, é&e., are 
nobis: aaiey ‘sn 20" mpaee tenes the alkaline 
metals possess the strongest affinity for acids, base metals 


ea and — rime ee the least, The same 
order prevails in their degrees of depositing er; 
potassium and the alkaline metals qauaeith pee 
nearly all others from their solutions; zine, and the 
me generally, deposit a smaller number; and gold, 
oa and the other noble metals deposit a very few 
m their solutions. Thus we perceive that those metals 
which have the strongest chemical affinity for acids, 
the greatest mr heer power; and those which 
ve the least affinity for acids, have also the least de- 


Liens be 
23. Difference of Chemical Affinity necessary to De- 
iors —tThe gett chemical eo any which we — 

observe upon is, that, im every case ee ion, there 
is a difference of chemical affinity at the dissolving and 
receiving surfaces for the different elements of the liquid, 
and that the dissolving metal has a stronger aflinity for 
the acid elements of the liquid than either the metal in 
solution or the receiving metal. For instance— 

Ist. With One Metal and One Liquid.—If we immerse 
a piece of iron in a solution of sulphate of copper, a 
deposit takes place upon it; but if we immerse a piece of 
platina in the liquid, it receives no deposit: in the first 
case, the iron having a stronger affinity for the sulphuric 
acid of the salt copper, combines with it and 
dissolves, and the copper thereby set free from the acid 
is deposited upon the iron; whilst in the second case, 
platina having a much weaker affinity for the acid than 
the copper, cannot separate the acid and copper, and 
therefore cannot cause deposition. 

2nd. With Two Metals and One Liquid.—If we im- 
merse copper and iron in mutual contact, in a solution 
of sulphate of copper, the iron dissolves, and deposition 
of copper takes place upon both metals; but if we 
immerse copper platina in mutual contact in this solu- 
tion, no deposition will occur. In the first instance, the 
iron possessing a stronger chemical affinity for sulphuric 
acid than the copper, combines with it and the 
copper free; by this action, a current of depositing force 
is generated, which circulates through the iron, liquid, 
and copper, at their points of contact, and causes the 
metal of the liquid to be deposited upon the piece of 
copper; but in the second case, neither the copper nor 
platina ing a stronger affinity for the acid of the 
salt than its associated metal, there is no copper set free, 
no current of depositi orce generated, and con- 
7 no deposition takes place. 

ith One Metal and Two Liquids.—If we im- 

merse one end of a piece of co’ in dilute sulphuric 
acid, and the other in a solution of sulphate of copper, 
the two liquids touching each other, Kd od be 
deposited upon the end immersed in the metallic solu’ 
whilst the other end will combine with the acid an 
dissolve ; but if a piece of platina or gold be substituted 
for the copper, neither of its ends will dissolve or receive 
a metallic deposit; in the first instance, the dilute sul- 
phuric acid, having a stronger affinity for copper than a 
solution of sulphate of copper, combines with it, causes 
it to dissolve, develops a current of parartyl force 
which circulates through the metals and liquids, and a 
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deposit of copper is produced ; whilst in the second in- 
stance, the platina or gold having a weaker affinity for the 
ack of one liquid than copper for the acid of the 6 
iquid, cannot separate the copper, or cause deposition. 
ao With Tron Metals and Tuco iquids.—If we im- 
merse a piece of silver in a strong solution of cyanide of 
ium, and a piece of copper in a solution of the 
ouble cyanide of copper and potassium, the liquids 
being ted by a porous partition, and the metals 
conn by a wire, the silver will dissolve, and the 
copper receive a metallic deposit ; but if a piece of iron 
be substituted for the silver, no deposit will occur. In 
the first instance, the one solution has a stronger affinity 
for the silver than the other has for the copper—con- 
sequently the former is dissolved, a current or depositing 
force is generated, and copper deposited; but in the 
second case, the one liquid has a weaker affinity for iron 
than the other has for copper, and therefore no iron is 
ay no depositing force generated, and no copper 
posi 
5th. With a Separate Depositing Liquid connected with 
any Source of Depositing Power.—If we connect two 
pieces of silver with any of those sources of power, and 
immerse them in a solution of the double cyanide of 
silver and potassium, one piece will quickly dissolve, and 
the other. receive a deposit of silver ; but if pieces of iron 
are substituted for those of silver, neither will dissolve 
or receive a metallic deposit. 
In every case where a separate depositing liquid is 
the two pieces of metal immersed in it have a 
of chemical affinity imparted to them by virtue 
of their connection with some arrangement which 
develops depositing force; and this difference of affinity 
is manifested most when the liquid has a strong wk | 
for the immersed metal, and least when it has a wea 


affinity for that metal : so in the first of the two imme- 
| diately een instances, the liquid having a strong 


affinity for silver, allows this difference of affinity to be 
freely exercised at the immersed surfaces of the two 
pieces of metal, and consequently one dissolves, and the 
other receives a deposit; but in the second of these 
instances, the liquid having a very weak affinity for iron, 
does not admit of the exercise of this difference of affinity, 
and hence neither piece dissolves or receives a deposit. 
From these instances it is manifest, that whenever de- 
position occurs, there is a difference of chemical affinity be- 
tween the dissolving and receiving surfaces forthe different 
elements of the liquid; that the dissolving metal has a 
r affinity for the acid elements than the receiving 
one; and without this condition no deposition will occur. 
24, It must be mentioned, also, that the metals which 
have the greatest difference in their degrees of affinity 
for acids, are those which evolve the greatest strength of 
depositing power. For instance— 
1st. With One Metal and One Liquid.—If we immerse 
a piece of silver in a solution of terchloride of gold, it 
slowly becomes gilded; but if we immerse a piece of zinc 
in it, gold is almost instantaneously deposited ; because, 
in the former case, the difference of affinity between gold 
and the immersed metal for the acid of the liquid is very 
much smaller than in the latter case. ; 
2nd. With Two Metals and One Liquid.—If we im- 
merse a piece of platina and a piece of copper, in mutual 
contact, in a solution of nitrate of silver, the platina will 
become silvered, but much more slowly than if iron or 
zine were used in place of the copper, because there is a 
greater difference of affinity between platina and iron or 
zine for the acid of the liquid, than between platina and 
copper; or, if we immerse a piece of zinc and a piece of 
platina or platinised silver in dilute sulphuric acid, and 
connect them separately with two pieces of copper im- 
mersed in a te solution of sulphate of copper, 
copper will be dissolved and deposited in the separate 
liquid more rapidly than if we used zinc and copper in 
place of zine and platina, and much more rapidly than if 
we used iron and copper,’ Because the difference of 
affinity between zinc, platina, or platinised silver for 
dilute sulphuric acid, is more than zine and copper for 
that liquid, and much more than between iron and copper. 


=, 

_ 8rd. With Two Metals and Two Liquids.—If we 
immerse a piece of zine in dilute sulphuric acid, and a 
piece of copper in a solution of sulphate of copper, the 
two liquids touching each other, and the two metals 
connected with two pieces of copper in a separate solution 
of sulphate of copper, the amount of metal dissolved and 
deposited in a given time in the separate liquid, will be 
much smaller than if we used zinc in dilute sulphuric 
acid, and platina in strong nitric acid; because the dif- 
ference of affinity between the two: metals in the two 
liquids, in the first instance, is less than in the second 
instance. 

25. Acid and Basic Affinities necessary.—Chemical 
affinity differs not only in degree; but also in kind ; 
basic substances, such as metals, alkalies, alkaloids, and 
most metallic oxides, have a great tendency to combine 
with acids ; whilst oxygen, sulphur, phosphorus, chlorine, 
iodine, bromine, fluorine, mineral and vegetable acids, 
and some metallic oxides, tend to combine with bases. 
In a similar manner, the difference of affinity between 
the dissolving and receiving surfaces in electro-depo- 
sition is not wholly one of degree, but is also one of 
kind: the dissolving metal, in a separate depositin 
liquid (13), acquires, by virtue of its connection wi 
some source of depositing power, an affinity for the acid 
elements of the liquid; whilst the receiving metal ac- 
quires, by the same means, an affinity of an opposite 
kind: for instance (Fig. Fig. 74. 

74), if a piece of platina 
A, and a piece of zinc B, 
are immersed in dilute sul- 
phurie acid C, some mer- 
cury D placed at the bottom 
of a separate solution of 
protosulphate of iron E, a 
iece of iron F immersed 
in this liquid and connected — 
by a wire with the platin: — 
and the mercury Sonisctat by an iron or platina wire G, 
which is prevented from touching the liquid by a tube 
of glass or gutta-percha, the immersed piece of iron will 
exercise one kind of affinity, combine with the acid of 
the dissolved salt, and form a definite chemical com- 
pound (protosulphate of iron), containing one equivalent 
of iron and one equivalent of sulphuric acid; while the 
mercury will exercise an opposite kind of affinity, and 
combine with the metal or base of the salt, forming 
likewise a definite chemical compound (Fe Hg), con- 
taining one equivalent of iron and one of mercury. If 
a solution of sulphate of copper be substituted for that 
of sulphate of iron, and a piece of ie for the piece 
of iron, a similar definite compound of copper and 
sulphuric acid will be formed at the dissolving plate, and 
of copper and mercury (Cu Hg) at the receiving metal. 

These experiments prove, in a most satisfactory manner, 
that, in the act of deposition, the surface of the dis- 
solving metal possesses one kind of affinity by virtue of 
which it tends to attract acid substances, and combine 
with them in definite proportions; and the surface of the 
receiving metal possesses an opposite kind of affinity, b 
virtue of which it tends to attract and combine wit 
basic substances, also in detinite proportions. Mercury 
is the only metal which has been observed to manifest 
this definite affinity at the receiving surface, probably 
because it is the only metal fluid at ordinary tempera- 
tures, fluidity being an essential condition of such 
affinity; but it is likely that other metals would also 
manifest this tendency, if kept in a melted state in 
contact with suitable fused salts, and properly acted upon 
by depositing force. y: 

26. Fluidity essential to Electro-Deposition.—The afli- 
nities of electro-deposition, like those of ordinary che- 
mical action, require, generally speaking, one at least of 
the combining bodies to be in the liquid state ; and they 
act, like them, wholly at insensible distances, being con- 
fined in their exercise to the immediate surfaces of 
mutual contact in the opposed substances. The com- 
pound formed at those surfaces becomes diffused through 
the fluid masses by capillary attraction and mechanival 
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mixture, This affords a reasonalfe explanation why 
fluidity of the receiving metal is essential to the formation 
of ite compounds at its surface, as well as why flu- 
ay of the metallic salt is essential to its decomposition, 
for the formation of definite compounds at the dis- 
solving surface, If chemical action took place at sensible 
and considerable distances, i.¢., throughout the whole mass 
of the opposed fluid bodies, combination would probably be 
in all cases violent and instantaneous ; and if fluidity were 
not essential tocombination, thesubstances deposited upon 
the receiving surface would probably, in most cases, enter 
into the mass of the receiving metal, and combine with it. 
27. Alternation and Circulation of Chemical Affinities 
necessary.—The next chemical condition to be mentioned 
is, that in e' case of deposition, the surfaces at which 
the acid “ng hen affinities are manifested, alternate 
with each other in the circuit, and that the acid affinity 
circulates one way, while the basic affinity circulates in 
the opposite direction. For instance— 
1st. With One Metal and One Liquid.—If we immerse 
a piece of copper in a solution of double cyanide of silver 
and potassium, it becomes silvered; but if we immerse 
a piece of iron therein, it receives no deposit. In the 
first of these instances, it is considered that, immediately 
upon the immersion of the metal, the superior affinity of 
copper for cyanogen over that of silver, catises it to 
combine with that compound, and sets the silver free ; 
at the same time, an immense number of minute currents 
of pepoeting force or chemical affinity are developed all 
over the immersed surface of the piece of copper, leaving 
it at innumerable minute points, passing a very small 
distance into the liquid, and re-entering the copper at 
numberless other points; and thus the affinities cir- 
culate, the copper dissolves, and receives a deposit 
simultaneously. In each of these atomic circuits, as they 
are termed, acid affinity is exercised where the depositing 
force leaves the metal, and basic affinity where it re- 
enters it; but in the second instance, where iron is used, 
there is no circulation of those affinities, no dissolving 
of metal at one point, or deposition of it at another. 
2nd. With Two Metals and One Liquid.—lf we im- 
merse a piece of iron and a piece of copper, in mutual 
contact, in a solution of — of copper, a deposit of 
copper will take place upon the iron and upon the copper ; 
but if we immerse a piece of gold in place of the iron, no 
deposit will occur upon either. In the first of these in- 
stances, in addition to the circulation of atomic currents 
of affinity all over the immersed surface of the iron, as 
already explained, and which causes it to dissolve and 
receive a deposit, there are separate and distinct currents 
of the same force circulating through the liquid; and the 
two metals, by their points of mutual contact, cause the 
surface of the iron to combine with the acid, and that of 
the copper to receive a metallic deposit; but in the 
second case there is no circulation of affinities, and no 
solution of the gold, or deposition of the copper. 
3rd. With One tal and Tivo iquids,—lf we immerse 
two pieces of silver, one in a solution of cyanide of 
potassium, and the other in a solution of double cyanide 
of silver and potassium, the two pieces being connected 
_ together by a wire, and the liquids being divided only 
by a porous partition, chemical affinities will circulate 
by the metals, wire, and liquids, and silver will be dis- 
solved and de ited ; but if we substitute pieces of iron 
for the pieces of silver, there will be no circulation of 
affinities and no deposition. 
Fig. 75. 


sisting of solutions of sulphate of copper, with separate 
pairs of copper wires C D, E F, G immersed in them, 
and with pieces of copper B and I, B bei 


with a piece of zinc J immersed in dilute sulphuric acid, 
and I connected with a piece of copper A immersed in a 
solution of sulphate of copper, two liquids being 
separated by a porous diap: K, chemical affinities 
will circulate in opposite directions through the whole of 
the circuit, every alternate piece of immersed metal, J, 
I, G, E, and ©, will exercise one kind of affinity and 
dissolve, and every other alternate pi A, B, D, F, 
and H, will exercise an opposite kind of affinity, ‘and 
receive a deposit of copper. If in either of the fore- 
going instances, where deposition occurs, we break the 
continuity of the circuit, either by peteierg o> metals 
from each other at their points of contact, lifting them 
out of the liquid, or by cutting reabgy as the connecting 
wires, no deposition will otcur; but if we immerse the 
free ends of the divided wire in a suitable liquid, such 
as a solution of sulphate of coppers if the wires are of 
copper, deposition will immediately recommence through- 
out the circuit. 

28. A consideration of such facts as these, leads us 
to conclude that the process which causes every alternate 
metal in a series to combine with acids and dissolve, 
and every other alternate metal in the circuit either to 
combine with bases, or receive a deposit, is of a che- 
mical character, and occurs in vpposite directions through 


the circuit, which has led to the application of the term 
‘current affinity,” to designate the depositing force, 
when viewed only in a chemical aspect. 

29. Two or any other even number of vessels —- 
combinations of liquids and metals, each similar, 
capable of generating current affinity, may be so arranged 

Fig. 76. 


in a complete conducting circuit, that no current affinity 
will circulate or deposition occur; for instance, if we 
take two separate vessels A and B (Fig. 76), each con- 
taining dilute sulphuric acid, and a separate piece of ~ 

4 Fig. 77. 


zine Z, and silver (S), and connect them together thus, 
zine-silver silver-zine, no depositing power will be mani- 
fested if we immerse the free ends of their copper 


‘With Separate Liquids (Fig. 75), © 


4th. 


wires © C in a separate solution of sul- 
phate of copper D; but if ver) are con- 
nected thus, zinc-silver zinc-silver (Fig. 
77), and the copper wires immi 

as before, current affinity will circulate, 
and deposition will proceed in the sepa- 
rate liquid. In the first of these cases 
the affinities set in motion by the metals 
and liquid in the vessel A are opposite 
=== in direction to those generated in vessel 
: B, and the two a ments, being 
al in power, exactly neutralise each other, preventing 
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the currents of affinity and their effects; but, in the 
second case, the direction of the affinities evolved by the 
vessel A coincide with that of those from vessel B, the 
currents circulate, and deposition is effected. In the 
case of an unequal portion of the metals of a series 
being connected im the opposite way, those which are 
wrongly connected will neutralise and be neutralised by 
an equal number of the remainder, provided that all the 
pairs of metals and the liquids are similar: for instance, 
if three out of twelve are wrongly connected, they will 
neutralise the power of three more, and only the re- 
ining six will act in the desired direction. 

30. ing the act of deposition, a salt is generally 
formed at the dissolving surface by the union of the 
metal with the acid elements of the liquid, which is dis- 
solved in the liquid; at the same time the acid, which 
combines with the dissolving surface, is generally set 
free at the receiving surface by the deposition of the 
metal. For instance— 

1st. With One Metal and One Liquid.—When iron 
coats itself with mercury by simple immersion in a 
solution of nitrate of mercury, nitrate of iron is formed 
by the union of the iron with the nitric acid of the 

_ nitrate of mercury, and nitric acid is at the same time 
set free by the deposition of the mercury. 

2nd. WithTwo Metals and One Liquid.—When cop- 
per receives a deposit of copper by immersion, in contact 
with a piece of iron in a solution of sulphate of copper, 
sulphate of iron is formed at the immersed surface of 
the iron, by the union of the sulphuric acid of the 
sulphate copper salt, with the iron; at the same time 
sulphuric acid is set free at the copper surface by the 
deposition of the or 

3rd. With One Metal and Two Liquids.—When copper 
receives a deposit of copper in a solution of sulphate of 
copper, by connection with another piece of copper im- 
mersed in dilute poke acid, the two oa being 
separated by means of a porous partition or otherwise, 
Sichake of copper is formed at the surface of the metal 

in the dilute acid, by the union of the copper with the 
acid, and, at the same time, sulphuric acid is set free at 
the surface of the other piece by the deposition of the 


copper. 
teh, Silver.—When silver or any other metal receives 
a coating of silver in a solution of double cyanide of 
silver and potassium, by connection with a piece of zinc 
in dilute sulphuric acid, the two liquids ted 
by a porous diaphragm, sulphate of zinc is formed at the 
surface of the zinc, by the union of the acid and zinc, 
and cyanogen (a substance of an acid character) is at the 
same time set free at the receiving surface, by the de- 
position of the silver. 
5th. With a rate Depositing Liquid, connected 
with any source of current affinity: for instance, when 
two silver plates, immersed in a solution of the double 
cyanide of silver and potassium, are connected by wires 
with a piece of zinc, and a piece of copper immersed 
in dilute sulphuric acid in a separate vessel, cyanide of 
silver is formed at the surface of one of the pieces of 
silver by the union of that metal with the cyanogen of 
the liquid; and, at the same time, either cyanogen or 
hydro-cyanic acid is set free at the surface of the other 
by the ition of ey xupye ins 
31. roportion of Free Acid in Depositing 
Liquid.—lIé a solution contain a _ excess of uncom- 
bined acid, metallic deposition will not_ always occur: 
for instance, if two pieces of zine are immersed in a 
neutral solution of sulphate of zinc, and connected by 
wires with another piece of zinc, and a piece of silver 
immersed in dilute sulphuric acid, in a te vessel, 
one piece of zinc will dissolve, and the other receive a 
deposit of metal; but if a rather large quantity of sul- 
phuric acid be added to the depositing liquid, no deposit 
, of zine will occur. In the same manner, if we connect 
two pi of silver, immersed in a strong solution of 
cyanide of potassium, with the zinc and silver in dilute 
sulphuric pou ter ar described, one of the pieces of 
silver will combine with the cyanogen of the cyanide of 
potassium, and form cyanide of silver, which will com- 
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bine with a portion'of the remaining cyanide and then 
dissolve ; but the other piece of silver will not receive a 
deposit of silver, until the remaining uncombined cyanide 
of potassium has decreased to a certain proportion by 
the working of the process. If, on the other hand, a 
depositing solution contain no free combining substance, 
deposition will either proceed very slowly, or be entirely 
stopped, in consequence of an insoluble salt being formed 
upon the surface of the dissolving metal, which will 
impede the action : for instance, when two silver plates, 
immersed in a solution of double cyanide of silver and 
potassium, are connected with some source of depositing 
power, one of the plates will receive a deposit of silver, 
whilst the other will gradually become covered with a 
white layer of insoluble cyanide of silver, which eventu- 
ally stops deposition. 

32. Necessity of a Proper Proportion of Water.—If a 
depositing solution be diluted with water to a very large 
extent, deposition will progress very slowly ; but if, on 
the other hand, it contain insufficient water, crystals of 
metallic salts will collect upon the dissolving metal, and 
gradually stop the action: for instance, if two pieces of 
copper, immersed in a saturated solution of sulphate of 
copper containing free acid are connected with a piece of 
zine, and a piece of silver immersed in dilute sulphuric 
acid in a separate vessel, one piece will receive a deposit 
of copper, whilst the other will slowly dissolve and gra- 
dually become covered with crystals of sulphate of 
copper, first at its lower part and then at the edges, 
which will ually stop the action. 

33. All the foregoing facts prove that chemical affinity 
Plays a very important part in the phenomena of electro- 

eposition. 

34. Electrical Conditions of Deposition—Positive and 
Negative Substances necessary.—The first electrical con- 
dition to be observed is, that in every case of deposition, 
the liquid contains both substances of an electro-positive 
and of an electro-negative character; metals and alka- 
lies are electro-positive, and metalloids (oxygen, sulphur, 
chlorine, iodine, bromine, &c.) and acids are electro- 
negative ; cyanogen is also electro-negative. * 

Ist. With One Metal and One Liquid.—In the first 
instance, if we immerse a piece of copper in a solution 
of nitrate of mercury, deposition occurs, mercury being 
thrown down ; but if we immerse it in dry mercury, 
there is no deposition: in the former case the liquid 
contains both electro-positive mercury and negative 
nitric acid, but in the latter case it only contains the 
positive mercury. 

2nd. With ‘Two Metals and One Liquid.—Immerse 
zine and platina in mutual contact in a solution of 
nitrate of mercury, the platina will receive a’ deposit; 
but if we immerse them in dry mercury, it will receive 
no deposit. 

3rd. With One Metal and Two Liquids.—If one end ut 
a platina wire be immersed in a solution of cyanide of 
potassium, and the other end in a solution of nitrate of 
mercury, the two liquids being separated by a porous 
partition, the end in the mercurial solution will receive 
a metallic deposit; but if dry mercury be substituted 
for the nitrate solution, no deposition will occur. 

4th. With Two Metals and Two Liquids.—If we im- 
merse zinc in dilute sulphuric acid, and platina in a 
solution of nitrate of mercury, the metals touching each 
other, and the liquids separated by a porous ition, 
the platina will receive a mercurial deposit; but when 
dry mercury is substituted for the nitrate solution, it 
will receive no deposit. ; 

5th. With a Separate Depositing Liquid.—If we im- 
merse two platina wires in a solution of nitrate of mer- 
cury, and connect them with any source t 

wer, one of the wires will receive a metallic deposit; 
But if we use dry mercury instead of the nitrate solu- 
tion, there will be no deposit. 

These and many other instances prove, that unless the 
depositing liquid contain both electro-positive and elec- 
tro-negative substances, no deposition will occur. ; 

35. Electric Polarity of the Dissolving und Receiving 

* See ante, p. 194, 
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Metals, —The second electrical condition to be obser¥ed 
is, that in every case of deposition there is an electrical 
difference between the dissolving and receiving metals, 
and that the former is always electro-positive, the latter 
being electro-negative, relatively to each other; the dis- 
solving metal, ge ra has the st electrical 
erin he for the electro-negative or acid elements of 
the liquid, and the receiving metal has the strongest 
electrical attraction for the electro-positive or metallic 
elements. For instance— 

1st, With One Metal and One ate dade placed in 
a solution of sulphate of copper, being electro-positive 
to the copper of the salt, has a stronger electric attrac- 
tion for the acid or electro-negative elements than the 
copper, and combines with them, setting the copper 
free; but in a solution of sulphate of zinc, iron being 
electro-negative to the zinc of the salt, has a weaker 
attraction for the acid than the zinc, and therefore does 
not combine with or set the zine free. 

2nd. Two Metals and One Liquid.—If we immerse a 
piece of iron and a piece of copper in a solution of sul- 
phate of copper, and connect them by wires with a 
galvanometer (Fig. 78),* the copper will receive a de- 


Fig. 78 


posit, and the needle N of the instrument will be 
strongly deflected in such a direction as to indicate 
that the iron is positive, and the copper negative ; but 
ifa ag of iron and a piece of zine are immersed in a 
solution of sulphate of zinc, and connected with the 
instrument, no deposit will take place upon either 
metal, and scarcely any deflection of the needles will 
be produced. : 

3rd. With One Metal and Two Liquids.—IE one piece of 
copper be immersed in dilute sulphuric acid, and another 
in a neutral solution of sulphate of copper, the two 
liquids being separated by a porous partition, and the 
pieces of copper connected by wires with the galvanome- 
ter, deposition will take place upon the piece of copper 
in the metallic solution, and the instrument will in- 
dicate, by the direction of the deflection of its needles, 
that the dissolving piece of metal is positive, and the 
receiving piece negative ; but if we substitute two pieces 
of platina for the pieces of copper, no deposition of 
copper will occur, and scarcely any difference of electric 
condition between the two pieces of ‘metal will be indi- 


cated ne vanometer, 
4th. With Two Metals and Two Liquids.—If a piece 


of zinc be immersed in dilute sulphuric acid, and a piece 
fa oe eine a polation ot sulphate of copper, ae. ira 
iqu ing se y & porous partition, and the 
metals Pato GTM the gulvanometer, deposition will 
take place freely upon the copper, and the needles of the 
instrument will be pow y deflected, indicating, by 
Gas amount ond directi ap Sie their movement, - op 
to be strongly positive e copper negative; but.if a 
piece of platina be substituted for the zinc, there will be 
no deposition, and scarcely any deflection of the needle. 
5th. With a Separate iti iquid.—If_ we im- 
merse two pieces of silver in a solution of the double 
cyanide of silver and potassium, and connect them with 
any source of depositing power, pranepesing. 6 galvano- 
meter in the circuit, deposition of silver will occur, and 
the needles will be strongly deflected in such a direction 
* See ante, p. 195. 


as to indicate the dissolving piece of silver to be posi- 
tive, and the receiving piece negative; but if we sub- 
stitute two pieces of iron for the pieces of silver, there 
will be scarcely any deposition of silver, and very little 
deflection of needle, the receiving # ce! being feebly 
negative. From these and ages fe er similar cases, 
we conclude, that in every case where deposition occurs, 
the dissolving metal is Seer power and the receiving 
metal electro-negative, and t the former has the 
stro’ electric attraction for the negative elements of 
the liquid, and the latter for the basic or metallic ele- 
ment. In all electric phenomena, positive substances 
repel positive and attract negative, and negative sub- 
stances repel negative and attract positive. 

36. Alternation and Circulation of Electro-Polarities 
pssaagary Ee ted elec renites is, that in every 
case of de on, positive and negative surfaces, or 
Cyetela: ahiernsle Wik heal clit, lathe teat and 
electric forees circulate through the circuit. For in- 
stance— 

Ist. With One Metal and One Liquid.—When a piece 
of iron is immersed in a solution of sulphate of copper, 
innumerable minute electric currents are generated upon 
the surface of the metal, and circulate to a very minute 
depth within the opposed surface of the liquid ; while 
the positive electricity, passing out of innumerable points 
of the iron into the solution, causes it to dissolye—pass 
through the solution, re-enter the iron at innumerable 
other pane, and deposit the copper; but when a piece 
of gold is immersed in this solution, there are no cur- 
rents of electricity generated, and the gold is neither 
dissolved nor does it receive a deposit. 

2nd. With Two Metals and One Liquid.—When a 
piece of zinc and a piece of silver are immersed in 
mutual contact in a solution of nitrate of silver, the 
zine dissolves and the silver receives 5 Sep, and an 
electric current is developed which ci tes through 
the metals and liquids, and may be rendered further 
evident by connecting the metals with a galvanometer 
(Fig. 78): the zine is positive, and the silver negative. 

3rd. With One Metal and Two Liquids.—When two 
pieces of copper are immersed, one in dilute sulphuric 
acid, and the other in a solution of sulphate of Gopper, the 
two liquids being separated by a porous diaphragm, and 
the pieces of copper connected with a galvanometer, an 
electric current circulates, the piece of copper in the acid 
is positive and dissolves, and the piece in the metallic 
solution is negative and receives a deposit. 

4th. With Two Metals and Two Liquids,—When a 
piece of zinc is immersed in dilute sulphuric acid, and a 
piece of silver in a solution of double ide of silver 
and potassium, and the two are connected with a galvano- 
meter, the two liquids being separated by a poveps pee 
tion, electricity circulates, the zinc is positive and dis- 
solves, and the silver is negative and receives a deposit. 

bth. With a Separate iting Liquid,—When two 
pieces of antimony, immersed in the ordi chloride of 
antimony, are connected with any source of electricity, 
one piece becomes positive and dissolves, and the other 
negative and receives a deposit, and an electric current 
circulates, as may easily be proved by the galvanometer, 
i ithe Wath a Series ‘Depositing Liquids.—IE a seri 

a ) .—If a series 
of depositing vessels (Fige 73 ion 75), containing solu- 
tions of pup here of copper, and pieces of copper 
are connected by their extreme pieces with a sheet o: 
zinc, and a sheet of copper be immersed in a solution of 
sulp’ of copper, every alternate piece of metal in the 
series will be electro-positive and dissolve, and every 
other alternate piece electro-negative and receive a 
deposit, and a current of electricity will circulate through 
oer Ble Se Condos Ci Tn 

87. Electri i ircuit necessary.—In every 
case where deposition is proceeding, the whole of the 
circuit must be capable of conducting yoltaic electricity ; 
and this is one important condition of the result ; for if, 
in any such case, we interpose an imperfect electric con- 
ductor in the circuit such as along iron wire, or a short 

t Sce ante, p. 178. : 
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column of water, the process will be ly impeded ; 
and if we interpose a non-conductor of electricity, such 
as a rod of glass or of gutta-percha, or otherwise break 
the continuity of the circuit, deposition will be com- 


etely 

38. Electric Conductivity.—The following is the gen- 
eral order of the conducting power of metals and alloys for 
voltaic electricity at 60° Fah., beginning with those which 
conduct mostfreely—viz., silver, copper, gold, cadmium, 
zinc, brass, tin, palladium, iron, steel, lead, platina, 
German silver, antimony, mercury, bismuth, potassium. 
The order is somewhat different at other temperatures. 

39. Direction of the Electric Currents.—In every case 
where a current of electricity is developed by the mutual 
contact of liquids and or where it merely 
through them, as in a separate depositing poh gece 
current of positive electricity invariably passes from the 
positive or dissolving m through the liquid, to the 
negative or receiving one; and the negative electricity 
passes similarly in the opposite direction. When we 
speak of ‘‘ the current,” without stating which is meant 
—the positive or negative electricity—it is always in- 
tended, for the sake of simplicity of expression, to indi- 
cate positive electricity: when we of the 
nach: metal or plate, the metal which is positive and 

issolyes is meant; but when the positive pole is men- 
tioned, the metal from. which the positive electricity 
proceeds out of the ae CORTON or apparatus into the 

ires, and which is invariably the negative or receiving 
metal, is intended: for instance, when a piece of zinc and a 
piece of silver or copper are immersed in dilute sulphuric 


ae zinc is the negative pole and the positive plate, 
whilst the copper or silver is tha poalhcee pole onsk tha 
negative plate. 


40. In a separate depositing vessel it is the dissolvin, 
metal which is called the pomtive plate, because it a 
responds to the zinc or ra mire of the battery ; 
while the receiving metal is the tive plate : 
the term pole is also sometimes applied to tases plates, 
lt ani rept manner. 

Electrical Decomposition of Liquids.—In all cases 
of electro-deposition, the elements of the liquids are 
split asunder by electric action at the surfaces of the 
metals; the electro-negative elements, such as metal- 
loids and acids, either combine with, or are set free at 
the surface of the dissolving or positive metal, and the 
electro-positive elements, such as metals and alkalies, 
either combine with, are set free, or deposited at the 
surface of the receiving or negative metal: for instan 
if a piece of silver and a piece of copper are imm 
in a solution of sulphate copper, and a piece of zinc 
and a piece of platina are in dilute sulphuric 
acid, the silver connected with the zine by one wire, and 
the copper with the platina by another wire, the negative 
elements of the liquid—namely, the sulphuric acid of 
the sulphate of copper solution, will be split from its 
associated copper, and will combine with the positive 
metal, the copper, causing it to dissolve in the liquid ; 
while the positive element of the liquid—namely, the 
copper of the salt, will be deposited at the of 
the negative or receiving metal, the silver, but will not 
combine with it ; but if we substitute a piece of platina 
for the piece of copper, and mercury for the silver 

Fig. 74), the effects will be reversed, the acid or nega- 
ve element will collect around the positive platina, but 
will not combine with it ; whilst the positive element of 
the liquid, the copper, will be deposited and combine 


with tive mercury. Fused salts yield the same 
substances by electric decomposition as the same salts do 
when dissolved in water. 


42. Electrical Terms in Deposition.—For the more clear 
remembrance of the different of the circuit and of 
the direction of the electric and for the better 
1 eager yagi the action of the Ix gga Faraday has 
proposed the following terms, whi ve come into 
general use :—The liquid by sag ce decomposition he 
terms an ‘‘ electrolyte,” from two ae eeris ‘ electron,” 
meaning ‘* ic,” and “luo,” to ‘‘set free ;” the act 

* See ante, p. 104, 
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of electric decomposition he terms “electrolysis ;” the 
metallic or other surfaces at which the electric forces 
enter and leave a liquid, he terms ‘‘ electrodes,” from two 
Greek words, ‘‘ electron” and “‘ odos,” meaning a ‘‘ way ;” 
the positive electrode, or that point at which the positive 
electricity enters a liquid, is termed “‘ anode,” from two 
Greek words, ‘‘ana,” meaning ‘‘ upwards,” and ‘‘ odos,” 
a ‘¢way”—the way in which the sun rises; and the 
negative electrode, or aad which the positive electri- 
city leaves a liquid, is termed “‘ cathode,” from two Greek 
wo “cata,” meaning ‘‘ downwards,” and ‘‘odos,” a 
‘‘way”—the way in which the sun sets; the elements of 
the liquid set free by electrolysis, he terms ‘‘ ions,” from 
a Greek word meaning ‘‘ going ;” those which combine 
with, or are set free at the anode, are termed ‘‘ anions ;” 
and those which combine with, or are set free at the 
cathode, are termed ‘‘ cations.”+ : 

43. Anions and Cations.—Under the head of Anions 
may be classed—oxygen, fluorine, chlorine, bromine, 
iodine, and cyanogen; probably, also, sulpho-cyanogen, 
and the various mineral acids, Cations include—hy- 
drogen (and ammonium), the alkaline metals, magnesium, 
m ese, arsenic, antimony, bismuth, zinc, cadmium, 
tin, iron, cobalt, nickel, copper, mercury, silver, 
gold, platina, palladium, and the salifiable bases. 

44. Electro-chemical Scale.—The various elementary 
substances have been arranged by Berzelius-according to 
their relative degrees of positive and negative electro- 
chemical character, in a oe -? cig Powel the accom- 

anying one, commencing wi’ ose substances possess- 
ie the strongest electro-positive properties, and ending 


with those of the strongest electro negative properties :— 
POSITIVE END. 


SYMBOL. 


Tungsten ......... 
Molfbdenuin eee 
Vanadium 


NEGATIVE END. 
It will be observed, that the division indicated in the 


above table between gold and Pa peg a is, in a great 
measure, an arbitrary one; useful to assist the memory 
in recollecting the general electro-chemical character of 
the substances, but not really existing in nature: for 
instance, sulphur and chlorine, two of the most negative 
of substances, must be viewed as positive in relation to 
oxygen. A still more negative substance, when combined 
with that element, is hyposulphurous or hypochlorous 
acid, which is negative in relation to arsenic, hydrogen, 
zinc, potassium, when combined with those elements in 
the various metallic sulphides and chlorides: in fact, 
each substance throughout the scale may be viewed as 
both positive and negative—positive in relation to those 
below it, and negative in relation to those above it ; those 
of. the upper end being strongly positive and feebly 
negative, and those of the lower end strongly negative 
and weakly positive. It has been objected that sulphur 
and nitrogen occupy a position too near the negative end 
of the scale, they being generally less negative than 
chlorine and fluorine; also that hydrogen shonld be 
placed higher up in the positive division. 

45. A consideration of all the foregoing facts leads us 
to conclude, that current electricity acts a most important 
part in all the phenomena of electro-deposition. 

46. Thermal Conditions.—Under this head compa- 
ratively little can be said, because it is that portion of 
the subject which has been the least investigated; but it 
is highly probable that, as heat is generally evolved by 
the chemical combination of metals with metalloids or 

+ See ante, p. 194. 9 
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| may be viewed, in a mechanical or dynamic 
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with acids, there exist thermal as well as electrical and 
chemical conditions of deposition. In a series of ex- 
periments with two plates of antimony immersed in a 
conducting liquid, the two plates being maintained at 
different temperatures, and numerous liquids being tried 
a weak current of electricity was devel which 

from the hot metal through the liquid to the cold one 
the hot metal thus being positive. This occurred in all 
peer except with liquids, containing uncombined nitric 


47, Influence of Temperature on the Depositing Liquid, 
—tThe age of affinity between the Rifterent elements 
of a liquid undergoing electrolysis, varies with the 
temperature of the liquid; being almost invariably 
diminished by elevation of temperature. Rise of tem- 
perature increases the electric conductibility of an elec- 
trol and decreases that of the metal plates immersed 
in it; but the decrease of conductibility of the latter is 
small in proportion, at moderate elevations of tempera- 
ture, com 1 with the increase of the former; conse- 
quently, the general effect of heating a depositing liquid, 
is to increase the rapidity of deposition. 

48, We have repeatedly observed, that with some solu- 
tions used at a high temperature for depositing, the 
cathode being immersed in the liquid at the ordi at- 
rt, el temperature, and the liquid then heated to 
the desired point, no conduction or deposition took place ; 
nor did it occur when the receiving metal was taken 
out, washed in cold water, and re-immersed ; but if the 
temperature of the liquid were first raised, and then the 
cold cathode suddenly immersed, deposition took place 
freely, and the liquid might be cooled down many 
degrees without stopping the action. In coating iron 
with tin in some solutions, the iron being immersed 

n too 


before heating the liquid, no depositioi place even 
at 150° Fah. ; but if the fi uid were first heated, deposi- 
tion occurred below 100° Fah. 


49. Influence of Light upon Deposition.—Light appears 
to ith to much less rie sits upon electro-deposition 
than heat; in some cases, however, where the elements 
of a depositing liquid are held together unstable 
affinities, it decomposes the liquid, and renders it unfit 
for deposition. For instance, a solution formed by dis- 
solving hyposulphate of silver in a solution of hyposul- 
phite of soda, has a tendency to be decomposed in this 
way. 
50. Dynamic or Mechanical Conditions.—The various 
phenomena occurring in a liquid undergoing electrolysis, 
asa 
series of minute movements (attractions and repulsions) 
amar: New e the various particles of matter com- 
opposed surfaces of the liquids and of the 
metals immersed in them. For instance, if we immerse a 
piece of zine in a solution of sulphate of copper, and 
connect it with some mercury in the same liquid, by a 
platina wire protected from the solution by a tube of 


_ glass or gutta-percha, the particles composing the surface 


of the zine, being all electro-positive, will tend to repel 


, each other, and the particles of the liquid surface in 


togethe: 
| of the liquid surface in contact with the mercury, 


, rendered electro-nega’ 


contact with it, being rendered electro- tive, will also 
tend to repel each other ; whilst the particles of acid near, 
being electro-negative, will attract the particles of zinc, 
which are electro-positive, and the two will combine 
rand form a salt; at the same timo, the See yr 
Ing 
will tend to repel each other. 
me surf: bein; 


reury ‘ace, 
also tend to repel eac' 

other; whilst the particles of the mercury, being electro- 
negative, and the contiguous sabres: of copper in the 
liquid being electro-positive, the two will combine toge- 
ther and form an alloy. The deposition of copper ye 
the zinc, in this case, must be wholly disregarded, 
cause it is quite a separate and distinct phenomenon. 

To put this in a clearer form—suppose (Fig. 79) the 
vertical row of icles Cu, Cu, Cu, Cu, to represent 
the copper anode of a sulphate of d ating 
oy 


liquid, and the row of particles Hg, 
the mercury cathode, Pt, Pt being tne soameoline wires 


made electro-positive, 
The particles of the opposed 
tive, will 


from the battery, and the double row ing tho | 
particles of acid SO', and copper Cu, composing the in- 
Fig. 79. 
OR ee 
© Bos _e) 
P N 
tervening liquid. The particles of the anode 
beat eee ee alee ee 
e contiguous 

tive, alao tend $> sepel eabth Other ; whilst the partholarcs 


the copper anode, being positive, attract nearest 
— of negative acid, and combine with them, and 
orm a salt. At the same time, the particles of Cu and 
SO! nearest the mereury, being all positive, tend to repel 
bein sce oad On a bape liquid boing 

ing negative, copper in the li posi- 
tive, ations and combine with each oth 


the cop’ 

ani aucoer ohn teen Oe sett) end 
a deposit, and the icles iqui 
gradvally vealed soplaned “tay those from the 
anode, 

51. These attractions and repulsi like ordinary 
chemical actions, are all supposed to tak i 
sensible distances, at the mutually 
the liquids and metals, and not to extend into their 
except so far as they are mixed with each 
y capi attraction or ordinary mechanical 
motion, and can therefore only take place where one or 
both of the substances are in a ve a state; if it were 

ise, the combinations and decompositions of the 
whole masses would probably occur instantaneously. 

52. In addition to those minute and invisible move- 
ments of the particles, there are other and sometimes 
visible movements produced by capi attraction and 
by difference of specific gravity in the liquids. For in- 
stance, the salt formed at the anode, if it be soluble in the 
liquid, will be dissolved and gradually diffused through 
it by capillary attraction or adhesion ; whilst from its 
greater specific gravity than the remainder of the liquid 
When dissolved, 1s teiiels Yo Mek towards the bottom ; at 
the same time, the acid set free at the cathode is like- 
wise gradually diffused through the liquid by similar 
means, and from its less ic gravity tends to rise to 
the surface. These movements are of general occur- 
rence during deposition ; and in some solutions, es ly 

ey are 
ce 


other 


if they are dense and possess a colour, 
plainly visible to-the-tanesieted eyes tls! Sobasten 


explains why the substances set by deposition are 
ney ines transferred from one electrode to 
the other, but occu in dense liquids and 


elasteoden fuPasthdac, & Conmaasbie’ ‘pac on tees 
their transference; it also explains why, if depositing 
solutions are not occasionally stirred, their upper portions 
become exhausted of whilst their lower 

otion of the cathode is 


sink in the liquid ; 
will, by its 1 
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bined acid, the cathode will receive a constant supply of 
metallic salt, and deposition will continue without in- 
terruption. 2nd. If the two electrodes are vertical in 


diagonally 

downwards through the liquid, to the lower part of the 
cathode, and thus the upper part of the anode will 
i i whilst its lower part will dissolve but 


dissolve rapidly, 
slowly, and the cathode will ive a rapid deposit at 


its and but very little at its upper part. In 
this , vertical lines, and even deep grooves, are 
sometimes the it (especially if the 


Pp’ d 
position of the ode be ightly overhanging), by the 
ascent of streams of the lighter acid liquid from which 
the metal has been exhausted by ition. If the 


erystals of the metallic salt are apt to form all over the 
lower part of the anode, which will be dissolved very 
rapidly at the surface of the liquid, and a as if cut 
a knife. In addition to these effects, if the solution 
very deep oa with much 8 ghee an inde- 
currents electricity eveloped, one 
action of the two 
upper and lower 
parts. this will be found in ‘‘ One Metal 
Liquids” (9), in which these currents leave them 


at their w down t the liquid, and 
oat traaoee hrough quid, 


at their lower extremities. 
54. Form of the Electrodes, —If either of the electrodes 


irregular fo or have unequal jections or 
the Anode will oar 


each other occur, atom with atom, the numbers which 
mt those male popeion represent also the 
relativ weights of those to each other. The 
mic i Prag gps ot the ‘iain 
Pp: 

substances : 


bols, and ato- 
or elementary 


56. As there is a number of com 


used in electro-deposition, such as sulphuric acid, cya- 


nide of potassium, &c., and it will be useful to the 
practical depositor to know their combining proportions 
in ing the different salts, used in the art, we have 
selected those which are likely to be required, and give 
their names, symbols, and atomic weights or combining 
proportions :— 
b deed eat Voy . ak 
mmon Oil of Vitrio ific gravity, 1-848; S03 
5s in Hydrochl ey “ps 
tro! oric Acid, sp. gr. 1:21; HCl, 6HO; 
905 (i.e., 90 and 5-tenths). i EER 
Stro: Nitric Acid, sp. gr. 1°52; NO’, 2HO; 72-0, 
Sesquicarbonate of Ammonia (Sal-volatile); 2NH®, 
3C00*, 2HO; 118°0. 
Hydrochlorate of Ammonia (Sal-ammoniac); NH°, 
HCl; 53°5. 
wel ee of Potash (fused Caustic Potash); KO, 
Crystallised Carbonate of Potash ; KO, 00%, HO; 78-2. 
Carbonate of Soda (ordinary washing Soda); NaO, 
CO*, 10HO; 143°0. 
Chloride of Sodium; Na Cl; 58°5. 
Caustic Lime ; CaO; 28-0. 
Calcined Magnesia; MgO; 20-2, 
Pe pe i Carbonate of Magnesia; MgO, CO*,-HO; 
Oxide of Zinc; ZnO; 40°6. 
Commercial Sulphate of Zine (White Vitriol) ; ZnO, 
80°, 7HO ; 143°6. 
Sesquioxide of Iron (Crocus, Colcothar); Fe*O*, 80:0. 
Commercial Sulphate of Iron (Green Vitriol); FeO, 
$0*, 7HO; 139-0. 
Protoxide of Copper (Black Oxide of Copper): C..0; 


397. 
Oxide of Silver; AgO; 116+1. 
Commercial Sulphate of Copper (Blue Vitriol) ; CuO, 


SO", 5HO; 1247, 
Chloride of Silver; Ag Cl; 143-6. 
Nitrate of Silver; AgO NO®; 170-1, 


Oxide of Gold; AuO; 205-0. 

Terchloride of Gold; Au Cl*; 303°5. 
Bichloride of Platinum; Pt Cl?; 169-7. 
ees. Cy; 26:0. 

Cyani of Potassium ; KCy; 65:2, 
Cyanide of Zinc; Zn Cy ; 58°6. 
Sesquicyanide of Copper; Cu*, Cy?; 147:1. 
Cyanide of Mercury ; Hg Cy; 126-0, 
Cyanide of Silver; Ag Cy; 134:1, 

Cyanide of Gold; Au Cy ; 223-0, 


57. Definite Electro-Chemical Action.—The chief ma- 
thematical condition of electro-deposition is, that in 
every case, all the actions, both of combination and de- 
composition, take place in certain mathematical propor- 
tions ; that is, according to the relative atomic weights 
of the substances combining or being decomposed. For 
instance— 

Ist. With One Metal and One Liquid.—If a piece of 
pure iron be immersed in a solution of sulphate of 
copper, it will be dissolved, and copper deposited ; and 
for Mi? Regt tg or one atomic combining equivalents 
of iron dissolved, 31°7 parts, or one atom, of copper are 
ee and 49 parts Pn equivalent) of hydrated 

phuric acid (common oil of vitriol) are separated from 
the copper, and combine with the iron, forming there- 
with one equivalent of protosulphate of iron. 

2nd. With Two Metals and One Liquid.—If a piece of 
zinc and a piece of silver in mutual contact are immersed 
in a solution of nitrate of silver, the zine will dissolve 
and the silver receive a deposit; and for every 108‘1 
raked “A silver deposited, 326 parts of zinc will be 
dissoly 


8rd. With One Metal and Two Liquids.—I£ one piece 
of copper be immersed in a solution of sulphate of copper, 
and another in dilute sulphuric acid, the two being con- 
nected together by a wire, and the liquids separated by 
a porous partition, copper will be dissolved in the dilute 
acid in the proportion of 31°7 parts for every 31-7 
of copper deposited in the metallic solutions; and for 
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every 49 , or one equivalent, of hydrated sulphuric | and the binary theory of eet sore leads us to view 
acid set at the cathode by the deposition of the | the electric current or depositing force in a mathematical 


equivalent of copper, one equivalent of acid will com- 
bine with a like amount of copper at the anode. 

4th. With Two Metals and Two Ligquids.—If we im- 
merse a peng of zine in dilute sulphuric acid, and a 
piece of silver in a solution of double cyanide of silver 
and potassi the two metals being connected by a 
wire, and the liquids ted by a porous ition, 
one equivalent, or 32°6 of zine will combine with 
one equivalent of the acid, and one equivalent, or 108°1 
i. of rit will be deposited, setting one equivalent, 
or 26 parts, o 

Sth. Witha Gaon Daag Liquid.—If the plates 
of a ba are connected by wires with two pieces of 
gold in a hot solution of double cyanide of gold and 
potassium, for every atomic equivalent, or 197 parts of 
gold deposited, and one equivalent of cyanogen set free, 
one equivalent of gold combine with one equivalent 
of cyanogen, and will be dissolved: and not only this ; 
but for each of these actions, one equivalent of zinc will 
combine with one equivalent of acid, and one equivalent 
of hydrogen will be evolved in each of the battery cells 
supplying the current of electricity. 

6th. With a whole Series of Depositing Liquids.—Such, 
for instance, as solutions of sulphate of copper with 
electrodes of copper—arranged as in Figs. 73 and 75— 
connected with a piece of zinc imm in dilute sul- 
phuric acid, and a piece of copper immersed in a solution 
of sulphate of copper, the last two liquids separated by 
a porous diap , the whole of the combinations, de- 
compositions, and depositions throughout the series, will 
take place in the proportions of their atomic weights or 
chemical equivalents. These, and many other instances 
which might be adduced, prove that all the electro- 
chemical actions taking place in any given circuit, occur 
in certain definite proportions, and that this definite 
electro-chemical action is one very important condition 
of electro-deposition. 

58. Binary Theory of Electrolysis,—The law of definite 
electro-chemical action was first established by Faraday ; 
and, in addition, he has advanced what is termed the 
move: theory of electrolysis—that ‘‘only those com- 
pounds of the first order are directly decomposible by the 
electric current, which contain one atom of one of their 
elements for each atom of the other: for instance, com- 
pounds containing one atom of hydrogen or metal with 
one atom of orygen, iodine, bromine, chlorine, fluorine, 
or cyan ;” whilst “boracic acid (B O*), sulphurous 
acid S 0%, sulphuric acid - 0°), iodide of sulphur, 
chloride of phosphorus (P Cl*) and (P Cl‘), chloride of 
sulphur (S* Cl), chloride of carbon (Ct Cl’), bichloride of 
tin (Sn Cl), terchloride of arsenic (As Cl*), quintochloride 
of antimony (Sb Cl’),” are non-conductors of electricity, 
and ineapable of electrolysis. Some substances, which 
are not of the simple bi 
decomposed by current electricity, and yield their posi- 
tive and negative elements in equivalent a yin at 

to thi sony, 


the respective electrodes; but, according 
they are indirectly decom; , i.e, they are decom 
by the chemical action of some of the elements set free 
by the direct action of the current upon other substances 
ee For instance, ‘‘fused borax (biborate of soda 

aO, 2B0*) yields oxygen gas at the anode, and boron at 
the cathode : now, since fused borax is not decomposible 
by the electric current, the separation of the boron must 
be attributed to indirect action ; the current resolves the 
soda (NaO) into oxygen and sodium, and the latter sepa- 
lations nis (a6 Nit) en, eae 
solution of ammonia R yi y ni- 
trogen gas at the mode i hy at the cathode. In 
this case, according to the theory, it may be supposed that 
only the water (HO) is directly decomposed, and that its 
oxygen, = +" at the —_ poner chemical, ty, with 
some of the hydrogen of the amm again forming 
water, and thus indirectly the nitrogen is set free. 

59. Mathematical Idea of Electro-depositing Force, —A 
consideration of the law of definite electro-chemical action, 


mentioned, are. 


aspect, as ‘“‘an axis of forces equal in power, but o) 
site in direction ;” because, for every atom of an ¢lostto- 
positive substance attracted or transferred in one direc- 
tion, an atom of an electro-negative character is attracted 
in the opposite direction. It also suggests to us the 
idea that an intimate connection exists between those 


60. Sizes ~ ‘Electrodes, Liquids, and Wires.—The 
pejarecs, Mig ncaa henapee nly Renmbrn 
el es, the and area of the aecnieg ans 
and of the connecting wire; ie eae ee 5 

surfaces of the metals, the shorter the length and the 
greater the transverse area of the liquid between them; 
and the shorter and thicker their ing wires, the 
more rapid is the process of deposition. the anode 
be very large, and immersed in the lower part of the 


liquid, and the cathode very small and near 
the surface, much more metal will he dinnclvod thaw is 


posited er eee it will be ine, because the 
atoms are then allowed sufficient time to arrange them- 
selves in the crystalline form. 


62. Logical Conditions.—The logical conditions are— 
Ist, that there is a difference at the dissolving and re- 
ceiving surfaces, either in the “‘muterial substratum” of 
metal, of liquid, in the forces involved, or in all com- 
bined, both of chemical affinity and electricity—probably, 
also, of heat and of motion ; and, 2nd,‘that in all cases o 
deposition there are certain chemical, electrical, thermal, 
dynamical, and mathematical conditions invariably pre- 
sent, and certain other conditions of each of those kinds 
invariably absent, both of which classes of conditions are 
necessary to the production of the phenomena; the 
whole of the necessarily present circumstances consti- 
tuting its causes, and all the oe, absent ones con- 
stituting its preventives. Thus, if al/ the causes of de- 

ition are present, and ali its preventives absent, 

eposition will invariably occur; but if only one of its 

causes is eee one of its preventives present, depo- 
sition cannot 

63. Ontological ition.—The last, the most neces- 
sary, most evident, and most simple condition of all 
deposition is—that metals, liquids, and forces are re- 
quired in order to produce it. 


THE PRACTICE OF ELECTRO-DEPOSITION. 


64. Objects of Practical ition.—In, the theoretical 
division we have brought forward a large number of 
instances, both of deposition and non-deposition; and 
from a consideration of them, we have drawn conclusions 
both as to what substances, and what conditions and 
arrangements of those substances, really exist in all cases 
of deposition, and in similar cases of non-deposition ; 
and we have pointed out in what respect the conditions 
varied. Our object in pursuing this course was to 
impress the reader with an extended knowledge of the 
theoretical principles on which deposition proceeds, that 
he may feel himself perfectly able to apply his knowledge 
to remove the difficulties certain to arise in his practice, 
Now, however, our object is different; it is to instruct 
the reader how he is to apply those principles in daily 
working ; to give him practical rules, recipes, and direc- 
tions for carrying out the various minute points in 
workshop manipulation; and to enable him to obtain 
the greatest degree of practical success, 


ewe 
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65. General Arrangement of Electro-Deposition.—The 
practical part will be best arranged by beginning at the 
very commencement; and assuming the reader to be 
without materials or apparatus of any kind—that he has 
to provide a workshop, prepare his solutions, batteries, 
scouring and cleaning apparatus ; that he has to clean 
his articles for receiving deposits, and prepare his 
materials for moulds, before he can a ere Brot ga 
cess of deposition, ually acquiring a know , as 
he proceeds, of oe ind of depositing process best fitted 
for his purpose ; of the most suitable source of depositing 
power; the best solutions; the best recipes for making 
solutions; the construction of voltaic batteries and of 
magneto-electric machines ; the rules for regulating the 
currents of electricity, and the character of the deposited 
metals ; rules for depositing metals generally, as well as 
for cleaning and preparing metal articles to receive 
deposits ; copying works of art by moulding; preparation 
of moulds for receiving deposits; making solutions for 
ordinary coppering, silvering, and gilding; and for the 
management of those solutions;—information on all 
these points it will be our task to supply. 

66. First Considerations.—The first ry in practice 
is, to consider the probable magnitude of the operations 
to be carried on, and to provide rooms of suitable size. 
These should be upon the ground-floor (except for elec- 
tro-gilding), well lighted and ventilated, with con- 
veniences for the erection of boilers and drying flues, for 
placing washing-troughs, depositing vats and batteries, 
and for the escape of unwholesome vapours; there should 
also be ready access to a D sasc. rng <p poe clean water. 
The establi it should consist of at three rooms, 
and an open yard with an outhouse; an upper or more 
private room for gilding, a ground-floor room for silver- 
ing, and another ground-floor room for the coarser work, 

as coppering, brassing, and the preparation of the 
va amg coarser articles for receiving deposits. The 
ou’ is for the batteries, and the yard for washing 


ENE pepe leerle 
em an additi and clean apartmen' 
“ae uired, which should be reserved for it alone. 


~ 67. Boilers, Furnaces.—For the purpose of general 
deposition, several large iron boilers, with furnaces 
beneath, either in the coppering-room or in close prox- 
imity to the silvering-room, are required; these are to 
contain solutions of caustic potash for cleaning articles. 
A low furnace should be erected between those 

having a 
for drying ited or plated articles upon; the room 


much upon the degree of confidence the operator pos- 
sesses in each source of electricity, upon its expense, 
and whether or not motive power to drive the former, is 
readily and constantly available at a moderate cost. 
Voltaic batteries are readily obtained, and worked in 
almost any situation. We will suppose, for the purpose 
of explanation, that the operator has resolved to use both 
a magneto-electric machine and voltaic batteries. 

69. Construction of Magneto-Electric Machine.—The 
simplest form of apparatus for generating current elec- 
tricity by the joint influence of magnetism and motion, 


has been already described (15); but the apparatus re- 

quired for practical purposes is far more elaborate and 

costly in its construction. A (Fig 80) is a strong frame- 

work of wood; B, B, B, B, are four bundles of power- 
Fig. 80 


ful horse-shoe magnets, firmly fixed to the wooden 
frame; C is an axle driven very rapidly by steam- 
power; the axle carries two brass circles, upon which, at 
right angles, are firmly fixed four round bars of pure 
soft iron, B, C, D, E (Fig. 82), equal in length to the 
distance asunder of the poles of each magnet ; upon each 
of these is coiled a long piece of thick copper wire, the 
wire being covered with cotton to insulate its coils from 
each other; the ends of these wires are connected with 
four semicircular pieces, formed of a piece of brass tube, 
fixed upon the axle C, but insulated from it and from 
each other (Fig. 81) by a tube of hard wood or gutta- 
percha: by rotation of the iron armatures past the poles 
‘Fig. 81. ‘ 


thould be furnished with one or two large wooden tubs 


or troughs, filled with water, for washing articles of 
larger size. This room and the outhouse should contain 
a number of large stoneware pans and jars, oval and 
round, of different sizes and proportions, to receive the 
various “pickling” and “dipping” liquids, acids, or 
spent solutions.” Several large iron trays, filled with 
sawdust, should also be provided and fitted to the 
furnace fiue, for drying p and deposited articles 
upon. Each of the rooms should be provided with a 
**scratch-brush lathe,” for scouring the various articles. 
The ape, age should have several small stoves for 
heating gilding solutions, or, in lieu thereof, several 
iron tri with large gas-burners beneath. The silver- 
ing an ip taigs irr should each be provided with 


one or two pairs of large and well-insulated copper wires, 

ing from the depositing vats to the batteries 
outside. The gilding-room will not require these, small 
batteries only being used in it, which are kept in the 
same room. 


68, Sources of Electricity.—A point for early conside- 
ration will be, whether a magneto-clectric machine or 
voltaic batteries are to be used as the source of de- 
positing power. The choice of either will depend very 


of the magnets, currents of electricity are generated in 
the wires in one direction as they are approaching the 
magnets, and in an opposite direction as they recede 
from them: to collect those currents and convey them 
to the depositing vat, also to throw them all into one 
uniform direction, two brass springs, D E (Fig. 81), press 
against the semicircles of brass during their revolution, 
and are so arranged at their points of mutual contact, 
that, just at the moment that the currents are changed 
in direction by the armatures passing the magnets, the 
revolution of the axle causes the points of contact of the 
springs to pass from one pair of the semicircles to the 
other; and thus, by reversing the connection at the 
moment the direction of the current is changed, a 
— direction of currents is obtained in the wires 

on 

‘o explain the action of this machine more fully, we 
will suppose NS, NS (Fig. 82) to represent those poles 
of the compound horse-shoe magnets which are placed 
facing the observer in the elevation (Fig. 80); A in Fig. 
82, is the axle, and B, CO, D, and E are the ends of the 
four horizontal round iron bars or armatures, moving 
in the direction of the e arrows. When a bar of 
soft iron, having a coil of insulated wire wound upon 
it, is moving towards a pole of a magnet, a current of 
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electricity is developed in the wire in one direction by 
Fig. 82. the pi of iron 
within it gai 


magnetism; an 
when the bar is 
moving from the 
. pole of the mag- 
© be net, a current 18 


— in an 
opposite direction 
by the iron bar 
losing its magnet- 
ism; and these 
currents are both 
reversed in di- 
rection, if the 
pole of the mag- 
net be reve: ; 
so that the cur- 
rent develo 

in a wire, coiled upon an iron bar, by moving that 
bar towards the south pole of a magnet, is the same 
in direction as that produced by moving it from the 
north pole. We will now suppose that the current pro- 
duced in the coil of wire upon bar B, moving from 8 to 
N, is in the direction of the small arrow surrounding 
that bar—viz., left-handed motion; if so, the current of 
the wire of bar D will also be left-handed in direction, 
because it also is moving from a south to a ge aes 
whilst the currents in the wires of bars O and E be 
right-handed, because both those bars and coils are 
moving from north to south poles. 

From these remarks, it may be perceived—Ist, that 
the currents of ang hay in all the coils, are reversed 
in direction every time the bars pass the centres of the 
poles of the magnets, i.c., four times in every revolu- 
tion; 2nd, that to obtain a current of one uniform 
direction from all the four coils (by conducting the 
whole four into one stream), during only one quarter of 
a revolution, i.¢., from one pole to the next one, it is 
n to connect the ends of the wires of the coils of 
B and D in an opposite manner with the semi-cylinders 
of the commutator or break-piece Fig. 81), to those of 
the coils of C and E; and, 3rd, that as the currents in 
all the coils are reversed in direction every time the bars 
pass the centre of the poles of the ts, the two 
springs which press upon the semi-cylinders, must, by 
some means or other, be reversed in their order of con- 
nection with all the wires every time, and at the same 
moment that the bars pass the centres of the poles, in 
order to throw the whole of the currents, during a 
complete revolution, into one uniform di on in the 


springs and in the wires which proceed to the depositing 
vesse 

To enable us to understand how the opposite currents 
of the different coils are thrown into one uniform direc- 
tion during one quarter of a revolution, and how the 
whole of the currents are alternately conducted into one 


Fig, 83. 


uniform stream 
during rapid revo- 
lution, we oa. 
su a 4 
83) to be the axle, 
and 1, 2, 3, and 4, 
the semi-cylinders 
insulated from the 
axle by a tube of 
tta-percha, In 
he first place 1 
and 2 are con- 
nected together by 
a short piece of 


shown in the cut 
and 3 and 4 are connected together by another ani 
similar piece of metal; next the ends of the wires 


, an 


take place regularly, and s ly with the re- 
during the most rapid revolu- 
ing the incessant and indefinitel; 


electricity is obtained. In the practical i 
the ets without absolutely touchi 
to obtain if 


w 
upon the magnets (Fig. 80) nearer or further from the 


head of ‘‘ Facts,” and which develop a current of elec- 
tricity, constitutes an elementary voltaic battery—a 
battery in all its essential parts, but not in outward 
form. All voltaic batteries consist of one or other of 
pted for 


ical form, any kind of metal, of any size or shape, 

with almost any conducting liquid, and with any kind, 

shape, or size of containi will develop a cur- 

rent of electricity and produce deposition; but a true 

Ee ee ett 
and 


ections, i 
particular materials, and of special forms and sizes. 

“71, Arrangements of various voltaic batteries have 
already been fully described in our previous pages. * 

72. Battery Oclls.—The form of cells for these bat- 
teries is generally either round or square; for small 
batteries, either of the old zinc and copper kind, or of 
Mr. Smee’s pee square ones are generally 
used ; but for Daniell’s batteries, or for large bat- 
teries of either of these kinds, round vessels are almost 
invariably adopted. They are made of stoneware, 
or gutta-percha; the first of these is universally 
for tteries of all kinds: glass is too expensive 
for vessels, but it possesses the great advan’ 
of ling the operator to watch the action of 

* See ante, p. 187, et seq. 
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batteries, and is now being moulded into large vessels for 
the use of some of the electro-plate manufacturers : 

tta-percha has been also used, but possesses rather 
ess advantage, upon the whole, than the other materials, 
being opaque and expensive, while the zinc salt of the 
battery liquid passes rather rapidly over its edges by 
capillary action. 

73. Porous Cells—When Daniell’s or any other battery 
with two liquids is used, porous vessels are required 
also, to allow the two liquids to touch each other with- 
out mixing: they are of three kinds—unglazed earthen- 
ware, wood, and bladder. The first of these is the only 
kind in use by manufacturers ; they should always be 
kept in clean water when not in use, to remove the salts 
of the battery liquids from them, to prevent their 
cracking, and to preserve them always fit for imme- 
diate use. 

74. Zine for Batteries.—The best kind of zine for 
batteries, and the kind chiefly in use by electro-platers, 
is the German or Liége zinc, known as ‘‘ Mosselman’s,” 
from the name of a former manufacturer of it. The 
thickness of the plate should vary with the size of the 
battery; the smallest should not be less than one-eighth 
of an inch thick, on account of its brittleness when 
amalgamated ; ones are generally about one quarter 
or three-eighths of an inch in thickness. Zine bolts for 
Daniell’s batteries are ly made by melting to- 
gether a number of old worn-out pieces of battery plates, 
and casting in a suitable mould. 

75. Amalgamation of Zinc.—Zine plates or bolts are 
best amalgamated by immersing them, during a quarter 
of an hour, in a mixture of about one part of sulphuric 
acid and ten or twenty parts of water; then pouring 
rey upon them, and rubbing it all over them with 
a 's foot.or piece of old cloth, using a small hard 
brush for the refractory places ; they are then washed 
in water, and drained for half-an-hour, and brushed, to 
recover the superfluous me d 

76. Copper and Platinised Silver for Batteries. —Ordi- 
nary sheet co} answers very well for this purpose, 

latinised silver may be obtained of most philoso- 
lhical instrument-makers, or it may be easily prepared 
by any one by the following means :—Immerse a piece 
zine in dilute sulphuric acid contained in a porous 
cell ; place the cell in an outer vessel, and fill the outer 
space with water, to which a few drops of sulphuric acid 
have been added ; add to this a sufficient quantity of a 
solution of bichloride of platina to render it of a brown 
colour ; immerse the piece of silver to be platinised in 
the outer liquid, and connect it by a wire with the piece 
of zinc; gas will soon be evolved from the surface of the 
silver, when the silver will gradually become black with 
a deposit of platina; it may then be removed, dipped 
several times in water, and afterwards dried, care being 
taken not to rub off the platina. The porous cell re- 
quires to be immersed a ohaie time beforehand. The 
solution of bichloride of platina may be easily and 
cheaply made by adding scraps of the metal foil to a 
hot mixture of one measure of nitric acid and two-and- 
a-half measures of hydrochloric acid, as long as gas is 
ea from them; the liquid will then be of a deep 
r. 

Silver alone is not nearly so effective for the negative 

—_ of voltaic a — platinised silver, because 
eee evolve eres very strongly to it, 

and greatly oa the amount of its tartans SP obatait 

with the liquid; whereas the platina being a very 

negative metal, and being deposited in the state of 

a fine powder, causes the hydrogen to be thrown 

Re very rapidly from its surface, and thus increases the 
ion. 


Copper is still less effective than silver, because the 
battery liquid acts chemically upon it, and forms a salt 
of copper, which dissolves in the liquid and reacts upon 
the zine plates, causing them to waste rapidly; for this 
reason they cannot, like silver, be safely left in the 
liquid any — length of time when the battery is not 
at work. addition to this, when they are taken out 
and exposed to the air, they soon become covered with a 


film of oxide, which considerably weakens the electric 
current on their reimmersion. 

77. Depositing Vessels, Vats, de.—The depositing ves- 
sels are made of various materials. For small opera- 
tions, nothing is so su‘table as glass vessels or a stoneware 
pan; but for ordinary manufacturing purposes, vats 
containing from twenty to several thousand gallons are 
used: they are generally made of wood, lined with sheet 
lead; but very large ones, for containing sulphate of 
copper solution, such as are used for depositing life-sized 
figures in copper, have in some instances been built of 
bricks, coated with cement, and lined with gutta-percha. 
Vats used to contain cyanide solutions should not be 
lined with this substance, because the cyanide of potas- 
sium acts upon it. The vats used for ordinary silver- 
plating are about twenty-four or thirty inches deep, from 
two to three feet wide, and from three to twenty feet 
long; their dimensions vary greatly in different manu- 
factories, and depend upon the number and size of the 
articles to be plated in them. Some electro-depositors 
use vats formed of sheets of wrought-iron riveted toge- 
ther ; but there is always a slight salt or sediment found 
on their sides, which settles at the bottom of the liquid. 

78. Arrangement of Dissolving Plates in Vat.—In the 
vats used for silvering general articles, such as spoons, 


knives, forks, teapots, plates, &c., the dissolving plates 
are sometimes fixed all round the sides of the vessel just 
beneath the surface of the liquid; in addition to this, 
vertical wooden frames are fixed at intervals of about 
two feet, across the vat (Fig. 84), with dissolving plates 


upon them, and all the dissolving plates are connected 
together metallically. The articles to be plated are sus- 
pended by small copper wires, from brass or copper tubes 
resting across the vessel upon two other and longer tubes 
passing along the upper edges of the vat. These are 
connected by a large copper wire with the negative pole 
of the battery ; whilst the dissolving plates are connected 
by another large copper wire with the positive pole: by 
this arrangement, each row of articles has dissolving 
plates all round it, which greatly facilitate the rapidity 
of deposition. ‘The wooden cross-frames are movable, so 
that when large articles are to be plated, one or more of 
them may be removed to make more room. 

79. The large vessels used for depositing solutions 
which require to be worked hot, such as the cyanide cop- 
pering or brassing liquids, are formed either of cast-iron, 
wrought-iron, or iron coated with enamel; and the 
smaller vessels, such as are used for gilding, are often- 
times of stoneware or glass ; enamelled iron pans are also 
used for this purpose. 

80. “ Scratch-brush Lathe.”—The deposition will re- 
quire several ‘‘scratch-brush” lathes, ono in each depo- 
siting-room;\for scouring and preparing the surfaces of 
metal articles to receive a deposit. ‘This instrument 
(Fig. 85) consists simply of an ordinary lathe A, with a 
wooden chuck B, to the sides of which are firmly secured 
four horizontal bundles of fine brass wire; above it is a 
vessel 0, containing stale beer, which is allowed to drop 
constantly, by the pipe and tap D, upon the revolving 
brushes whilst working; the sides E E are to prevent 
splashing, and the tray F, and pipe G, are to collect and 
remove the waste liquid. The workman stands opposite 
the end of the machine in using it, working the treadle 
with his foot, and pressing the article against the ends of 
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the revolving wire brushes, exposing in succession dif- 

ferent of the article to their action. Wire of dif- 

ferent of fineness is used with different articles. 
Fig. 85 


81. Connecting Wires.—The depositor should provide 
a large ntes tasteral pounds weight) of pieces of cop- 

r wire, of about the size No. 18 or 20, of the Birming- 
vate brass wire gauge, and about fifteen or twenty inches 
long, for suspending the smaller and more numerous 
articles to be coated in the depositing solutions; a few 
other ~ of a larger and kind should be pro- 
vided for the heavier articles. pper is the most suit- 
able metal for connecting-wires, and the most generally 
used, because it is one of the best conductors of electri- 


city, being also flexible and not expensive; next to it we 
should select brass; silver is the best conductor, but is 
too expensive, 

82. Dipping Liquids, Pickling Liquids, &c.—The de- 
positor next prepare his various liquids for cleansin 


req 
ture of one. part of sulphuric acid, and twenty parts of 
Finds of 


he will ce some glass-cutters’ fine sand; with several 
small hand- 


contained in a small leaden or 
be at hand, to apply to the ‘‘g 
mes Ba ay Taguide Th only kind of acid used 

. Battery Liquids.—The ind of aci 
electro-platers, to excite their batteries, is sulphuric na 
For the negative solution of Daniell’s batteries, a stock 
of sulphate of copper should be provided. 

84. Liquids for Causing Adhesive Deposits.—Solutions 
of nitrate, or of cyanide of mercury, be 
preparing the surfaces of copper, 
silver, for receiving adhesive deposits of silver. The 
nitrate solution is prepared by adding one ounce of mer- 
cury to sufficient nitric acid, diluted with three times its 
bulk of distilled water to dissolve it: no more mercury 
must be added than the liquid will dissolve; when tho- 
roughly dissolved, dilute it with about one of 
water. To prepare the cyanide solution, dissolve one 


tta- bottle, shoul 
” patches occasionally 


ounce of mercury as stated, dilute it with water, and add 
a solution of cyanide of ium to it, just as long as 
a precipitate is produced ; filter it, add a small tity 
of water to the precipitate in the filter, and, when tho- 
roughly drained, take out the precipitate, and add to it a 
strong solution of cyanide of potassium until it is all dis- 
solved ; then add a little more cyanide solution, and finally 
gait. theo eiglions wie Beasecois teat cs oie 

lon, ution, i 
stoneware pan, a pan of dipping liquid 


Seckiek ual and bu 
parts of white wax spermaceti; but one of 
substances er have used for this B has 
composition of our own, consisting of two parts of gutta- 
and one kee “* 


gu alone as a moulding 
material ; it is softer when heated, and takes ee 
‘ore 


86. Elastic Mouldi pion anne ion.—When the objects 
to be copied are heme under-cut, or when we wish to 
take a mould of a bust all in one piece, elastic moulding 
composition is required. The best substance of this 
kind, and almost the only one used, is vig 08 of four 
parts of best Russian glue and one treacle; the 
glue is broken into small pieces, and soaked for one or 
two hours, or until it is quite soft, in sufficient cold 
water to cover it; when it is soft the su uous water 
is thrown away, and the glue, together with the treacle, 
is heated in a common glue-pot, like ordinary glue, to 
nearly a boiling heat, and stirred until the two sub- 
stances are thoro mixed: the use of the treacle is 
to prevent the mould aryind and shrinking too rapidly. 

87. Blacklead, Phosphorus, Liquid, éc.—For rendering 
the surfaces of non-conducting substances, such as gutta- 

wax, marine glue, &c,, conductible, the follow- 
ing substances are used :— 


ist. The common powder blacklead for ordinary non- 
between various specimens of blacklead in their value 
for this purpose, some causing the deposit to spread 
cause it to spread at all; the best we have found, and it 
has been is oe afl sold in twopenny 
time for this purpose, 

‘ond. For acaba of elastic oy arg (86), the de- 
porter will require the following liquids, patented by 
. Alexander Parkes:—A, the phosphorus solution; 
bees-wax or tallow; then dissolve eight grains of india- 
rubber cut up very small, in 160 grains of bisulphide of 
(as it is highly inflammable) the melted wax, and shake 
the mixture thoroughly. Then dissolve 64 ins of 
of carbon, and add to it 80 grains of spirit of peter © 
and 64 ins of asphalte in fine powder: when dis- 
rubber and wax, and thoroughly mix them by shaking. 
B, the silver solution : to soake twenty ounces (one 


elastic moulds; there is the greatest difference, however, 
over the moulds very quickly, whilst others scarcely 
aeowe. Bega ase which will serve the operator a 
to make nearly three ounces of which, melt 64 grains of 
carbon ; and when it is dissolved, add to it very carefully 
phosphorus in 960 grains (about 2} ounces) of bisulphido 
solved, this solution to the previous one of india- 
pint) of this liquid, dissolve about 18 or 19 grains of 
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pure silver in about 20 or 25 grains of the strongest 
nitric acid, and then dilute it to the required volume with 
distilled water. And ©, the gold solution: to make 
twenty ounces of which, dissolve about 5 or 6 grains of 
pure gold in about 20 or 25 grains. of a hot mixture of 
one measure of nitric acid, and about two or three 
measures of hydrochloric acid; when dissolved, dilute 
the solution with 20 ounces of distilled water. 

The same patentee includes in his patent a phosphorus 
moulding composition, by the use of which the immer- 
sion in the phosphorus solution is dispensed with, the 
moulds themselves containing the required amount of 
phosphorus. To make about one pound of this compo- 
sition, melt together half a pound each of wax and 
deers’ fat ; then dissolve about 19 or 20 grains of phos- 

horus in about 300 ps of bisulphide of carbon; 
eep the wax mixture y melted, and add the phos- 
phorus solution slowly to it, and with brisk stirring of 
the fat, pouring it in at the bottom of the melted 
mixture by a vessel with a long spout, to prevent its 
i ing. It is highly dangerous to have split portions 
of the phosphorus composition where it can come in 
contact with wood, pa; rags, &c., as, after a lapse of 
some time (even rk am will often burst into e. 
Selection of Depositing Processes.—For very small 
articles, of which there are a great number, such as 
buttons, hooks-and-eyes, pins, &c., and which require 
only a wea deposit, ail, simple ee re wash 
process answer very well, being of execu- 
tion and cheap. For the ulinlntite at ememene 
small articles in copper, such as medallions, éc., the 
single cell process is very advan us; it is quicker 
than the battery process ; and considering the time occu- 
pied, and the other elements of per it is to be 
preferred to that method. But for all ordinary deposits, 
Plating, &c., the battery is by far the best, 
use coatings of any thickness, in all ordinary metals, 
may be obtained by it, and the solutions do not, as in 


other p require renewal. 
89. Methods of Maki iting Solutions.—The 
operator will next consider about making depositing 


iquids. This may be done by two methods; the one 
the chemical, and the other the battery process. 
The chemical process consists in mixing the various 
ingredients by the usual means, and in suitable propor- 
tions to form the liquids: for instance—lst, the ordi 
sulphate of copper solution is prepared by dissolving 
a certain a of commercial sulphate of copper in 
water, and adding to it a definite quantity of sulphuric 
pred eda pa ores and, er) = wid. tilver 
cyanide of silver and potassium ing liquid, silver is 
dissolved in dilute nitric acid; the mm boar nitrate of 
silver formed is precipitated by addition of a solution of 
cyanide of potassium ; the Ws = pep crag of cyanide 
of silver is washed, and then added, as much of it as will 
dissolve, to a solution of cyanide of potassium; after 
that, an additional portion of ide of potassium is 
added to afford free cyanide. The battery process con- 
sists in ag some water, and dissolving in it a certain 
proportion of acid or salt, as the case may be; then 
placing a large anode of the given metal at the lower 
part of the ry ners a small peice — rayon 
W rt, , if necessary, applying heat. Con- 
page to be made with a aitable battery until the 
required quantity of metal is dissolved, which is indi- 
cated by cathode receiving a good deposit: in 
= gold solutions the cathode is generally placed in 
a orous cell filled with the same liquid, and 
ienaeoed onsrty to its edge in the outer liquid ; and by 
transferring the cathode occasionally to the gold solu- 
tion, and o! ing if it receive a good deposit, we may 
know that sufficient metal is dissolved ; the liquid of the 
cell may then be added to the outer solution. If it be 
wished to make sulphate of copper solution by this 
method (which we should uot advise, however, the salt 
being so cheap), take the same quantity of water as we 
i for the chemical method, and add to it as 
much acid as was contained in the salt of copper with 
the free acid as before, and then pass a current from a 


ver T. 


battery of one or two pairs by a large anode and small 
cathode, until sufficient metal is dissolved; or if it be 
desired to make some cyanide of silver and potassium 
solution by this method, which is sometimes done, take 
the same proportions of water, cyanide of potassium, 
and free cyanide as in the chemical process, and pass the 
electric current by a large silver anode, until the same 
proportion of silver is dissolved as required by the 
chemical method. 

90. Selection of Depositing Liquids.—The following 
rules should be observed in selecting a suitable depositing 
liquid for the battery process. 

1st. It should act strongly upon the anode, and hold 
abundance of metal in solution. 

2nd. It should possess good electrical conducting 


power, 

3rd. It should yield its metal freely, and in a reguline 
state. 
4th. It should not act chemically to any great extent 
upon the base metals, because it is those that we gene- 
rally wish to coat, and chemical action upon them would 
endanger the adhesion of the deposited metal. 

5th. It should not decompose by contact with the 
atmosphere, nor should light influence it in such a way 
as to injure it for depositing purposes. 

6th. It is better if it do not evolve gas at the surface 
of the receiving article whilst depositing, because that 
generally indicates a waste of battery power, attended by 
ary of the liquid. te , 

91. Testing a Depositing Liquid.—To test a depositin; 
liquid, pass a current of electricity through it, from cheat 
two pairs of Smee’s batteries, with a suitable clean anode 
of proper size, and a clean piece of iron, brass, or copper, 
of about the same size, to receive a deposit, observing 
how much gas is evolved in the battery; if the deposit 
appear quickly, and of a bright and proper colour; 
and if it adhere to the me the cbtods evolving 
gas from its surface, and the anode dissolving freely, 
cleanly, and without escape of gas, work it at intervals, 
keeping it ex to light and air; observe if it con- 
tinue to work well, or whether, on the contrary, it 
shows a decrease of conductibility, deposits a sediment, 
or if the anode become covered with an insoluble crust 
(this last may arise either from deficiency of free acid, 
or from impurities in the metal). I£ but little gas be 
evolved in the battery, the liquid in the cell is a bad 
conductor, and will neither dissolve nor deposit the 
metal freely at that temperature, or it is deficient in 
free acid or free salt. If the deposited metal be of a 
bad colour, either the battery is too strong, the receiving 
article too small, or the liquid is incapable of yielding 
good metal, If the immersed metal or article be coated 

y simple immersion without the aid of the battery, it 
shows that, to adapt the liquid to articles made of that 
particular metal or alloy, they must receive some pre- 
vious P a ecraapen in order to make the deposit adhere, 
If it deposit a sediment, or alter in conductibility by 
Sepwese to air and light, the probability is that those 
influences alter either its chemical composition, or the 
arrangement of its particles. If it evolve gas at the 
receiving surface during deposition, it shows either that 
there is too much battery power, too little metal in 
solution, too much free acid, or that it is a wasteful 
liquid, in which one part only of the current is employed 
in depositing metal, whilst another part of it is em- 
ployed in evolving gas and oxidating the liquid. 

92. Testing Solutions for anponing Alloys.—With so- 
lutions in*which alloys are to be deposited, the most 
important condition is, that neither of the metals to be 
deposited should be electro-positive to each other in 
that liquid. This is best tested by taking a wire of 
each metal, connecting them with a galvanometer, and 
simultaneously immersing their free ends in the liquid ; 
if either be electro-positive, the needles of the instru- 
ment will be deflected, and the direction of the deflec- 
tion will indicate which is positive, while the amount of 
deflection will indicate the amount of their electric 
difference in that liquid. It may also be tested by 
immersing a wire of each metal (not in ia ey contact) 
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in the liquid ; if either become coated with metal in an 
hour, that one is positive; but if neither become coated 
in six hours, there is no perceptible electric difference 
oa The fol wing experiments bear upon th of 
. The follo ments u is 

the be eae Fe show ‘that if a liquid contain two 
metals in solution, and a wire or other piece of each of 
those metals be immersed in the liquid, and one becomes 
covered with a deposit of metal, while the other does 
not, the one so covered is sree oper to the other in 
that liquid, and the solution will only yield the same 
metal which is deposited by simple immersion. 

Experiment 51.—With an alloy solution consisting of 
equal measures of a strong solution of protochloride of 
tin, and terchloride of antimony, with an anode either of 
tin or antimony (the latter is the most proper, because it 
does not coat itself by simple immersion in the liquid), a 
copper cathode, and two small cells of Smee’s battery, 
only antimony was deposited; tin coated itself with 
antimony in this solution by simple immersion, and was 
found by the galvanometer to strongly positive to 
that metal. 

Experiment 52.—With a liquid composed of equal 
measures of a solution of protochloride of tin and 
chloride of bismuth, and either a bismuth or tin anode 
the former is the best), a brass cathode, and two cells of 

mee’s battery, only bismuth was deposited; tin was 
positive to bismuth in this liquid by the em HE 
and coated itself quickly with that metal by simple im- 
mersion, 

Experiment 53.—With a mixture of equal measures 
of terchloride of antimony, and chloride of bismuth, 
antimony anode, copper cathode, and a feeble Smee’s 
battery, only antimony was deposited ; bismuth coated 
itself slowly with the antimony in solution by simple 
immersion, and was found by the galvanometer to 
moderately positive to the latter metal. 

Experi 54.—With 100 grains each of protochloride 
of tin and chloride of zine dissolved together in an 
ounce of distilled water, tin anode, copper cathode, and 
one cell of Smee’s battery, only tin was deposited; zinc 
was ope to tin in this liquid by the galvanometer, 
and deposited tin upon itself by simple immersion. 

Experiment 55.—With equal measures of strong solu- 
tions of nitrate of zinc, and ternitrate of bismuth, and a 
little nitric acid, bismuth anode, copper cathode, and a 
feeble one-pair battery, only bismuth was deposited ; 
zine was strongly positive to bismuth in this liquid by 
the B ridy crass and coated itself quickly with that 
metal by simple immersion. 

Experiment 56.—With a solution of the mixed sul- 
phates of zinc and copper, copper anode and cathode, 
and a single small battery, copper alone was ator ; 
zine was strongly positive to copper in this liquid by the 

vanometer, and coated itself immediately with copper 
in it om immersion. 

94. her, if we take some distilled water, and 
caustic potash be dissolved in it, on passing a 
rately strong current through it by platina electrodes, 
h en gas will alone be set free at the cathode: in 

is case, also, hydrogen—the least positive of the two 

itive elements of the liquid—potassium and _hy- 
crogen—is set free or deposited, we now add a little 
sulphuric acid to the liquid to convert it into a solution 
of sulphate of potash, with some sulphate of zinc be- 
sides, and pass a weak current through, we shall obtain 
a deposit of zine on the cathode, but no hydrogen or 
potassium: in this case we cannot determine by the 
ecaiaaae which is the most positive in this liquid, 
ydrogen or zinc, because the former is a ; but it is 
probable that hydrogen is the most positive, because 
zinc does not evolve it by simple immersion in this 
liquid. If we further add to the liquid a small quantity 
of sulphate of copper, and treat it as before, neither 
potassium, hydrogen, nor zine will be deposited, but 
ouly copper; and we find by the galvanometer, that 
copper is less positive than zinc in such a liquid, and 
that zine coats itself with co’ in it by simple im- 
mersion ; in this case, also, the least positive of the posi- 


tive elements of the liquid is alone deposited. From 
these and many other experiments, which we have tried 
with similar results, we deduce the following rule :—If 
a liquid contain several metals or other electro-positive 
substances dissolved, and a weak electric current be 
passed through it, only that substance which is the least 
Bre rg will be deposited. 


positive metal to be deposited along with the less 
positive one; but this 
coherent, because the power 
second metal in the reguline 
to deposit the first as a soft powder, i 
true when the difference of electric power 
a maximum. For instance—lst, te a 
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| through 
reguline copper will be deposited ; but if 
power be considerably increased, ei by 
number or larger surface of the battery 
deposit of will cease to be reguline, 


: 
lige 
bre las 


small proportion of the less positive substance presen 
the more positive substances, even h they are much 
more positive, will also be deposited. us the weaker 


least positive metals. 

96. iting Liquids.—For the benefit of the prac- 
tical depositor, to whom a general knowledge of all 
solutions from which ordinary metals may be deposited, 
with their respective advantages and disadvantages, is 
of considerable importance, we will give a description of 
those solutions in regular order, making such remarks 
in our progress as will be likely to assist him in 
the selection of those most suitable for his particular 


Pp 5 
. Antimony Solutions.—The most common salts of 
antimony are the sulphide, terchloride, and potassio- 


tartrate. The h rate of terchloride of antimony, 
i.e., the ordinary chloride or butter of antimony, as pre- 
is formed thus ;— 


ed for pharmaceutical purposes 
Malco one peed of black sulphide of antimony ; add to it 


four pints of hydrochloric acid ; gently heat the mixture 
with constant stirring, until the gas evolved decreases ; 
then boil it slowly down to two pints, Keeping it partly 
covered all the time; cool, and filter through calico, 
and keep it in a stop bottle. It is a yellowish- 


red liquid, of ific gravity 1:47, but becomes near 
sloucions:. by. idobeaiianeg antimony by the battery 
process, 


A similar solution may be made by the ba 


tained: this solution is. nearly colourless. 
of antimony is an excellent conductor of electricity ; it 


ee 
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dissolves the anode freely; yields plenty of bright regu- 
a metal if the ae —_ a, weak ; and 
its depositing power does not deteriorate by exposure to 
light or the atmosphere, but it appears to be gradually 
exhausted by working; it is also decomposed more or 
less rapidiy by zine, tin, lead, iron, brass, copper, and 
German silver, each of which coat themselves in it with 
antimony by simple immersion ; and articles immersed 
in it require to be washed with hydrochloric acid before 
washing them with water, otherwise the latter decom- 
poses adhering liquid, and covers. them with a white 
insoluble powder. 

98. The mixed chlorides of antimony and ammonia 
form a very good depositing liquid. It may be pro- 
duced either by the battery process, by mixing one mea- 
sure of a saturated solution of sal-ammoniac with one 
measure of hydrochloric acid, and working antimony 
into it by means of a battery and a large antimony 
anode ; or by simply mixing together equal measures of 
a saturated solution of sal-ammoniac and commercial 
chloride of antimony. This solution conducts easily, 
yields its metal freely and of good quality, and does not 
act so strongly base metals as chloride of antimony 
alone ; but in other respects it is similar to the chloride. 
The mixed chlorides of antimony and manganese, or of 
antimony and bismuth, yield a reguline deposit easily, 
but do not appear to possess any special advantages. 

99. The potassio-tartrate of antimony is a salt not 
bee 4 soluble in water; its aqueous solution is a very 

conductor of electricity, and is not to be compared 
to the chloride for depositing purposes. We have never 
been able, either with strong or weak batteries, to de- 
posit from it anything better than a small quantity of 
antimony in the state of a perfectly black powder: on 
the other hand, its solution in hydrochloric acid (which 
dissolves it very freely), or hydrochloric acid and water, 
is by far the best that we have tried for depositing anti- 
oe : itis a oe conductor of electricity ; it is 
not impaired by working or exposure to light or 
the atmosphere (we have deposited antimony from it 
constantly during many months) ; it will bear a great 
amount of battery er without the deposit passing 
into the state of a loose powder ; it deposits reguline 
metal yery rapidly and in great thickness, We have ob- 
tained such deposits from it upwards of two inches in 
thickness ; articles immersed in it wash clean in water 
alone, without the previous use of hydrochloric acid. It 
may be made ing together about two pounds of 
‘water, four pounds of hydrochloric acid, and eight 
pounds of potassio-tartrate of antimony ; a greater pro- 
portion of water may be used if desired. 

100. Both the black and red sulphides of antimony 
dissolve in cold hydro-sulphate of ammonia, and the 
resulting solutions conduct very freely with an antimony 
anode and one cell of Smee’s battery, but yield no de- 
posit of metal even with a battery of twenty-five cells’ 
intensity. Aqueous solutions either of caustic potash, 
tartrate of potash, or oxalate of potash, scarcely conduct 
at all with an anode of antimony, and a battery con- 
nec et | of one or two cells. Cyanide of antimony, dis- 
solved in a solution of cyanide of potassium, has been 
proposed as a depositing liquid; but we have found a 
solution of cyanide of potassium to be a very bad con- 
ductor with an anode of antimony. 

101. Antimony is one of the easiest metals to deposit 
in the reguline state; its appearance when deposited 
from the chloride solutions, and from the solution of 


the jo-tartrate in hydrochloric acid, is very beau- 
Brake and when deposited slowly, it has much of 
the lustre of highly-polished steel. Some of its pro- 
perties when thus deposited are very peculiar and in- 

ing, especially with re; to heat, If, during 
any partof the time the deposit is progressing, the 
pa ae antimony be taken out and struck gently, or 
rubbed with i A substance, such as me pe glass, 
an  rogpte ill occur, accompanied with a small cloud 
of white va) etimes witha flash of light, and 

always with considerable heat, sufficient to burn 
the fingers, melt gutta-percha, burn paper and even 


scorch deal wood to a brown colour, especially if the 
deposit be thick. This is invariably accompanied by 
fracture of the deposited metal ; sometimes, when the pro- 
cess of deposition has been interrupted, and the de- 

ited metal is not homogeneous, the fracture extends 
through the metal to upwards of one-eighth of an inch 
in depth. This phenomenon has been observed many 
times, both before and since its first publication; in 
several instances the explosion was produced even in the 
liquid, by striking the deposit against tho glass vessel 
which contained it; and in one instance it occurred after 
the metal had been well washed with dilute hydrochloric 
ai dried, and had remained out of the liquid several 

ours. 

On one occasion, a deposit had been well washed, 
dried, and out of the solution many hours ; and a friend, 
in course of conversation, was unconsciously breaking 
small portions off it with his fingers, when it became 
suddenly heated, and exploded, causing a slight noise 
pmo the li ting of a congreve meth and burning his 

n other cases, a deposit been progressing, 
and has been removed an instant for phd te and 
the battery liquid strengthened by the addition of acid: 
upon examining the deposit a few hours afterwards, it 
has been found cracked in various directions, as if an 
explosion had occurred in the interval, although the 
apparatus had been undisturbed., A French writer has 
suggested that this deposit is a compound of antimony 
and hydrogen; and from the fact that the explosions 
occurred 2 on the metal was depositing rather rapidly, 
we are inclined to think his explanation correct ; the 
extra power, as we have seen in other cases (94, 95), 
pater hydrogen deposit, which, in its nascent state, 
i of being evolved, might combine with the metal 
and form an explosive compound, Another suggestion 
we would make is, that the metal may be deposited in a 
peculiar condition of unequal mechanical tension, similar 
to that of unannealed glass, and that, by breaking, the 
closer aggregation of the particles may develop light 
and heat, 

102. Another peculiarity in depositing antimony from 
the potassio-tartrate solution is, that if the solution be 
a very dense one, and the process long continued 
without disturbance of the liquid, the deposit occurring 
upon the cathode will slowly spread out in the form of 
a thin sheet upon the surface of the liquid, until it 
touches the aie whilst the deposit beneath Le der 
very slowly. We haye a button of antimony formed 
in this way upon a vertical copper wire, one and five- 
eighths inches in diameter, the deposit beneath the sur- 
face of the liquid having been only half an inch thick ; it 
occupied about eighteen days, with a small cell of Smee’s 
battery, in forming. Deposits of antimony formed in 
the above solution do not spread over blackleaded sur- 
faces of gutta-percha, nor do they adhere with any great 
degree aS aemtiae to copper, brass, or iron. 

103. Bismuth Salts.—The most usual compounds of 
bismuth are the chloride, mononitrate (pearl white), and 
ternitrate. The chloride is formed by digesting bis- 
muth filings a long time in a warm place with hydro- 
chloric acid. The mononitrate is formed by dissolving 
bismuth to saturation in warm dilute nitric acid, and 
then adding a large quantity, say fifty or a hundred 
times its volume, of water; the precipitate produced, 


when well washed with water, is the substance required. 


The ternitrate is formed by dissolving the metal in hot 
nitric acid, evaporating the solution, and leaving it in a 
cold place, to crystallise. Bismuth may easily be de- 
posited from a solution formed by dissolving either 
mononitrate or ternitrate of bismuth in dilute nitric acid, 
but it requires an exceedingly feeble current to deposit 
it in a reguline state; its appearance when so deposited 
is very beautiful—white with a faint pinkish tint, and 
with a fine silky lustre; it does not spread over black- 
leaded surfaces of gutta-percha in this liquid. A bis- 
muth anode does not dissolve readily in a hot solution 
of cyanide of potassium. 

104, Zinc Salts.—There are a variety of salts of this 
metal in ordinary use, the most common of which are 
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the sulphate, chloride, nitrate, and acetate. The sul- 
phate may be formed by dissolving zinc to saturation in 
a mixture of sulphuric acid and water, filtering and 
evaporating the — and setting it in a cold place to 
i The chloride is formed by rea ramen d yeaa 
chloric acid with zinc, filtering, evaporating, and crys- 
ising. The pioures may be made either by denclvicks 
zine in strong acetic acid to saturation, then evaporating 
and ising the solution; or by adding a solution 
be acetate of lead to a solution = —— of zinc ' 
as it produces a precipitate; then filter, evapora 
ad cejeeliins the liquid. 

105. Zine Solution.—Tho sulphate of zine solution 
for depositing may be formed by dissolving two pounds 
of the salt in a gallon of water, and filtering the mix- 
ture; but the best sulphate depositing solution we have 
used has been the spent liquid taken from a cell of a 
Smee’s battery, in which there had occurred a very good 
deposit of zinc upon the platinised silver plate; but 
with this and other solutions of zinc there is a great 
tendency to the evolution of hydrogen gas at the cathode 
during deposition; they require, therefore, to be worked 
very carefully, and with very feeble battery power. Zinc 
may be readily deposited, either by the single cell, or by 
the battery process, from a neutral solution of the 
sulphate; but the single cell is less adapted for its 
deposition than the battery, because the acid, set free by 
the deposition of the metal, reacts upon the deposit, 
and diminishes its cohesion. The other solutions, such 
as the chloride, nitrate, acetate, or the various double 
salts of zinc, with ammonia, or potash, do not appear to 
possess any general advantages over the sulphate. 

Amongst other liquids, that of cyanide of zinc dissolved 
in a solution of cyanide of potassium, has been recom- 
mended; but it is a bad conductor with a zine anode, 
and requires to be used hot to make it conduct at all 
freely, or make the anode dissolve. This might easily 
have been foreseen from a knowledge of the fact, that 
the aflinity of cyanogen for all, or nearly all, the base 
metals is comparatively feeble. We have found by 
experiment, that a solution of cyanide of potassium will 
dissolve only about one-half as much cyanide of zinc as 
it will of cyanide of copper. Zinc oxide dissolves some- 
what freely in a boiling solution of cyanide of potassium. 
Cyanide of zinc dissolves freely in a solution of pe 
carbonate of ammonia, Ferro-cyanide of zine is but 
feebly soluble in a boiling solution either of ferro-cya- 
nide (yellow prussiate) or of ferri-cyanide (red prussiate) 
of potassium, but it is freely soluble in a boiling solution 
of cyanide of potassium. Zinc deposits spread over 
blackleaded surfaces by the battery process, in the same 
manner as copper. 

106. Cadmium Solution.—A patent was taken out, 
March 19th, 1849, by Messrs. Russell and Woolrich, for 
the electro-deposition of cadmium ; and the following is 
their description of the process :—‘‘ Take cadmium and 
dissolve it in nitric acid diluted with five or six times its 
bulk of water, at a temperature of about 80° or 100° 
Fah., adding the dilute acid by degrees until the metal 
is all dissolved; to this solution of cadmium a solution 
of carbonate of soda (made by dissolving one pound of 
the ordinary tals of soda in one gallon of water) is to 
be added until the cadmium is precipitated; the 
precipitate thus obtained is to be washed four or five 
times with tepid water; next add as much of a solution 
of cyanide of potassium as will dissolve the precipitate ; 
after which, one-tenth more of the solution of cyanide 
of potassium is to be added, to form free cyanide. The 
strength of this solution may vary; but the patentees 
prefer a solution containing six troy ounces of metal to 
the gallon. The solution is worked at about 100° Fah., 
with a plate of cadmium as an anode.” 

107. Tin Salts.—The most common salts of tin are 
the peroxide and protochloride: in addition to these 
there are two others, used extensively in Manchester, 
and the cotton-printing districts—viz., the bichloride 
and the stannate of soda, i.¢., oxide of tin combined with 
caustic soda. Peroxide of tin is formed by dissolving 
protochloride of tin in water containing a few drops of 


hydrochloric acid, and then adding liquid ammonia, or 
a solution of carbonate of potash, as long as a precipitate 
can be produced ; eo gee ee peroxide of tin should 
be washed and dried. Protochloride of tin is i 
made by adding grain tin to strong hydrochloric aci 
and keeping it at 150° or 200° Fah., until gas ceases to be 
evolved from the metal; the resulting solution should 
then be evaporated and crystallised. Aqueous bichlo- 
ride of tin may be made by dissolving tin in aqua regia 
not containing too much nitric acid; a mixture of nitric 
acid with sal-ammoniac or common salt may likewise be 
used. Stannate of potash may be formed by —s 
together one equivalent (75 parts) of freshly precipita 
peroxide of tin, and one equivalent either of caustic 
nt . parts), or of crystallised carbonate of potash 
(87 "2 parts). 

108. Tin Solutions.—M. Roseleur has patented the 
following liquids for the deposition of tin :— 

1st. For simple immersion or wash ae which 
may be used for small articles generally—dissolve 174 
ounces of ammoniacal alum in 22 pounds of boiling 
water, and, when dissolved, add one ounce of protechlo- 
ride of tin: the articles to be coated should be well 
cleaned, and then immersed in the liquid, and moved 
about in it until they are sufficiently white. 

2nd. For depositing tin upon iron, steel, copper, 
or brass, by connecting the articles with a piece of zinc, 
and immersing them in the solution—dissolve 104 
ounces of bitartrate of potash in 174 pints of water ; then 
add uarters of an ounce of protochloride of tin, 
and boil it a few minutes: the articles to be coated are 
immersed in the solution in contact with a piece of zinc 
of proportionate size. 

3rd. For coating zine, iron, copper, and many other 
metals by the battery p issolve 11 ounces of 
pyrophosphate of potash or soda in 174 pounds of water ; 
then add 4} ounces of protochloride of tin, and operate 
by the poy Barton with an anode of tin. By this 

rocess, M. leur states that he can tin metals 

utifully and to any thickness. Pyrophosphate of 

soda is easily formed by heating to redness the common 
diphosphate of soda. 

109. A protochloride of tin depositing liquid, may 
easily be formed by dissolving the ordinary commercial 
protochloride in water, and adding a little hydrochloric 
acid to remove any cloudiness or white precipitate which 
may be formed; a similar liquid may be made by the 
battery process, by passing a current through dilute 
hydrochloric acid by means of a large tin anode, until 
sufficient metal is dissolved. This or any other chloride 
of tin is not a good solution to obtain reguline metal 
from; it has a very great Serger f to deposit the tin in 
the form of long crystalline needles, of a fernlike ap- 
pearance, which often project from the corners and 
edges of the cathode to a distance of upwards of half an 
inch. A solution composed of eleven ounces of water, 
ene ounce of hydrochloric acid, and eighty grains of 
protochloride of tin, admits of this effect being produced 
ma ries | degree: nearly all the compounds of tin, 
and especially those formed with mineral acids, exhibit 
this tendency in a greater or less degree when acted 
upon by electrolysis, rendering the deposition of tin in 
thick layers of fine white coherent metal a matter of 
considerable difficulty. 

110, The stannate of potash solution is easily formed 
either by dissolving the crystallised salt in water, or by 
dissolving freshly precipitated peroxide of tin (109), whilst 
still moist, in a boiling solution of caustic potash. It 
may also be easily formed by the battery process, by 
passing a strong current of electricity, by a tin 
anode, through a strong and boiling solution of caustic 

tash, until the immersed cathode receives a free white 

eposit. This solution, if worked at 150° Fah., yields a 
good deposit of fine white metal; but it decomposes by 
exposure to the atmosphere, and soon deposits all its 
metal as oxide of tin. A solution of cyanide of 
sium and tin has been proposed as a depositing liquid; 
but it is a bad conductor with a tin anode, even if hot, 
and does not dissolve the metal freely. 
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111. Mr. Joseph Steele coats zinc, iron, steel, copper, 
and brass, with tin, in his patent solution, by the 
battery process, thus :—Dissolve 60 pounds of common 
soda, 15 pounds of pearl-ash, 5 pounds of caustic potash, 
and 2 ounces of cyanide of potassium, in 75 gallons of 
water, at 75° Fah., and filter the mixture so made; 
then add 2 ounces of acetate of zinc, and 16 pounds of 
binoxide of tin; stir the resulting solution until all is 
dissolved; it is then ready for use. Work it by the 
battery process with an anode of zinc or tin, and with 
the liquid at 75° Fah. 

112. Electrical Relations of Tin and Iron.—Tin is feebly 
negative to iron at all temperatures between 62° and 
203° Fah. in distilled water, and positive to it at 212° 
Fah. It is positive to iron at all temperatures. between 
62° and 212° Fah. in a saturated solution of boracic 
acid; also the same between those temperatures in a 
strong solution of phosphoric acid in distilled water; or 
in one measure of oil of vitriol mixed with either nine or 
ninety-six measures of distilled water; or in a mixture 
of one measure of this acid, and 192 measures of dis- 
tilled water, from 73° to 158° Fah., and negative to iron 
above that to 2f2° Fah. It is positive to iron from 72° 
to 212° Fah. in a mixture of equal measures of hydro- 
chloric acid and water ; it is negative to iron from 70° to 

° Fah., and positive above that to 212° Fah., in a 
mixture of one measure-of hydrochloric acid and nine 
measures of distilled water; it is negative to iron from 
70° to 212° Fah. in a mixture of one measure of hy- 
drochloric acid, and ninety measures of distilled water ; 
and positive to iron from 68° to 212° Fah. in one 
measure of hydrofluoric acid and nine measures of water ; 
it is positive to iron in one measure of nitric acid and 
nine measures of water from 70° to 111° Fah., and 
negative from 111° to 212° Fah.; and it is positive to 
iron from 82°to 212° Fah. in a mixture of one measure 
of nitric acid and ninety-six measures of water. 

113. Lead Salts—The most common salts of lead are 
the Leora and the acetate. The nitrate is formed by 
dissolving lead in dilute nitric acid, taking care that no 
more | is added than the acid will dissolve ; the re- 
sulting solution must be filtered, evaporated, and crys- 

ised; it is a hard, white salt, soluble in water. 
Acetate of lead is made by digesting oxide of lead in 
vinegar or acetic acid; filtering, evaporating, and crys- 
tallising the liquid : it is soluble in water. 

114. Lead Solution. Lead may be deposited from an 
aqueous solution, either of nitrate or acetate of lead, or 
from a solution of plumbite of potash: the latter is 
formed by dissolving litharge in a boiling solution of 
caustic potash. Zine and tin articles (but not iron) 
decompose this liquid, and coat themselves with lead in 
it, by simple immersion. It is difficult to deposit any 
considerable thickness of reguline metal from either of 
these liquids. 

115. of Iron.—Among the salts of iron in most 
common use, are the in vem chloride, and nitrate : 
they may be respectively formed by dissolving metallic 
iron in dilute sulphuric, hydrochloric, or nitric acids, 
evaporating and crystallising the solution as much as 
possible out of contact with the atmosphere. 

116. Iron Solutions.—Iron may be reduced from a 
solution of its protosulphate (green copperas), made by 
dissolving metallic iron in dilute sulphuric acid ; or from 


its oride, which is preferable, and which is made 
by dissolving iron in hydrochloric acid. We have de- 
posited it in the state of reguline white metal, by passing 


a current of considerable intensity (15 or 20 pairs) for 
one hour, through an anode of iron immersed in a 
saturated aqueous solution of sal-ammoniac ; its appear- 
ance when deposited from this liquid is rather white, 
and very similar to that of freshly broken cast-iron. By 
the same means it may also be deposited, using a satu- 
rated solution, either of carbonate of ammonia, acetate 
of ammonia, or acetate of potash. Good metal may be 
obtained from a saturated aqueous solution of a mixture 
of two parts of protosulphate of iron and one part of sal- 
ammoniac, e have deposited it from an aqueous solu- 
tion of ferrate of potash, which may be formed either by 


igniting peroxide of iron (crocus) very strongly for some 
minutes with caustic potash and saltpetre. Or make a 
very strong solution of caustic potash, immerse it in a 
large iron or steel anode, and a small copper or platina 
cathode, and pass a strong current from fifteen or twenty 
pairs of Smee’s batteries through it until it acquires a 
deep amethyst or purple colour; by that time the 
cathode will have obtained a coating of iron, which will 
be in the state of a dark powder if the power have been 
too great, or it will have the appearance of white cast- 
iron, or intermediate between that and the appearance of 
reguline deposited zinc, if the power have been sufficiently 
weak. This solution rapidly Sten ig without any 
very apparent cause, becoming colourless, and depositing 
all its metal in the state of peroxide at the bottom of 
the vessel. Iron may be very easily deposited from its 
sulphate, thus :—Dissolve a little crystalline sulphate of 
iron in water, and add a few drops of sulphuric acid to 
the solution ; one pair of Smee’s batteries may be used 
to deposit the iron upon copper or brass. The metal in 
this pure state has a very bright and beautiful silvery 
appearance. An aqueous solution of cyanide of potas- 
sium is a very bad conductor with an iron anode, even if 
it be maintained hot. 

117. Cobalt Solution.—A solution of protochloride of 
cobalt may be easily formed by digesting commercial 
brown oxide of cobalt in hot hydrochloric acid; it is a 
deep-blue liquid, but changes to a reddish-brown colour 
on the addition of water; by slow cooling, fine red crys- 
tals of the chloride may be obtained. We have not tried 
this liquid for electro-deposition. 

118. Nickel Solutions.—The nitrate of nickel solution 
= be formed by dissolving nickel in nitric acid 
slightly diluted with water, and, when dissolved, diluting 
with additional water; it is a solution which does not 
yield its metal freely. We have deposited nickel in the 
state of reguline white metal, from a solution of the 
double chloride of nickel and ammonia, by making a 
lump of metallic nickel the anode in a strong aqueous 
solution of sal-ammoniac, and passing a strong current of 
electricity through it for several hours, until the liquid 
acquired a pale greenish-blue colour. We have also 
obtained a similar deposit by treating a solution of one 
part of arseniate of potash and five parts of water in a 
similar manner. It has also been deposited from a solu- 
tion formed by dissolving pure nickel in nitric acid, then 
diluting and precipitating it by a solution of carbonate 
of potash, or cyanide of potassium ; washing the pre- 
cipitate, and dissolving it nearly to saturation, in a solu- 
tion of cyanide of potassium, and operating upon this 
liquid, by the battery process, with an anode of pure 
metal. Its appearance, when deposited from this solu- 
tion, is said to be nearly equal in whiteness to silver, 
and its deposition has been proposed to be =F hy to 
the production of an inferior class of plated articles. 

119. Copper Salts. —The ordinary salts, &c., of copper, are 
the protoxide (black oxide of copper), sulphate, chloride, 
nitrate, acetate, and cyanide. To make the protoxide, 
heat either the carbonate or nitrate to a moderate red 
heat, or the sulphate to intense redness. The sulphate 
may be formed by heating one equivalent (31-7 ae of 
copper filings, and at most two equivalents (98 parts) of 
oil of vitriol, until the residue is quite dry ; then dis- 
solving the product in water, filtering, evaporating, and 
erystallising the solution, but it is much more con- 
venient to purchase it, on account of its low price. The 
chloride and nitrate may be formed—the first by dis- 
solving copper in aqua regia, or by saturating hydrochloric 
acid with protoxide of copper, and evaporating and crys- 
tallising the liquids; and the second, by dissolving 
copper in nitric acid, evaporating and crystallising the 
solution. Acetate of copper is most conveniently pur- 
chased; its commercial name is crystallised verdigris. 
Cyanide of copper may be made by adding a solution of 
cyanide of potassium to a solution of sulphate of copper 
(each liquid 1 being cold), as long as a precipitate can be 
produced—filtering and washing the precipitate, which is 
the required compound ; it is a fine powder, of a pale- 
green colour. In the operation, a hege quantity of 
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| cyanogen gas is evolved, which, if freely inhaled, is 

| dangerous to the health: in consequence, also, of this 

/ escape of cyanogen, the cyanide of copper is not a 
proto-cyanide, but contains two equivalents of cyanogen 
for every three equivalents of copper ; it is freely soluble 
in a solution of cyanide of potassium ; it is also soluble 
in aqueous ammonia and in a solution of carbonate of 
ammonia. The epee of materials we have used in 
making it, have been 65 parts of cyanide of potassium, 
and 125 parts of sulphate of op . The precipitatin 
solution is invariably greenish-blue, and contains mu 
dissolved copper after all precipitation ceases ; but'no use 
has hitherto been made of this remainder. 

120. Copper Solutions.—Copper may be easily depo- 
sited either by simple immersion (wash process), by the 
single cell, or by the battery process, According to 
Reinsch, iron may be coated with a durable and polish- 
able layer of copper of any thickness (?), The process 
by simple immersion is thus :—Mix together one mea- 
sure of hydrochloric acid, three measures of water, and 
a few drops of a solution of sulphate of copper; clean 
and immerse the iron ; wash it, rub it with the coppe 
solution, and reimmerse it repeatedly, adding a tow 
drops of the copper solution occasionally. In depositing 
copper by the single cell process, a nearly saturated solu- 
tion of sulphate of copper answers very well; but for the 
battery process, an excellent solution may be made <d 
dissolving four parts, by weight, of finely divided sul- 
phate of copper (best quality), and one part of sulphuric 
acid, in about eighteen or twenty of water, and 
then filtering it; neither of these solutions, however, is 
fit to deposit copper upon iron, steel, or zine; use 
the electrical relations of these metals in the solution 
are unsuitable: these metals decompose the solutions 
rapidly, and deposit the copper upon themselves by 
simple immersion. To effect an adhesive deposit of 
copper upon iron, a solution composed of cyanide of 
copper dissolved in a solution of cyanide of potassium 
may be used. It is formed thus:—Dissolve cyanide of 
copper to saturation in water containing about two 
pounds of cyanide of potassium to the gallon, and then 
add about one-eighth more of the cyanide of potassium 
solution to form free cyanide; the liquid is then ready, 
and should be used at a temperature of about 150° Fab. 

121. Copper is electro-positive to iron in the follow- 
ing liquids at 60° Fah.:—Powerfully in a solution of 
hydrosulphuret of ammonia ; ‘feebly in a saturated solu- 
tion of ammonia; in a solution of oxide of copper in 
liquid ammonia; in aqueous ammonia, or in a saturated 

ution of ferro-cyanide of potassium, each but for a 
short time; it then becomes negative. In a saturated 
solution of bichromate of potash; in a strong aqueous 


solution of res ecw of potassium, it is increasingly 


oe up to the boiling point of the liquid. This last 
iquid has a similar effect on brass, 

122. Brassing Solutions.—Much interest and impor- 
tance was long attached to the discovery of solutions 
whereby alloys, and especially brass, might be deposited 
in the reguline state, and various liquids have been 
used and patented for this purpose. ML de Ruolz, in 
1841, deposited brass from the cyanides of zinc and 
copper, dissolved together in a solution of cyanide of 

ium, Copper articles may be superficially brassed 
boiling them in a solution of bitartrate of potash 
with zinc amalgam, or by boiling them in dilute Es ro- 
chloric acid with some bitartrate of potash and zinc 
amalgam. 

123. The same object was effected by Russell and 
Woolrich’s patent, dated March 19th, 1849; which is as 
follows :—Take 10 pounds of acetate of copper, 1 pound 
of acetate of zinc, 10 pounds of acetate of potash, and 5 
gallons of hot water; dissolve the salts in 
as much of a solution of cyanide of potassium as will 
precipitate the mixture, and redissolve the precipitate ; 
in addition, add about one-tenth of cyanide of potassium. 
Use a brass anode, or else two anodes—one of zinc and 
one of copper. 


124. Joseph Steele’s patent, dated August 9th, 1850.— 
Dissolve 2} pounds of American potash in 6 gallons of 


e water, add - 


hot water, and filter the solution ; also dissolve 2} ounces 
of acetate of copper in half a pint of strong liquid am- 
monia, and add it to the first solution with stirring ; also 
add 4 or 5 ounces of sulphate of zinc, and stir till dis- 
solved ; and, finally, add 2 ounces of ide of potas- 
sium, filter the resulting solution, use it at 100° 
Fah., with a brass anode. To obtain a dark-coloured 
brass add more acetate of copper; and to obtain it of a 
lighter colour, add more sulphate of zinc. 

125, Salzede’s patent, dated September 30th, 1847.— 
Take 5,000 parts of water, dissolve 12 of cyanide 
of potassium in 120 parts of it, then add 610 parts of 
sub-carbonate of 48 parts of sulphate of zinc, 
and 25 parts of chloride of copper to the remainder of 
the water, and heat the mixture from 144° to 172° Fah. ; 
and when the salts are entirely dissolved, add 305 parts 
of nitrate of ammonia, allow the liquid to remain un- 
disturbed for twenty hours, and then add the solution 
of cyanide of potassium; allow it to remain again till 
clear, and then draw off the transparent liquid, which 
is ready for use; work it with a brass anode and a 
strong battery. Another liquid which he uses for brass- 
ing, consists of 5,000 parts of water, 500 parts of sub- 
carbonate of potash, 35 parts of sulphate of zinc, 15 parts 
of chloride of copper, and 50 parts of cyanide of potas- 
sium. For a bronzing solution, he uses 25 parts of 
chloride of tin in place of the sulphate of zinc of the 
first brassing liquid, and procteds as with that process ; 
for a second bronzing solution, he uses 12 parts of 
chloride of tin in place of the sulphate of zine of the 
rt ome liquid, using the solution from 77° to 


126. Brunel, Bisson, and Gaugain’s formula consists 
of 50 parts of carbonate of potash, 2 parts of chloride of 
copper, 4 parts of sulphate of zinc, and 25 parts of 
nitrate of ammonia, dissolved er in cold water, 
which are used with a brass anode and a strong battery. 

127. Morris and Johnson’s patent, dated ber 
11th, 1852.—According to this patent, dissolve 1 pound 
of cyanide of potassium, 1 pound of commercial car- 
bonate of ammonia, 2 ounces of cyanide of copper, and 
1 ounce of cyanide of zine, in 1 on of water, use 
the solution at 150° Fah., with a large anode of brass 
and a powerful battery. Or a solution may be taken of 
1 pound of cyanide of potassium and 1 pound of ear- 
bonate of ammonia, dissolved in 1 gallon of water, and 
saturated with copper and zinc to the requisite degree 
by means of a strong battery, a large brass anode, and 
small cathode, until the latter receives a good deposit of 
brass; the solution being at a temperature of 150° Fah. 
To increase the proportion of copper in the deposit, 
either add cyanide of potassium, or raise the temperature 
of the an and to increase the proportion of zine 
in it, either add carbonate of ammonia, or lower the 
temperature. 

128, Of the numerous solutions that have been tried 
for depositing b the one just mentioned is much the 
best. By it, reguline and thick deposits of brass, of 
uniform colour, and of any desired composition, may be 
obtained. It is not an expensive liquid; it acts with 
average strength upon the anode; it holds a sufficient 
quantity of the alloy in solution ; it conducts electricity 
with moderate facility; and it yields its metal in the 
reguline state very uniformly; it bears a great variation 
in the electric power without injury to the character of 
the deposit, and is, therefore, very easily managed; it 
does not act perceptibly upon cast-iron, wrought-iron, 
steel, or even zinc, so as to injure the adhesion of the 
deposit; and it is not decom by exposure to the 
atmosphere, to light, or heat, in such a way as to affect 
its depositing power. Its defects are, that it requires 
to be worked hot, and with considerable battery power, 
in order to make the anode dissolve rapidly, the solution 
conduct copiously, and to cause a rapid deposit; it also 
evolves an abundance of at the cathode when work- 
ing, whether the solution be hot or cold, which indicates 
that part of the battery power is expended in decom- 
posing the water of the liquid, depositing its hydrogen 
with the metallic alloy, oxidising the solution. 
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But all the brassing solutions are, in a greater or less 


imperfect. 

i of German Silwer.—The same patentces 
also deposit German silver i the ae opera 
Dissolve 1 d of ide of potassium and 1 poun 
of eashatate of phn a 1 gallon of water ; heat the 
solution to 150° Fah. ; immerse a large anode of German 
silver in the liquid, and a small cathode of any suitable 
metal ; connect the two with a powerful battery, and 
pass the current of electricity until considerable metal 
is dissolved and a bright cathode receives a deposit of 
good colour; the solution is then ready for use. 

129. Merewry Solutions.—The ordinary compounds of 
mercury are the binoxide (red precipitate), bisulphide 
oar ive bichloride (corrosive sublimate), nitrate, and 

icyanide. The nitrate is formed by dissolving m 

in nitric acid diluted with three times its bulk of water, 
the mixture being cold, and no more metal added than 
the acid will dissolve. The solution, when diluted with 
water, may be used for depositing by the battery pro- 
cess—a layer of mercury at the bottom of the liquid 
fery'bs as the anode, and connected with the bat- 
tery 


a platina wire ing through a tube of glass 
or gutta~ The bicyanide is made by taking 8 
parts of ian blue and 16 parts of peroxide of mer- 


cury, both in the state of fine powder, in 30 parts of 
; ney Mma d he Kauid, < about “ —— of an 
hour, filtering the liquid, and evaporating, and crystal- 
lising the solution ; the resulting salt is the bicyanide ; 
and to form it into a solution fit for eee it must 
be dissolved in a solution of cyanide ium: the 
solution may be used with a mercury anode and battery, 
as already described. 

130. Silver Salts,—The most common salts, &c., of silver 
are the oxide, chloride, nitrate, and cyanide. Oxide of 
silver is prepared by adding a solution of caustic potash 
to a solution of nitrate of silver, as long as a precipitate 
can be produced, which is oxide of silver. loride of 
silver is made by adding either hydrochloric acid or a 
solution of common salt to a solution of nitrate of silver, 
until a precipitate ceases to be formed : the white pre- 
cipitate of chloride of silver should be washed, dried, 
and preserved out of the influence of light. Nitrate of 
silver is easily formed by adding grain silver, in small 
quantities at a time, toa warm mixture of one measure 
of distilled water and four measures of the strongest 
nitric acid : if the liquid be too hot, or too much silver 
be added at a time, the action will be very strong, and 
loss of materials may be occasioned ; in such a case add 
a small quantity of cold distilled water. When the 
liquid ceases to dissolve more metal, it should be evapo- 
rated and crystallised, or else kept protected from the 
light until requiréd to be used: nearly all the com- 
pounds of silver are formed by means of this salt. 
Acetate of silver is made either by adding a solution of 
acetate of potash or acetate of soda, to a solution of 
nitrate of silver, as long as a precipitate occurs, or by 
digesting the oxide or the carbonate of silver in hot and 

acetic acid ; it is freely dissolved by a solution of 

ide of potassium. Cyanide of silver is generally 
Sate by adding a solution of cyanide of potassium 
one of nitrate of silver as long as a precipitate occurs ; 
the white precipitate, which is cyanide of silver, is in- 
soluble in water, and is not perceptibly soluble in com- 
mercial hydrocyanic acid ; it dissolves very freely in a 
solution of cyanide of ammonium, potassium, or sodium, 
op eg hite of soda ; it is also said to be soluble 
in solutions of ammonia, carbonate of ammonia, sal- 
ammoniac, nitrate of ammonia, and ferro-cyanide of 


potassium. 

131. M. Brandeley, a French experimentalist, makes 
the following remarks upon the preparation of cyanide 
of silver :—‘*To obtain a beautiful and easy deposit of 
silver, we choose, among all the salts of silver, the 

anide, as giving the best results ; but as the dealers sell 
this at a high price, both amateurs and manufacturers 
reject it. ers, for the sake of economy in procuring 
re genre hydrocyanic acid; but this, also, is of too 
high a price; and independently of our being obliged to 


use it immediately, it is both dangerous and difficult to 
preserve, as the air and light decompose it. If we take 
commercial hydrocyanic acid which has been prepared 
fifteen days, and pour it into a solution of nitrate of 
silver, consisting of one part of the nitrate to six parts 
of water, cyanide of silver will be formed ; but it is more 
or less yellow, and much ammonia and hydrocyanic gases 
are evolved. On the other hand, if we make a solution 
of cyanide of potassium, filter it, and dissolve cyanide of 
silver in it, this solution, which was clear and colourless, 
immediately becomes troubled and black, and betrays 
an odour of ammonia and hydrocyanic acid. The odour 
will continue as long as the solution exists, and a deposit 
of carbon will be found in the vessel containing it. ‘This 
sediment arises from the decomposition of one part of the 
cyanide of potassium, caused by the presence of the 
cyanide of silver. Having occasion to use considerable 
quantities of the cyanide of silver, I dissolve pure silver 
in pure nitric acid; evaporate just to ess ; dissolve 
the nitrate of silver thus obtained in distilled water, and 
pass hydrocyanic gas (prussic acid) through it, from a 
mixture of pounded ferro-cyanide of potassium and sul- 
phuric acid, diluted with twice its weight of water—con- 
tinuing this as long as a precipitate will form. Wash the 

anide of silver, and preserve it below water, away from 

e light. Thus precipitated, the salt dissolves without 
residuum or colour, and gives splendid results.” 

With to this process, we may remark, that six 


parts of sulphuric acid should be mixed with from thirty 

to forty parts of water, and the mixture allowed to cool ; 

then put it intoa glass vessel (Fig. 86), together with ten 
Fig. 86. 


of coarscly-powdered ferro-cyanide of potassium; 
t must be codiiad until gas is evolved from the mix- 
ture, and continued as long as any is given off, or as long 
as a precipitate is produced in the silver solution, the 
e being passed into the liquid by a suitable tube. (See 
ig. 86). This process may yield a purer product ti 
when the nitrate solution is precipitated by cyanide of 
potassium; but it cannot be very economical, because 
only half of the cyanogen of the ferro-cyanide passes over 
as hydrocyanic acid; the remainder is left behind, and 
is contained in the yellowish-white residuum in the gas- 
generating vessel. 

132. Silver Solutions.—Silver has been deposited b 
the ordinary dipping or wash process, by the single cell, 
and by the battery process. The following are recipes 
for solutions, taken from various sources, adapted for 
silvering articles by the simple immersion or wash pro- 
cess, chiefly applicable to small articles, such as pins, 
buttons, buckles, coffin-nails, hooks-and-eyes, &c., where 
only a very thin coating of silver is required. The solu- 
tions in thé proportions indicated, are used by adding a 
small quantity of water, sufficient to form the ingredients 
into a pasty liquid of the consistence of cream, stirring 
the articles thoroughly about in it, or rubbing them over 
with it until they have acquired the desired degree of 
whiteness :—Ist, take equal parts of chloride of silver and 
bitartrate of potash; take chloride of silver one 
part, alum two parts, common salt eight parts, and tartar 
eight parts; Srd, take chloride of silver one part, pre- 
pared chalk mers — common we once 

arts, and pear’ ee parts ; a ‘‘novargen 
pds for resilvering old plated goods, consists of one 


er 
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hundred parts of papomienise of soda and chloride, or 
any other salt of silver, fifteen parts, Compounds of 
this description are also used for silvering clock-faces, 
thermometer and barometer plates, and many other arti- 
cles of copper and brass. 

133. Silvering by Immersing.—Mr. Joseph Steele took 
out a patent, dated August 9th, 1850, for silvering arti- 
cles, by immersing them in a silver solution in contact 
with a piece of zinc of proper size. The process is as 
follows :—Dissolve four ounces of pure silver in twenty 
ounces of nitric acid; also dissolve, separately, one-and- 
«-half pounds of common salt in one-and-a-half gallons of 
water; mix the two solutions together, allow the mixture 
to remain till clear, pour away the clear liquid, and wash 
the precipitate, which is chloride of silver; next fuse to- 
gether twenty-four ounces of ferro-cyanide of P perenne, 
and twelve ounces of carbonate of potash ; and when the 
mass is cold, add it, together with the chloride of silver, 
to one galion and a-half of water; boil the mixture, and 
filter it; it is then ready for use. 

134. Silvering Solution for Battery Process.—Many 
solutions have been proposed and tried for depositing 
silver by the battery process, but none have stood the 
test of time and experience like the one composed of 
double cyanide of silver and potassium dissolved in 
water, and a little free cyanide of potassium added. It 
may be made of various strengths, from half an ounce of 
silver to the gallon of water, to two, four, six, or more 
ounces; and from an ounce of cyanide of potassium to 
several pounds per gallon, and still be effective in work- 
ing. The formula of M. de Ruolz isas follows :—Dissolve 
one part of cyanide of silver and ten parts of cyanide of 
potassium in one hundred parts of water, and dilute the 
resulting liquid with water to the required strength. 

135. Silver Plating Solution. —The following is the 
most practical method of making a large quantity of the 
ordinary cyanide of silver plating liquid:—Take four 
parts of grain silver, add it, in small portions at a time, 
toa warm mixtute of about five parts by weight of strong 
commercial nitric acid (the acid varies greatly in strength), 
and one part of water, contained either in a glass or 
stoneware vessel. Gas will be evolved from the surfaces 
of the pieces of silver, and brown fumes of nitrous acid 
will arise from the mixture, which should be conveyed 
out of the apartment by means of the chimney. The 
action should be maintained moderate and uniform, and 
if it should become too strong, a little cold water should 
be added, and the mixture kept more cool; when the 
whole of the metal is dissolved, apply a greater heat, 
and evaporate the solution nearly to dryness, which will 
drive off any excess of acid that may be present; the 
resulting salt, nitrate of silver, may then be dissolved in 
a large quantity of water, in the proportion of half a 
gallon (more or less) to each ounce of the silver used; at 
the same time a solution should be made of from 3 to 3} 

(according to its quality) of cyanide of potassium, 
in 30 or 40 parts of water, which is to be added gradually 
to the solution of nitrate of silver as long as it produces 
a precipitate; if too much be added, it will cause some 
of the precipitate to redissolve and be wasted; it will 
also make the liquid appear clear where it passes: in 
such a case the liquid should be stirred, then allowed to 
settle clear, and a small quantity of nitrate of silver, dis- 
solved in distilled water, should be added as long as it 
produces a white cloud. By conducting the operation in 
a glass vessel, adding the liquid towards the latter period 
in small quantities at a time, and at intervals of a few 
minutes each, with gentle stirring immediately upon each 
addition, carefully observing when it ceases to produce a 
precipitate, ihe point of neutralisation may be very accu- 
rately determined. The liquid must now be allowed to 
remain undisturbed until quite clear, the clear portion 
poured steadily away from the precipitate of cyanide of 
silver, and the precipitate washed five or six times ina 
large quantity of water, by simply adding the water 
briskly to it, allowin i 
the clear portion. ext dissolve from 3 to 3} 
(according to its quality) of cyanide of potassium in 20 
parts of water, adding it, in portions at a time, to the 


it to settle, and then pouring off 


wet cyanide of silver, with free stirring, until the whole 
is dissolved ; then add about 3 parts more of cyanide of 
potassium to form free cyanide, and sufficient water to 
reduce the whole to the proportion of about one ounce of 
silver to the gallon: finally, when all the free cyanide is 
dissolved, filter the solution through a piece of unglazed 
calico, the — scale, gene ove is used an 
various parts of the process, except the washing ; bu’ 
on the large scale, clean rain-water or spring-water is wat 
in all the operations. 

136. Another Solution.—The cyanide of silver plating 
solution may be made by other modifications of the 
chemical method than the one described: for instance, 
some electrotypists make the solutions by dissoly- 
ing oxide, carbonate, or even chloride of silver in a 
solution of cyanide of potassium to saturation, and 
then adding an amount of free cyanide; by this process 
we are enabled to use caustic potash, carbonate of potash, 
hydrochloric acid, or common salt, instead of cyanide 
of potassium, for precipitating the nitrate of silver; 
nevertheless it still requires two equivalents of cyanide 
of potassium to be used as before—viz., one to convert 
the salt of silver into cyanide, and the other to dissolve 
the cyanide of silver formed ; because, in all such 
according to the researches of Messrs. Glassford an 
Napier,* when any salt of silver is added to a solution 
of cyanide of potassium, it is first converted into cyanide 
of silver at the expens¢ of one portion of the cyanide of 
potassium ; it then combines with the remaining cyanide 
to form double cyanide of silver and potassium, which 
dissolves in the water: therefore, by this modification of 
the chemical method, no ide of A sey peer is saved, 
and the carbonate of potash, hydrochloric acid, éc., are 
wasted, This modification has a still ter disad- 
vantage; it introduces substances into the depositi 
liquid which are injurious. We have before said (90) 
that a good depositing solution should dissolve the anode 
freely, hold abundance of metal in solution, and not act 
chemically upon base metals, because it is such metals 
we generally wish to coat. Now, if instead of cyanide 
of silver, we add oxide of ‘silver to the cyanide of 
potassium liquid, it converts part of the cyanide into 
caustic potash ; if we add carbonate of silver, it converts 
it into carbonate of potash ; and if chloride of silver, it con- 
verts it into chloride of potassium; and each of these sub- 
stances, especially the last, diminishes the action of the 
liquid upon the dissolving plate, decreases its solvent 
power for cyanide of silver, makes its particles less mobile, 
and causes it to act in some degree upon base me’ and 
thus endangers the adhesion of the deposits upon them. 
Some electro-platers think the presence of these salts not 
injurious, but many consider them highly detrimental. 

137. Solution by Battery Process. e same silver 
solution may be formed by the battery process ($9) as 
well as by the chemical method ; and this process has its 
advantages and disadvantages: it is very convenient in 
making a small quantity of liquid, because it enables 
the operator to do so quickly, to avoid the trouble of 
making the nitrate solution, of precipitation, of washing, 
and of the attendant risk of loss of materials; but it has 
the disadvantage of converting a large proportion of the 
cyanide of potassium into caustic potash, by taking its 
cyanogen to form anide of silver, and setting the 
potassium free, which immediately combines with the 
oxygen of the water, forming caustic potash, which 
dissolves in the liquid. The hydrogen of the water is 
evolved at the cathode, and the dissolved potash ually 
becomes converted into carbonate of potash by absorption 
of carbonic acid from the atmosphere. Neither caustic 

tash nor carbonate of potash are so injurious in the 

iquid as chloride of potassium; still they diminish the 
action of the liquid i fer the dissolving plate, render it 
a worse conductor, reduce its solvent power for cyanide 
of silver, and make its particles less mobile, 

138. Solid Deposition. o Silver.—Mr. Alexander Parkes 
took out a patent, 29th, 1841, for improvements 
in the solid deposition of silver. He converts an ounce 
of silver into oxide of silver, by first dissolving it iv 
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nitric acid, and then precipitating it by caustic potash ; 

- then dissolves the oxide, together with ee 

oO cyanide of potassium, in two gallons o water, an 

a the resulting liquid for depositing solid articles in 
er. 

139, Mr, Edmund Tuck took out a patent, June 4th, 
1842, for “improvements in depositing silver upon 
German silver.” For plating the commoner qualities 
of this alloy, he uses a solution composed of sulphate of 
silver dissolved in a solution of carbonate of ammonia ; 
and for the best quality, he uses cyanide of silver dis- 
solved in a solution of carbonate of ammonia. The 
solutions are formed by dissolving 70 parts of carbonate 
of ammonia in distilled water, then adding 156 parts of 
sulphate of silver, or 134 parts of cyanide of silver, and 
boiling the liquid until the salt is dissolved: for coating 
common{German silver, he adds half an ounce of sulphate 
of silver to 107 grains of bicarbonate of ammonia. 

140, For depositing purposes, a solution composed of 
water .20 parts, cyanide of potassium four parts, and 
acetate of silver one conducts very freely, and 
yields a fine white deposit of silver. A solution com- 
posed of water 25 parts, prussic acid 65 “black” 
cyanide of potassium 12 parts, and cyanide of silver 10 
parts, is also a very good one. 

141, Many electro-platers use a cyanide solution con- 
bs opel about half an ounce ov arrey a the and 

a very large proportion o eyanide to e it 
conduct freely: such a solution has the advantage of 
poe | comparatively inexpensive in its first formation, 
q in working, and yields metal of an average cha- 
racter; but it is rather difficult to manage in hot weather, 


and dissolves the anode very rapidly, on account of the 
large ion of free cyanide. In ice, the amount 
of silver to the gallon varies from an ounce to about 


four ounces, but ordinary solutions contain about one or 
two ounces; the amount of free cyanide of jum 
also varies from about half the weight of the silver dis- 
solved in the liquid to five or ten times this raged a 
very good proportion is about three-fourths of the weight 
of the dissolved silver; but there is no rule generally 
recognised in the trade upon this point; some manu- 
facturers use a very large and others a very small pro- 


142. A good plating liquid should contain one equiva- 
lent (65 parts) of pure cyanide of potassium, one 
ee Oe pel of cyanide of silver, besides free 
cyanide, _ a tipact pnd y ery ti 
is necessary ve free cyanide, in working t 
solution, insoluble cyanide of iver is toned and 
requires free ide of ium to combine with it and 
form the soluble double ide ; at the same time, cyano- 
gen and cyanide of potassium are set free at the cathode or 
receiving surface by the deposition of the silver; and as 
it requires some time for those substances to mix with 

pa and reach the dissolving ed free cyanide 
must provided. The necessity of having sufficient 
water ko 7 x are liquid, re a the double 
cyanide form: issolving plate, bei ificall: 
heavier than the liquid, having a tendency to sink fo 
the bottom ; whilst the cyanogen ‘and cyanide of potas- 
sium set free at the surface of the articles, being 
specifically lighter, tend to rise to the surface, At the 
same time, each of them mixes more or less with the sur- 
rounding liquid by capi attraction or adhesion ; and 
the more dilute the liquid is, the more mobile are its 
particles, and the more rapidly does this mixture take 
place. This explains why strong silver solutions require 
more frequent stirring weak ones to keep them 
uniform. In some manufactories, where they have 
steam-power at command, the articles are kept in con- 
stant motion by swinging them gently to and 
fro; but in electro-plating establishments, the 
silver solutions are stirred every evening. 
large aptly of fete eyaadie. and; rent any” caus, the 

supply cyanide, any cause, the 
battery current become suddenly weak Xowards the 
pce A ecteihees ig ene the articles will be 
redissolved, in consequence the liquid about the 

VOL. I. 


dissolving sheets having, by the day’s work, become satu- 
rated with silver, and that about the articles become full 
of free cyanide ; the two electrodes (i.e., the dissolving 
plates and the articles) form a kind of voltaic battery 
(one metal in two liquids), which develops a current of 
electricity in an opposite direction to the original one, 
and thus redissolves the deposited silver. 

144, Bright Silver Solution.—Much practical interest 
was for a long time attached to the anticipated discovery 
of a solution by which silver might be deposited in 
a bright condition, and the labour of burnishing be 
thereby avoided or lessened. This discovery was at last 
effected as follows :—Some operators at the electro-plate 
works of Messrs. Elkington and Mason, Birmingham, 
were engaged in experiments on moulds containing 
bisulphide of carbon: whilst these moulds were being 
coated with silver in the depositing vats, very peculiar 
appearances upon the various articles receiving a deposit 
in,the vat were noticed, some having very bright patches 
upon them like burnished metal. From the known 
presence of bisulphide of carbon, experiments were tried 
of adding that substance to Pe cerned of silvering 
liquid, which ultimately resul in success, and a 

tent was taken out by Messrs. Lyons and Millward, 

28rd, 1847; in which they give the following 
instructions for forming a ‘* bright solution :’—‘*‘ Add to 
the usual solution of silver in cyanide of potassium, 
bisulphide of cia ergs or peed cae of 
carbon, uichloride of sulphur, or hyposulphite of 
either stash or soda. The bisulphide of carbon may be 
used alone or dissolved in sulphuric ether; or it may be 
used in conjunction with any of the other substances 
mentioned above ; but the patentees prefer using it as 
follows: six oe of aaa pall aan are poh into 
a stoppered bottle, and one on of the usual plating 
liquid added to it; the mixture is then shaken and set 
aside for twenty-four hours; two ounces of the resulting 
solution are then added to every twenty gallons of the 
ordinary plating solution in the vat, and the whole 
stirred together: this proportion must be added every 
day, on account of the loss by evaporation ; but when 
the mixture has been made several days, less than this 
proportion may be used at a time; when hydrocarbons 
are used instead of the bisulphide, a much 1 quan- 
tity must be added. “This proportion gives a bright 
deposit ; but, by adding a larger proportion, a dead surface 
may be obtained, very different to the i dead 
surface. This substance is generally employed through- 
out the trade, although few are licensed to use it. Other 
compounds are also used, but to a very limited extent : 
among these are sulphur and collodion. A solution of 
iodine and gutta-percha in chloroform is said to be more 
rmanent in its effect than the bisulphide of carbon, 

e liquid is generally added to the vat in the evening, 
after the work has been taken out. A method of bright 
gilding has also been recently brought into use in the 


e. 

145. Method of Making Cyanide of Potassiwm.—As 
nearly all the solutions which are used for electro-silver- 
ing and gilding contain cyanide of potassium, and as 
this substance is used extensively in electro-deposition 
generally, it will be necessary for the practical plater to 
understand how it is made, and to possess information 

ing its impurities, and the method of testing its 
quality. It is nearly always made by the following 
process :—Take f ide of potassium (yellow prus- 
siate of potash), pound it fine, and gently heat it in an 
iron pan, with constant stirring until quite dry; treat a 
quantity of the best quality o carbonate of potash in a 
similar manner. en they are perfectly dry, add 
about three parts of the carbonate to eight parts of the 
ferro-cyanide, and thoroughly mix them; heat the mix- 
ture rapidly in an iron ladle or crucible, until it melts 
into a clear liquid, when gas will be evolved from its 
surface, It should be maintained at a moderate or dull 
red heat about fifteen or twenty minutes, or until the 
end of a cold iron rod dipped into it shows a white 
sample. The fusion should not be continued until the 
evolution of gas ceases, or the product will 2; of a gray 
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colour. It should be kept covered as much as possible, 
By allowing it to stand undisturbed a few minutes 
towards the latter of the operation, and occasion- 
ally tapping the sides of the ladle or crucible, the iron 
of the ferro-cyanide will scttle at the bottom as a fine 
black powder; the colourless cyanide of potassium ma 
then be poured off into a cold iron pan, or upon a thic 
and cold iron plate; it should be broken up whilst still 
warm, and preserved in a well-stopped jar. 

The black sediment, which contains much cyanide of 
| potassium, should be scraped out of the vessel while 
| still hot, and preserved, as water will at any time dis- 
solve the cyanide. If the process be well conducted, 
the product will be of a clear white colour, or, at 
most, but very slightly gray. A larger proportion of 
cyanide of potassium is obtained by this process than 
when ferro-cyanide alone is employed, because, in the 
former case, one-third of the cyanogen (that which was 
combined with the iron) combines with the potassium of 
the carbonate of potash, whilst in the latter case it is 
lost ; the cyanide produced by the fusion of the ferro- 
cyanide of potassium alone is of a grayish-black colour, 
| and is termed “black cyanide.” 
| “46. Cyanide of Potassiwm.—Commercial cyanide of 

potassium varies very much in price and quality. By 
| dissolving several specimens of commercial black cyanide 
_ in water, and filtering the solution, we found the pro- 
| portion of black impurity in them varied from one- 
fourth to one-sixth of their weight; and by experiments 
with the commercial white cyanide, we found that one 
part (200 grains) of it dissolved in about one-and-a- 
quarter parts (230 grains) of distilled water at 60° Fah., 
_ and that it dissolved much more freely in water con- 
taining hydrocyanic acid. 

147. Impurities in Cyanide of Potassiwm.—According 
to the researches of Messrs. Glassford and Napier,* 
commercial white cyanide generally contains about thirty- 
five per cent. of impurities, and often as much as fifty 
per cent., in the form of carbonate and sulphate of 
potash, chloride of potassium, cyanate of potash, ferro- 
cyanide of potassium, and silica; and if the mixture of 
salts from which it is made be not dry, ammoniacal 
compounds will be also formed. The sulphate of potash 
and chloride of potassium occur in the commercial car- 
bonate of potash; the silica is present when we operate 
with an earthen crucible; and even when the process is 
well conducted and pure mapas aye sede gees 
contains twenty per cent. o' te of po ro- 
duced partly by the contact of ina.ait with the Tnelted 
mixture, 

148. Testing Cyanide of Potassium.—According to the 
same experimentalists, the quantity of pure cyanide in 
any given sample of cyanide of potassium may be cor- 
rectly ascertained thus :—Make two solutions, one of the 
given cyanide and one of nitrate of silver, each contain- 
ing known weights of the salts—say one ounce of the 
pase seeerted ew oe of ergs water in - 

ua! vessel, and 175 grains o: cag rare ak 
nitrate dissolved in about two or three ounces of distilled 
water; add the cyanide solution carefully and slowly to 
the nitrate of silver liquid, until the precipitate first 
formed is all redissolved. The quantity of the cyanide 
solution required to effect this (with the above quantity 
of nitrate of silver) will have contained 130 grains of 
pure cyanide ; and, from the quantity used, we may easily 
calculate the amount of pure cyanide in the whole ounce, 
It is said, that ‘“‘when nitrate of silver is added to a 
solution of cyanide of potassium, so long as the preci- 
pitate formed is all lved, we obtain the whole of 
the cyanide of potassium in combination with the silver : 
| none of the other salts in solution take any part in the 
action, even though they be present in a propor- 
tion. This enables us to test the exact quantity of 
cyanide of potassium in any sample.” 

149. Chemical Characters of Cyanide of Silver.—In the 

[nares i oa tassium, as we are informed by 
Glassford and N: 


ier, cyan has a greater 
| affinity for silver than anything else has—decomposing 
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every salt of silver except the sulphide, and forming 

anide of silver. In dissolving the oxide, carbonate, 
chloride, or ferro-cyanide of silver, in a solution of cyanide 
of potassium, they are all decom » and e ot 
silver always formed. Ne me of silver should be dried 
below 260° Fah.; hydrochloric acid decomposes it with a 
solution of 5 rai acid gas; cold nitric acid has no 
action upon it; a boiling mixture of sulphuric acid and 
water decomposes it, with escape of hydrocyanic acid 
gas, and formation of sulphate of silver; it is soluble in 
the alkaline chlorides, but its best solvent is an aqueous 
solution of cyanide of potassium, of each of which one 
equivalent is ha The resulting solution, when 
evaporated, yields crystals of double wyehide of silver 
and potassium, which are soluble in eight of cold 
and in one’ of boiling-water, The tion of this 
double salt, which is nearly the same as the ordinary 
plating solution, may be boiled for any length of time 
without being decomposed, and it is very little affected 
by light; it is decomposed by all pg hy they 
cipitate the silver as cyanide of silver: atte ae 
pe ge era acid, for a ee ee the cyanide 
of silver also; sulphuretted hydrogen precipitates the 
silver as sulphide of silver. 

150, Gold Solution.—Various salts of gold have been 
wa Sater ne ih 
sulphite, sulphite, iodi romide, terchloride, cyanide, 
plas sulsho-crankie Finely-divided gold, which is some- 
times used for dissolving, may be obtained - ing a 
solution of protosulphate of iron to a solution of ter- 
chloride of gold, as long as a greenish-brown precipitate 
occurs; this is gold in a state of very minute division. 
Oxide of gold is obtained by adding to a solution of ter- 
chloride of gold a cold solution of caustic potash, until it 
ceases to produce a precipitate; or by digesting ter- 
chloride of gold with magnesia, washing the pre- 
cipitate, first with dilute nitric acid, and then with 
water only. Iodide of gold is formed, either by digest- 
ing oxide of gold in hydriodic acid, or by adding a 
solution of iodide of potassium to a solution of ter- 
chloride of gold as long as a precipitate is produced— 
washing the precipitate with water; it is of a yellow 
colour, insoluble in cold water, but freely soluble in a 
solution of iodide of potassium. Bromide of gold may 
be formed either by digesting finely-divided gold, or | 
oxide of gold, in liquid bromine contained in a sto’ 
pered bottle. It is a salt of a rich red colour, and 
soluble in water. 

151. Chloride of Gold.—Terchloride of gold, commonly 
evi as igre of gold, is the most usual erates the 
metal, and its ing poten uires separate explanation. 
It is formed as follows:—Take a mixture of two or 


owly 
evaporate the em cape d rescgse Bedale - 
payee ma cei mee be of k w colour, according 
the proportions of the i ients. This is i 


acid, ; } 
solve all the gold. One ounce of gold will dissolve in 
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about four ounces of the mixture, and when crystallised 
into the red mass, will weigh about one ounce and 
165 grai 


sulphate of ammonia lves it slowly but completely, 
forming a colourless solution, from which, 
of acids, sulphide of gold is precipitated. 
ueous solutions of ammonia, hyposulphite of soda, or 
ine cyanides ; but not in water, alcohol, or ether.” 

153, “Gold precipitated from a solution of chloride 
of gold by protosulphate of iron, dissolves in a boiling 
solution of cyanide rol ga roared a hot solution of 
cyanide of potassium will also dissolve ordinary metallic 
gold if air be present. Both oxide of gold and aurate of 
ammonia, dissolve completely in a solution of cyanide 
of potassium, and form double cyanide of gold and 
potassium. Cyanide of gold requires 23 parts of a 
solution of cyanide of potassium in water to dissolve it. 
For every one part of gold to be dissolved by the battery 
eo a solution of six parts of cyanide of potassium, 

from two to four times their quantity of water, at 
100° Fah., is required; two electrodes of gold, con- 
nected with a suitable battery, are to be immersed in it 
until the required quantity of gold is dissolved.”—‘‘ The 
crystallised cyanide of and potassium dissolves in 
seven parts of cold, and in half a part of hot water ;* 
in four parts of cold and in 0°8 parts of hot water.+ 
It dissolves very ingly in alcohol. Its aqueous 
solution gilds copper and silver by simple immersion, 
a. rag fo and those metals are dissolved.” 

54. Gilding by Immersion.—The following solutions 
have been used for gilding by the simple immersion, 
or “water-gilding” process :—First, dissolve five troy 
ounces of grain gold in fifty-two avoirdupois ounces of 
hot aqua ia, until vapours cease to be evolved, 
Decant the clear liquid w cool; dilute it with four 
pak distilled water ; add twenty pounds of purified 

icarbonate of h, and boil it for two hours. The 
articles to be gilt are immersed in the liquid from a few 
seconds to one minute, according to the kind of metal 
immersed, and the temperature and- newness of the 
liquid; warmth assisting the action, and a new liquid 
ing more quickly t an old one. Second: for 
gilding silver articles, dissolve equal of bichloride 
of mercury (corrosive sublimate) and sal-ammoniac in 
nitric acid ; add pure gold to it, and evaporate the liquid 
by heat to half its volume. Apply the liquid, while hot, 
to the surface of the article, 

155, Joseph Steele’s — dated August 9th, 1855.— 
Dissolve an ounce of go d in a mixture of four ounces of 
hydrochloric acid and eight ounces of nitric acid, and 
evaporate the solution to dryness. Fuse together 24 
ounces of ferro-cyanide of potassium, and 12 ounces of 
earbonate of potash: when this is nearly cold, dissolve 
in two or three gallons of pure boiling-water ; cool and 
filter the solution; then add the chloride of gold, and 
boil for a quarter of an hour. The articles to be coated 
are conn with a piece of zinc, of suitable size, and 
immersed in the liquid, the latter being at a temperature 
of 80° or 85° Fah. 

156. Gold Solution for the Battery Process.—For the 
battery process there are many gold solutions, though 
but few good ones :—Ist. The hyposulphite of gold and 
soda—formed by ase fom Regen of gold in a solu- 
tion of hyposulphite of ; which is not considered 

* Himly. + Glassford and Napicr. 


a good liquid for practical purposes. 2nd. The sulphite 
of gold and potash, used by Mr. Woolrich: his solution 
is made by adding sulphite of potash to water, saturating 
five-sixths of the resulting liquid with oxide of gold, and 
then adding the other portion of solution to form free 
sulphite. 3rd. The terchloride of gold dissolved in water 
is a very inferior liquid for practical purposes, because 
all the common meials decompose it, 4th. The bromide 
of gold, proposed by Mr. Spencer, is made as follows :— 
% Make a mixture of equal parts of bromine and alcohol ; 
and of this mixture take one part, of acetic acid one part, 
and four parts of water containing a few drops of sul- 
phuric acid. »” The resulting liquid is then nearly saturated 
with gold by suspending in it two electrodes of that 
metal, and connecting them a sufficient time with a 
suitable battery; when nearly saturated, add to the 
solution three times its volume of water containing a few 


drops of sulphuric acid. 
157. Electro-Gilding Liquid.—The best liquid that has 
yet been tried for practical electro-gilding, consists of the 


double cyanide of gold and potassium dissolved in water. 
Tt was first patented by Messrs. Elkington, and may be 
formed, either by dissolving finely-divided gold, or any 
salt of gold, in a solution of cyanide of potassium; or by 
the battery process, by suspending two electrodes of gold 
in a solution of cyanide of potassium, and passing a 
current from a small battery until the cathode receives a 
proper deposit, the liquid being at about 100° or 150° Fah. 

158, Cyanide of Gold by Chemical Process, —The cyanide 
of gold and potassium gilding solution is often made by 
the chemical method as follows :;—Form some terchloride 
of gold (151), and dissolve it in water; then either add 
a cold solution of caustic potash as long as a precipitate 
is produced, filtering and washing the precipitate with 
distilled water, or by digesting the chloride solution with 
magnesia. Filter, and wash the precipitate first with 
nitric acid, and then with distilled water; or add to the 
chloride liquid a solution of carbonate of ammonia, until 
a precipitate ceases to be formed; filter, and wash the 
precipitate with water The precipitates produced by 
po or by magnesia, consist of oxide of gold; whilst 
those produced by ammonia, or its carbonate, are aurate 
of ammonia (fulminate of gold), which is a very explosive 
compound. The precipitate, after being well washed b 
the successive additions of clean water, should be add 
whilst still wet, to a solution of cyanide of potassium, 
containing the proportion of one pound of cyanide to one 
gallon of water; and then about one-fifth more of the 
same solution should be added to form free cyanide. A 
very good proportion of the ingredients is, one ounce of 
gold, one pound of cyanide of potassium, and one gallon 
of water. The -waters should not be thrown away 
without being tested for gold, by immersing a piece of 
bright zine in them, and observing if it receive a yellow 
deposit; in that case, a solution of protosulphate of 
iron should be added as long as a precipitate of a greenish- 
brown powder, which is metallic gold, is produced, If 
this fail to precipitate the whole of the gold, a sheet of 
bright zinc should be immersed in the liquid, taken out 
occasionally, and the deposit of gold brushed off by a 
hard brush in water containing a little sulphuric acid, 
The greater the quantity of free acid contained in the 
original chloride solution, and the larger the excess of 
potash, ammonia, or carbonate of ammonia added, the 
greater is the amount of gold dissolved in the wash- 
waters. If, when we dissolve the terchloride of gold in 
water, a yellow powder remain undissolved at the bottom 
of the vessel, it indicates that there is no free acid in the 
salt; and it may be redissolved by the addition of a 
small quantity of the mixture of nitric and hydrochloric 
acids, and the application of heat. 

159. Solution by Battery Process,—The same solution 
may be made by the battery process, thus :—Dissolve 
some cyanide of potassium in hot distilled water, in the 
proportion of from one to two pounds to the gallon ; 
nearly fill a small porous cell with the liquid, and 
immerse it nearly to its edge in the solution; place a 
large gold anode in the outer liquid, and a small bright 
copper cathode in the liquid of the porous cell, and 
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connect them with about three pairs of Smec’s batteries— 
the gold anode with the platinised silver by one wire, 
and the copper cathode with the zinc by another wire, 
allowing the current to pass, until,*by transf the 
cathode for a short here poe outer liquid, ar a 
good deposit of gold, the solution being maintained at a 
metho ee of neat 150° Fah. ; the liquid of the porous 
cell should then be transferred to the outer solution, and 
the process stopped. The amount of gold dissolved is 
not of material consequence provided the deposit be good, 
as a solution may ees m ae seat e ore 
ounces to the gallon, an a eposi ui 

160, Gilding, Solution of M. Tivos —" Dias et 
parts of cyanide of potassium in parts of disti 
water; ‘filter it, and add one part of cyanide of gold, 
prepared with care, well washed, and dried out of the 
influence of light; keep the mixture in a closed glass 
vessel, at the temperature of 60° to 77° Fah., for two or 
three days, out of the presence of light, and frequently 
stir it.” 

16]. M. Becquere?’s Gilding Liquid.—* Dissolve one 
part of terchloride of gold and ten parts of ferro-cyanide 
of potassium in 100 parts of water; filter the liquid, to 
remove the separated cyanide of iron; add 100 parts of 
a saturated solution of ferro-cyanide of potassium, and 
dilute the mixture with one or two volumes of water. 
In general, the tone of the gilding varies according as 
the solution is more or less dilute; the colour is most 
beautiful when the liquid is most dilute, and most free 
from iron. To make the surface bright, it is sufficient 
to wash the article in water, acidulated with sulphuric 
acid, rubbing it gently with a piece of linen cloth.’ 

162. Gilding Li ide of M. Fizeau.—* 1st. Dissolve one 
part of dry chloride of gold in 160 parts of distilled water ; 
then add, little by little, a solution of carbonate of 
potash in distilled water until the liquid begins to become 
cloudy; we may use this liquid immediately.” And, 
2nd, used by M. Lerebour :—“ Dissolve one gramme* of 
chloride of gold, and four es of hyposulphate of 
soda, in one litre of distilled water.” 

163. M. Levol’s Solution for Gilding Silver.—“ Dissolve 
neutral chloride of gold, then add an aqueous solution 
of sulpho-cyanide cel oa eae. until the precipitate first 
formed is redissolvi The liquid will retain a slightly 
acid reaction; if it lose this, it must be renewed by 
adding a few drops of hydrochloric acid.” 

164. By M. de Briant.— Dissolve thirty-four grammes 
of gold in aqua regia, and evaporate the solution until it 
becomes neutral chloride of gold; then dissolve the 
chloride in four kilogrammes of warm water; and add to 
it 200 grammes of commercial magnesia, carefully sifted. 
The gold is precipitated in union with the magnesia; 
filter and wash with pure water; di the precipitate 
in forty parts of water mixed with parts of nitric 
acid to remove the esia ; then wash the oxide of 
= remaining with water, until the wash-water ex- 
uibits no acid reaction. Next dissolve 400 grammes of 
ferro-cyanide of potassium, and 100 grammes of caustic 
potash, in four litres of water ; add the oxide of gold, 
and boil the solution about twenty minutes. When the 
gold is dissolved there remains a small amount of iron 
precipitated, which may be removed by filtration, and 
the liquid, of a fine gold-yellow colour, is ready for use, 
It may be used either hot or cold.” 

165. Formulas of M. J. L.—‘1st. Take thirty-one 
grammes and twenty-five centigrammes of oxide of gold, 
five hectogrammes of cyanide of potassium, and four 


the inches 
See plies Rake ope hea eens A 
a ns and represen acu water 
40° Fab" the ude of wileh motes the POO ee 2 


Britisu. 
1 nearly, 
equa’ "the weight ofa 
the tenth part ofa 
The Centigramme is the one-hundredth part of a gramme, 
The Hectogrammoe is equal to one hundred grammes. 


litres of water, and boil them ther half-an-hour, 
The resulting solution must be worked hot, and may be 
used to gild copper, brass, and silver. 2nd. Dissolve 
ten parts of ferro-cyanide of ium and one part of 
dry terchloride of gold in 100 parts of water; oxide of 
iron will be precipitated. Boil the solution two or three 
hours, in a porcelain or glass vessel, until a precipitate 
collects at bottom and the supernatant liquid is 
transparent and of a canary-yellow colour ; filter the 
solution, and dilute it with three times its volume of 
water,” 3 : 

166, A and gages a of Doses > solid 
depositi o years been ly extendin 
itealf. “consist in making solid articles of gold 
silver electro-deposition, upon gutta-~ or other 
mous eaae for ose as watch and clock faces, 
ornamental snuff-boxes, and other articles elaborately 
chased or engraved, or which have very com or 
under-cut ornaments upon them; the expense of multi- 
plying these by the electro- pa bien than by 
the o oe means. eck rsepress ey perder 

aten' ted March, 1 or a solution for iting 
solid vialon in gold. It is formed th Doucivs ton 
ounce of pure gold in aqua regia, and evaporate the 
solution to dryness ; then add two gallons of water and 
sixteen ounces of cyanide of potassium, and work the 
Pern Big. at a temperature of about 120° or 


167. Salts of Platina.—The only common salt of 
platina is the bichloride: it is formed by adding pieces 
of platina foil to hot aqua pe ok long as gas is evolved 
from them; the solution, which is then of a dee Ri 


pene should be evaporated nearly to dryness, 
to 

168. Platina Solutions.—For platinising silver by 
simple immersion process, we may use a solution con- 
sisting of bichloride of platina, dissolved in water con- 
taining one-fourth its volume of nitric acid, or we 
may use simply a very hot aqueous solution of the 
bichloride alone. Nearly all metals decompose the bi- 
chloride solution, and become coated with platina in it by 
simple immersion. For the battery process we may use 
solutions of the iodide, bromide, or bichloride, or the 
double chloride of platina and sodium. The solution of 
the double chloride of platina and sodium is made by 
dissolving one equivalent (169-7 parts) of bichloride of 
platina and one equivalent (58°5 parts) of common salt, 
in water; it requires a small anode of platina and a 


very weak to obtain a ine deposit. A good 
potion for depositing reguline platina may also be made 
y. 


ving bichloride of platina and common salt in a 
solution of caustic h. 

169. Palladiwm Solutions,—A solution of double cya- 
nide of palladium and potassium may be used for de- 
‘seg—nee palladium. It may be made by chemical means, 

y dissolving palladium in nitric acid, precipitating the 
solution by a solution of cyanide of potassium, washing 
the precipitate, and dissolving it in a solution of ide 
of potassium to saturation, and then adding a little free 
cyanide; or it may be easily made by the battery pro- 


cess, by passing a current through a um 
anode in a solution of cyanide of potassium, until a clean 


smooth cathode receives a good deposit. This is an ex- 
cellent solution for depositing reguline metal; it acts 
upon the anode with uncommon energy, conducts freely, 
and deposits plenty of ine metal; a thin deposit of 
a obtained in this solution has been used for 

ing Daguerreotype pictures, instead of gold, and is 
said to give them a finer tone. 

170. Selecting Practical Liquids,—Having enumerated 
nearly all the solutions which have been used for de- 

iting different metals, and described the modes of 
orming them, we now offer a selection of those which 
are in most general use in the trade. 

1st. For depositing zinc, which is not very often at- 
sgt oo sulphate solution (105) Poy! be used, 

‘or depositing copper upon ordinary metals 

(except zinc, tin, lead, iron, and steel), and upon gutta- 
percha, wax, and clastic moulds, after being made 
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conductible by the battery process, the sulphate solution 
(120) is in general use; but for surfaces of tin, lead, 
iron, or steel, the solution of cyanide of copper and 
cyanide of potassium (120) is used. ‘ 

$rd. For the deposition of brass upon all ordinary 
metals, the patented solution of Messrs. Morriss and 
Johnson (127) is very su used ; the solutions of 
Brunel (126) and Salzede ) are also in practical use ; 
and, in the United States of America, a solution very 
similar to that of Messrs. Morriss and Co. is employed. 

4th. For depositing silver upon all commor metals, 
the solution of double cyanide of silver and potassium 
(135) is almost universally used ; the only exception is 
where the double sulphite of silver and potash is used, 
but only to a small extent, the magneto-machine being 
in some cases employed. 

5th. For gilding all ordinary metals, almost the only 
liquid used is the double cyanide of = and potassium 
(157 and 158); the only exceptions being a few minor 
modifications for operations on the small scale. 

6th. For platinising, the only solution in practical 
use is the bichloride (167). 

7th. For solid deposition of silver and gold, the 
patented solutions of Mr. Alexander Parkes (138 and 
166) may be employed. 

171. reboring Metal for Receiving a Deposit.—The 
electrotypist having acquired a general knowledge of 
depositing liquids, as well as of the necessary manipu- 
lation, and having made the several solutions necessary 
for his ordinary use, will require to prepare his articles 
for receiving a deposit. All metallic articles must be 
dellbed, and otherwise prepared, before they are fit to 
receive a deposit; this preparation differs, of course, 
according to the nature of the article, whether the 
deposit be required to adhere firmly to the surface, or 
inerely to be ised as a matrix,'from which the deposited 
metal is to be removed. 

172. Cast Iron and Zine.—Articles formed of zinc, 
wrought-iron, cast-iron, or steel, are first immersed for a 
few minutes in a boiling solution of caustic Besse to 
remove any grease, tar, or oily substance which may be 
upon them ; they are then washed in water; and those of 
wrought or cast-iron are immersed in “pickling liquid” 
(82), until the acid acts rather freely upon them ; rough 
cast-iron requires a stronger liquid smooth wrought- 
iron: after being again washed in water, they are 
scratched” at the brush (80). If they are very coarse 
castings or articles, they may require several 
—< in the dilute acid, and scourings with sand and 
a harsh brush, and even filing, to make them quite 

173. © A and German Silver.—Those formed 
of cop rf antag or German silver, should be boiled in 
the h liquid, washed in water, and dipped into nitric 
acid, or into the “dipping liquid” (82). ey are then 
to be washed in water, and dipped into a solution of 
nitrate or cyanide of mercury (84), before immersing 
them in the silvering solution. 

174. Sometimes, in order to assist in cleaning the 
articles, they are suspended for a short time in the 
depositing liquid, in contact with the negative pole of 
the battery ; this dissolves the surface, and loosens their 
impurities, unless they are very foul, or the solution is 
too valuable, In every case they should be well rinsed 
with water to remove the adhering acid, before dipping 
them into the mercury solution, or immersing them in 
the depositing vat. All objects which are to have a 
definite weight of metal deposited upon them, are 
weighed, and their weight noted down after they have 
been cleaned. , 

175. Wiring Articles,—The articles having been cleaned 
bce , have wires of ged attached to them, to 
su them in the vat. @ wires differ in size with 
diferent articles with small on pon ten : ms, ae 
fi sn tea) jugs, and such articles, size No. 
90 oF 23 of the Birming tt brass wire gauge, and about 

ighteen or twenty inches long, are used. Very large 
such as fire-irons, fenders, hat-stands, and 
articles of ornamental iron-work, are suspended in the 


solution by strong copper or brass hooks; in some cases 
where a powerful and certain connection is required, the 
wires are soldered to the articles. 

176. Preparing Articles for Adhesive Deposits.—We 
have already oe sae how necessary it is that all 
articles intended for the depositing vat should be cleaned 
in the most perfect manner possible, before being im- 
mersed in the depositing liquid, otherwise the deposit 
will not adhere. Articles of copper, brass, or German 
silver, which are to be silver-plated, should also be 
dipped into one of the solutions of mercury (84); other- 
wise the deposit will not adhere at all, or will vary in 
appearance in different parts; and in consequence of 
this perfect degree of cleanliness required, the cleaning 
of them often involves more trouble than the depositing. 
All articles should be plunged, while still wet from the 
cleaning process, into the depositing vat. The practical 
minutiz of preparing the surfaces of different metals for 
receiving esive deposits of other metals, vary in 
almost bg og pee pare and much information yet 
remains to be developed upon this point For want of 
this knowledge, the most skilful operators sometimes 
fail in producing perfect adhesion, especially upon zinc, 
cast-iron, steel, and Britannia metal. 

177. Preparing Metals for Non-adhesive Deposits: — 
Metal articles which are to receive non-adhesive deposits, 
such as medallions, of which copies are desired in copper, 
should be allowed to remain a suflicient time to slightly 
oxidate after being cleaned, before being plunged in the 
depositing vat, the oxide preventing adhesion. In some 
cases they are rubbed over with cotton wool slightly 
moistened with a yery weak solution of bees-wax dis- 
solved in camphine, in the proportion of a piece of wax 
of the size of a small in a quarter of a pint of the 
spirit ; others use a little sweet oil, which is immediately 
wiped off with a fresh piece of dry cotton wool. 

178. “Stopping off” to Prevent Deposition.—Many 
articles which are to receive deposits require to have 

rtions of their surface ‘‘ stopped off,” to prevent the 

eposit serene over those parts: for instance, in 
taking a copy of one side of a metal medallion, the 
opposite side must be coated with some kind of varnish, 
wax, or fat, to prevent deposition; or in gilding the 
inside of a cream jug which has been silvered on the 
outside, varnish must be applied all round the edge on 
the outside for the same reason. For gilding and other 
hot solutions, copal varnish is generally used; but for 
cold liquids and common work, an ordinary varnish, 
such as engravers use for a similar purpose, will do very 
well. In the absence of other substances, a coating 
of sealing-wax dissolved in naphtha will answer every 


purpose, 

179. Moulding and Copying Works of Art.—The 
electrotypist who includes in his business the multipli- 
cation of works of art, as well as the simple plating of 
metal articles, will require a knowledge of the art of 
moulding. To copy both sides of a metallic coin or 
medal in the mixture of gutta-percha and marine glue 
recommended (85), take a strip of thin sheet copper, 
brass, or tinned iron, about an inch wide ; wind it closely 
round the edge of the medal, and solder its ends toge- 
ther; wipe the medal and take two balls of the com- 
position, quite hot and soft, and press them simulta- 
neously against the two faces of the medal, working the 
material from the centre towards the circumference to 
exclude bubbles of air; place two thick plates of cold 
metal, one on each side, and gradually screw up the 
whole in a vice, or screw-press, gently at first, but in- 
creasing the pressure to a high degree as the materials 
become hard. When it is quite cold, which will be in 
about two hours, the two copies may be easily removed 
from the original, by inserting the end of a gimlet in 
their backs, and drawing them out; they are easily re- 
moved, because the composition slightly contracts in 
cooling. They will present fine impressions of the 
original, and be perfectly free from air-bubbles, when the 
operation has been carefully performed. 

180, Elastic Moulding.—If the medallion be under-cut, 
it must be copied in ‘‘ elastic moulding” (86), thus :— 
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Encircle its edge by a strip of stout paper, and pour 
the mixture upon its surface quite hot, and of the con- 
sistency of treacle, to the depth of half an inch or more, 
according to the size of the modal and the depth of its 
hollow parts, brushing its surface beneath the liquid 
with a brush having fine and long hairs, to remove 
air-bubbles, Allow the mixture to remain until it is 
quite firm, which will be from two to twenty-four hours, 
according to its bulk; take off the paper, and remove 
the mould very gently, carefully stretching and drawing 
it at the same time in the direction of the pe Saye 

rts, to prevent injury. Should the object to be copi 

a hollow metallic bust, proceed as follows :—Partly 
fill it with sand, to make it heavy and thus prevent its 
rising in the liquid, and cover its opening by sticking a 
piece of millboard strongly over it ; then place the bust 
in the centre of a cylindrical and tapering vessel, a few 
inches deeper and wider than itself, and pour the melted 
composition in steadily, until it is a few inches above 
the top of the head, tapping the bust, and inclining the 
outer vessel, to facilitate the escape of air-bubbles, 
When the composition is quite firm, which it will be in 
about twenty hours, it may easily be removed from the 
vessel by shaking, the vessel having been previously well 
oiled ; the mould may then be removed from the bust by 
»reviously marking on its lower end the position of the 
face, passing a knife carefully up the back of the bust 
nearly to the crown of the head, and opening the elastic 
mould with the hands, whilst a second person lifts out 
the bust. If the original bust be composed of plaster, it 
must be previously saturated with oil, to prevent the 
melted composition adhering to it. 

181. Rendering Moulds Conductible.—To render the 
surfaces of non-metallic moulds conductible, there are 
two methods in use: first, to cover them with a thin 
film of blacklead by brushing; and, second, to coat 
them with a minute film of gold or silver by chemical 
means, ‘The first of these methods is generally used for 
moulds composed of gutta-percha, wax, resinous com- 
position; or plaster saturated with oil, where the parts 
are not much under-cut; and the second for elastic 
moulds, because the blacklead cannot be readily applied 
to all their recesses. 

182. Blackleading.—To apply blacklead to a small 
round or oval medallion formed of gutta-percha and 
marine glue, first insert the sharp end of a piece of 
copper wire, size No, 16 or 18, and about fifteen or 
twenty inches long, into the edge of the mould near its 
face ; then pass a piece of fine copper wire, size No, 28 
or 30, once tightly round the edge of the mould, close to 
its face, securing its ends to the other wire. Fix a strip 
of paper about one inch wide, by means of sealing-wax, 
tightly round the edge, to prevent the blacklead passing 
anywhere except upon the face of the mould. Apply 
the blacklead by a soft camel’s-hair brush with a large 
and thick body of short hairs, breathing upon the face 
ot the mould occasionally to facilitate the adhesion of 
the material. When the medal is perfectly black and 
bright, blow off the superfluous blacklead, and remove 
the paper; it is then ready for receiving a deposit, the 
whole operation occupying about ten or fifteen minutes 
with a small object the first time of preparing it, but 
less in subsequent operations. If the mould be very 
large, and especially if it have deep hollows in its sur- 
face, it will require, after being blackleaded, to have 
several short and fine copper | Seeing ier carefully 
attached to the main wire, and their free ends slightly 
inserted in the face of the mould, in the most hollow and 
distant parts, or to lie in contact with them, in order to 
cause the deposit to commence and spread there as well 
as round the edge. If this precaution be not taken, 
the deposit will be much thinner over those parts than 
upon the nearer and more prominent places, and some- 
times will not spread over them at all, . 

183 Preparing the Surfaces of Elastic Moulds,—Elastio 
moulds are treated in a different manner. First, a stout 
connecting wire is attached ; then a number of fine copper 
‘¢ guiding-wires” are twisted round it, and their 
ends slightly inserted in the face of the mould, in all the 


hollow and distant parts; the mould is then either 
dipped into the phosphorus solution (87), or its surface 
is covered with that liquid; and, after it has been drained 
clean, it is allowed to remain until perfectly dry; the 
silver solution is next applied to it 87), in like manner, 
for several minutes, until it appears black, with a metallic 
lustre like black china; it is then gently rinsed with 
distilled water, and the gold solution applied in the 
same way (87), which gives it a yellowish aspect; after 
another rinsing in distilled water, it is ready for re- 
ceiving a deposit. 

184. Moulding by Phosphorus Composition.—Some ob- 
jects which are not much under-cut, are moulded in the 
phosphorus moulding composition (87); and, in some 
cases, where they are under-cut, as well as busts, they 
are first om in the elastic moulding, and then the 
elastic mould is copied in this material, the composition 
being but barely melted that it may not dissolve the 
elastic moulding. In either of these cases, instead of 
immersing the mould in the phosphorus, silver, and 
gold solutions, it is only immersed in the two latter, in 
the manner already described, the phosphorus contained 
in the mould itself serving to reduce the silver and gold. 

185. Preparing Surfaces of Glass for Deposition.— 
Glass surfaces may be prepared for receiving a deposit 
by means of the phosphorus, silver, and | solutions, 
but not very satisfactorily. A better roathod: which we 
have tried, has been silvering them by Drayton’s patent 
process, thus:—Take one part, by weight, of liquid 
ammonia, three parts of alcohol, two parts of nitrate 
of silver, and three parts of distilled water; dissolve 
the silver salt in the water, add the liquid ammonia 
and the alcohol, shake the mixture, allow it to remain 
until quite clear, and pour off the clear part into the 
glass vessel . to be silvered, which must be perfectly 
clean; then add to it one quarter of a part of grape- 
sugar dissolved in weak spirits of wine, mix the liquid, 
and heat it to about 150° or 160° Fah. for about mez? 
or thirty minutes, and the glass vessel will become sil- 
vered, The liquid may then be removed ; the vessel 
gently rinsed with distilled water ; a connection is to be 
ormed by means of a fine copper wire with the film of 
silver and the battery ; the vessel filled with a suitable 
depositing liquid, an anode immersed, and the surface 
deposited upon in the rir ag 3 way. If the process 
be successf py perkates the deposit, whether of silver 
or copper, will spread instantaneously over the sil- 
vered surface, The only way by which we have been 
able to form an adhesive deposit upon glass or por- 
celain, has been to send the articles to a glass and por- 
celain gilder, and have gold-leaf burnt into their sur- 
faces, and then depositing upon them in the usual 
manner may be successfully effected. 

186. Immersion of Articles in the Vat.—The operator 
having prepared the various articles and moulds, will 
immerse them in the depositing solution, having pre- 
viously introduced the anode and completed all the con- 
nections, taking care always to connect the article to 
receive the deposit with the zine of the battery, and the 
metal to be dissolved with the copper or silver plate. 

187. tion of Battery Power.—In depositing all 
metals, it is of the greatest importance that the battery 
power be properly regulated ; and this may be done in a 
variety of ways, which collectively consist either in mak- 
ing alterations in the battery, in the depositing vessel, 
or in the wires connecting them. The intensity of the 
current is increased by increasing the number of alter- 
nations of the battery plates, Resistance to the current 
is diminished by increasing the conductibility of the 
battery liquid or depositing solution, which may be 
effected either by the addition of free acid to the battery 
or more salt to the solution; or by increasing the thick- 
ness and decreasing the length of the connecting wires, 
The ey of the current is increased by immersing 
all the battery plates deeper in their liquids ; also 
some of those means which increase the intensity. Bo 
the intensity and the quantity may be decreased by 
separating the electrodes in the depbsiting vessel farther 
asunder, or by interposing a long and fine iron wire in 
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the cireuit. The most usual means adopted of increasing 
the intensity of the current, is to add to the number of 
the batteries; and for increasing the quantity, to im- 
merse all the battery plates deeper in their liquids.* 
Sometimes, to increase the power, the temperature of 
the liquid may be raised, or the article placed nearer 
the dissolving metal; and when a smaller quantity of 
current is required than the ordinary batteries can con- 
veniently supply, a piece of sheet metal may be hung in 
the depositing solution with the receiving article, to 
receive a portion of the deposit, and thus transfer some 
of the power from the article to itself 

188. Intensity and Quantity of the Current.—The in- 
tensity of the current obtained from a series of batteries, 
depends upon the number of alternations of the metals ; 
whilst its quantity depends upon the amount of immersed 
surface in each a tion ; and it makes no difference 
whether that amount of surface is in one battery plate 
or in many, or in one or many containing vessels. A 
series of similar batteries may be so connected together 

wires or other conductors, as to give either an inten- 
sity or a quantity of current, provided they have screws 
or other conveniences for attaching the wires to the 
plates. For instance— if we have four pairs of 
plates, in four separate cells, and connect them alter- 


nately, thus (Fig. 87), zine, silver—zinc, silver—zinc, 
Fig. 87. 


silver—zine, silver, with wires from the terminal plates, 

we obtain a current possessing the intensity of four 

pairs, and the quantity of one; but if, 2nd, they are 

connected, all the zines by one wire, and all the silvers 

by another wire (Fig. 88), with one portion of each wire 
; Fig. 88. 


left convenient for making connections, we obtain. a 

current possessing the quantity of four pairs, and the 

intensity of one; and, 3rd, if they are arranged in two 

series or rows, two pairs in each, each series being con- 
Fig. 89, 


terminal zines facing the opposite way and connected by 
another wire, and these wires left free for connection 
with the vat (Fig. 89), we obtain a current possessing 
the intensity of two pairs and the quantity of two. By 
contrivances of connection like these, any number of 
batteries, provided they are similar in kind, charged 
alike, and have suitable connecting screws attached, 
may be connected together so as to give any desired 
quantity or intensity of current within the limits of their 
power: thus, a battery of one hundred pairs may be 
arranged to yield a current haying the intensity of one 
hundred pairs, and the quantity of one ; the quantity of 
one hundred, and the intensity of one; the intensity of 
fifty, and the quantity of fifty; or any intermediate 
degree of each. 

189. Regulating the Quantity of Deposited Metal.—The 
quantity of metal dissolved and deposited in the vat, is 
in direct proportion to the Lee A of zine dissolved 
and acid consumed in each alternation of the battery. 
With a perfect depositing liquid, good battery arrange- 
ments, and pure materials, for every equivalent of zinc 
dissolved in each alternation of the battery, an equiva- 
lent of metal is dissolved on one side, and an equivalent 
deposited on the other, in the depositing vessel. For 
instance—for every equivalent (82°6 parts) of zinc so 
dissolved, and 49 parts, or one equivalent, of oil of 
vitriol consumed in the battery, an equivalent (31-7 
parts) of copper is deposited in the sulphate of 
copper solution, or an equivalent (108 parts) of 
silver in the cyanide silver plating liquid, and 
similar quantities of copper or silver dissolved 
at the anode. But in practical working, the mate- 
rials are rarely or ever pure, or the arrange- 
ments perfect; the zinc nearly always contains a 
small proportion of other substances; the mer- 
peed contains tin or lead; and the sulphuric 
acid contains a little nitric acid. The acid liquid 
of the battery is often too strong: much acid 
liquid is frequently wasted, being thrown away before 
it is completely exhausted: the zinc plates have not 
been kept well amalgamated, or the silver well plati- 
nised, or the plates have been suffered to remain too 
long in the liquid when not in use. The metal of 
the anode is frequently impure also; occasionally some 
of the deposit is allowed to redissolve, in con- 
sequence of the battery power becoming low, and 
from not stirring the solution ; in some solutions, 
a part of the battery strength is expended in 
evolving gas at the cathode; and, finally, the 
repeatad operation of ‘‘ scratching” removes some 
of the deposit. Allowing for all these and other 
unavoidable sources of loss in practical working, 
about one pound only of copper can be deposited 
in the ordinary sulphate solution, by the con- 
oe of from one-and-a-quarter to one-and- 
a- junds of zinc, and an equivalent quantity 
of acid, in alternation of the battery. To increase 
the quantity of metal deposited in a given period of time, 
the battery plates saci be sunk deeper in their liquids. 

190. Regulation of the Quality of the Deposit.—The 
quality of the deposited metal, i.¢., its degree of cohe- 
sion, hardness, flexibility, &c., depends upon the inten- 
sity of the current. As a general rule, the greater the 
intensity and the smaller the quantity of the current, 
the harder and, brighter is the deposit metal ; and the 

ter the quantity and the smaller the intensity, the 

ess coherent and the softer it is. To obtain a very hard, 
bright, aud crystalline deposit, we should use a current 
of small quantity and high intensity; and to obtain a 
soft black powder deposit, we should employ large quan- 
tity and low intensity; the combination of moderate 
quantity and moderate intensity, produces a coherent 
reguline deposit, possessing all the ordinary character- 
istics of the particular metal. These results can onl 
be obtained with a good ae gem | liquid, and wit 
metals, such as copper, silver, gold, &c., which are 
known to exist in a tough reguline state; and not with 
those—such as bismuth or antimony, crystalline metals 
—which do not exist in that state, 
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191, If we are producing a reguline deposit, with 
a one-cell arrangement, in a good deposit liquid, 
with electrodes of the same size as the imm portion 
of the battery plates, and it is wished to change the 
deposit to a soft black powder, the plates of the battery 
must be immersed considerably deeper in the liquid, and 
a very much larger dissolving plate in the vat used. 
| If we wish to change the deposit to a crystalline one, 
several more pairs of battery should be put on, con- 
nected intensity-fashion, and the plates must be im- 
mersed to an exceedingly small depth in their liquids, 
and a very small anode employed. These results have 
a direct reference to the size of the receiving surface: 
for if, with any given battery and anode, we are pro- 
| ducing a black powder deposit upon a very small article, 
a larger article would receive a reguline deposit, and a 
much larger one would have thrown down on it a de- 

it bordering upon the crystalline state. Thus it will 

perceived that the black powder deposit is a result of 
too rapid, and the crystalline one of too slow action, \ 

192. Spread of Deposit.—If we wish to make a de- 

it spread rapidly over a metal of inferior conducti- 
| Bitty, such as a long iron rod, we must use a current of 
high intensity and rather small quantity; this will drive 
it over the surface without causing it to become soft or 
non-coherent. The action of such a current appears to 
consist in conferring upon the particles a kind of polarity, 
a power of grouping themselves into separate warty 
nodules or crystals, each of which, as it becomes larger, 
appears to powerfully repel its neighbour, and thus causes 
the metal to spread rapidly; when this action is con- 
tinued to a considerable thickness of deposit, especially 
in cold weather, the metal is exceedingly hard, and easily 
broken into a number of distinct grains or nodules, which 
are in the form of warty lumps with rounded edges. 
When the action has been rather too quick, or the liquid 
not sufficiently cold, and composed of more or less per- 
fect crystals, with edges sometimes beautifully defined, 
or when the action has been very slow, and the liquid 
yery cold and undisturbed, the same occurs. With the 
intensity of one hundred pairs of Smee’s battery, acting 
for a long period of time in cold weather, and the quan- 
tity of the current kept down to the lowest possible 
degree, we have seen a tough deposit of zinc spread: 
over several square inches of clean gutta-percha; and 
in depositing copper with a current of rather high in- 
tensity, and small quantity, upon blackleaded gutta- 
percha medallions, we have repeatedly observed, that 
where there was a sunk boundary line near the edge, 
the deposit remained quite thin, as if powerfully re- 
pelled, whilst on each side of the line it was very thick, 
and on the outside edge, accumulated in large warty 
masses, hard and distinctly separate, and containing as 
much metal as the whole of the medallion besides, 

193. Management of Batteries. —The most suitable 
strength of liquid for filling the battery cells, consists of 
one measure of sulphuric acid and about twenty mea- 
sures of water; astronger liquid may be used, even to 
one part of acid to ten or twelve parts of water; but 
then the zinc plates require constant watching and fre- 
quent amalgamating, to prevent waste, If the acid 
liquid be very strong, and the electric action energetic, 
the zine plates will require to be examined every day, 

~to see that there is no local action, i.e., chemical action 
in particular places ; and when gas is found to be freely 
rising from them, as well as from the silver or copper, or 
when any dull patches appear where the acid has acted 
too strongly upon them, they should be taken out and 
amalgamated. They should be frequently amalgamated 
when new ; and afterwards, if much worked, they should 
be amalgamated every few days: when they become old 
they should be rarely amalgamated, because it very much 
weakens the power. When they become so thin as to 
fall to pieces on handling, new plates should be substi- 

tuted, and the old should either be melted at as low a 

degree of heat as possible, to prevent loss of mercury, 

and cast into rods for Daniell’s batteries; or be broken 
up, put in an iron retort, and the mercury distilled from 
them at a strong red heat into a vessel of water, 


194. Tho zinc plates should be taken out of the liquid 
every evening, unless deposition is required to continue 
all night. After the battery has been at work a few 
days, a little more acid should be added, and the liquid 
stirred ; and this should be done as often as the power 
gets low, until at length the liquid becomes thick and 
nearly saturated with zine salt, which crystallises about 
the edges of the cells. It is then time to throw it away 
and put fresh, or it may be filtered, evapora’ and 
crystallised, and the resulting salt (sulphate of zinc) pre- 
served for depositing purposes. If any of the silver or 
copper plates of the batteries become covered with a 
deposit of zine whilst working, it shows that all the acid 
in that cell is exhausted, and that more should be added, 
or fresh liquid ony in. This only happens in a Smee’s 
battery, or in the old zine and copper arrangement. 
The deposit of zinc may be easily and quickly removed 
by the addition of acid to that cell, by a fresh liquid, or 
by immersing the coated plate in dilute sulphuric acid as 
me es ; is evolved from it, 

95. If copper plates are employed in the batteries, 
they should be heated red-hot ree every week or 
ten days, and quenched in water, and then dipped in 
** dipping liquid” (82), or in nitric acid; and if platinleed 
silver plates are used, they should be re-platinised as 
often as they become light in colour, or their power 
becomes low, which will hap once in two or three 
months} with constant working. The re-platinising 
greatly increases the power of the battery. Great care 
must be taken that the zincs never touch the silver or 
copper plates when wet, otherwise the mercury will get 
upon the latter, and much weaken the battery power; 
-_ the silver plates will drop to pieces if they are very 

re : 


196. General Rides cond Working Solutions.—In worki 
any depositing liquid—Ist, avoid doing anything which 
will alter the chemical composition of the liquid, or even 
the proportions of its feast Hes except the water—that 
may be altered, in proportion, in most liquids without 
much inconvenience; 2nd, adapt your electric power to 
the liquid, rather than the liquid to the power, and 
regulate the deposit rather by alterations in the battery 
than by alterations in the depositing vessel, except as 
regards the distances of the electrodes or the tem- 
perature of the liquid—these may be altered with safety, 
and, sometimes, with convenience ; and 3rd, as a general 
rule, let your dissolving metal, the anode, expose a r 
immersed surface than the receiving article, the cathode. 

197. Position of Articles and Dissolving Plates.—The 
best practical position for the dissolving plate is the 
vertical, the dissolving plate and the Breton article 
being suspended in the liquid facing each other, the latter 
being rather the lowest of the two, and both wholly im- 
mersed. The horizontal position, with the dissolving 
metal above, although the most philosophical arrange- 
ment, does not succeed in practical working, because the 
metal used for dissolving, is never quite pure (with 
copper, especially), and the impurities from it fall upon 
the surface of the receiving article beneath, and make it 
rough; in addition to this, the position of the article 
prevents our being able to examine it easily or remove it 
conveniently. If the article to be coated have a very 
irregular outline, either the dissolving plate should be 
bent somewhat to its form, so that the two may be nearly 
equi-distant at all parts; or the article should be often 
shifted in its position, so as to produce a nearly uniform 
thickness of Poonate all over. The nearer the receiving 
article is to the dissolving plate, the more rapid is the 
deposit; and a large body of liquid deposits more rapidly 
and more evenly than a analy one; large connecti 
wires are more favourable to quick deposits than 
ones, The greatest thickness of deposit always takes 
place upon the most Ve oar places, i.e., upon those 
parts nearest the dissolving metal. 

198. Motion of Articles in Vat.—In some solutions— 
for instance, the double sulphite of silver and potash—if 
the current be too strong to produce a good, deposit 
motion of the articles will prevent it a Ia 
some plating establishments, the articles in the vats are 
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kept in constant motion, gently swinging to and fro—the 
metal frame upon which they are suspended having four 


small wheels running upon four small inclined planes 
fixed upon the edges of the vat, which are kept in 
constant motion by steam or other available power. 

199, Temperature of Solution.—Several solutions, such 
as the ide of copper and potassium, the cyanide of 
gold pi tassium, We., require to be kept hot, in order 
to make them conduct freely, and yield suitable metal; 
not that they cannot be worked cold, but that they work 
much better and quicker at a high temperature, which 
more than compensates for the expense of heating them. 

200. Protection of Depositing Liquids from Light.— 
Some liquids, such as the double sulphite of silver and 
potash, and the hyposulphite of silver and potash, require 
to be protected as much as possible from the influence of 
light ; and even the ordinary cyanide of silver liquid is 
better screened from an excess of this agent. 

. 201. Clean Connections necessary.—In every case we 
must be very careful to observe that the circuit is 
complete, and that it is capable of conducting the current 
freely throughout; that the articles to be coated are 
conductors of electricity, or have been made so by any 
of the means already recommended; and that their 


various points of arse ss perfectly clean. 
202. Management of Coppering Liqui 
sulphate of copper solution (120) no particular manage- 
ment is required, beyond the general rules already laid 
down (196). It is not suitable for depositing direct upon 
zine, tin, , iron, or steel. Articles formed of these 
metals are first coated with a thin layer of copper, in the 
eyanide of copper and potassium solution (120) ; then well 
washed, and transferred immediately to the sulphate 
poss | and the remainder of the required thickness of 
cop) aang upon it, we 
. Uses of Copper Deposition.—Among the many 
uses to which the electro-deposition of copper has been 
lied, we may mention the following :—To make copper 
ake for Daniell m5 batteries Te mang i opis of agen ie 
plates, engraved copper p , and engraved rollers ; 
coppering the surface of printing-type; coppering steel 
pens (patented); to protect iron and s' goods from 
rusting, coating telegraph wires, ship’s bolts, &c.; to 
make copies of Daguerreotype pictures ; to make coppered 
cloth; to coat glass chemical vessels ; to coat and protect 
metal and plaster statues, busts, and sculptured works; 
to preserve the form of flowers, fruits, ferns, seaweed, 
insects, reptiles, &c.; to make medallions, busts, and 
various and Sayre tn a it has also been 
applied in the arts of glyphography and electro-tint 


printing. ; 

204. Making Objects in Copper, Coppering, &c.—To 
make a cell of Daniell’s paar in copper, coat the inside 
of a glass jar or earthen jelly-pot with wax, resin, or 
i ot ; then either blacklead 


solution (120), papens in it a sheet of copper, 


necting the fine wire with the piece of zinc; a 
deposit of opper will soon spread over the entire inside 
surface of the jar, when that has been previously prepared 

ote Engraved steel plates are 


once immersed in the sulphate of ig oe per caper 
r poatted ; 


require from 24 to 48 hours. The surface of the steel 
should be previously prepared for a non-adhesive de- 
posit, otherwise the two metals cannot be separated. 

205. Copying Wood-cuts in Copper.—¥or printing 
p where a large number of impressions of a par- 
ti wood-cut is required, the plan of taking copies of 
the engraved wooden block in copper by the electro- 

rocess, and using those copies instead of the original 
Block to print from, has been gradually extending itself 
for some years, and has now attained a considerable 
degree of importance; the vignette at the head of the 
title-page of the Illustrated News, the title-page of Punch 
many of the large engravings in the Ilustrated News, an 
even the illustrations of some of the penny periodicals 
are regularly produced in this way. To copy an engraved 
wooden block, the engraved surface is first moistened with 
water, and firmly enclosed by a shallow frame ; a thick 
piece of gutta-percha, more than sufticient to fill the 
enclosed space, and made quite soft by heat, is then laid 
upon it, commencing its contact at the centre of the 
engraving, and proceeding outwards, so as to exclude all 
air-bubbles; a plate of cold iron is then laid upon the 
gutta-percha, and the whole subjected to pressure, gentle 
at first, but increased to a high degree as the substance 
ls. The block and copy are then separated, and the 
an surface of the gutta-percha (with connecting 
and guiding-wires previously sated is treated in the 
usual manner with blacklead or with the phosphorus, 
silver, and gold solutions; copper is then deposited upon 
it in a solution of sulphate of copper, until a moderate 
thickness of deposit is obtained, which will occupy at 
least twelve or eighteen hours; when sufficiently thick 
the deposit is removed, its back made rigid by a layer of 
solder or type-metal (the surface being previously 
moistened with a solution of chloride of zinc to make the 
solder adhere), the back is planed flat, and mounted 
upon @ block of wood to the height of the type. In 
London this process is carried on upon a large scale, some 
of the copies being upwards of two feet square. En- 
gravings upon steel are copied in an exactly similar 
manner to those upon wood, 

We have recently tried some experiments with a view 
of making the deposit of copper upon gutta-percha and 
marine glue spread more rapidly than it does, by pre- 
paring the surface with b! ead ; it being a matter of 
some importance, in copying wood engravings for perio- 
dicals’ of such large circulation as the Illustrated News, 
that the time occupied in the process be reduced. Our 
experiments have succeeded to some extent, and we give 


the following results of them for the benefit of the 
printing trade. 
After having formed a reverse copy, in gutta-percha 


and marine glue, of the engrayed wooden block, and 
affixed the conducting wires to it, take a mixture of one 
measure of spirit varnish, and either four or five mea- 
sures of vegetable naphtha, and apply it very sparingly in 
a thin layer, by a soft camel’s-hair brush, over the whole 
surface of the mould where the deposit is desired to be 
spread. Whilst the surface is still wet, cover it with a 
mixture of three parts of yellow and one part of white 
bronze powder, and bring the powder in thorough con- 
tact with the whole of the moistened surface, by strikin; 
it all over with a dry, soft brush; then gently brush o 
all the superfluous powder. The bronzed mould may 
now be immersed in the ordinary sulphate of copper 
solution, and the following actions will occur:—Tho 
particles of white bronze powder being composed almost 
wholly of tin, and those of yellow bronze containing 
much copper, those of tin will dissolve and coat them- 
selves with copper by the simple immersion process (4), 
and those of brass or copper (the yellow ones) will 
become coated by their contact with those of tin (Two 
Metals and One Liquid Process, 7), and thus a thin 
deposit of copper will almost instantaneously spread all 
over the bronzed surface. This effect will of course take 
lace without connecting the mould with the battery; 
but they may be immediately connected together, and a 
deposit will spread almost instantaneously over the whole 
of the bronzed surface by the ordinary orf process, 
H 
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through the medium of the bronze and the thin deposit 

ly mentioned, which may be continued to any 
required thickness in the usual way. In our earlier 
experiments with this method, yellow bronze alone was 
used, which did not reduce the copper by simple im- 
mersion; but even then, medallions were repeatedly 
covered with a deposit of copper in from two to five 
minutes, which would a from twenty to forty-five 
minutes when prepared blacklead in the usual 
manner. The addition of white or tin bronze causes the 
deposit to spread as rapidly as when the surface is 
prepared by the phosphorus solution, but without the 
disadvantage which occurs in using the latter, of making 
the deposited metal brittle. The effect of using white 
bronze alone was not so satisfactory. 

The surface of the copper copy so obtained is bright 
and clean, and the character of the deposited metal is 

, but the surface obtained is hardly so smooth and 

ne as that obtained with blacklead; the difference, 
however, is very slight, and it is sufficiently smooth for 
all ordinary purposes, and for the object sought, if care 
be taken to blow off or otherwise remove all superfluous 
bronze powder before immersing the mould in the vat. 
We hope that those who may have the opportunity will 
try it upon a r scale. ® 

206. Copying Set-up Type in Copper.—The process of 
electrotyping has also been gradually encroaching upon 
that of stereotyping, and has, we are informed, almost 
superseded that process in America. The plan adopted 
is similar to that of copying wood-cuts—viz., to lay a 
sheet of softened gutta-percha upon the surface of the 
page of t and subject it to increasing pressure until 
it is cold; the gutta-percha copy is then removed, and 
treated as in copying wood engravings. It would be 
advisable to try a somewhat softer material for this 
purpose, such as the mixture of Bay rcha and marine 
glue, which we have recommended (85), This material 
takes a sharper and smoother impression than gutta- 
percha alone, and the deposit spreads over it more 
rapidly ; and, being softer, it enters more freely and 
with less pressure ‘between the fine lines of the letters, 
and still is not sufficiently soft to penetrate the minute 
crevices between the body of the types. If a solution of 
grape-sugar (as used in Drayton’s patent process for 
silvering glass), aldehyde, or other reducing agent, were 
substituted for the phosphorus solution, for reducing 
the silver upon the surface of the mould, it would be an 
advantage, as, besides the dangerous character of the 
Rover, it has an offensive odour, and the copper 

eposited upon surfaces prepared by it, moreover, is 
invariably brittle. 

The mould may also be prepared for a deposit by 
blackleading; it will require a first-rate quality of 
blacklead, and prolonged and attentive brushing, but 
will taen afford a good result. The air-bubbles may be 
removed when the mould is in the liquid, by directing a 
powerful upward current of the liquid agaist them by 
means of a vulcanised india-rubber bladder, with a long 
and curved glass tube having a fine orifice (Fig. “bee 
tached to it; but the liquid should be free from 

The advantages of elec- 


Fig. 90. sediment. 

trotyping over  stereo- 

typing are numerous ; the 

metal is harder, takes 

a sharper impression of 
the mould, and delivers the ink much more readily than 
type metal, besides being a cleaner process; it also takes 
up less ink, and consequently the printed pages dry 
more quickly. Both wood-cuts and letter-press have 
also been copied in plaster of Paris, and the deposit of 
copper formed upon that; but this material is much 
inferior to gutta-percha for the process. Messrs, Brad- 
bury and Evans are considered the most successful 
manipulators in this branch of electro-deposition, and 
their x i pt the most perfect of its kind. In this 
establishment the temperature of the room is carefully 
attended to, and the vessels ¢ontaining the solutions 
have glass covers, Tho result of this careful manipula- 


tion has been, that, in some instances, successful deposits 
of large IUustrated News engravings have been formed 
and taken off in eight hours; this can only have been 
effected by the most perfect blackleading, coping the 
solution in excellent condition, and working with the 
maximum of battery power. Gutta-percha and marine 
glue is well worthy of a trial, and the use of bitumen 
with gutta-percha is also a good idea; the marine glue 
would be better, because it is tougher. 

; Iron - steel pine ere be ae ey ea an — a 

eposit of copper, by first eegesery them, wi i 

mactane perf 6 a Kg in the cyanide coppering liquid, 
and completing the deposit in the ordinary sulphate 
solution. The coils should be kept separate from each 
other in the liquid by suspending them upon a horizontal 
brass rod, ing it occasionally to cause a uniform 
deposit, Iron screws and nails may be treated in a 
similar manner, exgept that they should be contained in 
a wicker basket, and shook about occasionally to produce 
a rm gen deposit, nial a af 

207. Copying Daguerreotype Pictwres in Copper.—The 
most interesting and beautiful application of the de- 
position of copper, and, at the same time, one of the 
easiest to be effected, is that of copying Daguerreo 
pictures, . First solder a wire to the back of the plate 
near the edge; paint over the back and edges, and allow 
it to dry; hang it in a clean sulphate of copper solution, 
which is perfectly free from dust or grease on its surface ; 
and, in the course of twenty or thirty hours, if about 
two cells of small Smee’s batteries have been used, the 
deposit will be sufficiently thick to be removed; it 
should then be taken out, well washed, wiped perfectly 
dry, and a narrow strip be cut off its edges with a strong 

air of scissors; the two may then be easily separated by 
inserting the point of a knife, or the end of a thin wedge 
of hard wood, between them at the edges. If the pro- 
cess have been carefully and the original picture 
be a strong one, a most beautiful and vivid copy will be 
obtained ; and if the picture be not only a strong one, 
but has also been well fixed by Fizeau’s Lapp a 
number of successive copies ma: taken from it; but 
their intensity, as well as that of the original, Br pew to 
diminish in each succeeding trial. With a vivid original 
picture, clear solution, very regular and undisturbed 
action of the battery, and a fine deposit, we have 
observed a most strange phenomenon—viz., the picture 
has not entirely disappeared, even in twenty ho 
although the coating of copper has constantly in 
in thickness; the image has penetrated mg through 
the deposited metal, and appeared upon the back, even 
upon deposits as thick as an address-card. In’ some 
cases the figure was optically positive, and in others 
negative. 

208. Coating Plaster Models, Flowers, and Clay Figures 
with Copper.—Busts and other similar objects may be 
coated ty whnelile them with linseed oil, then well 
blackleading, or treating them with the phosphorus, 
silver, and gold solutions, and attaching a number of 

iding-wires, connected with all the most hollow and 
distant parts. The object is then to be immersed in a 
sulphate of copper solution containing no free acid, and 
just sufficient copper is to be deposited upon them by 
the battery process to protect them, but not to obliterate 
the fine lines or features. Flowers, fruits, ferns, sea- 
weed, insects, &c., may be bee by the phosphorus, 
silver, and gold liquids, and the copper deposited upon 
them, either by the single cell or battery process, in a 
neutral sulphate of copper solution, 

209. Coppering Cloth.—To copper cloth, first stretch 
it upon a sheet of copper slightly curved, so that it may 
be in close contact with the metal all over; then vieauk 
the back or hollow side of the copper, and deposit on 
the opposite side, by the battery process, from a sulphate 
solution not containing much free acid, until the meshes 
of the cloth are quite filled with copper, and the metal 
and cloth firmly united together; the deposit may then 
be removed and well washed; the original sheet of 
copper should of course be ym aan’ prepared for a non- 

esive deposit. Mr. J. ottlaender took out a 
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patent, December 8th, 1843, for depositing either plain 
or figured copy upon felted fabrics. He passes the cloth 
under either a plain or an engraved copper roller, 
horizontally immersed in a sulphate of copper solution 
not containing much free acid, and a deposit takes place 
upon the roller as it slowly revolves; the meshes of the 
cloth are thus filled with metal, and the design of the 
roller copied upon it. The coppered cloth is slowly 
rolled and passed through a second and closely 
pp vessel a with clean a the roller is 
properly prepared for a non-adhesive deposit. 

210. Etching Copper.—In etching a cop late 
galvanism, we first solder a wire on ha back, ne. 
varnish the back, and cover the front with a thin layer 
of engravers’ etching-ground ; draw the design upon the 
front surface with an etching-needle, cutting through 
this material to the clean surface of the copper. Having 
completed the etching, hang the plate as an anode in the 
ordinary sulphate of copper solution, opposite a suitable 
cathode of brass or copper. The current of electricity, 
in passing out of the engraved lines into the liquid, 
causes the copper in them to dissolve, and thus etches 
the on in the plate. The different gradations of 
light and shade are produced by suspending cathodes of 
different forms and sizes opposite the plate to be etched, 
in different positions and at different distances from it, 
thus causing the etching to be of different depths in 
different parts, the deepest action being always at the 
parts of the electrodes nearest together. 

211. Glyphography.—This art consists in varnishing 
the back of a flat and smooth copper plate, laying first a 
thin coating of white etching-ground upon its front side, 
and then a layer of black etching-ground upon that ; 
engraving the design upon the coating with different 
engraving-tools ; then blackleading the whole of the 
engraved surface, and depositing a thick sheet of copper 
— it in a sulphate solution by the battery process. 

e deposited plate is then removed, its defects corrected, 
and ws dh heat sean the same manner as a 
stereotype p ly for printing by the ordin 
hand-press. This process has been patented, and the 
patent is worked by Mr. Hawkins, Hatton Garden. 

_ 212. Management of Silver Solutions,—Silver plating 
uids require much more care and attention than the 
phate of copper solution. Articles formed of zine, iron, 

or steel, require to be coated with a thin film of copper 

in the cyanide of copper liquid, before being immersed 
in the cyanide of silver solution. Those formed of 
metal, tin, or pewter, are taken direct from 

the hot potash liquid without rinsing in water, and 
immersed a short time in a cyanide of silver solution 
containing considerable supplies of free cyanide. A 
large anode is used, and a current of considerable intensity 
from a strong battery passed ¢ h for several minutes, 
until the articles receive a thin deposit of silver; they 
are then transferred to the ordinary vat to receive the 
full amount of deposit. Those of lead are first scraped, 
or otherwise made quite clean and bright by mechanical 
means, and then treated in the same manner as those of 
Britannia metal. Articles of copper, brass, or German 
silver, after being Lt id cleansed, are dipped into the 
solution of nitrate of mercury (84), or of cyanide of 
and potassium (84), then rinsed in a vessel of 

water, and immediately suspended in the depositing vat. 
The p tion of those articles by immersion in a bath 
Se eeney) wae pease ty De: H. B. 
June 4th, 1842, and is in use by the electro- 

platers of Birmingham. If they are immersed without 
this tion, the deposited silver will not always 


adhere ly. 

213. Peeuliarities in Practical Silver Deposition.— 
Peculiar phenomena often occur in the electro-deposition 
of silver, not only upon different metals, but also upon 
the same metals in different forms or in different con- 
ditions of surface. For instance— 

Ist. If two perfectly similar pieces of thin sheet brass 
are taken (except that one is perforated all over with 
small holes), and both be simultaneously immersed in 
the same solution to be silvered, and with the same 


battery power applied to each, the latter, although its 
amount of surface is reduced by the perforations, will 
become coated with silver much more slowly than the 
former. 

2nd. If a wire-gauze cylinder of a Davy lamp be sus- 
pended side by side with a piece of thin tubing of the 
same metal and of the same dimensions, the latter will 
become coated much more rapidly than the former. 

8rd. If two pieces of the same metal—iron for in- 
stance—be immersed, to be silvered, in the ordinary 
cyanide solution, or to be coppered in the hot cyanide 
of copper and potassium liquid, each containing exactly 
the same amount of surface to be coated, but one being 
in the form of a thin sheet, and the other in that of a 
thick plate or solid block of metal, the former will be- 
come coated much more rapidly than the latter. 

4th. The edges and points of articles, whilst being 
plated, exhibit a greater tendency to a crystalline de- 
posit than the flat parts, and this tendency is sometimes 
manifested in depositing silver upon table-knives and 
forks. It is the knowledge of these and many other 
peculiarities of different metals and articles met with in 
practical working, and of the means of overcoming their 
attendant difficulties, which constitutes one of the chief 
differences between the practical operator and the scien- 
tific man. 

214. Management of “Bright Solution.”—A_ bright 
solution is much more difficult to manage than the 
ordinary silvering liquid ; if it be not worked constantly 
and in a uniform manner, it will lose its power of yield- 
ing bright metal. If any of the articles which are being 
plated in it are disturbed, or removed from the liquid 
and replaced, that one will not now receive a bright 
deposit ; and the disturbance of the liquid, by removing 
it, will oftentimes cause all the neighbouring articles 
to lose their brightness. If too much “brightening 
liquid” (144) be added, the solution will be considerably 
injured : many silver solutions have been irretrievably 
damaged in this way. A bright solution requires a 
battery current of large quantity and low intensity to 
work it, and the dissolying plates in it are generally of 
a darker colour than those in the ordinary silvering 
liquid; the silver deposited from it is much harder 
than that deposited from the ordinary plating solution, 
and has very much the appearance of fused metal ; the 
bright a ice commences at the upper part of the 
articles, and travels downwards ; it soon after commences 
also at their lower extremities and travels upwards, 
until the bright Sob meet each other. If there 
are very small holes in the surface of the articles, dull 
streaks ap above them. 

215. Adding Cyanide of Potassiwm to Platvng Liquids. 
—It is necessary to add a little cyanide of potassium 
occasionally to every cyanide of silver plating liquid, 
probably because the solutions absorb carbonic acid from 
the atmosphere, which converts some of the cyanide of 
potassium into carbonate of potash, and sets hydro- 
cyanic acid gas free. A further portion of the potas- 
sium salt may also be decomposed by some means, with 
formation and escape of ammonia; the a add- 
ing a little fresh cyanide is indicated when the dissolving 
plate begins to change from its ordinary pure white 
ere to a dull yellowish-gray colour’; it is best 

ded in the evening after plating—about half-an-hour 
before stirring the solution. : 

216. If the solution be too strong, i.e., if it contain 
insufficient water, but has silver and cyanide of potas- 
sium in their proper relative proportions, it conducts 
freely, deposits rapidly, and gives a rich deposit of a 
fine silky lustre; but it is more difficult to manage than 
a weaker liquid, especially in hot weather, because, from 
the less mobility of its particles, it is very apt to settle, 
by working, into strata of different densities—its upper 
part becoming exhausted of silver and full of frea 
cyanide, and its lower part becoming nearly saturated 
with that metal, and destitute of free cyanide; the con- 
sequence of this is, that the upper parts of the dis- 
solving plates waste rapidly, w the upper parts of 
the article receive either very little deposit, or one of a 
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bad quality, being gray, brown, or yellowish, sometimes 
of a lilac hue, and generally in duu streaky vertical 
lines: all these evils may be mitigated by stirring the 
solution well every night after having finished plating, 
or it may be entirely prevented by diluting the liquid 
with water to a proper extent, stirring it every evening, 
and working it uniformly, All silvering and other de- 
positing liquids exhibit this tendency to settle into strata 
in working, especially if worked rapidly ; but the most 
dilute ones show it in the least degree. 

If the solution be deficient in water, and contain a 
great excess of free cyanide, the foregoing evils are all 
greatly hn gah In hot weather it becomes very 
unmanageable, and the vapours of ammonia and hydro- 
cyanic acid arising from it are quite overpowering. In 

is case, the best way to improve it is to add cyanide of 
silver and water in sufficient quantities to make it of a 
good composition, keep it in a cool place, stir it daily, 
and a a a it constantly in a uniform and careful 
manner. New solutions, or old ones which have been 
injured, often mare by daily stirring, with regular 


and judicious working. An excess of cyanide of potas- 


sium is indicated when the dissolving plates are very- 


strongly acted upon, and the deposit is at the same time 
either very sparing or of a bad colour. 

If the solution be too weak, i.¢., if it contain too 
much water, it conducts sparingly, deposits slowly, and 
the deposit has a dead-white appearance. This may be 
easily remedied by adding cyanide of silver and cyanide 
of potassium to it in proper proportions, and working it 
uniformly a few days with daily stirring. 

217. Washing, Drying, and Ornamenting Silver-plated 
Articles, —Articles that have been plated with silver are 
always washed in a running stream of water until every 
trace of the depositing liquid is removed from them; 
they are then immersed in hot, dry sawdust, moved 
about in it, and gently rubbed with it until they are 
perfectly dry. After drying, they are, if necessary, 
Saichen, to ascertain how much silver has been put 
upon them; then “scratched” (80), and finally finished 
by burnishing, polishing, &c. 

Sometimes, for the purpose of ornament, portions of 
their surface are ‘‘ oxidised.” This is done by applying 
a hot solution of bichloride of platina (167) to them, 
and allowing it to di The more platina the solu- 
tion contains, and the hotter it is, the deeper black does 
it produce; or it may be effected by the application of 
the solution of “liver of sulphur.” To produce a 
brownish colour, apply a solution of equal weights of 
sulphate of copper and sal-ammoniac in vinegar; and to 
produce a ‘‘dead” appearance, like frosted silver, de- 
posit a mere trace of copper upon it in a copper solu- 
tion, then well wash it, and deposit a very thin layer of 
silver upon this. In each of these cases the parts 
which are to remain bright must be stopped-off with 
varnish. 

218, ** Stripping” Silver from Copper and Copper from 
Silver.—Occasionally the electro-plater has sent to him, 
to be replated, old worn-out articles formed of ‘‘ Shef- 
field plate,” in which the outer layer of silver has been 
worn away, and portions of the copper base beneath 
are ex ; these articles generally require to have the 
remaining portions of silver removed, in order to obtain 
a uniform surface to deposit upon. The removal of the 
silver is termed ‘‘stripping.” To effect this, add a little 
nitrate of potash (saltpetre) to a quantity of strong oil 
of vitriol, and apply heat, until it is all dissolved; then 
immerse the aatdles in the hot liquid, and allow them 
to remain until all the silver is dissolved. If the action 
become slow, apply more heat or add more saltpetre ; 
the copper will not be much acted upon if the articles 
are not allowed to remain in too long. A number of 
such articles are generally done together, and are after- 
wards washed, and prepared in the usual manner for 
receiving a deposit. The silver may be recovered from 
the liquid, in the form of chloride of silver, by diluting 
it with much water, then adding a solution of common 
salt to it as long as a precipitate is produced ; the pre- 
cipitate, when washed and dried, is chloride of silver. 


B sees. this with carbonate of potash, the metallic 
ilver is obtained. 

To remove copper from silver (which is but rarely 
required), boil it in dilute h hloric acid, or immerse 
it ina hot solution of perchloride of iron. The latter 
solution may be made by adding peroxide of iron ( 
jeweller’s rhea | to h loric acid as long as it wi 
dissolve ; it will remove either tin, lead, or copper, from 
either gold or silver, without affecting those metals, A 
solution of meee of = oe — — for ~ ren 
purpose, Copper may completely remov m 
silver or gold, by making it the anode in a sulphate of 
copper solution until all the copper is dissolved; the 
silver will remain unaffected, if the current employed be 
a and has not a greater intensity than one or two 
ce 

219. Testing the Purity of Silver.—M. Runge adopts 
the following method of testing the purity of Giver = 
He immerses oe in ‘ ae 0! 4 of 
water, 4 parts of sulphuric acid, and 3 parts of ¢ te 
of potash. If the metal be pure, the immersed part 
quickly assumes a purple colour, which is less deep and 
lively in proportion to the amount of alloy contained 
in the silver. No other metal exhibits the same colour 
with this liquid. , 

220. Testing the Amount of Silver and of Free Cyanide 
in Silver Solutions,—To ascertain the amount of silver 
in a cyanide plating solution, add dilute sulphuric acid 
toa known quantity of the liquid as long as it produces 
a precipitate; wash and dry the precipitate, which is 
cyanide of silver—containing in every 134 ee 108 
parts of metallic silver. To test the amount of free 
cyanide of potassium, add a solution of crystallised 
nitrate of silver in distilled water to a known quanti 
of the plating liquid, as long as the precipitate form 
continues to be redissolved, and note how much crys- 
tallised ‘nitrate is used; every 175 parts expended indi- 
cate 130 of free cyanide, or about three parts of 
free cyanide to four pdrts of nitrate of silver. 

221. Management of Gilding Solutions, — Cyanide 
gilding solution is generally kept in a glazed iron vessel, 
and heated either by a stove, or by gas jets beneath; or 
in a stoneware or glass pan immersed in boiling-water. 
On account of the general smallness of the articles to be 
gilded, the thinness of the deposit neo and the 
rapidity of the action in a hot liquid, the articles only 
need to be immersed in the solution for a few minutes; 
when a thicker deposit is required, they should be taken 
out several times, brushed, and reimmersed. Articles 
pene at or = must be Le a en filin 
of copper in the cyanide coppering liqui ‘ore ‘ 
The strength of battery used for gilding is pores # 
about two cells of Smee’s, of different sizes, according to 
the magnitude of the articles to be gilded. The loss of 
water by evaporation is generally made good by adding 
a little distilled water, after having finished gilding. 

222. Regulation of Colour in Electro-gilding. —The 
general method now adopted for regulating the colour of 
electro-gilding is as follows :—After having Tm a the 
solution, work it with a | copper anode until the 
deposited metal begins to deteriorate in colour; then 
replace the copper by a small gold anode. With the 
copper anode can be obtained a rich full colour, becom- 
ing deeper as the temperature of the liquid is higher; to 
roduce a paler yellow, use a small gold anode with the 
quid at a lower temperature. 

223. Recovery of Gold and Silver from Depositing 
Liquids.—As both silver and gold solutions occasionally 
get out of working condition, and become quite unfit for 
use, it is very desirable that the operator should under- 
stand the chemical action of different substances upon 
them, and how to recover the metal. Those of silver 
generally get out of order, either from the addition of 
too much “brightening liquid ;” from excess of cyanide 
of potassium, together with the heat of the weather, and 
injudicious management; from unsuccessful peas to 
improve the condition of the liquid; from the accidental 
introduction of impurities; or from the liquid ap =| 
been improperly made, Supposing it to be the us 
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cyanide liquid, the silver may be recovered in the me- 
tallic state thus :—Evaporate the solution nearly to dry- 
ness; reduce the resulting salt to powder; mix it with 
its own weight of a mixture of one of nitrate of 
potash and two parts of common salt; and roast the 
whole in an iron pan to dryness. Fuse the dried mix- 
ture at a bright red heat in an earthen crucible, until the 
silver collects at the bottom of the vessel in a melted 
state; then pour it slowly into a large ped of water. 
The resulting granules of silver should not be used in 
making a new plating liquid, because they generally con- 
tain copper derived from the articles suspended in the 
plating solution (see 151), but should be exchanged at a 
silver refiner’s for pure silver. 

224. ‘*The crystallised double cyanide of gold and 
potassium fuses and effervesces by heat, and is resolved 
into cyanogen gas, ammonia, and cyanide of potassium, 
if air be present; its complete decomposition requires a 
strong red heat, When it is strongly ignited, and mixed 
with an equal weight of carbonate of potash, a button of 
metallic gold is obtained. When heated with sulphuric 
acid, it gives off hydrocyanic acid gas, and, after igni- 
tion, leaves a mixture of gold and sulphate of potash. 
Todine sets free cyanogen gas, forms iodide of potassium, 
and throws down the cyanide of gold. The aqueous 
solution of cyanide of gold and potassium gilding liquid, 
when mixed with sulphuric, hydrochloric, or nitric acid, 
slowly deposits cyanide of gold; and, when boiled with 
wipe acid, it is completely resolved into cyanide 

id and chloride of potassium. Similar effects are 

c by sulphuric or nitric acid, and even by oxalic, 
tartaric, and acetic acid.” 

225. Extraction of Gold and Silver from Exhausted 
Solutions.—‘ To obtain the remaining gold from gilding 
solutions which have become inactive, they should be 
evaporated to ess, the residue finely powdered, and 
intimately mixed with an equal weight of lit , fused 
at a strong red heat, and the lead extracted the 
aa § button of gold and lead by warm nitric acid; the 
go will then remain as a loose yellowish-brown spongy 
mass, 

226. The following extracts are from the works of 
aie Gy J. Pr. Chem., 36, 169; Elsner, Redtel, Hessen- 

, J. Pr, Chem., and other foreign writers :—‘ I have 

ertaken a series of researches upon this subject, and 
hasten to communicate the results to the public; but, 
before proceeding to the communication, I think it 
necessary to mention the results of the experiments upon 
which are based the methods given further on for ex- 
tracting both the silver and the gold of old cyanide of 

ium liquids, 

227. “1st. If we add hydrochloric acid to a solution 
of silver in cyanide of potassium, until the liquid exhi- 
bits an acid reaction, we obtain a white precipitate of 
chloride of silver, which, when submitted to heat, melts 
into a yellow mass. this were cyanide of silver, the 
application of a red heat would have left a regulus of 

ver. The addition of the rs tater acid precipi- 
tates all the silver present in the liquid in the form of 
chloride of silver. 

228. ‘*2nd. If we evaporate a solution of silver in 
cyanide of potassium to ess, and heat the residue to 
redness until the mass is in a state of quiet fusion, and 
has assumed a brown colour, there remains, when we 
wash the mass with water, metallic and porous silver. 
The wash-waters, when filtered, still contain a little silver 
in solution; because, if hydrochloric acid be added to 
them, it will produce a precipitate of chloride of silver. In 
evaporating and ining a solution of gold in cyanide 
oo The 3 the result is the same—we obtain metallic 

The wash-waters, acidulated with hydrochloric 
acid, give, when treated with sulphuretted hydrogen, a 
brown ipitate of sulphide of gold; and, with the salt 
of tin, a violet precipitate purple of Cassius—a proof 
that these liquids still contain a little gold in solutton. 

229. ** If we pour upon finely-divided silver—for 
instance, silver-leaf, or silver precipitated in the porous 
state by zinc from a solution of silver—a concentrated 
solution of cyanide of potassium, at the ordinary tempe- 


rature, and shake it frequently, the liquid, at the end of 
a certain time, exhibits silver in solution ; and by adding 
hydrochloric acid to it, we produce an abundant precipi- 
tate of chloride of silver. This experiment explains why, 
in the wash-waters of the various combinations of gold or 
silver with cyanide of potassium, we can still demon- 
strate the presence of gold and silver, after the most 
minute separation. 

230. ‘¢4th. When hydrochloric acid, or ordinary sul- 
phuric acid, is added to a solution of cyanide of copper 
and cyanide of potassium, until the liquid exhibits an 
acid reaction, there results a reddish-white precipitate, 
which is a cyanide of copper in the anhydrous state. If 
the precipitate be well washed and boiled in potash lye, 
protoxide of copper will be separated, of a beautiful red 
colour; and if to the filtered alkaline liquid we add a 
solution of green copperas (sulphate of iron), a dirty-blue 
precpitate will be obtained. A solution of carbonate of 
soda furnishes the same results, and yields, with the cop- 
peras, the same dirty-blue precipitate. If the reddish- 
white precipitate be dissolved in pure nitric acid, and a 
solution of nitrate of silver added to it, an abundant 
white precipitate will be produced, which, when washed, 
dried, and calcined, yields silver in the metallic state—a 
proof that the precipitate is cyanide of silver. 

231. ‘*The reddish-white precipitate is soluble in an 
excess of hydrochloric acid, in nitric acid, and in aqua 
regia; it is also soluble in aqueous ammonia, and ina 
solution of cyanide of potassium. 

232. ‘5th. If we pour hydrochloric acid into a very 
pure solution of gold in cyanide of potassium, there will be 
slowly formed, at ordinary temperatures, and immedi- 
ately on the 5 eg of heat, a yellow precipitate, 
which is cyanide of gold; the fil liquid which has 
given this precipitate, still contains a little gold in solu- 
tion. In evaporating to dryness, fusing, dissolving, and 
filtering ph at there is found upon the filter the remain- 
der of the gold. 

233. ** When a solution of silver prepared for silvering 
articles of bronze or of brass, has been employed a certain 
time for that purpose, the precipitate produced in it by 
the addition of hydrochloric acid, is not pure white, but 
reddish, in consequence of the reddish-white cyanide of 
copper which is precipitated with it; for we know that 
those silvering liquids which have been used for some 
time, contain copper in solution. The same thing occurs 
with the solutions for gilding, in which articles of silver, 
copper, bronze, and brass, lave been gilded for a long 
time; the mg contains, after a certain time of service, 
not only gold, but also silver and copper. This case 
presents itself especially when gilded articles of silver, 
containing copper or other alloys of silver, are in the 
solution of gold; then the precipitate of cyanide of gold, 
produced by the addition of hydrochloric acid, does not 
possess its proper pure yellow colour. It has happened 
to me to observe a precipitate of this kind, which, instead 
of being yellow, was green; and, in fact, articles of iron 
have been gilded in a solution, and the precipitate con- 
tained, besides cyanide of gold, Prussian blue, so as to 
be demonstrated in an examination, which consisted in 
boiling the green precipitate in aqua regia, filtering to 
separate the dirty-green residue, evaporating the filtered 
liquid to dryness, and dissolving the dry salt in water 
acidulated with hydrochloric acid ; the addition of sul- 
phate of iron to this new liquid gave a brown precipitate, 
and the salts of tin a reddish-brown precipitate. In 
treating by aqua regia, the cyanide of gold was then de- 
composed, and converted into chloride of gold. 

234, ‘Based upon the preceding facts, we may found 
several methods for recovering all the silver and gold of 
old cyanide of potassium solutions. The extraction of 
these precious metals may be effected either by the wet 
or by the dry process. 

235. “Extraction of Silver by the Wet Method.—Add 
hydrochloric acid until the liquid exhibits a stron ly acid 
reaction (230). The precipitate of chloride of silver 
which is thus obtained, will be, as we have already said, 
of a reddish-white colour, because of the cyanide of cop- 
per which is precipitated with it when the solution has 
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been used a long time for silvering se ce containing 
copper. In this precipitation by h oric acid, there 
is hydrocyanic acid gas set free, therefore the operation 
should only be performed in the open air, or in a place 
where there is good ventilation. the precipitate be 
very red, it must be treated with hot hydrochloric acid, 
which will dissolve the cyanide of copper. The chloride 
of silver having been washed with water, must be dried 
fused with potash in a Hessian crucible, and then coa’ 
bea borax, in the ordinary manner for obtaining metallic 
ver. 

236. ‘‘This method is very simple in its application, 
and very economical, considering that, by the aid of the 
hydrochloric acid, all the silver contained in the solution 
of cyanide of potassium is precipitated, and there remains 
no trace of it in the liquid. But the large quantity of 
hydrocyanic acid gas which is disengaged, is a cireum- 
stance which must be taken into serious consideration 
when operating on large quantities of silver solution, the 
vapour of which is most deleterious; and nothing but the 
most perfect ventilation, combined with arrangements 
for the escape of the poisonous gases, will admit of the 
process being carried on without danger to the work- 
men: when, however, we have taken the precautions 
dictated by prudence, the method in question may be 
considered as perfectly practical. The liquid should be 
poured into very capacious vessels, because the addition 
of the acid produces a large amount of vapour. 

237. ‘‘ Extraction of Silver by the Dry Method.—The 
solution of cyanide of silver and potassium is evaporated 
to dryness, the residue fused at a red heat, and the 
—- mass, when cold, is washed with water. The 
remainder is the silver in a porous metallic condition. 
There ‘still remains in the wash-waters a little silver, 
which may be precipitated by the addition of hydrochloric 


acid. 

238. “Extraction of Gold by the Wet Method.—A 
solution of gold and cyanide of saree which has 
long served for gilding articles of silver alloyed with 
copper, may still contain, as we have already remarked 
independently of the gold, both silver and copper, and 

hapsiron. In order to obtain these metals we operate 
in the following manner :— 

** The liquid, the same as with the solution of silver, is 
acidulated with hydrochloric acid ; in which case there is 
produced hydrocyanic acid gas, which requires the same 
careful ventilation. This addition of hydrochloric acid 
causes a precipitate, which may, according to circum- 
stances, consist of cyanide of gold, cyanide of copper, 
and chloride of silver. The precipitate, washed an 
dried, is boiled in aqua regia, which dissolves the gold 
and copper in the form of metallic chlorides, and leaves 
the chloride of silver unaffected. The solution, containing 
the gold and the copper, is evaporated nearly to dryness, 
in order to drive off any excess of acid; it is then dis- 
solved in a small quantity of water, and the gold pre- 
cipitated from it by the addition of pethastlt hate of 
iron, in the state of a brown powder. The chloride of 
silver is reduced to the metallic state by the usual means, 
The liquid from which we have precipitated the cyanide 
of gold, &c., by hydrochloric acid, may yet contain a little 
gold‘in solution. I refer to section 232 for its further 
treatment. 

239. ‘‘This method is distinguished by the t sim- 
plicity of bok op eg: and we may repeat for it all that 
we have ly said respecting the extraction of silver 
by the wet method. 

240. ‘* Extraction of Gold by the Dry Method.—The 
solution of cyanide of potassium, which contains gold, 
silver, and copper, is evaporated to dryness; the residue 
fused at a red heat, cooled and washed (the wash-waters 
still containing a little gold and silver; and this occurs 
most often when the solution of either metal contains a 
very large excess of cyanide of ium). The residue, 
after washing, consists of gold and silver in a metallic 
porous state, and carbide of copper resulting from the 
decomposition of cyanide of copper by the heat. The 
metallic residue is treated by aqua regia, which forms 
insoluble chloride of silver, and contains the chlorides of 


gold and Ye spa in solution. In order to obtain theso 
metals in the metallic state, we must proceed in the 
manner previously indicated. 

241. “If we operate according to the method of Pro- 
fessor Boettger, t.¢., if we fuse the dried residue with its 
own volume of litharge, in a covered crucible, the us 
we obtain in this case consists of gold, silver, and lead. 
In treating this alloy by nitric acid of specific gravity 1-2, 
and applying heat, the gold remains in the form of a 
brown powder, whilst the lead and the silver are dissolved 
in the acid. This solution, after having been diluted 
with distilled water, may have the silver ted from 
the lead, by. the addition of hydrochloric acid. 

242, ‘These methods of extracting the silver and gold 
from old solutions of cyanide of potassium by the dry 
process, present this advan that the operator is not 
incommoded, while working, by the di ent of 
vapours of h ic aci these operations the 
poisonous gases are not developed as they are in the 
process for extracting the metals by the we 

243, ‘* After the experiments here re those who 
are interested in the subject may choose for themselves 
which of these methods appears the most suitable to the 
circumstances in which they are placed, and the object 
which they wish to attain. 

244, ‘‘Means of Recovering Gold or Silver by M. 
Bolley.—Cyanide of gold dissolved in an excess of cyanide 
of potassium, resists 3 the ee which at have —_ 
to separate them; and hydrosulphuric acid, for example, 
dea ek produce a precipitate. By the wet way we 
cannot always Spe oe the B ies completely, and for 
that reason MAL. ttger, Hessenberg, Elsner, and 
others, propose to evaporate the liquid to dryness; mix 
the residue with its own weight of li ; fuse the 
mixture at a strong red heat; dissolve the lead from 
the alloy by boiling it a long time with dilute nitric acid, 
which leaves the gold in the form of a light sponge. 

245. ‘““M. Wimmer has more recently proposed to 
evaporate the solution to ess in a water bath, then 
mix the residue with one-and-a-half times its weight of 
saltpetre, and introduce the mixture by small portions at 
a time into a Hessian crucible, heated to redness in 
order to cause explosions; and to continue this until the 
entire mass is in a state of quiet fusion. 

246. ‘‘The first of these two processes does not give 
room for any objection, except the employment of a great 
heat, and the use of nitric acid ; the second process is, on 
the con’ disagreeable, and very uncertain. We 
know that saltpetre never explodes with more violence 
than with cyanide of potassium; and, aoe 
that the inventor of the process advises us not to ad 
more than small portions of the mixture at a time, the 
explosions are so powerful that they cannot be caused 
without loss of materials. 

247. ‘*The following process is applicable, on the small 
scale, with a spirit-lamp and a crucible of platina:— 
Evaporate the solution to dryness; mix the saline mass 
with its own weight of sal-ammoniac, and heat it gently : 
ammoniacal salts decompose, as we have said, the 
metallic cyanides, and form cyanide of ammonium, which 
is itself decomposed by the heat and volatilised, whilst the 
acid of the ammoniacal salt (the body which salifies the 
ammonia) combines with the metals to the state 
of oxides), which were previously united to the cyanogen, 
The sal-ammoniac, then, in this case forms chloride of 

tassium and chloride of gold, and, if the salt contain 

erro-cyanide of potassium, chloride of iron in addition, 

The chloride of gold is easily decomposed ; the chloride 
of iron is partly decomposed, and leaves oxide of iron in 
beautiful crystalline s les. The undecomposed portion 
of the chloride of iron, like the chloride of potassium, 
may, after the decomposition is finished (which only 
requires a low red my be washed away with water, 
leaving the gold in the form of a light coherent mass, 
and the iron in small spangles, which may be removed by 
mechanical means. 

248, “If we fear that a little of the gold remains 
mixed with the iron in a pulverulent state, we may dis- 
solve it in hot aqua regia, and precipitate the gold from 
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the resulting solution by adding to it a solution of pro- 
ro of iron ; bat this ayear nose and I 
assured, by eval i iven volumes e same 
soluti m? orepeantieg and calcination of the 
sal-ammoniac, and other o i that we have col- 
lected in a sufficiently exact manner all the gold of 
utions. 

it The same process is cable to the solution 
of silver ; and independently of the oxide of iron (of the 
ide of potassium), we obtain chloride of silver, 

which is soluble in aqueous ammonia.” ; 

250. To further assist the reader in remembering the 
terms applied to the different parts of the electric circuit, 
and in understanding the action of electricity upon 
ego Piles ne i a terms, and append a diagram of 
an 

8 (Big. 91) is a wire proceeding from the silver plate 
or positive plate of a battery; Zis another wire from the 
zine plate or negative plate ; the two wires are attached 
to two pieces of metal immersed in a depositing liquid. 
By the direction of the arrows, it will be perceived that 
the positive electricity circulates in one direction through 
the circuit, and the negative electricity in fhe opposite 
direction. 

The immersed pieces of metal are termed “ electrodes,” 
meaning ways by which the electricity enters and leaves 

“ * Fig. 91, 


the liquid ; the piece A is called the “ anode,” and is that 
ith pel er electricity enters the liquid ; and 
is the ‘‘ cathode,” or that by which the positive elec- 
tricity leaves the liquid. In depositing vat, 
the anode is that piece of metal which dissolves sup- 
plies the solution ; whilst the article or articles which are 


receiving a metallic coating or deposit, constitute the 
cathode. The liquid te temsd an’ w elostrolyte ;" and 
whilst the electric current is through, it is said to 


be “electrolysis,” to be ‘‘ electrolysed,” or 
ss *‘electro-chemical decomposition.” The ele- 
ments of the liquid are termed ‘ions ;” those of them 
which combine with, or are set free at the ‘‘ anode,” are 
called “anions ;” and those which combine with, or are 
set free at the ‘‘cathode,” are termed “ cathions :” for 
sop aero Ape the electrolysis of a solution of sulphate 

i sulphuric acid is viewed 
i uct which combines 


“er 1836: gilding copper, 
’s Patent.—February 17th, 1887: gildin 

metals and coating with pr Mb BE described; 
i ’s Patent.—December 4 1887: gildi: 

and silvering certain distlesepgemion deomibel He 


Ellington and Barratts Patent.—July 24th, 1838 : 
; Elkington 


coati colouring certain metals; G. R. 
ond Of W, Barate 4 


Elkington’s Patent.—March 25th, 1840: coating or 
plating certain metals; G. R. Elkington and H. ing- 
ton. 


Parkes’ Patent.—March 20th, 1841: production of 
works of art by electro-deposition ; Alexander Parkes. 

Barratt’s Patent.—September 8th, 1841; deposition of 
metals ; O. W. Barratt. 

Fox Talbot's Patent.—December 9th, 1841: coating 
and colouring metals with other metals; H. H. Fox 
Talbot. 


Zeeson’s Patent.—June 1st, 1842: electro-deposition— 
with apparatus; H. B. Zeeson. 
's Patent.—June 4th, 1842: coating metals with 
silver by electro-deposition ; E. Tuck. 
Woolrich’s Nee Ra a: Ist, 1842: coating metals 
and alloys with metal; J. 8. Woolrich. 
Sturges’ Patent.—August 10th, 1842; making plated 
articles ; R. F. Sturges. 
Fox Falbot’s Patent.—November 25th, 1842; coating 
metals with other metals; H. H. Fox Talbot. 
Moses Poole’s Patent.—May 25th, 1843 : deposition of 
metals—with apparatus ; Moses Poole, 
Barratt’s Patent.—June 15th, 1843; gilding and plating 
metals; O. W. Barratt. 
Schottlaender’s Patent.—December 8th, 1843: depo- 
sition of metal upon felted fabrics; J. Schottlaender. 
Parkes’ Patent.—February 21st, 1844: de- 
position of metals and alloys; A. Parkes. 
S Parkes’ Patent.—October 24th, 1844: de- 
positing metals and their alloys; A. Parkes. 
Parkes’ Patent.—October 9th, 1845; coat- 
ing metals and alloys; A. Parkes. 
Lyons and Millward’s Patent.—March 28rd, 
1847; deposition of metals; Lyons and Mill- 


ward. 

scent Meee iin tag 380th, gig 
brassing ing steel, iron, zinc, i 
and tin; Charles de ia Salzéde. 

Fontainemoreaw’s Patent.—March 14th, 
1849: coating metals and non-metallic sub- 
stances ; J, Fontainemoreau. 

Russell and Woolrich’s Patent.—March 
19th, 1849: coating iron and other metals with metals 
and alloys; Russell and Woolrich. 

Parkes’ Patent.—March 26th, 1849: deposition of 
certain metals and alloys; A. Parkes, 

Smith’s Patent.—June Tih, 1849 ; depositing metals; 
8. B. Smith. 

Roselewr’s Patent.—March 23rd, 1850: tinning metals; 
A. G. Roseleur. 

Steele’s Patent.—August 9th, 1850: coating metals; 


Ridgway’s Patent.—April 20th, 1852: coating glass 
process; J. Ridgway. 
_ Lyons’ Patent.—October 7th, 1852; coating surfaces of 
iron; M. Lyons. 
Morriss and Johnson’s Patent.—December 11th, 1852: 
—— of brass and alloys; Morriss and Johnson. 
‘wnot’s Patent.—December 28th, 1852 ; reducing metals 
by electricity and plating; C. J. E. Junot. 
Power's Palak —Secanies 29th, 1852: silvering 
metals and ; J. Power. 
Newton’s Patent.—July 29th, 1853 : improvements in 
depositing metals and alloys of metals; W. E. Newton. 
ewton’s Patent.—August 5th, 1853’: coating cast-iron 
with metals and alloys ; W. E. Newton, 
Person’s Patent.—April 27th, 1854: electro-coating 
with zinc; 0, O. Person. 
Joubert’s Patent for the Acierage of Engraved Plates.— 
In the ee ; pages, we have repeatedly referred to 
ications 


the app electro-metallurgy in the art of en- 
graving and printing. To them, M. Joubert has made 
a most valuable addition, in his method of coating 


engraved copper-plates with iron, by means of electro- 
chemical action. As the invention is of the highest im- 
portance, and as it has been extensively adopted by many 
engravers, we shall not hesitate to give an extended 
description of it, availing ourselves of the report 
farnished in the Journal of the Society of Arts, for 
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November 26th, 1852. M. Joubert describes his process 
as follows :-— 

“The last century produced many engravers of great 
merit ; and, in this country, foremost am them are 
Hogarth, Sir Robert Strange, and James Heath. The 
excellence of their works gave rise to such a demand for 
print impressions of engravings, that some forty om 

, when it was found that a copper plate could not 
yield a sufficient number of impressions for the demand, 
steel plates were introduced, for small plates only at first, 
and several editions of books were published containing 
plates most elaborately engraved on steel. 

‘Subsequently, when means were found to obtain a 
large surface of steel of pure quality, this metal was 
adopted for the style of engraving known as mezzotinto, 
which is now practised on steel plates, the result being a 
much larger number of impressions obtainable as com- 
pared with the old copper plates ; but historical or line 
engraving, for important subjects, was still entirely prac- 
tised on copper, when the discovery of the art of electro- 
typing took place, about the year 1838, . 

** Several ~— engravings on copper were then multi- 
plied by this process; the result, however, was only 
attended with partial success, in consequence of the soft 
quality of the copper so deposited, which will yield buta 
very limited number of good impressions, and soon wears 
away : this caused the process to be almost abandoned 
for artistic engraving ; but for commercial purposes it is 
still practised extensively, and has been often successfully 
applied in cases where a large number of impressions is 
not required. 

“‘ Under the circumstances which I have described, it 
had become a desideratum to harden, if possible, the sur- 
face of a copper plate, and to protect it from wear while 

rinting ; but it is only lately that this important object 
been attained. 

“Tn March last, my friend M. Jacquin, of Paris, took 
out a patent in this country for a method of coating 
plates with iron, which had already been successfully 
applied in France, and of which the merit is due to my 
friend, M. Henri Garnier, of Paris. 

“T have myself had the advantage of co-operating with 
M. Garnier in the development of the invention, the 
principles of which I shall now proceed to describe. 

¥4 it the two wires of a galvanic battery be plunged 
separately into a solution of iron, haying ammonia for its 
basis, the wire of the positive pole is immediately acted 
upon, while that of the negative pole receives a deposit 
of the metal of the solution. This is the principle of the 
process which we have named ‘acierage.’ 

‘* The operation takes place in this way :—By placing 
at the positive pole a plate or sheet of iron, and immers- 
ing it in a proper iron solution, the metal will be dis- 
solved under the action of the battery, and will form 
hydrochlorate of iron, which, being combined with the 
hydrochlorate of ammonia of the solution, will become a 
bichloride of ammonia and iron: if a copper plate be 
placed at the opposite pole, and likewise immersed, the 
solution being properly saturated, a deposit of iron, bright 
and perfectly smooth, is thrown upon the copper plate, 
from this principle :— 

** Water being composed of myeengen and oxygen ; 

*« Sal-ammoniac being composed of — 

«Ist. Hydrochloric acid containing chlorine and hydro- 


gen ; 

“2nd, Ammonia, containing hydrogen, nitrogen, and 
oxygen ; 

‘The water is decomposed under the galvanic action, 
and the oxygen fixes itself on the iron plate, forming an 
oxide of iron ; the hydrochloric acid of the solution act- 
ing upon this oxide, forms a hydrochlorate of iron, whilst 
the hydrogen precipitates itself upon the plate of the 
negative pole, and, unable to combine with it, comes up 
to the surface of the solution in bubbles. 

‘*My invention has for its object certain means of 
preparing printing-surfaces, whether for intaglio or sur- 

‘ace printing, so as to give them the property of yielding 
a considerably greater number of impressions than they 
are capable of doing in their ordinary or natural state. 


And the invention consists in covering the printing-sur- 
faces, whether intaglio or relief, and whether of copper 
or other soft metal, with a very thin and uniform coating 
of iron, by means of electro-metallurgical processes. 
The invention is applicable whether the device to be 
printed from be uced by engraving by hand, or by 
machinery, or by chemical means, and whether the sur- 
face printed from be the original or an electrotype 
surface produced therefrom. I would remark, that I am 
aware that it has been before api on to coat and 
stereotypes with a coating of copper, to enable their 
surfaces to print a larger number of impressions than 
they otherwise would do; I therefore lay no claim to the 
general application of a coating of harder metal on to 
the surface of a softer one, but my claim to invention is 
confined to the application of a coating of iron by means 
of electricity on to copper and other metallic printing 
surfaces. 

“In Si, the invention, the solutions of iron 
employed may be varied ; and such is the case in respect 
to the arrangement of the galvanic battery, or other 
source of electric currents used. I do not, therefore, 
limit the invention to the means hereinafter described, 
but I believe they will be found to be the best for the 


purpose. 
‘*T would further remark, that it is important that a 
ferric solution should be employed which will not dis- 
solve or corrode the plate intended to be coated ; for if it 
be attempted to use such a solution, though the iron 
will be precipitated, it will not only be in a non-coherent 
state, but the engraved surface itself will be liable to be 
attacked and injured. It may also be remarked, that the 
coating of iron admits of being removed from a printing- 
surface of copper without injury to the original plate ; 
hence the original plate may, after being coated and 
used for some time, have the worn coating removed, and 
then be recovered with an iron coating as often as may 
be required ; and if care be taken to remove the coating 
of iron before it has been entirely worn away, the en- 
graved copper or other plate may be made to print a 
vast num of impressions, and yet remain in the 
original state it was in when it left the hands of the en- 
graver, or was otherwise first produced : the only limit 
spots to be in the gradual change which takes place in 
© body of the printing-surface, by the compression to 
which it is subjected in the process of printing. Hereto- 
fore, in respect to plates engraved in intaglio, if of steel, 
bend each yield, on the average, about 3,000 impressions 
without retouching : if of copper, they each yield, on 
an average, not more than 800 without retouching ; 
whilst electro casts of copper, obtained from the pana, by 
will not, on an aye each yield even 200 im- 
pressions without patna Hg in fact, such printing- 
surfaces are so easily worn, that, after the first 100 
or 150 impressions, there is a considerable deterioration 
in the quality of the work produced. Therefore, for the 
supply of the number of impressions often required by 
art associations and others, it has been found n 
to multiply the electro casts very considerably. In 
such cases the invention is applicable with considerable 
advantage ; for I find that an electro plate, 40x 22 inches, 
covered or coated with iron, has yielded 2,000 impres- 
sions without its being necessary to remove and renew 
the iron coating, there being no perceptible difference 
between the first and last impression ; the work on the 
Eat appearing not to have suffered in the slightest 
egree. Hence, in future, by the application of the in- 
vention, it will only be necessary to multiply electro 
casts to such an extent as may be necessary to ensure 
the production of prints or impressions with the requisite 
speed, on paper, calico, or other fabrics. At the same 
time, an original engraving on copper would become, 
when ‘treated according to the invention, more lasting 
than if engraved on steel. Although original surfaces 
engraved in relief, and also electro and other casts taken 
from them, yield a considerably greater number of im- 
pressions than those I have mentioned as obtained from 
plates engraved in intaglio—to which the invention has 
not been applied—nevertheless the invention is applicable, 
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with great advantage, to such relief printing surfaces, 
whether of copper or other soft metal; for if they be 
coated with iron, according to the invention, they will 
yield almost an indefinite number of impressions, pro- 
vided the iron surface be renewed as often as may be 
necessary, and the printing surfaces be again recoated. 

**Tn carrying out the invention, I prefer to use that 
modification of Grove’s battery, known as Bunsen’s ; and 
I do so because it is desirable to have what is called an 
intensity arrangement. The trough I use for containing 
the solution of iron, in which the engraved printing sur- 
face is to be immersed, in order to be coated, is lined 
with gutta-percha, and it is 45 inches long, 22 inches 
wide, and 32 inches deep. In proceeding to prepare for 
work, the trough, whether of the size above-mentioned 
or otherwise, is filled with water in combination with 
hydrochlorate of ammonia (sal-ammoniac), in the pro- 
schoo of one thousand Ibs. by weight of water, to one 

undred Ibs. of hydrochlorate of ammonia. A plate of 
sheet iron, nearly as long, and as deep as the trough, is 
attached to the positive pole of the battery, and immersed 
in the solution. Another plate of sheet iron, about half 
the size of the other, is attached to the negative pole of 
the battery, and immersed in the solution ; and when 
the solution has arrived at the proper condition, which 
will require several days, the plate of iron attached to 
the negative pole is removed, and the printing surface to 
be coated is attached to such pole, and then immersed in 
the bath till the required coating of iron is obtained 
thereto. If, on immersing the copper plate in the solu- 
tion, it be not immediately coated with a bright coating 
of iron all over, the bath is not in a proper condition, 
and the copper plate is to be removed, and the iron plate 
attached, and returned into the solution, The time 
occupied in obtaining a proper coating of iron to a print- 
ing surface, varies from a variety of causes; but a work- 
man, after some experience, and by careful attention, will 
readily know when to remove the plate from the solution ; 
and it is desirable to state, that a copper plate should not 
be allowed to remain in the bath, and attached to the 
negative pole of the battery, after the bright coating of 
iron begins to show a blackish appearance at the edges. 
Immediately on taking a copper plate from the bath, 
Se care is to be observed in atest g off the solution 
all parts ; and this I believe may be most conveni- 
ently done by causing jets of water forcibly to strike 
against all of the surface. The plate is then dried 
and washed with spirits of turpentine, when it is ready 
for being printed from in the ordi manner. 

** If an engraved copper plate be prepared by this pro- 
cess, instead of a comparatively limited number of im- 
pressions being obtained, and the plate wearing out 
gradually, a very large number can be printed off without 
any sign of wear in the plate, the iron coating protecting 
it effectually ; the operation of coating can be repeated as 
many times as required, so that an almost unlimited 
number of impressions can be obtained from one plate, 
and that a copper one. 

**This process will be found extremely valuable for 
electrotype plates, and also for photogalvanic f weer since 
they can be so protected as to acquire the durability of 
steel ; and more so, for a steel plate will require repairing 
from time to time ; these will not, but simply recoating, 
wherever it is found necessary: by these means one 
electro-copper plate has yielded more than 12,000 im- 

ions, and was found quite unimpaired when exam- 
ined minutely. 

“It is easy to appreciate the importance of this inven- 
tion, as applied to artistic or line engraving more espe- 
cially; for a copper plate being once engraved, if submitted 
to the acierage process, will cae a lasting property, 
not liable to deterioration by printing, and the public 
may expect to be supplied with the very best impres- 
sions at a more moderate charge ; whilst, to the numerous 
branches of commercial engraving, for the ceramic manu- 
factures and others, as well as to the vast number of old 
engraved copper plates existing in this country, this pro- 
cess is likely to confer an immense additional value. 

**T need not say that copper is by no means the only 
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metal to which the process is applicable, for the same 
principle will be found to answer in the case of other soft 
metals used for printing purposes; and I shall only add, 
in conclusion, that although the principle of electrotyp- 
ing has been applied, up to the present date, in a variety 
of ways since it was organised by Thomas Spencer, in 
1837 ; this is, I believe, the first time that an attempt has 
been successfully made to prepare an engraved copper 
plate with harder metal, with the view of increasing its 
printing capabilities ; and I feel happy to have been the 
first to introduce so valuable a discovery into this, my 
adopted country.” 
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We have yet to draw attention to another source of elec- 
trical power, which of late years has attracted considerable 
attention from scientific men. In the previous pages, we 
have repeatedly noticed how frequently the disturbance 
of electrical equilibrium is attended with the production 
of other forces, such as heat, light, &c. These and other 
facts have led to the idea that each of the undulatory 
forces has a common origin—a theory which has already 
been enlarged on. We must now explain the methods 
by which electricity may be evolved by the action of 
heat on certain metals, and describe some of the pheno- 
mena which result therefrom. 

As we have seen, electrical effects result, in some cases, 
chiefly from the action of intense electricity, or that which 
has the quality of exerting its effect at a distance from 
the source of power. To some extent, thermo-electricity 
falls under this category, but little quantity being 
noticed in its action. Our thermo-electric batteries, 
however, have hitherto been on a very small scale, and 
therefore we may vo oe re greater effects when larger 

ments are made. 

A thermo-electric battery is easily constructed. It is 
composed of a bar of two different metals, 
generally bismuth and antimony. The bars 
may be united at one end, as represented 
in Fig. 92; whilst the others are left free. 
In the cut, a is supocned to represent the bar 
of antimony, and } that of bismuth. Now, 
if heat be applied at the point, c, a current 


Fig. 92. 


of electricity will be produced; and if a “=< 
number of arrangements be connected % 4 
Fig. 93. together, as in Fig. 93, 


they will form a ther- 
mo-electric battery ; the 
current induced passing 
in the direction indi- 


cated by the arrow. 
Another method of 
5 a/b als a a @\\ makingathermo-electric 
— battery, is that of solder- 
ing, end to end, bars of 
bismuth and antimony, and of rolling them into a bundle, 
such as is represented in the annexed figure, in which 


Fig. 94, 
o 
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¢ c represent the wires proceeding respec- 
tively from the last bar of each metal. The 
principle is precisely the same as that de- 
scribed already, but the arrangement is more 
convenient for many experiments. If wires 
be conducted from the extremities of the ™ 

coil, they can be then attached to apparatus just as is 
done in some voltaic batteries, dc. 

The cause of electric disturbance, although evidently 
dependent. on heat, is not easily investigated in all its 
details. Extremes of temperature favour the develop- 
ment of the current ; thus, if one metal be heated whilst 
the other is cooled by ice, a more powerful current is 
produced than by heating alone. It has been stated 
that ditference of conducting power is partly the cause ; 
and this is borne out, apparently, by the order in which 
the conducting power of metals is connected with that of 
thermo-electric production. The following table shows 
the thermo-electric relationship of some metals in refer- 
ence to this question ; the greater differences between 
them in position, the more powerful is the battery 
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formed by their union; and hence the choice of the 


metals, bismuth and antimony, for constructing batteries. 


TABLE OF THERMO-ELECTRIC METALS. 
Bismuth, 
Lead, 


a 

pper. 
Zine. 

Tron, 
Antimony. 


This ay pro method of producing electric currents 
has been of great value in many respects. In the section 
on Heat, we have eng pointed out how it may be 
employed in measuring changes of temperature, far too 
minute to be appreciated by ordinary thermometric 
arrangements. But, besides these philosophical applica- 
tions, thermo-electric batteries have been arranged with 
other apparatus, for a variety of practical pu in 
oy life, one or more of which we shall have to allude 
to after our remarks on the Electric Telegraph. 

The best method of showing the existence of a thermo- 
current, is to attach the wires of the battery to a gal- 


vanometer, As soon as heat is applied, in the way wo 

have described, the needle is i ms iverged, just as 

if an electric current from a voltaic battery were pass- 

ing. The method of applying a thermo-electric current 

for heard gf in connection with radiant hoat, 

is illus in the following cut; to the left of which 
Fig. 95, 


=~ 


om 


we see the source of heat, which, passing through screens 
of substances under pat esr aires at ae eters 
The current thus produced acts on the galvanometer, 
seen on the right hand of the engraving. 


ADDENDA ON ELECTRICAL MACHINES. 


We have already mentioned, at page 171, a plate elec- 
trical machine, which was, at one meh the Royal 
Panopticon, London; and Mr. Warner, under whose 
superintendence it was constructed and worked, has 
favoured us with some interesting particulars respect- 
ing it. 

The plate itself was ten feet in diameter, and the 
machine was provided with double rubbers and con- 
ductors. For the purpose of keeping the glass surface 
free from moisture, steam was allowed to pass into the 
rubbers, which were constructed of sheet iron. The 
entire machine was supported by plate-glass columns, 80 
as to insure complete insulation; and the plate was 
driven by steam power. The number of revolutions 
averaged about forty per minute, for ordinary experi- 
ments ; and the rubbing force, or friction, was ted 
in the usual manner by screws, ce. 

With respect to the force developed, we may observe 
that this machine never had a fair trial, It was, un- 
avoidably, placed in the centre of an immense hall, 
round which currents of moist air were continually 


passing ; and in front of the machine was a basin, from 
which many hundred gallons of water were forced per 
minute, twice each day, during the exhibition of the 
Chromatic Fountain. ith all these disadvantages, the 
effects were surprising. Above two hundred feet of 
Leyden jar surface could be charged in a few seconds ; 
twenty feet of steel wire could be rapidly deflagrated by 
the battery discharge ; and other rical ow 
were produced on an equally large scale.’ Under the 
best circumstances, in dry weather, a spark of upwards 
of two feet in length, and of great density, could be 
obtained from the prime conductor ; and the usual class 
experiments with the direct 2 sr elagrece te brilliant 
results. On the breaking-up of the institution, this 
machine into the hands of its constructer ; but it 
is to be hoped that, eventually, its powers will be 
more fully tested than they have yet been. Such would, 
no doubt, result in our acquiring additional facts in 
reference to the powers effects of electricity pro- 
duced by friction, and possibly lead to di of 
great interest, 
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SECTION IV. 


MAGNETISM, AND ITS APPLICATIONS, 


CHAPTER I. 


Tae subjects on which we have already treated, will 
have prepared the minds - Ld readers <n i reali 
a very interesting class enomena, whi 
of a. restricted character, have yet the most im- 
portant relations, both in a philosophical and social 
point of view. 

There are few persons who have watched the oscilla- 
tions of the mariner’s compass, but who must have 
reflected that some unseen agent is i at work 
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to this application of magnetism. Without 
be compelled to confine their vo 

; our colonies in Australia, New 

d be inaccessible ; the construction of 

progress of mines, &c,, would be most 

intercourse of nations, separated by the 

ocean, would be impossible; and commerce itself, with 

our manufactures, would be confined, for want of raw 

ial, to the narrowest limits. 
i ic needle, to which 


Thity yen aie lieet 
ears ago, ear’ 
ibe abtained Saeiesoue sane 
icts and the metropolis, required at least 
teen hours for its transmission. At the 
it i ible to receive intelligence of any 
in any capital of Europe, 
of its 1 equ acinar Pa 
years, there seems every probability 
of our Indian possessions will be, in 
power of the electric telegraph, within 
of communication with London, or any 
Britain. We may also remark on the ex- 
which exists in those discoveries of sci- 
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As a matter of convenience, we shall adopt the follow- 
ing Pe in treating on the subject ; and shall describe— 
ets, 


2. Artificial Magnets. 
3. etic Attraction, Repulsion, and Polarity. 

After which we shall enter into a variety of phenomena 
which are presented by terrestrial magnetism ; and other 
phases of the force. 

1, Narvrat Macyets.—The ancients were well ac- 
quainted with the fact, that a stone found in Magnesia 
had the power of attracting metallic iron ; and from this 
substance, which has since been called the loadstone, 
the term ‘ tism” has arisen. It may readily be pro- 
cured from the philosophical instrument-makers. It has 
a black colour, and a close texture; and if placed 
amongst iron flings, it immediately attracts them. If 
a piece of this natural magnet, which is an oxide of 
iron, be rubbed on a rod of steel, the latter immediately 
acquires the properties of the loadstone, and becomes, 
as itis termed, magnetic. There is a sin peculiarity 
in reference to the permanence of this force, when it is 
communicated to different kinds of iron, Soft iron is 
rendered magnetic only so long as it is in communi- 
cation with a body permanently magnetic, On the re- 
moval of such influence, the tism immediately 
ceases. Steel, which is a compound of iron, carbon, and 
possibly of nitrogen also, has the power of retaining the 
magnetic angers ae thus of becoming a arbres 
magnet. Its power of retaining magnetism, depends, 
however, on its quality. If the steel be badly tempered, 
or of an inferior quality—that is, approaching the cha- 
racter of soft iron—its retentive power is greatly dimin- 
ished. In fact, this power of retaining the magnetic 
force may, to some extent, be employed as a test of 
the quality of steel; it being borne in mind, that the 

of hardness of the metal also affects the result. 
ast-iron—which is what-we may term an analogue of 
steel—may be often rendered permanently magnetic. 
Its composition is, however, so varied as to leave us in 
constant doubt as to its character. Indeed, some speci- 
mens of cast-iron far exceed in hardness those of steel. 
This is owing to a process of cementation, or partial 
conversion into steel, which the external surface under- 
goes when in contact with the coal and coke used as 
moulds in casting the metal. We have seen specimens 
of this nature which were hard enough to cut glass. An 
artificial loadstone may be pre by making a paste 
of oxide of iron: this, however, deserves notice simply 
as a philosophical curiosity.—We shall now proceed to 

the second and more practical division of our subject. 

2. Arrrerctan MaGnets.—The most simple manner by 
which an artificial magnet can be produced, is that of 
rubbing a piece of the loadstone on a common sewing- 
needle, It will thus acquire two properties: first, that 
of attracting any piece of iron; and, secondly, of pos- 
sessing polarity, or a tendency to point in the direction 
nearly of the pole star, in the constellation of Ursa 
Major. It hence appears that magnetism can be com- 
municated to any extent; and not only from a piece of 
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[MAGNETIC ATTRACTION, 


natural loadstone—but if the magnetised needle be rubbed 
against another one, the latter will also exhibit similar 
properties to that from which it acquired them. 

e extent of magnetic force so communicated, depends 
on the size of the loadstone and of the piece of steel which 
is magnetised. In every instance in which force of any 
kind is communicated to any body, there is a definite 
relation between the body ing and that receivi 
a force, with respect to their mass, This is a'uatargl 
consequence of the constitution of any mass, because its 
atoms have, either chemically or dynamically, a fixed 
amount of attractive power, which they can exert on 
any proximate atom within their influence. This 
power can be mathematically calculated. The circum- 
stances may vary considerably, but the laws are in 
every case constant; and the attraction of gravitation is 
perhaps the best illustration which we can adduce to 
prove our position. For instance, we may suppose that 
any body exerts an attractive power on another near 
to it. Such a power must necessarily have some relation 


to the mass or other qualities of the body which it, 


attracts, and the distance existing between, This re- 
lation or comparative effect of force may be ascertained 
in a variety of ways. In the case of gravitation, the time 
occupied a any body in falling from any height, may 
become a measure of the force. But in the case of 
magnetism there is no such opportunity of “pcre 
the value or amount of its force. There exists a kind o 
antagonism in the magnetic effect, which the earth, and 
the electric currents which circulate around it, exert. It 
is true that we can, by the oscillations of a magnetic 
needle, approximate towards an idea of the amount of 
magnetic gale ray et a between terrestrial 
magnetism, and an artificially induced magnetic arrange- 
ment. But still we are Tete in doubt as to the exact 

roportion ; and the varied affections which may exist 
ote the two phases of the same force, interfere con- 
siderably. For instance, there is a daily variation in 
the polar direction of the magnetised needle. This 
alone is sufficient to show that a considerable uncer- 
tainty exists between the indications afforded by our 
best arrangements, and the anent, or continuous 
and r , indications which the earth affords of its 


etic intensity. 

“aise remarks may at first sight seem impertinent 
to the subjection which we are treating : but such is not 
the case ; use we shall have to examine into the com- 
tive power of various magnetic arrangements, and 

the couse whieh influence it. ii 
We may here remark, that a straight or bar magnet 
has two ends, which exhibit the greatest amount of 
magnetic force; and that the point half-way between 
the extremities seems entirely destitute of magnétism. 
Hence, in making an artificial magnet, special attention 
is paid to these extremities, or poles, as they are fre- 
quently termed. A horse-shoe magnet is simply a bar 
magnet bent into the form of a horse-shoe; and the 
advantages which this form presents is, that the two 
poles are brought near to each other, and can so exert 


simultaneously their power on any object presented to 
Fig. 1. m, 


e 

When a number of horse-shoe mag- 
nets are bound together, they form 
what is called a compound magnet. 
One of these is illustrated in the an- 
nexed engraving, in which N and 8 
represent as pei A the north and 
south pules of the magnet, and K is 
what is called the keeper. This is a 
piece of soft iron placed at the poles 
of a horse-shoe magnet, for the pur- 
ag of preventing any loss of power. 

e may here remark, that either 
straight or horse-shoe should 
always have a piece of soft iron, or a 
quantity of iron filings, at the ; 
which, by their reaction on the magnet, prevent its losi 
its attractive force. 

There are two modes of making magnets ;—the one by 


touch we have already alluded to: that by means of vol- 
Magnstiem. “Tes simplest sade of asking Barmieae: 
etism. The simp! Cre) ing a 

is that of rubbing a piece of good steel, continually, e 
means of a compound horse-shoe magnet, such as we have 
just described. This, however, must be done in a proper 
manner ; the steel being placed on a level table so as to 
be rubbed from its centre towards its rk by one 

induce in it 


and the strength of the magnet employed. Bar - 
nets are best rie pelts ne Bee Sort Qe aces 
ying 


ters, and investigate some interesting 
“Pp cations de; ing on them. 

a piece of steel, in the shape of a long rod or bar, 
be magnetised, and then hung by a silk thread so that 
it may move freely, it will be found to take up a position 
aera vane bed and south, if no disturbing cause 

present. is result indicates that some force m 


preci amdeaep 
wer and size be presented 3 
needle will be either repelled or 

me be presented to the 
south pole of the other, or vice versd, then 
attract each other. If, however, the north poles 
south poles be presented to each other, then 
repel instead of attracting, as in the last case. 

m this experiment we learn similar 
re whilst dissimilar poles attract each 3 and 
this law holds good in every shape or form which a 


“ifs slasplact mode of tcying thle by Seaguellaie 

ie sim’ m 1s 

two sewing-needles, and floating one of them in 

which is easily done by gently laying it on the 

The film of air always attached to poli 

enables it to swim on the liquid. e poles of 

other needle may be alternately presented to either 

of that swimming on the water, and the phenomena of 

attraction, repulsion, and ty conveniently studied, 
It will be found, that as the distance between the 


be of unequal length—so the law of radial forces will 
not have an exact application practically. These obser- 
Lore apply equally to the attracting and attracted 


y. 

It must also be kept in mind, that the poles, or chief at- 
tracting portions of a magnet, are not at its extremities. 
They exist at a short distance nearer to the centre, and 
ui-distant from that point; and thus, if the two ends 

of a horse-shoe or bar oq): toe were slightly hollowed 
out between the two sides, the chief centre of attraction 
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would be more nearly reached by any body exposed to 
their action. 

The attractive and repulsive powers of a magnet are 
equal to each other ; and, indeed, they may be regarded 
as the opposite conditions of one force. In this consists 
the analogy between magnetism and the double electrical 
theory adopted in reference to frictional electricity. 
Just as = gener that the inside and ys of Le 
charged Leyden jar* are in opposite states of electri 
excitation, and yet that such are exactly equal in 
amount ; and, again, as similarly electrical bodies repel, 
and dissimilar attract, each ert—so we have iden- 
tical conditions and affections of the magnet. We may 
also illustrate the condition of a magnetised body in a 
similar manner to that adopted in instances of electrical 
excitation ; for as the alternate sides of the atoms of an 
electrified body are supposed to be in opposite states of 
electricity, so the particles of steel composing a magnet, 
have respectively, on their opposite sides, a north and 
a south pole—the whole magnet being built up of such 
until the two extremities form the two opposite poles. 

A very beautiful illustration of the effects of mag- 
netic attraction, is afforded by placing a sheet of writing- 
paper on the poles of a horse-shoe magne and sifting 
over it some fine steel or iron filings. e paper is then 
to be gently tapped, when the filings will arrange them- 

Fig. 2. selves in various forms and at 
‘ different distances, producing 
= what are termed magnetic 
es, the appearance of which 
is illustrated in the annexed 
: engraving. The same effect 
Sy Inay be pe by a bar 
Fy, magnet. ificial magnets pro- 
/, duced by the rubbing process, 
v4 never exhibit so great an at- 
tractive power as those produced 
~ by soft iron when surrounded 
=F by a voltaic current, and hence 
oi ; termed an electro-magnet. We 
shall, however, defer speaking on this point until we 
treat on the subject of Hlectro- Magnetism. 

Pieces of steel acquire the power of etic attrac- 
tion, repulsion, and polarity, if they are kept in some 
Positions for a considerable time. A poker will thus 
often be found magnetic if it be kept in a position 
nearly due north and south, Old iron window-frames 
are similarly affected. In fact, masses of cast-iron and 
steel are frequently found to have acquired magnetic 
properties from such causes. This results from the 
inductive action of the magnetism of the earth, which, 
like electricity, can induce its effects in bodies at a 
distance from its source. 

Nickel and cobalt have decided etic properties 
under certain circumstances; but such are extremely 
feeble compared with those possessed by iron and its 
compounds. The magnetic force exercises its influence 
through bodies which are incapable of being acted on 
by it. Thus, if a etised needle be placed on the 
surface of water in a basin, and a horse-shoe or other 
magnet be brought near to it whilst the material of the 
vessel intervenes, it will be found that the attraction 
and repulsion are as actively exhibited, as would occur 
supposing that no substance was placed between the 
two magnets. Most solids, liquids, and even gases, 
may, however, be affected by the magnetic force. This 
we shall more fully explain when we treat on Dia- 
Magnetism. 


THE MARINER’S COMPASS AND THE DIPPING- 
NEEDLE. 


We have preferred to introduce our readers to a general 
knowledge of magnetic attraction and polarity, before 
prea, eres attention to the very interesting subjects 
of the iner’s Compass and the Dipping-Needle, be- 
cause these depend on a special application of the laws we 
have just explained. 
* See ante, p. 179. 


. 


+ See ante, p. 175. 


We have, however, hitherto confined our attention to 
the artificial magnet, or the loadstone: we must now 
extend our ideas beyond such limits, and transfer all the 
powers and laws we have examined, to the earth, as the 
great source of magnetic attraction. We may conceive, in 
fact, the earth to be an immense magnet, having polarity, 
attraction, d&c., as have the feeble instruments we employ 
in our researches into the nature of this force. Indeed, 
all development of magnetism which we observe, is due 
to hie ituhtiotive env of the vehi Sout bodies we 
find magnetic. e magnetic poles of the earth v 
from its natural polarity. The north magnetic pals 
situated in long. 96° 45’, and lat. 70° 5’. The magnetic 
equator is therefore, of course, not coincident with that 
of the earth. 

The mariner’s compass consists of a bar of steel which 
has been well magnetised—mounted on a pivot, so that it 
can move as freely as ible in a horizontal direction. 
Attached to, or p beneath it, is a circular card, on 
which are engraved the different points of the compass. 
This card is divided into thirty-two parts. Each of 
these parts, or points, are subdivisions of the four.car- 
dinal points—north, east, south, and west ; and the inter- 
mediate points between any of them, acquire their 
joint names; such as siorth-ctsii south-west, south- 
south &e. 

Generally speaking, at least two compasses are carried 
on board a vessel, so that in case of any damage to either, 
another may at once supply its place. The greatest care 
is observed to place the compass in a position in which 
any external object shall have as little effect as possible 
upon it, as any derangement might lead to the most 
serious results; of which we shall speak more fully as we 
proceed. 

The needle, as we have already stated, does not point 
due north ; that is, it does not lie in a plane parallel to 
the meridian of a place—which, of course, is due north 
and south. — eye is termed the variation of the 
compass ; and it is undergoing constant, although ual 
change. This variation also differs for ota ol armen 
on the earth’s surface. About 300 years ago, the needle 
pointed 11° east of north. In 1657, it pointed due north 
and south; and at the present time its variation is 
about 23° west of north; each of the above referring to 
observations made in London. Tables are constructed, 
giving the variation of the needle for different places; 
and we need scarcely remark that such are of great im- 
portance to the mariner. 

But besides the horizontal motion of the magnetic 
needle, a bar of steel, if properly balanced, so as to be 
capable of a vertical motion, will, on being 1etised, 
lose its balance, and bend at an angle towards the earth. 
Such an arrangement is called a dipping-needle ; and the 
variation from a horizontal line is called the dip. At 
the present time, the dip for London is about 67°; and, 
like the horizontal direction of a needle, is constantly 
varying. If a needle were placed in lat. 70° 5’ north, 
and long. 96° 45’ west, which is the position of the 
magnetic pole of the earth, it would then assume a ver- 
tical position, 

Apart from any accidental influence, the needle varies 
daily in its indications; the maximum being during the 
day, and the minimum during the night, in any locality. 
It has hence been assumed that the sun has a definite 
action on it; and some have gone the length to suggest 
that that luminary is the great source of magnetic force. 
When, however, we discuss the influence of electric 
currents on a magnetised needle, we shall find abundant 
reasons for the effects we have named. ‘There are other 
disturbing causes which act on a magnetised needle 
occasionally, It has been noticed, for instance, that the 
appearance of the aurora borealis has a decided influence 
on the direction of a needle; causing it, at times, to 
fluctuate considerably. Indeed, the needle indicates the 
presence of that splendid phenomenon, when, from any 
cause, it is invisible to the eye. 

The diurnal variations of the needle have been made 
the subject of anxious investigation by most of tho 
leading astronomers in the observatories of Europe and 
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America; and a vast fund of valuable information has 
been acquired. At the present time the observations are 
registered by means of photography ;* and thus the in- 
cessant care required on the part of observers, and the 
chance of erroneous results, are entirely avoided. There 
vlad peda ones ge glide Meacwe ie? being 
required, as, by means of properly prepared paper, a 
lamp with a Bc and a clockwork arrangement, the 
indications print themselves, and the Photograph, on 
removal from the instrument, shows isely all the 
variations which have taken place, and the exact moment 
of the occurrence, One of best instruments of this 
kind is that which was constructed by Mr. Brooke, for 
the Greenwich Observatory. 

Returning to the subject of the compasses of a ship, 
we may notice some sg influences to which they are 
subject, and the remedies which have been employed to 
obviate such. They may be divided into accidental, local, 
and, possibly, atmospheric, 

It would impossible to enumerate the acciden 
circumstances which may arise, to cause the d 
ment of a ship’s compasses, Articles of iron placed near 
them are a frequent cause; and an intelligent captain 
once informed us, that, for four hours, he had 
steering, on a dark night, out of his course, owing to 
the stupidity of a cabin-boy, who had placed a bow of 
knives close to the compass, 

The ia mag. pt. to which the poets is ae oe 
board ship are of great importance, e on the 
nature Sed the aire of which the B built, ue 
cargo, the engines of a steam-vessel, and the position 
the two latter in reference to the compass.—As soon 
as the ship is completely loaded, she is taken to any 
convenient place in which she can turn round in an 
entire circle—being held by her anchor—as the tide rises 
and falls. In this process the direction of the needle is 
carefully watched in reference to any distant and fixed 
object, and the variation, if any, is noted. Her com- 
passes are then Pra hapenidiR cy is, magnets are placed 
near, so as to enti y counteract all the influences which 
may affect them on board, and to which we have just 
alluded. If the be undisturbed until the vessel 
reach her final destination, and no accidental or at- 
oO influence be exerted, such adjustment 
would be a sufficient safeguard for the whole voyage. 
If, however, a portion of the cargo be discharged at 
intermediate ports, it ny Bren iy that the adjustment 

reviously effected will me a source of danger ; 
use the disturbing element being removed, its in- 
tended remedy necessarily becomes a source of disturbance 
itself. This is a matter of common occurrence on board 
coasting vessels: we observed an instance of this, some 
ago, in a steam-vessel which had left port with a 
0 of iron on board, This was discharged at an 
intermediate port; and the needle was thereby affected 
to the extent of between two and three degrees. It is 
highly probable that many of the shipwrecks which 
annually occur round our coast, may owe their origin to 
this constantly-occurring circumstance. 

With respect to stmeptavio, influences, especially as 
regards fog, great diversity of opinion exists. y 

na tat tnd ita acai aoe i ete Aes 

; whilst others equally deny its influence: and thus 
w any vessel is lost during foggy weather, the evi- 
dence offered as to the cause, is always accompanied 
with the ial views of the witnesses on each side, 
In the absence of any reliable data, we shall mention two 
instances of our own observation, taken within a few 
days, on the east and west coasts of England and Scot- 
land. 

In a voyage from London to Edinburgh, in an iron 

* Sce ante, p. 163, 


screw steamer of about 600 tons burthen, and with a 
neral cargo, a dense fog set in immedia’ after 
heute’ during ‘witsh, Sor easetyat abe Se quiet tae 
ours; during w or 's was 
never allow oa cane ‘five nro = honr, and the 
anchor was cas’ uently, owing @ positive danger 
of proceeding at all There were throb’ eoucpaahil on 
board—one at the racy ope on the hurricane deck, 
and oue in the cabin. writer compared their indi- 
cations, repeatedly, each hour during the time mentioned ; 
and in no case did either, or all of the compasses, vary 
from each other to the extent of one degree. A pocket 
compass, the needle of which was delicately hung, agreed 
egies «More yen ere was 
not the slightest motion of vessel, except from the 
vibration of the screw. So far; no indication of the 
action of fog was afforded. In another instan 
between Ayr 


jyde, different 
commenood in 8 


special 
board, the vessel being built of wood, and no iron was con- 
tained as cargo. After direct westward towards 
the Isle of Arran for about an hour, with the intention 
of calling at a port at its southern it was discovered 
that the vessel had been steered ually towards the 
north, although the prc > had indicated a westerly 
course. The needle, in fact, varied about 90° from its 
proper indication; and this increased until the settin 
sun a in the north-east, instead Bek tly goxith 
of During the whole time the had been 
shaken so as to cause the needle to move i Phage 
the vibration from the paddles ought also-to have been 
quite sufficient for that purpose. At the end of about 
two hours’ time from the commencement of the voyage, 
a brisk wind sprang up, and almost immediately after- 
wards the compass-n veered round to its proper 
direction, and gave no more cause for anxiety. Ip 
the former, and in this instance, the circumstancés were 
exactly the same ; for a breeze sprung up and cleared 
away the fog at the end of the twenty-eight hours, 
yet the com showed no change of direction from 
that which ti yf Aig: indicated previous to the clearing- 
up of the weather. The observations in each case were 
conducted with t care, and with that scrupulous 
hesitancy as to theoretical opinion, which the study of 
experimental science makes a habit; and we could not 
find, on free conversation with the captain of each 
that any extfaordinary circumstance of any kind was 
present which could vitiate the result. 

We may, however, state, that three or four iron vessels 
ths ry lost eye Tahir of pin a the west 
side of coast of Argyllshire, near pbelton, since 
the above aiened ake ow In on case the 
cause was assi to the fog acting on com: 

We may venture to suggest that there ma bevnclab 
local cause in the auisttvaliita 1G the Snockh; &e., of 
that neighbourhood, especially as we learned from an 
intelligent scientific observer, that one or two masses of 
rock near Campbelton, have a decided effect on the 
magnetic needle. However, we merely throw out the 
idea as a suggestion rather than as expressing any 
opinion on the matter, which, of course, can only be 
decided by minute and scrupulously exact observations, 

The effect of electrical currents we have already re- 
ferred to; and we shall have to enlarge considerably on 
the subject in the next chapter. ‘They are scarcely of 
much moment during the voyage of a vessel, because, 
being local with respect to extraordinary occurrence, 
and the position of the vessel continually ing, their 
force and intensity can be practically, except in very 
special cases, of little consequence. 
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CHAPTER II. 
ELECTRO-MAGNETISM. 


No branch of experimental science has made such rapid 
as that to which we shall now direct attention. 
This is chiefly owing to the discovery of voltaic elec- 


voltaic battery of either ren tants | or Grove’s 


per wire, covered with cotton or silk, of 


o. 16 and ge ; a strong horse-shoe magnet, and 
ited will also be requisite a the 


to take an 
two which, 
ic, are really due to the 


cases acts in opposition to force it may gene- 
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tage 

and Lomery te student, hamgge it yaaa on 
reasoning 80 as 
he is concerned, an additional ittterest and value to 
branch of philosophical pursuit. We must, how- 
remark, that all such opposition of the forces to 
we refer, is more than real, and results 
from the direction of the electro-current being-modified 
in reference to the plane of the magnetic force : this, 
however, we shall fully inquire into as we proceed, 

Perhaps the most convenient and instructive course 
which we can take in introducing our readers to the 
laws of electro-magn is that of proving, in the first 
place, that a current of voltaic electricity affects the 
magnetic needle when certain particulars are observed in 
carrying out the experiments which illustrate this fact. 
This may readily be ascertained by means of the follow- 
Sa eeemnent, which we suggest as one of the simplest 

ich can be used for the purpose :— 

Experiment 1.—Fill a basin nearly to its brim with 
water, and float on its surface a magnetised sewing- 
needle. * tesa hrs chara wrgeolbig ox oy 
therefore quite at rest, p’ over, exactly parall 
to it, a straight copper wire, at a distance of about a 

of an inch from the needle, so that the two shall 
on the same straight line. Now, so long as no cur- 
rent of electricity passes by the i 
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y. 
be deflected right or left, 
the current. A voltaic 


this experiment, is easily made by soldering 

Tied Wok all Pade eked, of whac aad sopeet These 
metals are then to be placed in a vessel containing 
water, LB Ae tegen Baer th ae ma 
acid has been added. the terminal wires being 
Ped Sy Bertin yrsaelh setter megane 

the of the latter will be immediately ob- 
served. Of course the two plates of metal must not be 


allowed to touch each other. The following engravin, 
illustrates the arrangement we have described, an 


shows the deflection of the needle during the passage 
of the current by the wire. 

Experiment 2.—We now shall point out how the 
deflection takes place in reference to the direction of 
the current by the wire placed over it; and for this 
purpose we shall consider that that end of the needle 
nearest a, in Fig. 3, is its north pole, and that near b 
to be its south pole. Bring the wire from the copper or 
platina plate of the battery cell into contact with the 
wire over the needle at a (Fig. 3), and that from 
the zine end of the cell into contact with the wire at b, 
The current of electricity passes in the battery from the 
zine to the copper, and thence by the wire from a to b. 
In this direction it will deflect the needle towards the 
right hand of the observer, supposing that he looks at 
the needle from its south, to itsnorth pole. After- 
wards, remove the wires of the battery, and adjust tho 
needle so that it may again be at rest, parallel to the 
wire ing over it on i peg ts the cur- 
rent the battery to pass from b to a acing the 
wire from the copper plate at b, and that fon thar mss 
plate at a. The needle will now be deflected towards 
the observer’s left hand, the current passing from 6 to a, 

This will be still further Fig. 4. 
Sewutet Gamat. 4 1 

annex 3 in 
which No. 1, Fig. 4, re- | | 


north pole of the needle is ! 
thus div to the right | 
Wo Sevag tosiecreernl + 4 \ 

0. tothe re 
of the current in the latter N° 1s No. 2 
case, - It is of the greatest importance that the student 
should bear in mind these laws of deflection, as they 
exercise great saay alibe —— the phenomena of ere 
magnetism ; ough our engravings are explicit 
enough to explain the facts, it is far better that the 
experiment should be frequently repeated in the simple 
manner we have just described, as that will certainly 
impress thé truth more firmly on the memory than 
any amount of study could do. We may here add, that 
when we describe the form of electric telegraphs in 
common use in this country, we shall presume that the 
facts we have thus illustrated have been fully under- 
stood by our readers. ; 

From these experiments we can readily deduce the 
first law of electro-magnetism ; which is, ‘That a cur- 
rent of electricity affects the magnetic force at right 
angles to mepben oe of — arya In ? y- 
ing the law y to ° experi we 
observe, <hok as thesenapnd. panel tun teaiieion the 
magnetic needle assumes a direction approaching that 
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of a right angle to the wire, With a powerful battery 
the right angle is nearly completed. * 4 

Whenever a wire conducts a voltaic current, it mani- 
pager ye. bs rae audit Rapeseed es 
to that of the current; in other words, supposing that 
a current of electricity be sent through a copper wire in 
a direction from north to south, or vice versd, the mag- 
netic effect will be observed on its east and west sides, 

in fact, all round the wire in any position at right 
angles to the course of the electric current. By ex- 
tending this — practically, we may make a voltaic 
conducting wire, although of copper, to present all the 
phenomena afforded by an ordi piece of magnetised 
steel ; that is, it will be rs ry to the laws of attraction, 
repulsion, and polarity,t just as if it were an ordi 

et. The following experiments will illustrate the 
fact. We shall choose two simple pieces of, apparatus, 
which may readily be constructed by the reader, and for 
which we shall give full directions, 

Experiment 3.—Solder to a piece of covered copper 
wire, of about eighteen inches in length, a narrow Rep 
of zinc and one of copper—one at each end—and then 
twist peyton Rewer form, so as to leave the 
strips of metal hangi neath it. Let these dip into 
some sulphuric acid and water, and suspend the spiral 
by means of a piece of thread, so that the whole ar- 
rangement may freely move in any direction. Its entire 


appearance is represented in the following engraving. 
Fig.5. + 


It will be found that the spiral wire will have become 
powerfully magnetic, It will assume a direction of 
nearly north and south, just as a etic needle 
would do; and if a horse-shoe magnet presented 
to it, the poles of the spiral and the will either 

or attract each other, dependent on the poles 
which are experimented on, and according to the laws 
which atgligese previously explained when treating on 
etism. 

It is thus evident that a most intimate connection 
exists between magnetic force and a current of electri- 
city; and the next experiment will still more familiarly 
prove the fact. 

Experiment 4.—Immerse a wire conveying the vol- 
taic current in some iron filings. It will be found that 
so long as electricity passes, some of the filings will 
adhere to the wire—indicating the existence of magnetic 
attraction on its surface. 

A great variety of apparatus has been invented for 
the purpose of illustrating this mutual action of electric 
currents and magnetisal bodies, by means of which 
motion may be readily produced by their opposition or 
attraction of each other. We may select two of these 
as still further illustrative of the laws we have been 
speaking of ; and we have chosen such as may be readily 
constructed by our readers. 

_ Experiment 5.—Fix in a wooden foot, which may be 
six inches long and three broad (a—Fig. 6), an upright 
brass or copper wire, ¢, which must be bent round 


* Bee ante, p. 195. + Ante, p. 244. + Ante, p, 244, 


Fig. 6. 


wire 


of a cell of a voltaic 


cmap’ dese and dip : 
mney Rifai perf ated: 4 tng A current 

electrici now wires—say from 
pto.d then bye toh cal ie teak xt oe eee If 
a horse-shoe magnet be now on the wooden foot, 
so that one of its poles be on each side of the 
euapenden wire ¢, that will be instantly put into motion, 
and will be rapidly jerked out of mercury. By 
this, contact with the will be broken; and as 
all effects are thus stopped, wire will fall back into 
the mercury. Contact and a complete current will 
be in established; and the wire will be again 
jerked from the cistern. The direction of this motion, 
as indicated by the dotted lines, will de; on that of 
the current and on the position of the poles of the 
magnet, and it may be continued so long as the battery 
power is sufficiently maintained, 

We may just o e, ie ine pn success of ies 
tro-magnetic experiments, it is highly necessary 
ends, &c., of the wires be kept pretoely Bosh This is 
best effected by dipping them into a little nitric acid, 
and then into mercury. By this they will be slightly 
earn tk Seay much disappointment will be pre- 
vented, which, at all times, arises from carelessness as 
to this particular. 

Experiment 6.—The arrangement we are about to de- 
i isely the same principles as the last one; 
a jerking motion, a circular one is ob- 
tained. In fact, we may the wheel we shall 
mention, as made up of an infinite number of wires, or 
radii, p ing m a common centre, i of 
being suspended from a hook, as shown in our last 
gO To construct this arrangement, cut a cireu- 
lar wheel out of thin sheet copper, and through its 
centre solder an axle of copper wire, as at a, i (* 
so that it may freely turn thereon; and supported by a 
brass arm, b, which is to be fixed to ray eg also of 
metal, c. This may stand on a wooden foot, hollowed 


out ate, as in our last arrangement ; and the rim of the 
Fig. 7. 


ig wheel should just touch some contained 
in the trough e. One wire of a battery is to be attached 
to the upright c, and the other is to be immersed in the 
mercury in the cistern, On placing a horse-shoe 
with its poles resting on the foot, on each side of the 
wheel, the latter will begin to ro and will maintain 
its motion so long as the current of icity passes. 

This arrangement may be modified by using a wheel 
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the case of the wire. The an- 


with spokes, instead fs tai aloeahed form we have de- 
principles of construction illus- 
Buds trated in our two last engravings ; 
each spoke, as it leayes the mer- 
os es cury, is, as it were, similarly jerked 
nexed cut will assist our readers 
in making a wheel of this kind: 
in that form of instrument we have just noticed. 
If a small voltaic battery be round each of 
i posed will 1 idly round the magnet, and 
is com revolve raj ro! 
Reponiole citrselicnainh: occ 


Fig. 8. Such will combine the 

for, whilst it has a rotary motion, 

cn out in the way we mentioned in 

YN all other matters are the same as 

the poles of a metals of which it 


They are sold at the instrument-makers ; 


of electric currents and magnets. 
In Fig. 9, a represents a pole of a powerful circular 
; bis a copper 
bucket, 


laws as those we mentioned in 
Don al our three last 
e 


2M euclpes «Bement If a current of electricity be 
sent a voltaic battery round a ball so and 
a vertical magnetic needle be presented to it in different 
ey, Pe various inclinations or dips are at once pro- 

Such an ment forms a curious and 
instructive illustration the production of — 
phenomena means of a voltaic current, also 
affords to the mind an idea of the effects which occur on 
the large scale in nature. 
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proper: 
of steel be rubbed by means of an ordinary magnet, 
of any form, it retains a portion of the ic force ; 
but soft iron does not; and it ceases to exhibit any sign 
of attraction so soon as the which had induced it 


a , 80 as to form a spiral of a few inches in length, 

and, removing the roller, insert in its place a rod of soft 

iron. Connect the two ends of the spiral with the wires 
* See ante, p. 245, 


VoL. i 


P ing from a voltaic battery. Immediately that 


the current of electricity passes round the iron, it 
induces, at right angles to its direction,+ magnetism 
in the rod; and if some nails or iron filings are presented 
to the extreme ends, they will be powerfully attracted, 
Fig. 10. 


The annexed cut illus- 
trates this simple ar- 
ent. At each 


SAAC KCRG UCUUUARGAL 

Experiment 8.—So : ™ 
long only as the current of electricity passes, does the 
iron exhibit magnetic attraction; for, on removing either 
of the battery wires, the iron nails will at once fall down, 
and the iron rod returns to its normal condition, 

We must here note the fact, that the magnetic effects 
are induced at right angles to the direction of the elec- 
trical current; and to assist the student, we introduce 
the following cut, 

Fig. 11 represents a skeleton view of the spiral coil 

Fig. 11. 


and iron rod; 7 and s show the 
induced in the bar of iron ¢ i, 
current of electricity from one of the wires, 


of magnetic force 
ow, the direction of the 
w, to the 
other on its return to the , is indicated by the 
arrows; and if the spiral be wound quite straight round 
the rod, then it he oniteps will nsec! be at 
right angles to the iron which they encircle. e have 
already seen that the sides of a spiral are magnetic when 
it conveys a voltaic current ;{ and it follows that the 
iron therein partakes of that change or effect. 
Indeed, the simple arrangement illustrated in Fig. 11 is 
quite of sufficient power, when in action, to induce 
sagietien in'a email soltiicon wire, if such be: placed 26 
its centre; and thus the application of the laws of which 
we have so repeatedly spoken, is evident. 

is law, however, may be made more special in the 
instances to which we are now referring, by stating, ‘that 
a current of electricity passing round soft iron, converts 
the metal into what is termed an electro-magnet, when 
its direction is at right angles to the iron. 

We have seen that the magnetic effect produced on 
soft iron is but temporary; that is, provided that the 
metal be perfectly pure. But this is rarely the case, 
because iron is mixed with other substances which affect 
its nature. Carbon is invariably present to a small 
extent, and hence the metal does not lose its mag- 
netism instantly on the current being withdrawn. ‘The 
magnetic effect remains for some time ; and this is called 
residuary ism, which frequently becomes a source 
of great difficulty and annoyance in many of the appli- 
cations of electro-magnetism. <A a pears 3 of 
time is required to produce the highest effect of magnetic 
induction ; and as in the case of ordinary magnets, the 
poles do not exist exactly at the extremity of the 
metal rod. We shall now examine the effect produced 
on steel by the voltaic current as it passes round a rod of 
that m 

Experiment 9.—Place inside a coil of covered cop’ 
wire (which, for this purpose, may be wound round a 

per or gutta-percha tube), a bar of good steel, which 
fas been previously tested, so that the absence of all 
magnetism has been proved. As soon as a current of 
electricity passes over it, the steel will become magnetic, 
as may be shown by holding any piece of iron near it, 
But it will be noticed, on the current ceasing to pass by 

+ Bee ante, p. 247. + See “e) p. 248, 
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removal of the wires from the battery, that the 
metal does not lose its magnetism. On the contrary, it 


tiou ; and both, doubtless, are due to the peculiar mole- 
cular constitution of steel, arising from the presence of 
carbon, and most provatly, also, of rer one in it. 
Knives, needles, and any other steel object having two 
ends, may thus be at once rendered etic, 

Before describing electro-magnets of large size, and 
electro-magnetic engines, which have been constructed 
with a view to the production of motive power, we will 
inquire into the circumstances which tend to increase or 
diminish the effects which can thus be produced by elec- 
tricity on iron or steel. 

These may be epitomised as follows:— 

Ast. The length of the coil, and the thickness of the 
wire composing it. 

2nd. The number and size of the plates of the voltaic 
battery employed. ‘ 

Srd. The purity of the metals used in respect to the 
copper wire and the iron core. : 

Ist. The Length, &c., of the Coil.—It is a rule in 
electrical science, that the longer the conductor, the 
greater is the resistance afforded to the passage of a 
current; and it is equally true, that the greater the 
transverse area of the conductor—or, what is the same 
thing, its thickness—the less the resistance afforded by 
the same length of wire. It has been found, that a copper 
wire, of No. 16 gauge, has a conducting power of 100; 
whilst a thinner one, of No. 18 gauge, has only a power 
of 65. The following table, for which we are indebted 
to an able work by T. Shaffner, ., of Kentucky, On 
the Electric Telegraph, illustrates the fact of the dif- 
ference of conducting power in wires of various thick- 
nesses. Tho experiments were tried at the Gutta- 
Percha Company’s Works, in London, on wires each 
100 miles long; and these were submerged in the 
Regent’s Canal—every care having been taken that the 
external coat of gutta-percha was faultless. The figures 
indicate the deflection of the needle of a galvanometer* 


for each gauge of wire employed. 

No. of Battery Plates. No, 18 Gauge. No, 16 Gauge. 
3 pairs 29° 39° 
6”; 50° 59° 


We thus observe how much the resistance is increased 
by a deficiency in the size of the conducting wire ; and it 
follows that a great length may be, to some extent, com- 
pensated for by an increased thickness of conducting 


material. 
2nd. The Number and Size of Battery Plates.—The 
remarks we have just made, and the table quoted, lead 


us to consider the effects produced by the size and 
number of the voltaic batteries which may be employed ; 
and we must here point out that quantity of electricity 
is produced by large plates, irrespective of the number ; 
whilst intensity results from the number of plates, rather 
than their size. 

Now, the amount of magnetic effect produced on iron 
by electricity, depends, theoretically, on the F gape of 

current alone; but this is only true on the supposi- 
tion that the conductor offers not the slightest resistance 
to the passage of the current. But, in practice, we know 
that such never can occur ; for the longer the wire, the 
greater the resistance afforded ; and as each successive 
coil increases the amount of inductive effect, we are 
necessarily compelled to employ long wires in construct- 
ing all electro-magnetic arrangements, To overcome the 
resistance of the wires as to their length, we are there- 
fore under the necessity of using, not only large plates, 
but a number of them. The size of the plate affords 
the necessary quantity of electricity ; and the number of 
the plates assists that quantity, their intensity, to 
give out the full force which one large plate oe do 
were no resistance to be overcome. It therefore follows, 
in practice, that both size and number of plates must 

* See ante, p. 195. 


be (considered in all attempts to produce the greatest 
amount of electro-magnetic induction under most cir- 
cumstances. We always presume that copper wire is 
used in our experiments ; as, for various reasons, nore 
other, in most cases, is admissible. 

Srd. The Purity of the Metal used in both Coil and 
Core,—This is a point which has not received that at- 
tention which it deserves. Indeed, the experiments 
necessary to afford accurate data, would require to be 
of the most elaborate and extensive kind; and the 
results, although of the greatest intcrest in a philo- 
oe —_ of view, _— rarely have a practical 
app on for telegraphic other purposes, owing to 
the —— and trouble which would have to be 

t 


incurred, each length of copper wire which we 
may accidentally meet with, varies in this res In- 
deed, we have found, that the longer the same wire has 
been used as a conductor for powerful ies, the 
worse is its power of conduction. It a mole- 
cular ; becomes hard, and frequently into 


pieces with the slightest touch. Iron is subject to the 
same influence ; and, like copper, it becomes 
“rotten” after having undergone lengthened electric 


action. We have frequently had occasion to remark 
these facts whilst experimenting with apparatus in which 
an intense current was em: j and refer again to 


the subject as we 
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Havine explained the principles on which electro-mag- 
nets are constructed, and the conditions which affect 
their power, we proceed to make a practical a) i 
of our remarks in reference to horse-shoe mag- 
nets and electro-magnetic machines, which have been 
invented for the purpose of obtaining a motive power 
by employing voltaic electricity. It will not be ne- 
for us to enter into any further theoretical 
iderations: we shall therefore confine ourselves 
chiefly to the mechanical details of the instruments to 
be described. 

A horse-shoe electro-magnet has a similar advantage 
to that we mentioned as by the ent 
steel horse-shoe magnet ;+ for it has its two in close 
proxiniisy, which, therefore, act in concert, and so pro- 

uce a large development of attractive power. ends 
should always be planed or ground as level as possible, 
so that any object presented to them may come into as 
close contact as possible, We shall give directions for 
making them, and leave the question of size to the 
choice and means of our readers. The copper wire must 
either be covered with cotton, worsted, or silk ; the first 
material being the and answering every pur- 
pose. Itis nv + the wire should always be 
as soft as possible, so that it may accommodate i to 
the curves of the iron. Each turn should be brought 


AND 


be brought within from two to three inches of 
other, in the manner represented in the following 
graving. The windi of the wire is 
menced at the top of one end or pole, and to be 
tinued for a depth of four or five inches towards 
bend. It may then be wound back towards 
the pole again, and returned until os lowes eel eae 
reached. One side will thus receive a coating of 
coils of wire. This may then be passed over to the end 
of the rod nearest the bend, care being taken to bind 
the wire on it in the same direction as on the first arm ;_ 
in fact, just as if the wire had been continuously wound 
on a straight rod. Now, because the centre point be- 
a Ome two pebeio ngewe a does pat em 2 
ex’ y any magnetic effect, it is unnecessary 

any wire on it, Indned,, gree) SEvigtaas acerues by 
“condensing” the wire on poles of the magnet, or, 

+ See ante, p. 244. 
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rather, near to the outer extremities of the iron, by 
winding extra coils on those parts. It is there that the 
greatest inductive power is manifested, and SS lah pene 
fore, the greater effect should be produced. It may 
here be remarked, that electro-magnets, like ordinary 
magnets, have their poles at a distance from their extre- 
mities ; hence the coating of covered wire is never carried 
to the extreme end of eacharm. - 

The following engraving illustrates the appearance of 
an electro-magnet when complete. Right and left are 


its poles, N and 8. Beneath them is the keeper, to 
Fig. 12 


which a hook is attached, and to which heavy weights 
may be hung. From N and § proceed the two wires, 
which are to be attached to the wires of a voltaic 
battery when the electro-magnet is in use; and by 
means of which the current passes to the coils, round 
the iron. When very large magnets are made, it is 
usual to divide the coil into separate portions, and to 
collect the various ends of the coils ther, so as to 
form one terminal for each end of the coils. By 
these means the current of electricity circulates as many 
times round the iron as there are convolutions of wire 
at round it, but has not to travel in one continuous 
length for the whole distance. By this arrangement 
the resistance of great Me pe of wire is done away with, 
and yet the full effect of the quantity of the pattery 
power is advantageously employed.* The end wires 
of the electro-magnet should never be twisted about, as 
oat ager get very brittle; and if the wire be once 
broken close to the iron, and inside the coil, the et 
becomes useless, and must be recoiled by the wire. It is 
a good plan to fold some coarse brown paper, or a thin 
sheet of gutta-percha, on the iron arms before coiling 
on the covered copper wire, as this prevents contact 
between the metals, in case the covering is in any part 
defective. The coils may be bound on wooden cases, and 
these can then be slipped on to the iron arms of the 
merge and removed when done with. As, 
however, the thickness of the wood removes the covered 
wire from the iron, and so increases the distance of the 
inductive power from its surface, a loss of power neces- 


peiy results from this arrangement. The attractive, 
or holding power of an electro- et, depends on 
its size, and on the strength of the battery employed. 


Such an ment as we have described, although 
small, will sustain at least one hundredweight, when a 
current from twenty cells of Smee’s, or four to eight cells 
of Grove’s battery, is sent through the wires. 

The largest electro- which we haye yet seen, 
and perhaps the most powerful which has been made, 
was one which we from the Panopticon, at the 


ublic sale of effects, for the Polytechnic Institution in 
Ghagow. The wire and iron had been made of the 
purest metal which could be and both were 


well annealed. The wire was a quarter of an inch thick; 


and the total quantity employed weighed nearly two hun- 
- See ante, p, 250, 


dred weight. The iron, which was of the usual horse- 
shoe form, weighed about half a ton; and each arm was 
three feet high, and six inches in diameter: the remain- 
ing length of the iron rod formed the bend. We have 
repeatedly eraployed fifty and 100 cells of Grove’s batte 
as the source of the voltaic current; and, under suc 
circumstances, we haye attempted in vain to remove the 
keeper from the poles by opposing a weight of over three 
tons. When two hundredweight of iron nails, each 
of which measured six inches long, and of the usual 
substance, were cast on the pole, every nail was so power- 
fully ati as that they could scarcely be pulled 
apart, and could not be pushed away from each other. 
But there is a most remarkable fact in reference to all 
magnets ; which is, that the attractive power decreases in 
a most rapid ratio. In the case of the large magnet we 
have just deseribed, the attractive force, at three inches 
from either pole, was very trifling—not exceeding a few 
ounces, Thus we observe that the decrease in three 
inches distance from its source, was, beyond all com- 
parison, greater in ratio than that of any other force with 
which we are acquainted ; and this, unfortunately, has to 
a large extent prevented this agent from being employed 
as a motive power. In all kinds of magnets, the at- 
tractive power is greatest in those which have the longest 
arms; and this we should naturally expect, from the 
fact that the force diminishes to nothing as we approach 
to a point equi-distant between the poles. It is there- 
fore T, in making an electro-magnet, to employ the 
wire so that it may cover the poles, rather t the 
whole length of the arms; and the neglect of this in 
the construction of the magnet of which we have 


been ing, doubtless prevented its maximum of 
power being obtained. 
Execr GNeEtIC EnGines.—We shall now give a 


general outline of some of the attempts which have been 
made to obtain a power for driving machinery, &c., by 
means of electro-magnets : but before doing so, it is to 
be remarked, that the best-constructed arrangements 
have hitherto been complete failures in an engineering 
and economic point of view. This has arisen from three 
causes.—Ist, the extremely small distance at which the 
attraction acts, and its rapid ratio of decrease, which we 
have already discussed; 2nd, the interference of resi- 
duary magnetism,+. which prevents an instantaneous 
change in the direction of the attractive power; and, 
3rd, the expense of voltaic batteries—not in their first 
cost, but in maintaining their power. In days such as 
our own, when inductive and experimental science, to- 
chee with mechanical skill, are found in so high a 

egree of perfection, it seems most extraordinary that 
no success has as yet attended the numerous efforts 
which have been made to procure it, 

‘When we compare the progress which has been made 
in steam machinery, with that which has attended that 
of the electro-magnetic arrangements, we can find no 
approximation in the latter. e mechanical difficulty 
results chiefly from the fact, that the rapid diminution 
of the attractive power of an electro-magnet, does uot 

rmit of any of the ordi appliances for converting 
Se into motion to be or instance, the stroke 
of the piston of the steam-engine may be of any length 
which the engineer chooses to employ. All he need do 
is to lengthen the cylinder, or supply the steam—each of 
which can be effected to any extent which may be de- 
sired ; and the piston can be driven to and fro, acting 
on a crank of half its length. Now, in electro-magnetic 
engines, the greatest direct stroke which can be em- 

loyed between two electro-magnets, cannot exceed 
without the intervention of levers) a quarter to half an 
inch; and, of course, a crank of half that length, and 
of the necessary strength, is a physical impossibility in 
an engineering point of view. 

It Noes not matter in what form the motion is ob- 
tained by any of the inventions which have been made, 
for still the rapid ratio of the decrease of force is con- 
stantly active. We fear, that unless some means may be 
discovered by which this power can be extended in a 

t See anie, p. 249, 
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greater linear or radiating influence from its source, a 
and useful engine, driven by electricity, will remain 
to be sought after. 

Having stated these difficulties, we will now describe 
some of the engines which tho sanguine but any, beet 
inventors have ted, and brought more or less into 

blic notice. doing so, we shall not pay any heed 

their chronological order, but rather to that of the 
rinciples on which they are constructed. We ma 
Fivide them into two classes—namely, those, Ist, in whi 
the motion is as a tangent in its direction to the lines of 
force; and, 2nd, such as, like the ordinary power of the 
steam-engine, have a reciprocating motion. ‘There are 
other forms, to which we shall also allude in general 
terms, which claim attention rather for their ingenuity 
than their value. : 

Those machines in which motion is obtained in a tan- 

oma arrangement of permanent and electro-magnets, 


ve been of numerous forms, according to the ys 
their inventors. The permanent magnets are ys 
stationary ; and the electro-magnets are made to revolve 
so that their poles may be nearly in contact with those 

Fig. 13. 


of the former kind. 
The annexed engraving 
ives a view, in section, 
of this kind of machine, 
and shows the relative 
position of each kind 
of magnets. The less 
important parts are 
omitted, as is also the 
arrangement, by means 
of which contact is 
broken between the 
electro-magnets and the battery; for such varies so 
much in form, whilst the principle is the same in 
every instance. 
In the above figure, a a are two permanent and com- 
horse-shoe ets,* which are fixed on a wooden 
‘oot; b bb b are the four terminals, or poles, of as 
many electro-magnets, made in the usual manner. The 
wires of the ends of each electro-magnet are attached to 
a suitable arrangement, by means of which a current 
of electricity from a few cells of a voltaic battery is 
conveyed by them. As each pole of the electro-magnets 
pc rae those of the permanent magnet, the current 
of electricity, producing magnetism in the soft iron, causes 
a powerful attraction. As the pole passes a little beyond 
the centre of the permanent magnet, the supply of elec- 
tricity is cut off, and the soft iron thus returns to its 
normal state. Of course, the same gs to each 
electro-magnet as it approaches either of the permanent 
seagnels, and thus a rapid revolution is produced. Very 
little er is afforded by this arrangement, which may 
be en as a type of its class. In some of these 
machines a permanent magnet is placed, so as to be 
opposite each electro-magnet—one rt 
tion; and the number of both may be increased to an 
extent. These may be a to revolve on their 
axis (c, in Fig. 13)—as often as from 300 to 500 times per 
minute ; but owing to the attractive force diminishing 
in so rapid a ratio as each magnét passes on, the motion 
of the machine may be stopped by the slightest obstacle 
applied to the arms of the electro-magnets. When 
machines of this kind are constructed on the 
scale, and used for driving lathes, &c., the speed of the 
driving-wheel, or that which communicates its motion 
to the machinery, is diminished below that of the 
electro-magnets by the interposition of variously sized 


-wheels. 
Phe next form of electro-magnet to which we shall 
direct attention, is that wherein a crank is employed, 
which is moved by means of levers placed over the 
electro-magnet, and attached, at their other extremity. 
toa fulcrum. These machines are general: constructed 
with two sets of electro-magnets, &c., an 
are placed at right angles to each other on the - 
shaft ; so that when one is on the dead points, the other 
* See ante, p. 244, 


uring each revolu- | 


may be in full action. This form of machine, like that 


which we last described, has been the subject of nume- 
Fig. 14. 


rous ee 
its t owever, 
is illustrated in tho 
eet eee 
% ig. 
the eanal ar- 
rangement will be 
seen of one side 
of these machines ; 


the crank at e, which is again fixed on an axle of the 
fly-wheel, g, at f. The other cranks, &c., are not 
shown, so as to avoid confusion of i. When a 
current of meyers oa round either electro- 
the attraction ind draws down the keeper, 80, 
by means of the lever, produces a rotary motion 
the crank fixed on the shaft. As one keeper rises, 
other one falls, and thus the general action resembles 
that of a double-cranked, &c., steam-engine, The con- 
tact between the electro-magnet and the battery is 
broken by means of any form of contact-breaker, at- 
tached either to the crank or lever. By means of this 
form of machine, a ter amount of power is obtained 
than that produced by the one we last described; but 
still the result, in an engineering point of view, is com- 
tively trifling. An effective modification of this 
of electro-magnetic engine—the invention of M. 
Froment, of Paris—is represented in the following en- 
graving. 


Fig. 15. 


It will be impossible for us to describe the various 
arrangements which have been at amg by numerous 
inventors. M. Jacobi, of St. Petersburg, Messrs. Joule, 
Phe vir Davenport, Davidson, and many of the lead- 
ing electricians and oa nie tea instrument-makers of 
this and other countries, have applied an immense 
amount of theoretical and practical knowledge to the 
subject. One of the best arran ts we have seen, is 
that invented by Mr. Allan, of the Adelphi, London ; 
who has devoted himself, with great ardour and success, 
to the pursuit of every branch of electrical science. He 
employs a number of circular plates, We gcse over as 
many electro-maguets. Through each of these a 
rod runs; at the lower part of which is a pi The 


u end of the rod is connected to a ; and a set 
of plates and electro-magnets are placed over 


wy re 
(4 a ge 
he) ek ly Se 


he 


Fig. 3.—Du 's Electric Lamp. 
Pigs. | and 2.—Electro-magnetic Clock-work, (See page 253). (See pages i» and 191). 
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each — Pic electric aha is na oo ge ad- 
mitted to each electro- commencing wi e 

one. This pull (ane piste downs uid oo wiireee' the crank 
shaft a little : each electro- does the same to its 
super-imposed plate; and so the crank is gradually 
moved. Five series of these arrangements are placed 
side by side; and, by their successive action, a rotatory 


motion of a shaft is produced. Each plate has to move 
not more than an eighth of an inch, and is, therefore, 
always in close prox to the electro-magnet beneath 
it. As soon as these Liao ee of the 
work, the current is cut off and di to the neigh- 
bouring series. One of these machines 

Fig. 16. 


produces a con- 
siderable amount of force, 
and, in our opinion, is a 
decided improvement on 
their ecessors. Fig. 
a ive an idea of 

. Allan’s ment ; 
but we evel shown 
one frame out of four or 
laced 


uses five sets of electro- 
magnets instead of three ; 
at least, so his model, 
which was deposited in 
the London Polytech- 
nic, was constructed : 


current of electricity is sent round each electro- et 
attract, one after another, the plates 
them, and so, by a succession of pulls, uce a 
i is, as in every other electro-motive 
machine, the residual magnetism* is a constant source 


of difficulty; and if a powerful battery be employed, 
some of plates become fixed to their subjacent 
electro- after the current has been cut off. The 
mode of ing contact we have not shown: it is, 
however, y simple—cutting off the current from 
each electro-magnet wi precision. 

ving thus endeavoured to int our readers 


Ha 
with the principles on which electro-magnetic machines 
we shall dismiss the subject, with an 


are cons! 
expression of t, that so little success has, as 
Seouited Uhd Uikkte ‘of Tite who have devoted their 
attention to it. 


Execrro-Maenetio Crocks.—Numerous attempts 
have been made to accommodate clockwork to the 
arrangements which afford electric and induced magnetic 
currents. These inventions have, in almost all cases, 
proved to be failures. Such, however, have not been 

ing to a fault in the principle, so much as the defects 
which occurred in the practical details. Weneed scarcely 
say that electro-magnetism supplies a power which is 
constant so as a voltaic ba gives what we ma: 
term the initiative; but it is not simply on the electric 
current that the success of the clock arrangement de- 
pends. There are many other details which interfere ; 
and a - ane a their oc § their effect we 
none the less felt. For instance, we will presume 
pop ele ah Spade hi erable 

@ necessary arrangements for ing out the 

purpose to which we have referred; that is, the indica- 

tion of exact meridional time at any place within reach, 

by means of conducting wires of an electro-voltaic 

current. Such an instrument will only afford accurate 

indications of time so long as the wheel, which is ordi- 
* See ante, pp. 249 and 251, 


narily connected with the detent of the pendulum, 
vibrates or passes any fixed point on the clock-face, 

to the original whence it first obtained its 
motive . Now, this is carried out by means of a 
wheel, the spokes of which are alternately made of a con- 
ductor and non-conductor. A current of electricity is con- 
veyed to the wheel; and from it is stretched a wire, 
which reaches a similar wheel in a distant clock. Another 
wire from this or an earth-current arrangement (which 
we shall describe hereafter) is also employed, so that the 
current from a battery may circulate completely between 
the two clocks. Each clock is furnished with an electro- 
magnet ; and as a current from one to the other, 
it simultaneously sets each magnet in action. By so 
doing, a detent acts on the usual clockwork arrangement, 
just in a similar manner as is observed in the arrange- 
ment of the pendulum and first wheel of the common 
clock. Now, supposing there are sixty alternate con- 
ductors on the wheel of the first or | emer era it 
is evident, that as each of these sends a current of 
electricity to the distant clock, its electro-magnet will 
be acted on, and its mechanism will be put in motion. 
Each minute is thus indicated on the doeletees by a 
movement of the minute-hand, which corresponds with 
that of the wheel moved by the electro-magnet. It 
is also evident that any number of clocks may be 
similarly worked by one primary; and so exact time 
hte gone at any station distant from a cen- 


is, however, whilst appearing perfectl on 
paper, is a very different afar in ice. Frans ore. 
posed thus to regulate all the cl on the railways of 


the United Kingdom, by an extension of wire from a 
central clock at Greenwich Observatory. This was, in 

carried into tare at the telegraph station at 

ing-cross, London. Like many preceding attempts, 
however, it failed. .In the folio plate, Figs. 1 and 2 will 
give a general idea of the construction of electro-magnetic 
clocks. The eres ret of vibrating levers, electro-mag- 
nets, detents, toothed-wheels, connecting wires, éc., will 
easily be understood, in connection with the above re- 
marks, In our future pages, we shall refer to other in- 
ventions, which will be better included with the telegraph, 
the electric time-ball, dec, 


SECONDARY INDUCTION—THE COIL 
MACHINE. 


Iw all the instruments we have hitherto described in 
connection with electro-magnetism, we haye merely 
noticed the magnetic effect which is produced when a 
current of electricity is conveyed a> a wire. We shall 
now investigate a different class of Pp enomena, in which 
a second current of electricity is induced by the primary 
current in any wire near to, but not in contact with, 
that attached to a voltaic battery. ‘ 

For the purpose of trying the experiments we shall 
introduce, the reader will require two or three cells of 
any form of voltaic battery, and a supply of covered 
copper wire, of two sizes—namely, No. 16 and 22, or 
a finer gauge; and, to prevent circumlocution, we may 
here state, that when we employ the term primary to a 
wire, we mean that which conveys the current of elec- 
tricity from the battery ; and the secondary wire, is that 
in which a current is induced by its proximity to the 
primary one. Electro- etic induction is analogous. 
to that of frictional electricity ; but differs from it in one 
respect—namely, that the two phases of electrical con- 
ditions are simultaneously produced by the first inducing 
cause. Thus, if any glass surface be charged with fric- 
tional electricity,+ its opposite side assumes one opposite 
electrical state only; but when a wire suffers electro- 
magnetic, or secondary induction, one ef its ends ex- 
hibits a itive, and the other a negative electrical 
state ; and, so far, this phenomenon much resembles that 
of ordinary magnetic induction. There is, however, this 
peculiarity about that of electro-magnetism—which is, 
that it is instantaneous in its existence; and occurs, in 

¢ See ante, p. 180. 
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the secon wire, only at the moment that contact is 
made or broken between the ends of the primary wire 
and the poles of the voltaic battery, which is its source 
of electricity. The following experiment will introduce 
the reader to some facts in connection with the subject. 
Experiment 10.—Wind about ten yards of No. 16 gauge 
covered copper wire on a hollow tube of gutta- or 
paper, w may be an inch in diameter, and about 
bight inches long. On this coil wind one of the fine 
wires above-mentioned, in the same direction, but of a 
length of thirty or forty feet; and let the ends of each 
coil be kept separate, and extended about a foot or 
eighteen inches from the coil. Two coils will thus be 
formed, one on the other—the primary one beg inside, 
the secon or finer coil, covering it, ie two 
ends of the secondary coil are then to be attached to 
the terminals of a galvanometer.* If the ends of the 
primary coil are then placed in contact with the plates of 
a voltaic battery—at the moment they touch, a current 


will be induced in the secondary wire, which will be evi- 


denced by the deflection of the needle of the galvano- 
meter. is deflection will speedily cease; but if con- 
tact between the primary coil and the wire be broken, 
then the needle of the galvanometer will again deflect; 
and, as often as these processes are repeated, a current 
of induced electricity will be produced in the secondary 
wire, the direction of which will depend on, but be con- 
t to, that of the primary one, 

Waeaiend IL—It a rod of soft iron be placed inside 
the hollow cylinder, surrounded by the coils, and the 
same process be repea it will be found that the 
deflection of the needle in the galvanometer will be 
much ter, and the iron itself will become magnetic. 
A double phenomena is thus presented—namely, the 
induction of a secondary electric current, and also mag- 
netic effects. 

It will thus be seen that a current of voltaic electricity, 
when passing by means of a conducting wire, has the 
power of producing another current in a conductor lying 
near it; and this takes place when the two wires are 
stretched straight, side by side, equally as well as when 
they are coiled up in the form we have named. 

here, however, exists a great advantage in the coil 
form ; which is, that each successive layer or:coil of wire 
increases the intensity of the current produced. Indeed, 
by extending the length of the secon coil, most 
astonishing effects of intense electricity can be produced. 
In Rhumkorf’s coil (which we shall presently describe), a 
length of two or t miles of wire is used; and all 
= phenomena of frictional electricity can be procured 
rom it, 

Perhaps the most convenient mode of illustrating the 
various effects of electro-magnetic induction, will be that 
of explaining the construction, &c., of the coil machine; 
a common form of which is illustrated in the following 
engraving, : 

he apparatus consists essentially of two parts—the 
Fig. 17 


coils and the contact-breaker. In Fig. 17, a ts 
| the cylinder on which the pchinaa ae aceon daxpt Goile 
* Bee ante, p. 195. 


are wound; 0} is a bundle of iron wires, placed in the 
contre of the onthe AB0 One ane eae 
e secon i primary generally contains about 
100 feet of > dbgeiee conmunien wire; and the 
secondary has often so much as 300 or feet of No, 22 
or 24 wire. One wire of the primary coil is attached to 
one of the bindi ws, in which a wire, w, from the 
battery c is fixed ; and the other wires, of both the battery 
and coil, are in connection with contact-breaker, 
which next deserves our attention, 


By means of this apparatus, the current proceeding 
frome Sn Donan oe ypeamet Woy and ont a Creme 
the primary This is effected by means of a s 
electro-magnet, 4; over this is placed, at a small distance, | 
a soft iron keeper, which is conriected, by means of a 
steel spring, h, with a brass pillar, g. A wire is fixed 
under the instrument—passing from one of the binding- 
screws; which holds one of the battery wires. The other 
end of the primary coil is attached to the pillar, d; and 
from this stretches an arm, ¢; at the end of which isa 
screw ry ee + a metallic ae ip tenes 
magnet, i, however, forms part of the circui means 
of wires arranged beneath the foot of the sb ew 
Now, if a current of electricity be made to circulate 
through the coil by the means we have 3 ag Bes 
electro- et immediately attracts the keeper p 
over it, and, by drawing it down, removes the spring to 
which it is attached from being in contact with the 
metallic point terminating the screw, f. As the coil and 
battery are, electrically ing, only brought into con- 
nection when the spring, i, and the point, f, are in 
contact—it follows, that the moment they part, the 
current is at once cut off from the coil, On this happen- 
ing, the electro-magnet, i, loses its magnetism, and, 
therefore, ceases to attract the keeper over it. The 
spring, h, then acts, and again brings itself in contact 
with the end of the screw, f. The coil is thus again in 
connection with the battery, and the electro- t is 
magnetised. The previous conditions are repeated ; and 
thus the contact between the battery and the coil may be 
made and broken with great rapidity. 

As we have already stated, a secondary current is 
Lat g et pax fine = each time ips ers ii ee 
and broken between rimary coil an : 
and as this i ealy done B00 times por minute, as many 
induced currents are simultaneo produced, and a 
torrent of electricity afforded, ere is, however, a 
great difference between the character of the two 
currents.. That of the primary, which is derived from 
the battery, has all the characteristics of the voltaic 
current; whilst that afforded by the secondary coil 
presents effects poe, similar, in many respects, to the 
phenomena of frictional electricity ; and this identity is 
developed just in proportion to the | of the coil 
employed—all other circumstances remaining the same. 

our engraving, the terminals of the fine coil are 
attached to two handles ; and if these be grasped by the 
hands, previously moistened with salt and water, 
a most po shock may be obtained. If the 
secondary coil be nf, Bare. and the ba’ at- 
tached to the primary be in good action, the effects 
we i Sareea fx Ba pape entries tie 

e it impossible for the person receiving 

shock to leave hold of the handles; and the pai 
produced is most excruciating. In fact, consider- 
able caution Should be observed in this respect, 
especially with young persons and females, as 
serious meneanee may result from inadver- 
tence, It is better to place the end wires of the 
secon coil in two basins of water, into which 
persons desirous of receiving a shock can immerse 
the hands; and from which: they, generally 
speaking, far more qui withdraw them. Two 
or more ag att diag receive the shock by 
joining together. The effect, however, 
F rapidly = as. es is Oo eu 
and varies very much according to susceptibili 
individual. 

This form of machine is largely used for the purpose 
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of ing electricity in rheumatic, paralytic, and 
per pon pice anteater eyo i 
carbonic acid drowning, &c. power of the 
may be regulated by the removal from, or ual intro- 
duction of, the iron rod into the hollow of the cylinder on 
which the coil is wound ; by means of which the - 
uetic effects of induction are lessened or in 
Another plan, having the same result, is that of inter- 
ing a column of water between one of the wires of the 
seco! coil and the handle; for as the liquid conducts 
to a much less extent than the metal, the intensity of the 
shock received is readily proportioned, by the length of 
the liquid column, to the condition of the patient. 
If one of the wires of the secondary coil be attached to 
a file, and the other be drawn quickly over its surface, 
bright sparks will be produced; and if the ends of the 
wires are immersed in acid water, or a solution of 
sulphate of copper, decomposition of the liquid ensues, 
But both the chemical and luminous effects of the 
current are very feeble; its characteristics 
bei intensity and the absence of quantity. * 
ve confined our description to one form of the 
coil machine; but may observe, that they are made in 
various ways by the instrument-makers, both as to the 
arrangement of the coil itself, and the other parts of which 
it is composed. We shall now proceed to describe a 
most yaluable modification of this instrument, which has 
been invented by M. Rhumkorf, and by whose name it 
is generally known in scientific circles. 


RHUMKORF’S COIL. 


Psruaprs one of the most interesting instruments which 


have been introduced to the notice of the experimental 
reer ae present century, is the coil con- 
structed by M. Rhumkorf, of Paris, and tapered lately 
by many eminent electricians. It has afforded us a 
complete ing link between frictional and voltaic 
electricity, and so removed many difficulties which 
kad previously existed between those two branches of 
electrical science, in respect to their general laws and facts. 

‘The description we have already given of the ordinary 
coil machine, will prevent the necessity of describing some 
portions of M. Rhumkorf’s instrument. It has a pri 
and secondary coil, and a contact-breaker, whi 
ever, is of a iar construction. The principal points 
of difference oso the two — _ that the 
Rhumkorf coi a very t secondaty 
wire, extending to many t a fot it being of 
extreme fineness ; and also a “condenser,” which is not 
found in the common instrument. 

Each layer of the secondary coil is insulated from its 
neighbour by a thin sheet of gutta-percha, or other non- 
conducting material, This prevents a great loss of intense 
electricity, which otherwise would occur. The condenser 
consists of a sheet of tinfoil, enclosed in sheets of 
oiled silk. It is attached to the primary coil ; and has the 
effect of increasing the intense effects of the secondary 
coil, by modifying the quantitive nature of the primary 


one. 
At one end of the instrument two glass upright pillars 
are placed; into the top of each of these the terminals of 
the secon coil are fixed. From these, wires may be 
extended, which can be connected with any apparatus to 
be employed in the course of be Sra mani 

We may remark, that in our experiments with 
Rhumkorf’s coil, or its modification, the greatest effect 
has been obtained when the contact-breaker has been so 
— as to give a minimum of currents per minute. 

e have previously that it requires an appre- 
ciable interval of time to render a rod of iron magnetic 
by means of the voltaic current ;+ and in the coil of which 
pT on Poca kp 
whi e ngth of the 
resistan side whieh 1 mie afford to industion, fo 

Four cells of 's battery, with pla each ex- 
posing an active surface of sixteen square inches, afford, 
so far as we have seen, the best effects with the instru- 

® See ante, p. 254. + See ante, p. 249, 


how- 


ment. Care must be taken not to use too great a 
battery power, lest the primary coil be heated. This 
frequently occurs if a e battery be employed with 
the coil already described ;{ and it would ‘certainly 
injure a Rhumkorf arrangement, and perhaps render it 
useless. In the ordinary coil, the battery is directly 
connected with it; but in M. Rhumkorf’s apparatus, a 
commutator is provided, by means of which the current 
can be turned on and off as required, or be reversed in 
its direction, which is frequently necessary in some ex- 
periments. Another advan is secured, which is of 
no mean importance. As the handle of the commutator 
is insulated from the battery and coil, the experimenter 
runs no risk of receiving any shock. Those who have 
accidentally received one from a Rhumkorf, will not 
easily fo its effects. The writer was twice unfortu- 
nate in this respect, and suffered for some days after 
their See - The ae a the Hee is as highly 
charged as terminals ; an: sparks may be ob- 
tained from it, just as may be taken from the Suhdinctor 
of an electrical machine. If a wire proceeding from the 
outer reece f of the secondary coil, or from its external 
surface, should happen to fall on the table on which the 
instrument may be standing, a powerful shock is often 
experienced if the operator touch any part: indeed, it is 
impossible for us to urge too strongly, that the greatest 
care be observed in handling the instrument, or in 
avoiding neglect with respect to the management of the 
wires ing from it. 

Since the first introduction of the Rhumkorf coil, it 
has bree oem numerous modifications, which have con- 
sisted in the extension of the condenser, improved insu- 
lation of the coils, &c. A spark of half an inch in length 
was considered a + achievement; but we lately 
observed in a periodical, that M. Rhumkorf had suc- 
ceeded in obtaining one seventeen inches long, between 
the terminals of the secondary coil. 

Having thus explained the construction of M. Rhum- 
korf’s coil, and of its modifications, we may suggest a 
few experiments, which will illustrate some of its pecu- 
liar powers ; and for this purpose we shall choose such 


as will show how far it connects the phenomena re- 
ates afforded by frictional and voltaic electricity. 
e following engraving represents a Rhumkorf of the 
form usually sold at the instrument-makers, 
Fig. 18, 


to the coil at the proper binding-screws, fix, in the 
two pillars holding the terminal wires of the secondary 
coil, a platina wire in each, so that their two points may 
be within {ths of an inch of each other; turn on the 
commutator, and a constant stream of purple-coloured 
fire will be produced between the two points. 

Experiment 13.—It will be noticed that one wire will 
become red-hot, whilst the other remains comparatively 
cool. But reverse the direction of the commutator, 
and immediately the effects of heat will also be chan 
—that wire which had been previously cool, becoming 
heated. 

Experiment 14.—Separate the two wires to a distance 
of an inch from each other; taking care, however, in 
this, as in all other experiments, that the current from 
the battery has first been turned off. On again turning- 
on the primary current, no sparks will pass between the 
secondary wires; but if the flame of a spirit-lamp be 
placed so that each wire may enter, then the spark will 
at once dart through the heated air, although it will not 
through the atmosphere in its ordinary state, 

t See ante, p. 254; Fig. 17. 
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Experi 15,.—Em the apparatus used for send- 
ing the electric spark qty aon ae described under the 
section of Electricity* ing the outer wire of the 
secondary coil to the ring of the rod, and the inner wire 
to the metal plate of the pump. A rich purple-coloured 
flame will which, however, will depend for its 
length cod Bete on the d of exhaustion of the 
air in the receiver. If a vacuum be maintained, 
then the flame will be of a most delicate purple or violet 
tint. If air be slowly admitted, the colour of the 
flame becomes gradually redder, and, eventually, a red 
wire-like spark will be produced. ' ‘ 

We have repeatedly tried, at the same time, this ex- 

iment with the Rhumkorf, and a similar one with the 

hydro-electric machine at the London Polytechnic ; 

and the vacuum being equal, the effect in each receiver 
was precisely the same. : ; 

In 1855 and 1856, being engaged in a series of ex- 
periments with Rhumkorf’s arrangement, we found the 

Fig. 19. barometer tube of great service, as 

a affording a complete vacuum; but, 

? for this purpose, a platina wire 

must be soldered into the top of 

the tube before it is filled with mer- 

é cury. This arrangement has already 

been referred to ;+ when it is used 

with the Rhumkorf, the outer wire 

of the secondary coil is to be attached, 

by means of a fine wire, to d, the 

tina wire ; and the inner wire of 

on pall» No, ee, eapaed Ane Foe 

mercury of the cistern b. On passing 

the secondary current through the 

vacuum ¢, a_ beautiful lavender- 
coloured flame is produced. 

Experiment 16,—Amongst other 
results obtained, aoe A yank curi- 
ous appearances, produ y g 
stall portions of the vapour of ether, 
bisulphide of carbon, &c., into the 
vacuum of either the air-pump or 
the barometrical ent. This 
is easily effected in former by 


SIITETEEAPIRELEPIPRED 


ry; 2, the cis- loosening the screw which admits 
tern of that metal; ¢, air into the receiver, and holding 
platinum wire;’ and ®gainst it a little cotton wool moist- 
€¢, a ring to ened with the liquid. The air must 
weireal position," * be again exhausted ; the current may 


then be passed, when the diffused 
vapour left in the receiver will at once affect the 
normal colours of the di Bisulphide of carbon 
i bright flash of flame 


In trying ti 


have met with few air-pumps which have been so well con- 


describing, is as good an indicator of the extent of ex- 
haustion as is the barometric column. 

A very pretty mode of exhibiting these results, is that 
of placing inside the receiver a small glass vessel, 
inside of which has been partly lined with tinfoil, All 
the arrangements are to be carried out in a similar 
manner to those already described, with the exception 
that the contuchiag ged fitting into the top of the re- 
ceiver, is forced down so that its lower part may rest 
inside of the small coated jar, and with its end touching 

* See ante, p. 173; Fig. 6 t See ante, p. 174. 


jar ; and one of its ends 


the coating. (See Fig. 20). A spark. pesned in eis 
flame, which ts 
. Fig. 20. — 


manner, produces a fine cascade 
a singularly beautiful ap- 
ce. We are in- 
ebted to Mr. Gassiot for 
this interesting mode of 
ing out the experi- 
ment, Tables, and vessels 
of various shapes and ma- 
ials, are sold by the in- 
strument-makers, for the 
p of exhibiting th 


easil 
ch 
toa Rhu 


aoeaa twisted round 
the outside coating of a 


is to be bent up so as to 


coil, between the kno 
of the jar and the 
external wire: these 
are attended with a 
loud snapping noise, 


a is the Leyden ioc Bev are 


it; ¢, a wire reac! nearly to 
are repeated in-  of’the jar, but does not touch it; @ is 
cessantly, the interval bet 


y: 
E ent 17,—If ‘ seuoudary F 
icecl ceatendecieel teobea to the ule of he 


be inte 
ons eka aad 
orated ; and a thin 
little a peg ether, 


silk from a ae 

De Shamed the wane ue Shas ee ee Set the 
i ill at once diverge, owing to charge of 

iteuse electricity—just as may be observed when a 

pair of pith balls are hung on the conductor of the 

ordinary electrical machine, 

Experiment 19.—Hold a pith ball, suspended from a 
well-dried glass tube by means of a silk near to 
the outside of the coil, in any of its surface, The 
ball will be attracted to it, as if it were a ch con- 
ductor; and if a metallic ball, attached to a chain or 
wire, be also preted, ks may be readily obtained 
from the coil. In trying this experiment, some risk 
occurs of injuring the silk covering of the wire of the 
secondary coil, In connection with the experiment, we 
may mention, that, in very dry weather, sparks often 
dart from the outside of the secondary coil, to the wires in 
different of the instrument; and a powerful shock 
can be obtained from that part as easily as from the 
terminal wires or poles. The reader will perceive, that 
in this fact exists another analogy between the electrici 
produced by a Rhumkorf’s coil and that by friction. 

Most of the other class. experiments exhibited in 


THE SPARK, ETC. ] 
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connection with frictional electricity, may be performed 

similarly by means of the Rhumkorf coil; and we shall 

Ga canmuuie grines cuiieen aoe pode d 
i to erring ose we 

have tn ccaiee the head of Frictional 

tricity. ¥ 

We may here make a remark on some 
reference to the 


is employed. We have 
Leyden jars, ees inches hig and 50 inches in cireum- 
coil. The noise produced by the discharge of bet 


sharp 
rapping sound. ‘ discharges and charges 
of the Rhumkorf are produced continu and succes- 
sively, at a very rapid rate—at least 200 per minute; 
whilst the machine charge did not exceed two in number 
during that time. We have also remarked, that the 
larger the jar by a Rhumkort, the shorter is the 
length of the ; but its lateral extension is, at the 
same time, increased. Its mechanical and calorific effects, 
however, do not seem to at all increase with the size of 
the jars; for a half-pint jar will perforate about the same 
Risksamnvel Jestd' anvtke large: battery we, bave ‘font 


Numerous experiments, analogous to those included 
under the head of Voltaic Electricity, may be 
but on a very small scale with a Rhumkorf. 
only succeeded in ining a most minute but brilliant 
Sareetllighattorning the fides va pred soe 
‘orming les of a v 
. We have rendered soft iron 

attractive by the coil current; and feeble, but decided 
ition of water, or of a solution of sulphate of 

copper, may be produced. In this iment we em- 
ployed two pi os etree sho se cvaeePary 
secondary repeating ¢ iments of this kind, 
the ordinary voltaic fas, fike the frictional, ma: 
employed ; but, as we have alread prone lnae 
pre ha ra Aes ep not receive 


interesting particulars attached, 
aga gpa. 8 ew ree saggy aed eeag 

icity, which are especially attractive to the general 
reader, we will make a few observations on the subject. 
The shock produced by frictional electricity has a 


contact with the conducting wires; and if from 100 cells 
of Grove’s battery, the effect is very painful. The 
ordinary coil machine acts in a similar manner ; but being 
more intense, the effect is still more powerful. The 
physiological effects produced by the Rhumkorf coil, are, 
of course, far greater. The writer accidentally received 
a shock by the wire from the outer end of the coil falling 
on his chest. The sensation experienced was such as to 
create the idea that the whole of his body was a mass of 
light: no pain was felt; for the shock was so powerful as 
to produce almost instantaneous insensibility. After 
recovery, the digestive organs were considerably dis- 
pascinter f for several days, and great languor and sickness 
were felt for some hours, 

The best mode of receiving the shock from a Rhum- 
korf, is to immerse two wires i from the 
terminals of the secondary coil, in te basins filled 
with river or spring-water. The hands can be dipped in 
these; and the force of the shock is much diminished by 
the inferior conducting power of the liquid. 

In reference to further comparisons, or analogies, 
between the effects generally produced by frictional and 
voltaic electricity, and those atforded by Rhumkorf’s coil, 
we have already remarked that the latter affords a kind 
of link for the two former ; and it may be useful to the 
student if we enter into further details. 

The voltaic spark is continuous after being once pro- 
duced (within certain limits) ; whilst that of the electrical 
machine is intermittent. The spark of the Rhumkorf 
holds a middle Again, the spark of the machine 
exhibits but trifling heating effects; whilst that of the 
voltaic battery affords us a greater amount of heat than 
any other source with which we are acquainted. Now, 
the two terminals of the coil of a Rhumkorf 
exhibit very different results. One is always intensely 

whilst the other remains comparatively cool.+ 
A voltaic battery, unless of enormous size as to the 
number of its plates, rarely exhibits decided attractive 
pee on pith balls, or on the electroscope. The Rhum- 
orf effects this result with ease, in a manner similar to 
the electrical machine. The latter but feebly produces 
chemical decomposition, as is the case with the Rhum- 
korf; which, however, depends for its action on the 
chemical decomposition going on in the battery, whence 
it obtains its primary current. © 

The electrical ine, even when of the largest size, 
affects but slightly any piece of iron or in respect 
to the magnetic force; whilst the voltaic battery affords 
us a means of inducing magnetism to almost any extent 
we The Rhumkorf holds an intermediate position 
in this respect; and in this and many other results which 


and, of course, transitory effect ; the instant the | our space prevents us enumerating, we may consider this 
jar is discharged through the body of the the | coil as the connecting tie between the various phenomena 
effect can only be ted by a Hedesheael dee The | and sources of electrical excitation and its effects; and 
shock from a voltaic ba » of high — acts con- | as pe ee noe many difficulties which have hitherto 
tinuously on the muscles so long as hands are in ' stood in the way of their complete generalisation. 
CHAPTER IIL * 
2 MAGNETO-ELECTRIC INDUCTION, 


Ws have considered it better to draw the attention of 


uan 
produced by the voltaic battery, have, under certain 
conditions, the power of inducing magnetic force. We 
shall now show that magnetism can, by certain ar- 
rangements, produce all the calorific, luminous, chemical, 
and Lo bg results which may be obtained from the 
voltaic battery, the electrical machine, or Rhumkorf’s coil. 
* See ante, p..179. - 
VOL. I. 


Magnetism and electricity have a mutual action on 
each other. We noticed this when aremineting with 
a spiral, at the end of which a voltaic battery was 
placed, and to which a horse-shoe magnet was pre- 
sented.t{ The electrified spiral exhibits magnetic effects 
just so long as the current from the battery passes by 
it; and such effects are exactly identical with those pos- 
sessed by any kind of magnetised body. We have 
shown, that if a current of electricity be passed, by means 
of a wire, round a rod of iron, the latter at once ex- 
hibits magnetic properties ; and, further, that these are 
only produced when the current passes in a certain 
direction.§ We shall now describe how, by using a 
similar kind of apparatus, magnetism may induce ar 

4 See ante, p. 255, + Ante, p. 248, ic p. 249, 
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electric current. In this experiment, as in that to which 
| we have alluded, we shall find that the effects of the 
forces are produced at right-angles to the direction 
of each, fa . 

Experiment 20,—Coil about one hundred feet of No. 
22 or 24 covered copper wire, round ‘a paper or gutta- 
percha tube, ten inches long, ‘and’one inch in diameter ; 
and attach’ its two términals to the binding-screws of a 

vanometer.* Then introduce one end of a rod, or 

t, stiddenly ; and at the moment this is done, 
it will be noticed that ‘the pase of the Tbe 
diverges. It willy however, s y regain its old posi- 
tion. H-the magnet be now suddenly withdrawn from 
the coil, the needle will immediately diverge in an oppo- 
site direction to that which it previously took. 

This experiment shows that a current of electricity 
is immediately induced in the wire by the et, on 
its introduction into, and’ withdra from, the coil; 
and; further, that the effects are produced:only when 
these movements take place > for no result follows if 


duction ‘is ‘effetted; This is highly analogous to the 
pheiidmena‘of secondary electro-induction, for we notice 
that» the current was produced in the secondary coil, pei 
wheri“contact was made and ‘broken, © This fact, whi 
was first discovered by Dr. Faraday, is of the most 
interesting “kind ; it establishes a chain of analogies be- 
tween each branch of electrical- science, ‘and that of 
magnétism ; it opens out a wide field for the éxercise of 
inductive snnsitalbeatbnas: and establishes a definite con- 
nection between the ‘causes which tend to produce all 
the varieties of electric and magnetic disturbances, and 
other phenomena, whether as witnessed in’ our labora- 
tories, or in the more magnificent and boundless one of 
nature. . . ; 

The experiment which we havé named will be a suffi- 
cient introduction to our subjéct, inasmuch as the stu- 
dent can easily repeat it,° and personally ascertain the 
results we have called atténtion’ to, e shall, there- 
fore, proceed ‘to deéscribe the best forms of magneto- 
electric machines, such as are emplo: i 
day. The simplest of the kind is that sold at the 
instrument-makers, as an American invention, for the 
purpose of giving shotks. It consists of.a single horse- 

shoe permanent magnet 3 0 ite to which are two small 
| rods of iron, which’ revolve ‘close to the poles ‘of the 
magnet—being turned on their axis by the ordi mul- 
tiplying-wheel ent. In’ this instrument the 
magnet is not inse in the coils, but the iron in them 
becomes magnétic by induction, as it passe’ either pole 
of the magnet. If. these rods, or armatures, as they 
are called, were made of steel, they would become per- 
manently magnetic’; but being of soft ie they instantly 
lose their yr pore on getting beyond the range of 
induction ; and their rapid revolution and consequent suc- 
cessive appearance before, and on leaving. the permanent 
magnet, answer exactly the same purpose as that of 
| inserting and removing the bar-magnet, as explained in 
our elementary experiment, These armatures are covered 
with a great of fine covered copper wire, which is 
coiled in a r manner to that we. have y de- 
scribed in connection- with various electro-magnetic in- 
struments. ‘Two sets of armatures are provided in large 
machines; one being of thick wire, for the purpose, of 

roducing the effects of quantity (light and heat)—the 
er being employed for various of - intensity, 
such as giving of shocks, &c. Tho ends of these wires 
are attached to a’ cohtact-breaker, which consists of 
alternate pieces of wood and brass, against which two 
springs rest. From these ey a two wires proceed, 
ended by binding-screws; and the various experiments 

wins * See anf, p. 195.’ ; 


magnet ‘be Kept permanently in- the coil after its‘intro-|| 


at the présent 


are conducted by means of other wires attached to these 


screws, 

The larger kinds of these machines have had chiefly 
two forms ; in one of which the armatures revolve at the 
ends, and, in the other, at the face of the of the 
mipeet and, in such, the t consists of a number 
of ranma be pi kind, Lrg tes compound — 
ment of great power. e following engraving illus- 
trates the appearance of one of these instruments, 

: Fig. 22. 


from them; the length and thickness of the wire wound 
on the armatures 


; and the Mew. with which these 
are made to revolve in face of the magnets. The form 
of instrument used for the purposes of electro-plating 
has been already illustrated ‘and described ;+ and as its 


several parts are the same, in ple, in all instru- 
ments; altho Oe ee refer our 
pam gear we have ly stated on this part of 
the su 


ect. . j 

Mr. Totnes, who has been very successful in apply- 
ing magneto-electricity for the purpose of obtaining 
Aadeee ek eae eee different arrangement to an 
we have -described. His ‘armatures are fixed wi 
their coils on a cylinder; over these the are 
made to revolve face to face; and they are driven by 
steam power. The a) ce of his machine is 


ppearan 
‘sented in the folio plate. It has been engraved to illus- 


rated one which was shown in operation at the Inter- 
poem: ar ont a 1862. z Ghetight, a galswoal 
dinary electric is seen; and on the right, a 

lens, such as was emplo’ ed for some time at be woun 
Foreland lighthouse, with one of these engines, in place of 
the ordinary oil lamps, which it far exceeded, in the clear- 
ness and brilliancy of its illuminating power. 

It will be unnecessary for us to Ayn dk: 
ments with the magneto-electric It will be 
sufficient for us to state, that all those we haye men~- 
tioned under the head of Voltaic Electricity, Electro- 
pa ese and Electro- etism, may be as i 
tne by it as by voltaic batteries ; the success 

rillianey of course depending on the size of the instru- 
a om peo at the pomes time, Sorat electro- 
ting, ; medi ; and, toa limited exten 
ue 8 substitute for the ‘voltaio battery in mie ayer: 
graphy. This application we shall enter into in our 
i sa Rae. t th ; 

a philosophical instrumen e magneto-electric 
isachine 1 of great interest: in its commercial applica- 
tion, it is also of great value; for as nothing but motion 
is required to put it into action, all the expenses and 
annoyance of liquids, &c., used in exciting voltaic bat- 
teries, are obviated, 

t Sce p. 213, et seg. ; and Figs, 80, 81, 82, and 83, 
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Havrxe explained the chief laws and facts in connection 
with magnetism and electro-magnetism, together with 
the lesser branch of magneto-electricity, we shall now 
lay before our readers an tion of the principles of 
Electro-Telegraph and a description of some of 
the instruments have been most generally adopted, 


telegraphic urposes, 
for us coe to call the — 
tion of our readers to remarks, experiments, an 
illustrations which we have ag, rome in connection 
i is i i j ore stated, that we 


repetition on our part, and will save both time 
fail Grol 


e to our readers. 
were of the simplest 
i at dif- 


bam peer Without it, it w be impossible that we 
Teg R pig wap and high speed, combined 


t 
: 
: 
i 


si 
i 
, 
i 


G 
+4 


e shall not attempt to give 1d Reet details of 
ibject, as our pages are intended chiefly to convey 
‘acts and laws, rather than to uphold the 
ms, and interests of those to whose 


Begtee 
abel ge 
EE 
gi e 
Ho 
Ee 
af 
E 
H 


g £6 


are a teary levoted to the subject, and its a 


We shall commence with 


the instrument employed in this country; and, after- 


: further, will also have a difficulty in 
En Peay hoe fossa. rh 


| required for conveying a message 


station which shall 
$ Ante, p- 247; Fig. 3. 


CHAPTER IY. 
THE ELECTRIC TELEGRAPH. 


agree with that produced at the place from which the 
signal was sent. We cannot adopt a better plan to 
explain the principle than that of an experiment; and 
shall therefore introduce a = of illustration which we 
have generally used, and which may be easily arranged 
by the student. 

Experiment 21.—Place, at the ends of a table, a basin 
of water, and on the surface of the liquid of each, float 
a magnetised sewing-needle.+ Over, and parallel to the 
needles, place a copper wire; and, at either end of the 
table, have ready a small voltaic battery of any sort in 
action. Bring the ends of the wire close to the battery. 
Now, so long as no current of electricity passes, the 
needles will maintain their — and suffer no 
divergence. But if the ends of the wire are connected 
b/- the zine a copper of whe , then a current 
of electrici from the copper plate, by the 
wire, etinaute anak to the sad a oes 
its passage, the needles will sim y be 

from their previous direction, according to 
that of the current, in a manner we have already ex- 


P t 
Now, it matters not how long the conducting wire may 
be. For instance, the experiment be tried with one 
basin and needle, at one end of a pansy with the other 
ee place; or from room to room in the house, 
ts 


ae 


freely, and that the current itself shall be sufficiently 
Spacer to traverse the entire length of the conductor. 

mode of carrying out this experiment is illustrated 
in the following engraving. 


In Fig. 23, we observe each part of the arrangement. 
The ind @ and b have, floating on the water, each a 


magnetised sewing-needle, Over these, and parallel, 
are portions of the wire, w w w, the ends of which are 
connected with the zinc z, and the copper ¢, of a single 


cell of a Daniell’s battery.§ Any other form of battery, 
or even a slip of zinc one of copper,|| will answer 
equally as we 


After having thus noticed the simultaneous divergence 
of the two niaties in one direction, lag should then be 
allowed to come to rest—first removing the wires from the 
battery, so as to stop the passage of the electric current, or 
the divergence of the needles would be maintained. The 
wires should then be changed as to their connection with 
the plates of the battery. That which had been pre- 
viously in contact with copper should be ap lied to 
the zinc, and vice versa, On this being comp the 

4 Ante, p. 188; Fig. 40. . | Ante, p. 186; Vig. 37. 
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needles will instantly diverge in a direction contrary to 
that which they had previously done. 

We may sum up, as follows, the facts taught us by the 
last experiment, and those to which we have also referred 
in our previous : for we learn— 

Ist. That an electric current diverges a magnetic 
needle, under certain conditions. 

2nd. That the direction of the divergence depends on 
the direction of the electric current. 

Srd. That these results can be obtained at any distance 
in two instruments, providing a sufficient conductor 
intervenes between them. 

4th. That the divergence occurs at the same moment 
(in almost every instance) in each instrument. Prac- 
tically, there is scarcely any exception to this rule in 
land telegraphs; and its occurrence in submarine tele- 
graphs will be duly noticed. 

aving thus established the principle on which a 
messae may be conveyed, we now explain how the 
divergence of the mepile is used as a means of indicating 
the message sent by the wires. For the sake of sim- 
plicity, we shall omit all other considerations as to mode 
of conducting, obstacles, earth currents, &ec,, &c., until 
we have made the second question clear to our ers. 

2. Tae DeciPHERMENT oF THE Messace.—We stated 
that there are only two divergences from which the 
message can be read, if one needle alone be used at 
each station; and, for the present, we shall confine our- 
selves to the examination of the single needle 
ment. It is obvious, however, that even with the 
deflections of one needle, numerous signals may be trans- 
mitted between any two stations, if such deflections are 


taken singly or ther. 
The following di illustrates the code which has 
long been establi ; and which, although at first sight 


it may present some difficulty to the uninitiated, is, after 
all, very simple. in its construction. The lines indicate 
rue stxore xxevte the direction in which each dive oe 
e 


ALPHABET, of the needle takes place; an 

\ / letters next them are those repre- 
+ M sented by the deflection. The small 
lines, in some si indicate that 
a\\ N// a combination of di =i in dif- 
ferent directions, is used. us, two 
B\\ O/Il to the left een the letter A; 
whilst one to the left and one to the 
c\\\ P//II right \. represent the letter D; and 
soon. For the annexed, and some 
pv RJ of our future illustrations, we are 
indebted to Mr. Shaffner’s work on 

E\V_ gJ/_ the Electric Telegraph, 
It is thus evident that this com- 
r\\\ ~ J//] bination of deflections may be em- 
ployed to spell out any message 
a\ U¥_ which may be required to be sent 
from one station to the other. It is 
H\ V j/ true that such a simple arrangement 
Weyl pages would be quite-amfi for this 
WwW pages, * wi nite ¢ for thi 
I purpose Cooeaone the needle, after 
sr SEs ving been once deflected, would 
uire a length of time before 
KW y J/ gaining its primary polar tion. 
At the same time, our ers may 
LW z a\w easily try to effect the deflections in 


a leisurely manner, and so gain a 
reser knowledge of the working of the more perfect 
ind of instruments, which we Ronver describe. 

We have gone so far as to show, that a m or a 
series of signals, may be transmitted, by means of a con- 
ducting wire, from one place to another; and that such 
signs may, by a preconcerted ics, weed of si 
be subsequently deciphered, and rendered available for 
telegraphic pu ; the deflections of the needle, in 4 

ed direction, being employed for that p' ° 
shall now advance another step, and explain the instru- 
ments which are actually ; commencing with the 
single needle telegraph, and afterwards describing the 
* See ante, p. 259. 2 


double needle, which is most generally adopted throughout 
Great Britain. 

Instead of a needle floating on the surface of a liquid, 
one is suspended on pivots in a suitable frame ; and, over 
this, wire is coiled, so as that each convolution may be 

and in as close preximity as possible, to the 
magnetised needle, in the manner illustrated in the 
following engraving. 


Fig. 24. 


In the above cut, the needle is enclosed between two 
coils of fine covered wire, the terminals of which are 
connected with two binding-screws. The wire is coiled 
on a frame; and the more numerous the conyolutions, 
the ter effect will the current produce on the needle 
i . rr sees $ this we have already explained 
when we descri e ent of the i 
7" sg arrangem ordinary 

The external needle is simply an index, which oscillates 
to and fro before a card on which the symbols or deflec- 
tions are represented ; and thus the person watching the 
instrument can at once see the deflections of the 
and the code of signals which he has to follow. 

As we are anxious to make our readers practically ac- 
quainted with the working of the telegraph, we shall 
suggest the construction of a model, which, for a trifling 
expense, will enable them to actually practise the tele- 
graphic code. The following engraving illustrates a 
simple instrument, which we have often used for public 
illustrations of this subject. It consists of an upright 
board, on which is fixed a Fig. 25. 
small coil of covered copper 
Tissshod fue PRALesore, 
a two binding-scre’ 
at the foot of the ae 
ment. Inside the coil a 
magnetised steel needle is 
suspended on pivots, so that 
it may freely move right or 
left. It should be hung a 
little out of its centre, so 
that the lower part may, 
its weight, restore the etoa faq sorececre 
after a signal has been sent, and the current wi 
Two of these instruments are required ; and 
made at an expense of three or four shillings 

A wire must be attached to one of the binding-screws 
of one instrument, and be extended to that of the other; 
and a wire from each instrument is to be brought to 
the battery, which may be a single cell of any kind, 

4 See ante, p. 250. 


ition 
drawn. 
can be 
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e connection of the wires is precisely similar to that 
illustrated in the ent shown in a previous 
page.* The ends of the wire proceeding from the coil, 
may be immersed in two cups containing a little mer- 
cury; and the battery wires being held in the hand, 
they can be dipped in either cup, so as to send the 
eurrent in any direction that may be desired. Now, by 
this 


of a house, 
be placed in 
another apartment, and two wires be extended between 
them, telegraphic signals can be just as easily transmitted, 
as is done, in the usual way, by the ordinary telegraphic 

ents; and our readers will learn more practical 
dew, of the subject in pa tiga FN Ye a perusal 
of w on can affo em. 

Many Rotbacy tien cae ‘ and puzzled at the 
extraordinary rapidity with which the signals are read 
by the persons in charge of the telegraphic instruments 
at a station. We may, however, easily illustrate the 
readiness thus exhibited, by reminding our readers, that 
any musical instrument is rapidly performed on, solely 
from continued practice of the musician. He has had at 
first to learn the notes—a slow and laborious process : 
eventually, however, he learns to read and play music at 
sight. In the same way, the telegraph clerk gradual 
aequires a proficiency in seedings Oe indications w 
the deflections of a needle aff Practice in this, as 
in all other matters, alone makes perfect; and we may 

on a paraphrase of a well-known quotation, to 
illustrate our remarks—‘‘No one suddenly became an 


ex: telegraphist.” 
twas forod | that the single needle apparatus, bg 
sufficient for stations between which messages were only 
erage sent, was too slow in its indications, as the 
business of telegraphy developed itself; and, eventually, 
the double needle instrument was invented. In this, 
two needles are employed ; and thus a word could be 
spelt in half the time required by the single needle 
ars: eee The principles of construction are identical 
in each instrument. The code of signals, however, has 


undergone some modifications. The following engraving 


illustrates the appearance of the double needle instru- 
ment, as employed by the telegraphic companies on 
Pig. 26, 


most of our railway lines—omitting the code of signals 
on the face of the instrument. 

In the above engraving, we observe the two indexes 
which are conn with the needles inside the instru- 
ment. Pegs are placed on each side of them, to restrain 
their deflections ; and at the lower part are two handles, 
by the movement of which the current of electricity is 
readily sent in any direction.t These handles have wires 
attached to them, which come in contact with those of 
the battery and the telegraph ipstrument; and according 

© See ante, p. 259; Fig. 23. ¢ Ante, p. 260 ° 


as the current is directed by them over the coils, so the 
needles are deflected right and left. On some lines 
of railway an alarum is used, which, by means of an 
electro-magnet, sets a bell in action, and so calls the 
attention of the telegraph clerk. A portion of the 
current is diverted from the needle coils; which, by 
moving a detent on clockwork, rings the bell. This 
continues until stopped by the attendant. 

Before proceeding to explain a variety of practical 
details, we will illustrate the manner in which a message 
sent from one station is indicated and deciphered; and, 
for this purpose, shall employ the code of signals adopted 
in the single needle instrument already shown at a 
previous page; because, by so doing, we shall avoid 
any confusion which might arise in employing the two- 
needle code for our purpose. We shall presume that 
each attendant is at his station, and in front of the 
instrument ; that the bell has been rung by the sender, 
and heard by the receiver. For example’s sake, we may 
suppose the inquiry made—‘* What weather have you ?” 
The sender moves the handle of his instrument so as to 

roduce the proper deflection of the needle for each 
letter of the message, as seen beneath. ' 

Now, to illustrate this. more fully, we will give a 


literal igre of the w h a t 

first word of the message 

Sn, What.” For the “'W,” 7 * \ Jil 

there are one deflection to 

i siete JW WIE WAV J 
e ‘or two to the 

left and two to the right, =: \\ 

For “a,” two to the left: ae oe 

and, for “‘t,” three to the \_ \\ y¥/ \\ 


ight, and one to the left.— 

ow, in the double noone 2.36 o 
instrument, the combina- 
tions of both needles are JJ iil d 
used at the same moment, and so much time is saved. 

- It is customary to shorten the message as much as 
fog as by leaving out unni words and letters; 

ut these are practical details which scarcely concern the 
general reader. Each station on the line Tee a definite 


signal ; so that, although the bells may be ringing, and 


the needles working at intermediate stations, the at- 
tendant at the intended ‘station can at once perceive 
that his attention alone is required. The clerks have 


also an abbreviated code of signals for special and con 
stantly recurring circumstances; and it is usual to 
transmit a special signal from and to each station when 
a word or sentence is completed, to signify that the 
same is, or is not, understood. 

With respect to the et of transmission of a 
m , We may observe, that it depends on the quick- 
ness of perception. and intelligence of both receiver and 
sender (except under circumstances over which neither 
have any control, and of which we shall presently speak), 
From 60 to 100 letters may easily be sent and read per 
minute. 

Most persons are curious to know how long it takes to 
send a message by means of the electric telegraph; and 
independent of the number of words, there are other 
circumstances to which we must now draw attention. 
As we have sufficiently explained the construction and 
use of the needle instrument, we shall now refer to the 
conducting wires; and the observations we are about to 
make, are equally applicable to every form of telegraph 
which we shall hereafter describe. There are two 
methods of connecting distant stations by means of wires, 
The Electric Telageank Company suspend theirs on poles 
raised at the side of the railway. The wire, which is of 
thick galvanised iron, rests, not on the wood of the poles, 
but on glass or porcelain supports, which, are contrived 
to shoot off the water deposited by rain, dew, or fog, so as 
to prevent a loss of power by deficient insulation of the 
wires. The Magnetic Telegraph Company enclose their 
wires—first covered with gutta-percha, so as to keep 
them electrically separate—in iron tubes: these are de- 
posited on the sides of the main road; and at different. 
parts, the wires are raised above ground, in an iron post, so 
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that they may be tested for any defect. This precaution 


pod rcg: age! ee ae oe nded 
air, because t can at once seen 
and remedied. said 


We must here remind our that we have 
hitherto supposed that the circuit, or course of the 
electric current, is passed from one station to another, 
and back again, by means of a continuous or double con- 
ducting wire; but such is not done in practice. The 
earth is made to act as a conductor; and thus the expense 
of a second wire is saved. It is a most si fact, that 
moist earth acts just as well as a solid wire in this respect ; 
and if any number of instruments be working at the same 
time, and each using the earth for the purpose referred 
to, still each receives and indicates its message without 
the least confusion, providing an independent wire also 
joins the separated but corresponding instrument. 

The following engraving illustrates the mode in which 
the earth is thus employ 


In the above engraving, a aa represent the conducting 
wire suspended on the poles, bb; c and d are two tele- 
graph instruments, each of which is connected with the 
wire, a; ¢ and f are wires which lead respectively from 
the instruments ¢ and d; and at the ends of each of 
these wires, plates of metal, g and h, are affixed, which 
are pal at some age) beneath the surface of on 

nd, in moist earth. Now, supposing a current is 
ae from the station ¢, to a distant one, d—its 
course will be by the wire a a a, suspended on the poles ; 
proceeding from ¢ until it reaches d; and thence leaving 
the instrument by the wire, f, it passes into the earth by 
the plate, h: from this it then returns in the direction of 
the arrows, until it arrives at the plate g; by means of 
which it reaches the first station again by the wire e, 
into the instrument, c. A continuous circuit is thus 
established between the two, or, indeed, any number of 
stations ; and, as we before remarked, it answers just as 
well as if a second conducting wire were employed. 

Our readers will at once perceive the necessity which 
exists for maintaining a complete insulation of the wire 
from the earth; and in this is found one of the difficulties 
of telegraphing. It is almost impossible to keep the 
wires and poles completely dry during wet weather, 
although the glass or porcelain holders intervene. Now, 
moisture is a conductor of electricity; and as such, a 
portion of the current is often diverted from the wire 
towards the earth, in wet weather, by means of the wet 
poles. This circumstance is one, therefore, which in- 
terferes both with the speed of transmission and the 
distinct indication of a message, when rain, fog, or dew 
are prevalent. 

It has been already mentioned, that the electric currents 
of the earth have a manifest influence on the i 
needle; and in this is found another and serious source 
of annoyance to phers. We have frequently 
noticed the needles of instruments, at stations far ‘paw 
ie. with all the vigour ee iteen the 
clerks were at the moment in sending a message 
by the wi e needles oscillate in a most irregular 
manner, and not with that decision of ap ce which 
is noticed when a message is actually being sent. The 
currents of atmospheric and terrestrial electricity vary 
constantly in their intensity; and, in some cases, are of 
extreme violence. We have noticed them as especially 


prevalent on the Edinburgh and Glasgow line, which 
rans nearly due east and west; and have heard some 
curious details of such occurrences, from the operators on 
the instruments at the extreme stations. The same 
effects, however, are experienced on all telegraphic lines, 
in a greater or less degree. 

Atmospheric electricity, when present in excess—as in 
the case of a thunder-storm—is another source of dif- 
ficulty, and — of ae og he the operator; this, 

ye 2 


however, is ines in which the wires 


t ce may occur; and such 
is sure to be followed by derangement of the needles of a 
telegraphic apparatus, if no provision be made to obviate 
it. Sometimes the electricity, during a thunder 
has passed by the wrprticae Soe into a station, 
completely destroyed the whole apparatus; or, at all 
events, so affected the needles as to render them useless. 
At times their polarity is reversed ; and instances have 
been met with in which the persons in attendance have 
narrowly escaped with their lives. The remedy, however, 
is comparatively easy of execution. It is unn 
for us to remark, that the intensity of the voltaic current 
is infinitely less than that of the electricity set free 
during a thunder-storm. For whilst the former requires 
a continuous and good conductor, the latter will readily 
pass through a stratum of air, between two conductors, 
and so reach the groun dee arrangements are 
made for that purpose. act is taken advantage of 
to Logeten th the wore: at to which jo coc alluded. In 
some instances the poles are provi with lightnin, 
om seem ed plan ry tee by the London. ‘Districk 
egrap pany. In temporary arrangements 
are contrived ; so tha‘ ino avant te a thunder-storm 


cial interest only to those en, in telegraphic matters. 
It is a remarkable fact, t although the greater 
portion of the hic wires in this country are 


ly “killed by the electric shock ;” 
although it has not the least foundation in fact; for it 
would a taney for any creature to feel the slightest 
electrical influence under such circumstances. i 
however, is an instance of many cases in which ignorance 
becomes a protection rather than a bane. Except in 
extraordinary cases, storms of wind do comparatively 
little oe $0 the Witte; ni 6 Sy ee ee 
once reported by the guards and engine-drivers continually 
passing, little or no hindrance ever arises from this cause, 

There are many other circumstances which tend to the 
* See ante, p. 183. 
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annoyance of the operators on a line of telegraph ; but 
such are not of general interest; and we shall, therefore, 
omit to notice them. 

With respect to the various uses to P ne the ry 
telegraph is ordinarily applied, it would be impossible for 
us to enter. Continiie out attention to the tions 
of the compani working the instrument on land, we may 
observe, % there is no event occurring in daily li 
which is not peers eae the subject of a m 
Politically, co’ ; and socially, the electric tele- 

has become an institution of the age. So great 
as been its development, that, at the present time, all 
London is intersected with underground wires, and the 
roofs of the houses passed over by those suspended on 
oem for the purpose of accommodating the universal 
ire for 'y transmission of messages. Nearly every 
line of railway has its public and private telegraphic 
its. Warehouses, in different parts of the 
is and other cities, and the various parts of 
warehouses and other large buildings, are connected 
together by electric wires. A company has lately been 
formed for the purpose of supplying instruments and 
wire communication between any two or more private 
establishments in London. Indeed, we may sum up our 
remarks on this point by stating, that electricity is as 
effectually ‘laid on” in most of our large cities in Great 
Britain, as are gas and water; meeorty 3 its uses and ad- 
van are not so largely availed or required, as 
the other articles we have named. 


SUBMARINE TELEGRAPHY. 


Arrsr it had been that communication could be 
satisfactorily and readily employed between any two or 
more points on land, it was but natural that an attempt 
be made to connect countries 


ingenui 
is generally so greatly es 


understand the triumph which science and 

skilled labour have accomplished, in this respect, during 
the last few years. For the purpose of making this 
subject as clear as possible to our readers, we shall divide 
it into three Having no reference to the instru- 
ments which may be used to indicate the message, we 
shall chiefly confine our attention to the cable, which 
is, of course, the specialty of submarine telegraphy. We 
shall consider— 

1. The construction of the cable. 

2. Its submersion in the sea or rivers, &c. 

3. The circumstances which interfere with its constant 
and successful working. 

1, Tue Construction or THe Canie.—A submarine 
cable requires that it should be sufficiently protected 


Fig. 28 


a 


; F, an end view 


hard or pointed substance after submersion; that it 
should have strength enongh to resist the great tension 
it undergoes during submersion; and that the con- 
ducting wire should be so covered as to entirely insulate 
the current which passes by it, that such may not be 
diverted from its intended course. These points are 
secured in various ways, which will be better understood 
by the foregoing engraving, which is an illustration of 
the cable laid between Dover and Calais. 

In Fig. 28, we observe, that the outer portion of the 
cable consists of a coating of thick iron wires. These are 
twisted on by means of powerful machinery ; and when 
this is well performed, they afford a sufficient protection to 
all that they enclose within their folds. The size of these 
wires varies according to the strength required, and the 
circumstances in which the cable may be placed. In 
shallow water, the external coat requires to be much 
stronger than in deep sea, because of the pebbles and 
broken rock against which it may rub. After a cable 
has laid for some time beneath the surface of sea- 
water, it acquires a curious coating, which has the power 
of affording it additional protection. This consists of 
the shells of small fish which attach themselves to it. It 
gradually in and sand, é&c., soon become com- 
peney attached to the wires, forming an external sur- 
ace of great solidity and strength. This, which, at 
first sight, seems to be a source of danger to a cable, 
becomes one of its most valuable protectors; and, in- 
stead of decreasing and wearing away, it accumulates 
continually. The dangers, then, of injury from such 
sources; peculiar to immersion in sea-water, occur only 
for some time after the cable has been laid, and decrease 
as the coating we have described accumulates. Wo 
observe, in Fig. 28, next to the external metallic coating, 
a covering of hemp, which is wound round the next 
coating of gutta-percha, enclosing the wire. The object 
of this coat is to allow of play between the covering of 
the conducting wires and that which forms the outside 
of the cable. The hemp is saturated with a mixture of 
grease and pitch, which, to some extent, tends to protect 
the gutta-percha from the attacks of marine insects; for 
any greasy substance is always avoided by them. 
Should the cable be accidentally bent at too acute an 
angle, the coat, by its elasticity, prevents the snapping 
po maar sec tta-percha coat, which 

e next o' ea coat, which is, per- 
haps, the most emential of the three; for, being a pat 
conductor, it insulates the conducting wires which it 
encloses. When more than one wire is employed—and 
this, with few exceptions, is always the case—each wire 
is individually coated with gutta-percha; and thus the 
insulation of the entire number is more effectually 
arrived at. Much of the success which has been ob- 
tained in the use of submarine cables, is due to the 
application of gutta-percha: and the chief manufacturo 
of the material, and its application to ar aap pur- 

, is conducted the Gutta-Percha Company, of 

-road, City- London ; which has expended a 
large capital in perfecting this branch of the business. 
Whilst wyreenn bers of manufacturers, we must also 
include Messrs. Newall, of Newcastle-on-Tyne, and 
Messrs. Glasse and Elliot, of London, as those who 
have individually or collectively had the manufacture of 
all the cables which have been laid round our coasts. 

From late experiments—more especially since the 

failure of the Atlantic telegraph, of which. 
we shall presently speak more fully—the 


B opinion has gained ground, that gutta- 
S _c¢ ha is not so good an insulator as is to 
=. desired. In fact, the process of its 
a, Dmanufacture is such as to introduce chances 


of failure by the porosity of individual 
portions. Attention has therefore been di- 
rected to other materials. Amongst thes 
is india-rubber, which has lately been highly 
recommended as a substitute for gutta- 
percha, for its insulating and non-porous 
character. Each material has its advocates ; 


| and extended trials are still required to afford accurate 
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information on the subject. There is, perhaps, hardly 
any other su in nature with which we are ao- 


quainted, so suitable to telegraphic purposes as those we 
have named ; and the only advantage which has arisen, 
hitherto, in the search after substitutes for them, has 
acerued to the nt offices, in the shape of fees paid 
by inventors, who started forth in legions as soon as any 
defect in a submarine cable was discovered. On this 
point we may that it would be a most merciful 
provision, on the part of the government, if a kind of 
committee were appointed, whose duty it would be to 
investigate and report on the various projects which are 
continually being patented. An immense amount of 
money and litigation would be saved; really good in- 
ventions eat he reported as of value; and our insol- 
vent courts and lunatic asylums cut off from a supply 
of broken-down and disappointed, but too sanguine 
inventors, who unwittingly, but surely, flock thither. 
We next arrive at the conducting wires which always 
form the centre of a cable, and on which its value 
entirely depends. They are always made of copper, 
which combines elasticity, cheapness, and high conduct- 
ing power. Various sizes are employed; but, generally 
speaking, that of No. 14 or 16 gauge is preferred, and is 
about equal to the tenth part of an inch in diameter. 
Occasionally, as in the Atlantic cable, a number of fine 
wires are twisted together, so as, electrically speaking, 
to form one; but we are not aware that anything is 
gained thereby, except, perhaps, a slight additional 
Senge We may here mention a circumstance which, 
we believe, often causes the failure in submarine cables, 
We have already noticed the fact, that copper wire 
becomes estima and eventually “‘rotten,” after having 
long conveyed an electric current,* If it be enclosed in 
tta-percha, the fact that the wire is broken cannot be 
iscovered externally; and hence, during the laying of 
a cable, it is essential that its conducting power should 
be constantly tested. But the defect to which we allude 
does not occur until the cable has been some time in use, 
and its wire injured by the electric current passing by 
it. Our attention was first directed towards this point 
in 1856, when attempting to illustrate the explosion of 
the Russian infernal machines by means of the voltaic 
batteries.+ After a few times of using the gutta-percha 
covered wires, which were the same as those employed 
for submarine telegraphs, they invariably broke on being 
bent to the least degree. The explosion of the powder 
would, of co be prevented. But, strange to say, a 
broken wire would at times convey the current perfectly, 
This, however, is easily explained ; for if, by accident, 
the broken wire were so bent whilst in use, as that the 
fractured edges were again brought into contact, the 
current would, for the moment, find a complete con- 
ductor, and so the explosion would take place. Now 
this is what frequently occurs in submarine cables. 
At times the current affords no indication of its passage ; 
and we would suggest, that the cause which so con- 
tinually hindered the success of our experiment, may 
just as likely be active in the case of submarine cables, 
more ially as far more intense currents are sent 
through their wires than those we employed. We ob- 
that, on submitting the edges of the fractured 
wires to a microscope, the metal had a decided crystalline 
a ce—proving that it had undergone a molecular 


To those of our readers who may be engaged in 
practical telegraphy, we may state, that the ‘‘ rottenness” 
of copper wire is produced the more rapidly as the 
intensity of current is increased; and, from our experi- 
ments, we do not consider that it matters of what 
thickness the wire is. We have employed copper wire, 
of a quarter of an inch in thickness, for conveying 
current of from 50 to 100 cells (large size) of Grove’s 
batteries; and the action on pe a of the wire 
may easily be noticed after they have been constantly in 
use for twenty or thirty hours. The readiest way of 
trying the experiment, is that of making some No, 22 
gauge copper wire terminals of a common or 

* See ante, p. 250. + Ante, p. 193; Fig. 53, 


the | in deep water, and attaching to it a 


Rhumkorf coil. They will soon become as brittle as a 
piece of zinc or lead wire; and we have, in rare cases, 
seen a piece, ten inches long, break by its own weight 
after having been so employed. 

The number of wires placed in any one cable, is regu- 
lated according to the amount of business expected to 
occur between any two stations, That laid between 
Ireland and Scotland, contains six wires: the Dover 
and Ostend cable, laid ig 1853, has also six. The cable 
laid between the coast of Suffolk and Holland, has 
seven ; which, however, have each an external coat of 
iron wire—the whole being twisted together to form 
one cable; whilst the tem eable laid between 
Varna and Balaclava durin e Russian war, and 
which served so many valuable purposes, was of small 
size, and contained but one wire, without any external 
covering, It will be unn for us to enter into 
any special description of those we have named above; 
but we may here more fully describe the Atlantic cable, 
because so intense an interest has been attached to it, 
Ase Sine rere oneeeioee Rn ap 7 
covering of iron wire, anda coating of gutta~ 4 
in the centre, seven fine copper wires, twisted pose 
formed the conducting medium, Its appearance is in- 
nae aa Cy br cut, both in section and in 

ngth, 


Fig. 29, 


doubtless, be surprised to find that — 
slender cable (its actual size is 
sented in the cut) should have been employed. It must, 
however, be borne in mind, that, at t depths, the 
ocean is not liable to disturbance, as is observed on its 
surface, A dead and imperturbable calm always exists : 
so, if the cable stand the trial it has to und during 
submersion, it is liable to little subsequent injury from 
causes external to it. 

The ee may be of value to many of our 
readers who a general interest in the subject of 
submarine telegraphy. We have selected our informa- 
tion from various sources; and have chosen the leading 
cables now at work between different stations, or which 


v 


such a com 


have been worked and have failed. 

Suia 2s 
Situation. | $2 ti 3 2 §| Total weight in tons, 

AS | Ags jn~sFas 

Dover and Calais...... 1351} 25 | 4] 7 | 175 

+» 9y:“‘Ostend 1853 70 | 6 7 | 500 nearly. 
Varna and Balaclava | 1855 | 150 | 1 | — { Ry me- 
Varna ae Constan- 1855 | 200 1 1 20¢ 
ost bioaes About. were 

Atlantic Telegraph :} | y 2050) 1] — ag —n te 

Ireland and America } B58 | 205 bape ett 

j ton per mile. 


In the above table, the Red Sea and Mediterranean 
cables have not been included. The former has lately 
failed to work ; and those laid in the Mediterranean are 
of various len and sizes. The cable between Malta 
and Alexandria is but just completed. : 

We may remark, in reference to the comparative 
weight of the different cables, that, in many cases, con- 
siderable material has been sayed by laying a light cable 

‘onger one near 
the shores where it terminates, ‘The reason of this is 
obvious from our previous remarks; but we may add, 
that occasionally, cables are liable to accident from 
vessels anchoring near them, As the anchor is weighed, 
its fluke may catch the cable; indeed, some time ; 
one of the Channel cables was thus potir ome" 
up. The cavtain of the vessel whose anchor caught 
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it (being ignorant of its nature, it is to be ), was 
about ridding himself of the incumbrance by cleaving it 
with a hatchet; but one of the crew, more sensible than 
his commander, induced him to cast it overboard, and 
so to return it to its former resting-place. 

2. Tue SuBMERSION oF THE CaBLE.—One of the most 
serious ings in connection with the submarine 
telegraph cable, is that of ‘‘laying it,” as the operation 
is termed. 


cylinder, to which is attached a break. The object 
of this is, that the cable may be ‘‘ payed out” in an even 
manner ; for, if it were allowed to pass from the stern 
of the vessel in an irregular manner, it would soon 
form knots and ki and most probably break. The 


cable 

the greatest care 

Even while the cable may appear externally to be sound, 

it is possible that one or all of the wires inside it may be 

injured ; hence telegraphic signals are constantly kept up 
the station whence it proceeded. 


and both vessels returned to the whence 
had atarted. part Fi 


irregular. 
which the cable quickly and suddenl 
instances great elevations are met with, which diminish 
the rate of the cable’s passage. All these, 
other circumstances, have to be minutely attended to ; 
and without entering more fully into such details, we 
haye pointed out ient to prove, that the laying of 
a submarine cable is a work of no ordinary difficulty and 
im 
THe CIRCUMSTANCES WHICH INTERFERE WITH THE 

Reeutar Work1iNG or A Supmartne Casiz.—It would 
be impossible for us to enter into a minute examination 
of all the circumstances which affect the regular working 
of a submarine cable. We shall therefore only touch on 
those which are either very important, or ordinarily found 
tobe present. The numerous accidents, of a mechanical 
nature, to which all submarine cables are subject, have 
been already frequently noticed, and will not require 
further observation. re are, however, others of an 
electrical nature, which often produce serious conse- 
quences ; and, at times, almost forbid all chance of com- 
munication between the two termini of the cable. 

soiree tomes arsed sm org that if a short length of 
submerged cable formed part of a circuit between two 
land-lines, more disturbance occurred, in the regular 
ee — than peor have ag aya case had 

en on land, suspended on 
the usual manner. At first it was considered t) 
arose from defective insulation, or from inj 
_ conducting wire. Eventually, however, the 


von, I. 


les in 
+ this 
to the 

was 


discovered, that an ordinary submarine cable acquired 
the character and qualities of a charged Leyden jar, 
whenever a current was passed through it: indeed, its 
construction is analogous to that arrangement ; for we 
may suppose the wire to represent the inside of a charged 
Leyden jar; the gutta-percha to correspond with the 
glass of the vessel; and the external wires, or the water 
surrounding them, to answer the outer coating of a jar. * 
Now, the effect of this inductive action is not only to 
retard the passage of a current of electricity sent from a 
voltaic battery, but even to create an opposing force. 
In some instances, the current is all but destroyed : 
generally, its indications are irregular ; and if a printing 
telegraph be employed, such as we shall shortly describe— 
it will be found, that, instead of an instantaneous si 
being registered, such is, generally speaking, given in a 
slow and continuous manner, just as if the current were 
gradually conducted by the wire. This evil increases 
with the length of cable. As we have already 
stated, even a short one shows such results; but in the 
Atlantic wire, the effect was, as might be expected, on a 
very large, and even alarming scale. It is a difficult 
matter to give a popular illustration of the actual results 
produced; but we may compare the retarded and op- 
of a current to the position in which a 
vessel is placed on entering the mouth of a narrow river. 
The vessel may be urged forward by a fair or strong 
wind, whilst the water of the river is rushing towards 
the sea. The stream is urged into swelling waves, and 
on these the vessel tosses, making but little progress 
towards her destination. Now, pay the wave of 
voltaic current meets that of the induced cable-current, 
and the effect is that which we have described. 
The question next arises as to what means can be 
to overcome this difficulty; and the leadi 
doctrine of Homcopathy— similia similibus cwrantu’ 
(Anglice—*‘ Like cures like”)—was called in to the aid of 
the telegrapher. It was considered that, if an intense 
current were Sapam’ to an intense current, although 
produced from different sources, the strongest would 
gain the advantage, and more speedy signals would re- 
sult, This plan was accordingly adopted on the Atlantic 
cable soon it gave the first sign of defect. Power- 
ful voltaic batteries, magneto-electric machines, and 
Rhumkorf’s coil, or its modifications, were successively 
tried; but, alas! with no effect: and it is certain, that 
if the slightest break in the cable had existed, and a 
current had been transmitted, even for a few moments, 
from a Rhumkorf in action, the fate of the cable 
would be for ever sealed by the combustion of the two 
edges of the fractured parts. The reason of this will be 
at once perceived by reference to our remarks on that 


coil, at a previous 2 

One effect of a fresh intense current, besides that of 
overcoming the resistance of a long conducting wire, is 
to neutralise the induction of the wire current, produced 
by a previously passing current ; hence the employment 
of such means in the way we have just mentioned. 
Their want of success, in the case of the Atlantic tele- 
graph, must not be ascribed to a defect in the principle 
of the doctrine, but rather to the peculiar circumstances 
in which it was applied. A section of the map of the 
bottom of the Atlantic, as prepared by Captain Maury 
and others, exhibited, as near as can be, just such a bed 
as would be found for a cable, if one were laid from 
Lombardy over the Alps, at the top of Mont Blanc— 
then into the valleys and plains of France, across the 
English channel, and so continued over the hilly parts 
of England and Scotland—concluding its career on the 
north side of Ben Nevis. For 500 miles from the Irish 
and American coasts, the cable was suspended on the 
tops of marine mountains, and hung in the deep hollow 
which intervened. Between these two localities, a level 
bed of sand, and the remains of shells, of nearly 1,200 
miles in length, existed, on which the cable mig t have 
rested in undisturbed repose. The depth of the ocean 
there, was sufficient to prevent the least risk of injury 
from any cause whatever. 


* See anie, p. 1£0, ¢ Ante, p. 255; i 12, 
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Tho effect of ordinary terrestrial electric currents on | over the cloth, then a dash or long line is afforded. Now, 


the submarine cable, cannot be Lares 
the position of a cable submerged in a liquid of tolerable 
conducting power, includes so many elements of dis- 
turbance, as to prevont the possibility of our acquiring 
accurate or reliable data. 

The remarks which we have just made, apply 
equally to all snbmariue cables; and are modified by the 
difference of their length, the thickness of the con- 
ducting wire, and the number of them énclosed in the 
cable. It would be very desirable if a series of simulta- 
neous observations were made, as to the retardation 
which is exercised on a current at the same moment, on 
cables laid in different directions, with respect to the 
compass. It would thus be seen how far electric or 
magnetic currents affected the conducting power, and 
whether such had a definite direction and action under 
all circumstances. 

We shall now describe the construction of various 
kinds of telegraphic instruments which have been in- 
vented during the last few years, on principles entirely 
different to that of the needle apparatus. ’ 


ELECTRO-PRINTING TELEGRAPHIC 
INSTRUMENTS. 


Tue remarks we have hitherto made, have referred 
entirely to the needle instrument, or to circumstances 
which affect every form of telegraph bs teas so far as 
the conducting medium is concerned. We shall, therefore, 
bon on to examine a variety of arrangements in use in 

erent countries, and also, to a limited extent, in our 


own. 

The needle instrument only indicates, and does not 
record, a message. As we have fully explained, the signals 
are effécted by means of alternate or combined deflections 
of a magnetised needle ; and its use is practically confined 
to those who ure accustomed to it, and can, therefore, 
readily translate its signs. This, to some extent, is an 
objection, and limits its use. If letters and words were 
imprinted by it, then its indications would be intelligible 
to any one; and its use would doubtless be more general. 
It is also liable to many derangements. The es may 
lose their magnetic power, and, in certain instances, 
perhaps, at the very moment when they may be most 
Bh es : a sudden flash of lightning inverts their 

ity, and all attempts to employ them are futile. 
Barth ore and atmospheric influences, also combine 
to effect their derangement. 

These, and other reasons, have led to the invention of 
printing telegraphs; by means of which, the words of 
which a message is composed are spelt and printed on 
cloth or paper; or, which answers the same purpose, dots 
and dashes of various lengths are printed, according to a 
preconcerted code of si 

We shall first describe the general principles on which 
chemical printing telegraphs are co! ; then refer 
to the mechanism by which the plan is carried out; 
and shall best illustrate our subject by suggesting some 
experiments bearing on it. 

weperiment 22,—Dissolve a little yellow prussiate of 
potass in warm water; and also, in a separate glass, some 
crystals of sulphate of iron (green copperas), Add these 
two solutions together: a blue pitate will be pro- 
duced, which is commonl Prussian blue. Now, 
it is by the production of this colour on paper or cloth 
that the printing of dots, dashes, or long ines, is effected 
in some ts) mode rinti 
be illustrated as follows. sors tom 
cation of etlplnis of polls; Sud, after wringing © lip 
a solution of s' rs) 3 an ter n 
it into a week soldi Gf ths pepeiane of noe Pings 
the cloth, whilst damp, on a sheet of tinfoil, and to this 
attach the wire p from the copper plate of a 
voltaic battery. Attach the wire from the zinc plate toa 
knitting- e, and draw the end of the needle over the 
moist cloth, Wherever it touches the cloth, a blue stain 
will be left. If the needle just touch the cloth by the 
point, then a dot is produced ; bat if the point be drawn 


ascertained ; for | on exactly similar principles, and by a simple modifica- 


tion of the plan, messages may be readily transmitted 
between any two stations—the peidhel peper-a? sleek 
kept, and the marks on it translated into ordinary 


‘o familiarise the mind of our readers with the prin- 
cipal mechanical part of the printing a we will 
suppose that a pianoforte key, made of metal, and with 
one of its ends attached to the wire of the plate of 
a voltaic battery, theo ansinaged, a Shek, whia. pease 
down, it shall enter a small cup containing mercury, 
From this cup we will suppose a wire to extend to a 
needle, placed so as to rest with its point against a metal 
roller covered with cloth, which has been saptageens 


with the of potass; and that the is con- 
nected with another wire ing from the zine plate 
of the voltaic battery. It is evident, that when the 


pianoforte key is pressed into the mercury cup, a circuit 
will be establish nc ae rg ber, Pgh eee point of 

- e dot on the cloth— 
e roller be gently mo por 
instead of a dot, a dash —, or long line then pr 


we refer to the following engravi 
illustration of the most essential part of the apparatus, 
. 30, 


Fig 
a 
6 
( —>_ 
In the above cut, we have a representing the roller on 


ee co ad roende ~ gened Be trrx= i oS , to 
which is attac a av, exten to copper 
flats vf: the battery, Ki A-wieelde:a to the zine 


of the battery, and reaches to a small peg, 9; J isa key, 


which, when pressed down on g, com circuit, 
The current will then travel bai by the 
wire w, to the needle, and thence by the roller to the 


made on the roller, except when the key, f, is brought 
into contact with the , gy. The ler is gently 
turned by clockwork ; Joby hand; it Sor ‘clamasatany 


Tes 
e have entirely avoided all mechanism used in the 
post ey mn nt veoede our readers might se 
ow! us operandi, they so 
please, betroee shader yr their own use. Having 
thus illustrated the principle, we shall now describe 
the various forms fodiens which have been, or 
eb BE ns ray on such plans as we have 
explain 
‘ore doing so, we may call attention to a very in- 
genious piece of apparatus invented by Mr. itehouse, 
of Brighton, formerly the chief electrician to the 
Atlantic Telegraph Company ; by which music could be 
printed as it was played on a pianoforte or harmonium, 
at any distance from the instrument, and accurate as to 
notes and time. Under each key of the piano a wire 
was placed, which extended to a needle fixed to an 
a tus similar to that which we have just illustrated, 
the roller a long strip of cloth was placed, on which 
as many needles as there were keys on the piano. 
The cloth was marked with the lines and spaces for bass 
and treble, as is common in printed music; and by 
means of clockwork, or by the hand, it was ually 
unwound from the roller, A current of 


wf seated : 
ment, to the zinc of the battery. pig 
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travelled from the piano to the needles ; and as each key 
was pressed down, a mark was imprinted on the clo 
by its corresponding needle; the length of the mark 
indicating the value of the note—such as a quaver. 
a crotchet, and so on. We have frequently play: 
rapidly-executed music on a piano so fitted, and every 
note was thus printed as quickly and as accurately as 
it was ormed. When the cloth was removed from 
the roller, the lines might immediately be read, or 

into the ordinary form of musical notation. 
The instrument would be of | pea value to composers, 
because every idea, as it found expression on the piano, 
&c., would simultaneously be printed by the electric 
current. We believe that Mr. Whitehouse has not car- 
ried out his invention beyond making the model we 
have described. 


BAKEWELL’S COPYING TELEGRAPH. 


Peruars the simplest and most interesting instrument 
constructed on the principles we have explained, is that 
invented by Mr. Bakewell; by means of which the hand- 
writing of the sender of the mes- 
sage is faithfully copied by the 
electric current, at any distance from 
the station whence the message is 
forwarded. This certainly, at first 
sight, seems beyond belief; but by 
a little investigation, we shall find 
that it is omdieer —_ of a —_ 
ingenious application of princip! 
to which we have already very rm 
quently drawn attention. The whole 
secret of the art consists in so ar- 
ranging a conductor with a partial 
non-conducting surface, that, by means of the latter, 
the current of electricity may be intercepted; and 
this is managed after the following manner:—The 
message is first written, by means of a weak spi- 
rituous yarnish, on a sheet of tinfoil, and it is then 
dried. It is evident, that if a wire, connected with one 
plate of a voltaic be drawn over the foil prepared in 
this manner, whilst the wire from the other plate is at- 
tached to the foil, the current will be complete, so long 
6 ok mie pop ege with the ol Nae eee 
as soon as the wire, passed over the foil, touches 
the varnished surface, because such is, «f course, a non- 
conductor. Now, if the tinfoil be conn-cted, by means 
of a wire, with such an instrument as we have ibed 
in a previous page,* so that it may be electrically con- 
nected with the and one wire of the battery be 
in contact with the roller of that apparatus—the wire 
from the other plate being passed over the written tin- 
foil surface—no mark will be made on the prepared cloth 
when the battery wire comes im contact with the 
varnish ; but whenever it touches the tinfoil, a blue mark 
will be printed on the cloth. If the needle, instead of 
being stationary, is allowed to traverse from one side of 
the roller to the other, whilst the roller itself is quickly 
moved round by clockwork, the continuous straight lines 
will be printed when the circuit is completed; which, 
however, will be interspersed with white spaces when- 
ever the cireuit is broken by the interposition of the 
varnished surface. Supposing the varnished surface to 
be a straight line across the tinfoil, then the printed 


Se a c 
e 
B d 
e 
No. 1. No. 2. 


woud present a number of blue lines, crossed b 
Ww te one—as is shown in the above diagram.” ei 
* See ante, p. 266; Fig. 30. 


No, 1, in Fig. 31, represents the tinfoil sheet, a, from 
which the signal is transmitted, crossed by the varnished 
line, 6, which is the non-conductor; No. 2, c,is the 
cloth in which the signal is received and printed; d 
being the white space, unmarked with lines, and cor- 
rompoanting to the varnished surface of the tinfoil plate; 
and e e are the blue lines printed by the traversing | 
needle, which receives the electric current from the foil. 
No. 2, in fact, gives a representation of the cloth as it 
appears when taken off the rollers. 

Now, the principle being established, it does not 
matter whether the line on the foil be straight, curved, 
or of any form; hence, if such be ordinary writing, that 
would be copied on to the cloth in an exact fac-simile of 
the original, just as we observe in the copy shown in 
No. 2, This is just the plan adopted, and the result 
arrived at, by . Bakewell’s ement, provided 
that certain mechanical details are observed, to which 
we shall presently allude. The following diagram shows 


the appearance of the original, and printed, copy of a 
message, as illustrated by Me his a4 
the subject. 

Fig. $2.-No. 1, 


. Bakewell, in his work on 


No. 2. 
No. 1, Fig. 32, represents the original, with the letters 


‘in black on the tinfoil; and No. 2 is the printed copy, 


having the letters in white intercepting the line pro- 
duced by the needle. Our readers will thus perceive, 
that by this plan, an exact copy of the handwriting of 
any person may be wansunitted ty telegraph—a fact that 
makes Mr. Bakewell’s invention rank very high as an 
instance of inventive genius, But, unfortunately, there 
is a very serious drawback to its utility, which is owing 
to the necessity that exists for both the transmitting 
and receiving-rollers to move at the same speed and at 
the same moment; and, consequently, through equal 
spaces in the same period of time. ‘To effect this, Mr. 
Bakewell introduced regulating apparatus, worked by an 
electro-magnet, so that one roller could only proceed at 
the same rate as the other. In fact, in such an ar- 
rangement, the magnet acts in a similar manner to the 
pendulum of a clock. It is well known, that the weight 
or spring of a clock would quickly ‘‘run down” were it 
not for the action which a pendulum exerts on the 
seconds, or first wheel. A pendulum, thirty-nine inches 
long, beats about once in a second of time; and the 
spring of the clock is only required to keep up that 
motion. But two pendula never beat exactly together : 
thus they would not be effective as regulating arrange- 
ments in Mr. Bakewell’s apparatus. Hence the employ- 
ment of the electro-magnets, which necessarily act to- 
ge because their motion is mutually dependent. 
e are precluded from illustrating the mechanical parts 
which have been adopted ; and this is not of so much 
consequence, because, although the invention is highly 
ingenious, it has scarcely ever been practically em- 
loyed toany extent. Besides the difficulty to which we 
oe alluded, there are others which also interfere with 
the result;—the receiving cloth may be unequally 
stretched; the two instruments may not commence 
work together, &c. Messages, however, have been sent 
accurately through a distance of fifty miles; and as many 
as 300 letters per minute can be printed by this interest- 
ing instrument, J 
Whilst referring to electro-chemical printing tele- 
graphs, we a Sg ene a very ingenious arrangement 
employed by Mr. Whitehouse, whilst he was in 
trying experiments in connection with the Atlantic 
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cable. The object he had in view, was to ascertain the 
speed with which a current of definite intensity and 
quantity through various lengths of conducting 
wire; also to discover the retardation which the 
current suffered from the resistance arising from wires 
of different thicknesses. He employed an arrangement 
very similar to that we have already described in a pre- 
vious page, and which is used in Bakewell’s instrument. 
By these means, he found that the same current pro- 
duced a dot through—say 200 miles ; a dash through 500 
miles ; and a longer line through a circuit of 900 miles ; 
and so on. It was to these experiments we referred 
when speaking of the influence which a gutta-percha 
coated wire has on the of si transmitted 
through long cables.* We have first introduced Mr. 
Bakewell’s copying telegraph, as being comparatively 
simple to some we shall have to mention ; and shall now 
proceed to describe the inventions of Mr. Bain, and also 
of Mr. Morse, with others, which have been very exten- 
sively used for various purposes. ‘ 


BAIN’S ELECTRO-CHEMICAL TELEGRAPH. 


Amonost the earliest inventors in connection with elec- 
tro-telegraphy, Mr. Bain is well known. We believe 
that he was one of the first to produce a -printing 
telegraph, which, however, was constructed with or- 
dinary types. These were moved by means of mechan- 
ism actuated by electro-magnets, and each letter was 
successively ey its ge place by complicated 
arrangements. being in it was pressed on a 
receiving surface, which, when finished, presented a 
similar appearance to ordinary prin matter, A 
model of this arrangement was first publicly pro- 
duced and explained by its inventor, many years ago, at 
the Polytechnic Institution, Regent-street, London ; but 
we are not aware that it ever came into extensive 
use. Mr. Bain was also well known for his ingenious 
arrangement of electro-magnetic clocks, one of which was 
for some time in operation at the above-named institu- 
tion. His electro-chemical eegtenh is constructed on 
somewhat similar principles to those we have illustrated 
already.t As in ewell’s apparatus, Mr. Bain ob- 
tains marks on prepared cloth, intercepting the surface 
of the transmitting arrangement by means of non-con- 
ductors ; producing, however, dots and dashes, instead 
of continuous lines. Combinations of the marks pro- 
duce letters, as the following instance will illustrate. 
Buus 
C--- F-——— ke, ke. 

Tt will be unnecessary for us to enter into detail with 
respect to the mechanical arrangement of the apparatus ; 
for the principle is so fully illustrated by the © ape 
instrument al y referred to: but we may add, that 
the continuity of the current is intercepted, and the 
letters represented, by means of perforated paper, each 
of which corresponds, in its perforation, to, and produces 
marks, such as those represented above. The message, 
in fact, is perforated in paper or cardboard by means of 
punches ; and is then placed in the transmitting arrange- 
ment; after which it is sent, in the manner we have 
already described, to the receiving instrument at the 
— station, and is then printed on the prepared 
clot 

Various inventions have been brought into public 
notice—being improvements, modifications, or original 
productions—in the form of electro-chemical printing 
telegraphs; but we shall not enter into any investiga- 
tion of them, as their use has not been adopted, to any 
extent. for telegraphic purposes, 


MORSE’S TELEGRAPH. 


Amoncst the great variety of telegraphic instruments 

which have been employed in foreign countries, that 

invented by Mr. Morse, of Asmiulae, "hae been, perhaps, 

the most extensively adopted, In it, electro-magnets 
* See ante, p. 265. + Ante, p. 266; Fig. 30, 


are employed in a similar manner to that of Mr. Bain’s 
invention : in fact, the similarity of the two instruments 
is so great, as to have given rise to litigation in the 
American courts, which have had ‘to decide on the re- 
spective rights of the inventors. Mr. Morse, however, 
seems to have been original in his ideas; and he has 
worked them out to a most successful issue ; for nearly 
the whole of the American, and some continental, lines 
are worked under his patent. 

In speaking of the needle instrument, we mentioned 
that its indications were effected by its deflections. Mr. 
Morse’s arrangement is constructed on entirely different 
principles; and, except in some parts of the ish 
the details are just such as we have described in 
Bain’s instrument. The signals are transmitted in a 
similar manner, and the notation is that of dots and 


dashes of unequal length or interval. The following is 
a portion of ‘the telegraphic alphabet eklaneley Me. 
Morse. 

A cm E- I «oe 

Boe FT come Je * 

CO ws C-—-- Ker 

D ~ee H sees L — &e., &eo. 


of this will be at once seen if it spp renal roe 


Fig, 33. 


may be 
it equals 


THE MAGNETO-ELECTRIC TELEGRAPH. 


Amonost other instruments involving no great novelty 
in the indicating pr of the arrangement, is the magneto- 
electric telegraph. Some years ago, a company was 
formed for the purpose of ing out a system o 
telegraphy, in which a current of. electricity, produced 
etic induction, was to be employed in place of 

e old plan of voltaic batteries. It was that the 
new plan offered all the advantages of the old one, and 

+ See ante, p. 251, 
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ALPHABETICAL TELEGRAPHS. 


One of the earliest forms of electric tel h, was that 
of a circular plate, around the edge of which were en- 
graved the letters of the alphabet. An index moved in 
the centre; and, in fact, the arrangement was exactly 
that of a re Be the exception —s 
were employed in of figures. e index- 
hand was moved by pick ayenchindir and, of course, 
the receiving and signalling instruments were constructed, 
precisely alike—in the manner already 
in connection with electric clocks.t The 
to be moved from letter to letter—passin: 
those which were not required in the word, an 
opposite to that which was included in it. It 
thus in many words, that the index had to 
travel mently over the dial-plate before a word 
ve to pass twenty-five letters 
again reached; andsoon. The 
plan, however, is remarkably simple, for any one can 
read the indications; and it ires no previous in- 
struction for its successful employment. At the present 
time some of its modifications are in use; and an in- 
ven’ cS song bctenre oe eran, leas at 
vi the Universal Private Telegraph pany—the 
ject being to maintain electrical communication be- 
tween, and in, private dwelling-houses. 
_ Froment’s alphabetical telegraph will assist our readers 
in ing the principle of the arrangement of 
these alphabetical instruments. In front is a key-board, 
constructed similar to that of an ordinary pianoforte ; 
and connected with this is a dial, on which are engraved 


the letters of the alphabet and the numerals. 
instrument, of course, is placed at each stati 
that is required to transmit ro met 

is req am is own 
the key of the letters composing the words of the message 
which are simultaneously shown on the signalling ap 


® See ante, p. 258; Fig. 22. + See ante, p. 253, 


receiving instrument. The apparatus, except with 
is gene to its internal mechanism, is remarkably simple ; 
and eyen a child may soon be taught its use. Fig. 34 
illustrates the ap ce of one of these instruments. 

The alphabetical system of telegraphs has been partially 
applied to the purpose of railway signals; but instead of 
the entire alphabet being printed on the disc, separated 
signals, such as ‘‘ train started,” &c., are employed. An 
instrument is placed at each station on the line; and 
thus a system of constant signalling may be readily 
maintained. There is, however, considerable difficulty 
in keeping the signals identical at the same moment in 
each instrument; and in experiments we have tried with 
two such instruments, exactly opposite indications were 
received to those sent; a result which would be most 
serious in practice. On many of the railway lines, 
especially at the extremities of tunnels, the old needle 
system has been introduced ; and as the number of signals 
is small, it is found the most convenient and certain plan. 

The limits of this work —— us extending to fur- 
ther telegraphic details ; and we shall, therefore, now draw 
attention to some minor applications of the instruments 
we have described, and of the principles already ex- 
plained ; amongst which are the following. 

Wixp and WEATHER Rerorts.—A complete system 
of telegraphy is now established, between the Admiralty 
Office the Royal Exchange, London, with all the 
outposts and chief towns in this country and foreign 

; and it is impossible to over-value the results which 
ve accrued. Since the discovery of the general law of 
storms, it has been most desirable to make simultaneous 
communication from a common centre, so that informa- 
tion may subsequently be diffused as to the kind of 
weather which may probably be expected. We have not 
yet arrived at such precision of information as will permit 
us to foretel, to an exactitude, the atmospheric changes 
which are continually occurring in a climate like ours; 
but we can, to some extent, approximate to truth; and, 
in ues Aap ore the conclusions which have been drawn 
from facts collected by the telegraph, have resulted 
in saving many lives, through timely notice which has 
been sent to different parts of our coasts. 

Our readers will understand this betier if we give a 
few facts in reference to the cause and indicatious of a 
coming storm. The most dangerous kind of tempest is 
that called the ‘‘ cyclone ;’ which is an immense eddy of 
wind, having a calm centre and circumference. Vessels 
in any intermediate place are exposed to the full vio- 
lence of the storm; but, from their position, the cap- 
tain is unable to judge of itsextent. Now, if we learn 
the direction of the wind over an extensive area of 
country, and also the rise or fall of the barometer (which 
is, at all times, a sure indication of coming atmospheric 
changes), we obtain data on which tolerably accurate 
conclusions may be drawn. Amongst those who haye 
taken a lively interest in this matter is Admiral Fitzroy, 
whose remarks on the subject we shall quote. ‘I do 
not hesitate to affirm ( it is more than forty years 
since I bought Daniell’s first work on Meteorology), that 
the peculiarities of our winds and climate are now suf- 
ficiently known to make it practicable to foresee every 
extensive storm ; and, when no such change is impend- 
ing, to give the negative information—cften valuable— 
that no tempest need be feared.” 

On this matter we may remark, that much useful in- 
formation might be afforded by private individuals 
undertaking the duty of keeping a register of the 
barometric indications, the direction of the wind, and 
other meteorological phenomena. These might be for- 
warded, periodically, to the secretary of the Meteoro- 
logical Society, or to the Admiralty Office, London: 
and if a tolerable amount of accuracy were maintained 
by observers, the extent of our general information 
would be largely increased. 

The necessary facts having been _ by means of the 
telegraph, the next step is to use that instrument for the 
purpose of diffusing the instructions from head-quarters ; 
and this is foll by the employment of si which 
are hoisted at some prominent place on the coast, near 
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each port. The following are the storm signals adopted | have been compelled to omit interesting xestioien. 
by the Board of Trade. - It is tapouatle to sumed aeatenen at mode of 


Fig. 43. 


ce 


No. 3. No. 4. No. 5. 


at first from the southward.—No, 2. 
rst from the northward.—No. 3, Dan- 


neti 


No. 1. No, 2. 
No. 1. Dangerous wind probabl 


We will suppose, for instance, that the daily reports 
from all parts of the kingdom have been received at the 
usual hour of 9.4. A consultation is then held as to the 
chances of danger, and the probable direction of a storm, 
if one be likely to occur, Instructions are immediately 
telegraphed to those ports nearly adjacent to the probable 
locality of the expected tempest, to hang out the proper 
signals, so as to warn vessels within sight of their im- 

ding danger. In this way, at least, all that human 
oresight and intelligence can do has been attended to; 
and the rest can only be left to the discretion of the 
captains, who have thus been forewarned. 
tecrric Tre-Baits.—Another valuable application 
of telegraphs, has been that of indicating the exact 
moment es the sun has passed the meridian of any 
lace ; or, what answers the same oy a any exact 
interval of time which has elapsed. It is usual to hoist 
a ms ball on the ns of the Observatory of Greenwich, 
a little before one o'clock daily; and at instant that 
the sun has passed one hour over the meridian (i.¢., one 
o'clock), the time-ball is lowered. The captains of the 
vessels in the Thames can thus daily check the rate of the 
chronometers they have on board, and so gain the most 
valuable information ; because, on a correct knowledge 
of time, depends their discovery of the longitude during 
along voyage. Within the last few years the system has 
been widely extended; and by an arrangement of tele- 
graphic signals between rege aae London (Charing- 
cross), Liverpool, Glasgow, and other shipping ports, 
the time-balls at each of those places are lowered 7 et 
chronously with that of Greenwich, and correct time is thus 
indicated. The telegraph has also been employed for 
ascertaining some interesting facts in connection with 
astronomical seience—such as the longitude of two dif- 
ferent places, de. 

Modifications of telegraphic apparatus have been em- 
ployed for domestic p ; amongst which we may 
notice the fire-alarum and house-bell. If wires be con- 
nected with the doors and windows of a house, and 
arrangements be made so that, on any of these being 
opened, contact shall be*made between the wire pro- 
ceeding from a small battery and an electro-magnetic bell, 
such may be readily applied for the purpose of warning 
the inhabitants of the of persons; and as a 
tection against thieves. By means of a most ingenious 
Flies reece of a thermometer and electro-magnet, a 
fire-alarnm has been constructed. The thermometer is 
of iar construction; and the mercury it contains, 
is, in ordinary circumstances, at some distance from a 
little arm, which can connect an electro-magnet with an 
alarum-bell. If, however, the temperature of the room 
rapidly and tly increase, then the expansion of the 
mercury in the thermometer raises the arm, and com- 
pletes the connection between the battery and the elec- 
tro-magnet of the alarum; and on this taking place, a 
detent is removed, and the bell at once commences to 
sound, and so gives the alarm to the inmates. 

With this, we must now draw our observations and 
experiments, in connection with electro- , toa 
conclusion. We have attempted to put our in 
possession of the leading facts of the subject; but 


communication otherwise than as the greatest that has 
been made in this century, if all points are viewed, 
It has but one rival—photography ; but that ri is 
more in the nature, rather than in the extent and 

of its applications. We may, for a moment, take a 
hasty glance at the advantages which accrue to residents 
in large towns; and, for example, we shall confine our 
attention to London, and its telegraphic connections, 
For a few pence, we can communicate our wishes to any 
part of the opolis, and receive an instantaneous 
reply i the amenities of friendship, and the necessities of 
the household, can be simultaneously attended to, and 


can easil. 
if edvantags betabente tty 
van en arrangements made by one 
of the tel: ic companies, Sha poctudonsl eopaas 
be called to the sick chamber at a moment’s notice, or the 
relations and family friends suddenly summoned from all 
parts of the metropolis, to take a last farewell of a beloved 
one. The man of business has scarcely to conceive a 
new scheme, than all the arrangements necessary for its 
paces om be Leng wc emp banat by comm: i 
ugh the to his agents in of 
Doms ko dente toclies enae tc: user ane 
the telegraph will send him. If he be anxious to 
the intended destination of 


seen, the two 
the earth. 


wire 
3,000 miles of the stormy ocean, to speak words of peace 
and er as the Be gove ti of two i 
e same language, having brotherly ti 

divided, not in sentiment, but pala dely? We 
may almost comgne that the triumphs of science can 
proceed no further. But we cannot forget that the 
realm of nature is boundless; and, despite all our 
successes and achievements, we have but entered the 
threshold of that storehouse in which are yet buried, but 


only to be discov: wonders and tru’ which, when 

vee de to light, Shall eclipse all our Ser daconcle: 
DIA-MAGNETISM. 

We shall now make a few remarks on an interesting 


branch of physical science, for which we are indebted to 
the of Dr. Faraday. In the early part of 
this work, we called frequent attention to the fact, that 


each of the undulatory forces had a distinct relation and 
cous settee a nef rll Phage in this sin- 
¢ is sup 
nomena. e shall find that even a se taht mae bp 
subjected to magnetic influence ; and thus our ideas of 
ma paca and the objects to which it has affinity, will 
much © arged, 

We have already explained, that a Re ond larised 
light has properties ly different to ae: hoaenl te 
common light, It 1 ill not obey the same laws; and 
presents, under certain circumstances, some very peculiar 
phenomena, * 

If a ray of polarised light be sent through a mass of 
heavy glass—which, for purpose, is made of borate 

* See ante, p. 80, 
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of lead—it will, in ordinary circumstances, be trans- 
mitted ; and if the glass be placed between the poles of an 
electro-magnet in an unexcited state, of course no 
change in any direction will be effected. ‘Se vhenerort 
plate is, however, to be so turned that the transmi 
ray is nearly extingui ; and if the electro-magnet 
be then brought into action by the circulation of a 
voltaic current, the ray will instantly appear in full 
force. Or, supposing in the first instance, the ray 
had been in full force during transmission, and the 
electro- t be then excited, then the ray of polarised 
light w nearly suffer extinction. This fact at once 
shows that magnetism has a direct action on light, 
which, of all other agents, seems to have the least claim 
to be considered material, 

Dr. Faraday, however, extended his experiments, and 
was led to try how far a powerful magnetic force affected 
matter generally; and, in pursuit of this object, he dis- 
cov. magnetic affection in numerous gases, liquids, 
and solids. These had a tendency of placing them- 
selves in certain positions in reference to the poles of a 
powerful magnet, and the direction was definite for each 
substance tried. Gases and liquids were enclosed in 
glass tubes ; whilst solids were chosen of such forms as 
were found to be most suitable for the p ‘ By 
these investigations, we are enabled 10 classify 
bodies, in reference to magnetism—iron, nickel, manga- 
nese, cobalt, cerium, chromium, platina, palladium, tita- 
nium, and osmium—having directly magnetic properties ; 
whilst most others asad to indicate an opposition to 
the magnetic force; or rather, under certain circum- 
stances, range themselves in a direction at right angles 


to the lines of polar force in a powerful magnet—the 


metal bismuth being the most prominent in this respect. 
Such bodies have, from this fact, been termed dia-mag- 
netics, 


If some substances in the form of powder are placed 
between tlie Sere of an electro-magnet, it will be found 
that the powder will rise up into a conical form, evidencing 
a peculiar effect of the magnetic force in relation to the 
forces of gravitation and cohesion. Another singular 
experiment, having the same result in a different form, 
may also be tried. A circular copper dise is mounted on 
an axle, and fitted with a winch handle: of course, it 
will readily revolve thereon in the usual manner. If, 
however, the rim of the disc be placed vertically between 
the poles of a powerful electro-magnet, the moment a 
current of electricity is passed, and the iron becomes 
magnetised, great resistance is offered to the revolution 
of the wheel. Now, generally speaking, we exclude the 
possibility of any magnetic effects being inducible on 
copper; but this experiment at once shows that the 
magnetic force can act on that metal in the method 
indicated ; and herein we have another illustration of the 
universality of its action. 

The re of Dia-Magnetism is at present in its 
infancy. e results already obtained go towards 

roving that magnetism has a direct connection with the 
stoke of gravity, cohesion, electricity, and light ; and 
that every kind of matter is susceptible of its influence. 
These facts alone make the subject of deep interest, and 
extend materially our views of the possibility of the 
various kinds of forces being but modifications of one 


prime agent. 


ADDENDA ON 


the 
numerous inventions connected with ey tip seer 
We have made the following 


improved kind. In our previous we have fre- 
quently alluded to the difficulties of submarine tele- 
y, the imperfect insulation of the wire, weight of 
cable, &c. The failure of the Atlantic oe 
has caused a vast number of inventions to be brought 
out ; but, in most that of Mr. Allan, whose 
electro-magnetic engine we have already described, is the 
most feasible. Its value was acknowl by the jurors 
in their award of the prize medal ; and, as jury was 
composed of the most eminent men in connection with 
telegraphic affairs, we have no hesitation in endorsing 
their decision, by giving an extended description of Mr, 
Allan’s cable, instruments, &c. We have to acknow- 
his kind assistance in the matter. 
irst, as to Mr. Allan’s si code. He re- 
jects that of and a yptw e dot symbol alone 
or signalling and receiving. At the signalling extremity, 
a ribbon of paper has the dots separately punched by a 
machine ; and in this prepared message, when passed into 
the apparatus for transmission, and the automatic action 
once commenced, each single punch-hole, as it passes 
over the tooth of a small i caress Bak sath a permits of 
electrical contact being made within the sending-machine, 
and of thereby inducing a perfectly synchronous move- 
ment at the receiving extremity of the line wire, and 
of causing a puncture in the ribbon passing through the 
automatic apparatus there ; so that, at the same instant of 
time, what is hole at one extremity is puncture or ‘‘ em- 
boss” at the other. Reverting, then, to the code of signals, 
and to the method by which the message is or 
marked on the ribbon. The ra employed 
ching mubigash hat," ticks Wi 8 thdben Oy 7 ttcber 
jong ogany case, 11 inches es, by 7 inches 
wherein are mounted a set of ke SPimatunes re- 
sembling those of a pianoforte. The letters of the Roman 
alphabet are printed on the touch-part of 26 of these, 
leaving four for purposes incidental to the working of the 
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machine. Within the box, and movable by the key- 
levers, are eight punches. A ribbon of paper is le 
to pass through the composing machine. Now, any 
person who can read a message, has simply to spell 
out its words upon the keys by depressing each letter 
of the words, and its symbol in the code is punched 
out at a single stroke. This operation, which is per- 
fectly simple, resembles the act of playing on the 
piano. The message, on being punched, is passed into 
the telegraphic instrument, which, from its automatic 
, continues to work on, till the whole passes 
through ; and the corresponding automatonism of the 
receiving apparatus is brought into play at the same 
instant. Further, any one may have his own “ com- 
posing” or punching ‘* machine,” and adopt his own code 
of signals, by the very simple device of transposing the 
Roman characters on the touch-part of the keys. 
Secrecy is secured by this means; and the message on 
being punched, it may be, in a government or business 
establishment, if dispatched to the telegraph office, can 
be at once sent through to the confidential receiver of 
the same, who is in possession of the cipher to read the 
message, whilst the telegraph office-clerks know nothing 
whatever of its import. Further, this ‘ composing 
inachine,” taken with the system of telegraphy of which 
it forms a part, possesses considerable interest to the 
newspaper press, as a probable means of cheapening what 
is a heavy cost in their annual expenses—namely, the 
telegraph despatches. One single punched ribbon may 
be carried. continuously and simultaneously over any 
number of sending machines, and the same political 
news or parliamentary speech may be- sent to half-a- 
dozen distant places from the same centre—say from 
London—at the same time ; and all this can be done by 
so many boys as there are receiving places. Again, to 
receive messages depending upon either visual or audible - 
ignals, the clerk must always be in attendance; and 
when the distance is great, over land or water, so as to 
embrace many degrees of co pe that attendance 
must be unremitting night and day. The clerk, in such 
a case, is a part of the instrument, and the complement 
of it; he can no more withdraw himself an instant than 
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he can safely remove from its connections the telegraphic | 
portion of the m system. By this automatic | 
scheme, the attendant need not be always present. He | 
may even go to bed; and when he awakes he may find | 
the communications sent in the meantime in the m 

basket. Further, one attendant at each end of the line 
wire is all that is now needed ; and the sender need be 
no other than a person of ave’ intelligence, of little 
experience, and who can, as has n already said, read 
well. A boy’or girl of twelve or fourteen years may do 
the sending pects om and a moderate education and ex- 
perience are all that is needed to receive, interpret, ex- 
tend in writing, and distribute correspondence. A 
uniform charge for messages within a wide circuit belongs 
to the economy of this system, upon the basis of the 
plan adopted for our post-office. The Telegraph Com- 
pany, according to Mr. Allan’s scheme, should issue 
blank and file books; and any person possessing one 
such book, has only to write his message on a blank 
leaf, tear it out, envelope, and drop it into the office- 
box, when it has instant attention given to it. All this 
appears quite plain and possible, but the distinguishing 
features of the mechanism, conjointly with the electrical 
influence by which it is produced, is not so obvious. 
According to Allan’s plan of signalling, the punctures or 
**embossings,” on the paper at the receiving points, are 
made by the method of reverse currents, or the positive 
and negative electric currents are both made effective for 
marking; and the receiving instrument itself, without 
any expense of power, makes the distinguishing spaces 
between the letters ; whereas, in other instruments of this 
kind, small spiral springs are introduced, for the quick 
and certain recovery of the deflected needle to the neutral 
position, in order to make spaces. This latter planis also 
followed by Digney, a French maker of good repute ; but 
it is objectionable for various reasons ; and one of these is 
the superfluous demand that is made on the electric 
foree to overcome a mechanical resistance, and the pos- 
sible fluctuations and depressions of battery force, which, 
from the resistance of the spring, might destroy the 
signalling power. In the instances of the telegraphic 
instruments of other makers, reverse currents are em- 
ployed instead of springs; but, with them, one of the 
currents is devoted to making the spaces, whereas Allan 
utilises both, as has been already stated, for marking. 
By this means he diminishes the number of currents 
sent through the line wire by upwards of 30 per cent.; 
and, on the other hand, the gain in point of time, by 
adopting altogether the ‘‘ dot” system of marking, is 
about 50 percent. This particular will be at once appre- 
ciated by the intelligent telegraphist at its proper im- 
portance, because, by the arrangement in question, 
greater signalling power is attained with relatively less 
expense of electrical force; and besides this, and with 
especial reference to the application of this plan to long- 
range submarine telegraphy, greater speed of,transmission 
is also attained. But further, the effective workings of 
such instruments depend, amongst other things, upon 
the nice adjustment and suitable condition of the 
metallic surfaces, which are required to act by making 
and breaking electrical contact with each other. First, 
the sending or reversing break is here made to preserve 
clean contact by a. rubbing action, which effectually 
wipes off any abraded matter which the spark carries 
over from one terminal point, and deposits upon the 
other and opposite point. In Allan’s ‘‘relays,” or pole 
changers, as these instruments may be called, this con- 
tingency is very ingeniously provided against. The 
relays are ‘‘sparkless ;” and the small disruptive dis- 
charge of electricity which takes place on breaking con- 
tact is not produced in the relay at all, but in the 
recording instrument, where the mutual attrition of the 
metallic surfaces constantly preserves the clean. 
The importance that attaches to this particular will be 
sppecenh 00 it is remembered that foul contact-points 
in the relay would soon reduce the action of the battery, 
which should work it, to inefficiency. By Allan’s plan 
the power of the battery is preserved, and the machinery 


of whole line kept open for the transmission of cor- 


respondence. Moreover, the absence of the spark in the 
relay admits of a + increase in the power of the local 
battery, and therefore of more efficient action in working ; 
whereas the sparkling relay of other makers compels 


| them to use only a very moderate power, so as to injure 


the operations of the instrument as little and as slowl: 
as possible. This inconvenience, therefore, carries with 
it a limit upon the energy with which a telegraph line 
can be worked, without the risk of delaying its action 
for cleaning the relay at very short intervals of time. 

The above gives a general description of Mr. Allan’s 
signal arrangements; we shall now refer to his im- 
provements in the construction of cables, especially those 
intended for deep-sea working. Near shore, Mr. Allan 
uses cables of considerable comparative thickness, so as 
to avoid the danger which always arises from the abrasion 
by 20m and other sources of injury. The following 
observations, for which we are indebted to a valuable 

riodical, the Electrician, will afford the reader an 
sng into the improvements claimed for Mr. Allan’s 
cable. 

‘*Mr, Allan claims for his principle of deep-sea telegraph 
cable, that it combines the maximum of conducting power, 
insulation, strength, flexibility, and durability, with the 
minimum of weight, bulk, cost, and risk in submergence. 
He adopts the solid copper wire as giving the greatest 
amount of sensing. power, with the least amount of 
inductive surface. The strand of copper wire used for 
ordinary forms of cable, presents considerably more surface 
than would be obtained with the same amount of con- 
ductivity in a solid copper wire ; but it is found safer to 
sacrifice a small amount of speed, owing to the increased 
surface, than to run the risk of a fracture in the solid 
copper conductor. Having obtained the best soft solid 
copper wire, he surrounds it with small steel wires of the 
best quality, laid on with a slight spiral ; and this forms 
the inextensible core or conductor, and also the strength 
of the cable. This core, or backbone of the cable, is 
then insulated with separate layers of gutta-percha, or 
india-rubber, or any other combination of the two; but 
it is Mr. Allan’s opinion that none of the failures in deep- 
sea cables ought to injure the reputation of gutta-pe: 
as an insulator; and his confidence in its suitability for 
submarine telegraphy remains unshaken, provided it be 
applied to the conductor with the necessary amount of 
care, and not submitted to any crushing or gre ice. 
process before it reaches its ocean bed. The insu 
core is then clothed with a slight covering of hemp, or 
any other cheap material, saturated with marine paint ; 
and this completes the deep-sea cable, 

‘‘The true mechanical test of a submarine cable is to 
ascertain the number of fathoms of its own length it will 
sustain in water without elongating to any serious extent. 
If the conductor, or metallic portion of the cable, be 
small, then the cable may sustain an enormous length of 
its own weight in water, and still not be at all suited for 
a long distance, because of the insufficiency of conducting 
power. In this respect Mr, Allan’s cables were excellent 
examples, with a much larger conductor than most of the 
other light cables sent in for testing. Mr. Allan’s bore a 
weight nearly equal to 7,500 fathoms without elongati 
one per cent.; and this may be taken as the weakest lin 
in the chain, for joins in the steel wire abounded, This 
cable was also tested round a 12-inch wheel, to see if the 
core would cut through the gutta-percha ; and although 
this ordeal was at least ten times more severe than it 
could be subjected to in submergence, not the slightest 
deviation from the centre could be detected.”—The fol- 
lowing is the report after the experiments were conducted 
(Government Report, 28). ‘*The results shown in 
the above table for Mr Allan's cables are remarkable. 
In these cables the strength is given by steel wires laid 
spirally round the copper conductor, thus using the 
strength-giving material to form part of the conductor ; 
the area of the conductor is therefore increased ; and 
there is no danger of the conductor knuckling through 
the gutta-percha from the resiliency of the latter. This 
addition to the conducting area increases the induction 
of the cable in the full ratio of the increased area, but it 
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only increases the conducting power of the cable in the 
proportion which the conductivity of steel bears to that of 
copper, which is about one-seventh. To obtain the same 
capacity for the transmission of messages in a cable of this 
kind, as in acable in which copper forms the sole conductor, 
the dimensions of the conductor must be increased to give 
the same ratio of conduction to induction. The insulating 
material, of course, requires protection in these as in other 
cables.” The latter portion of this report we consider 
scarcely correct. We have now before us a specimen, in 
which the compound conductor has no greater surface 
than the ordinary copper strand of the same conducting 
power. We intended giving an illustration of this prin- 
ciple of cable, but it is so few in parts, that we can readily 
convey it to our readers, by simply saying that it is 
composed of a No. 8 soft copper wire, surrounded with 
25 No. 25 best steel wires ; this is insulated with four 
separate coatings of best gutta-percha, and then finished 
ina skin of hemp, merely to protect it during submergence; 
the conducting power of the core is equal to 520 lbs. of 
copper, and it is insulated with 550 lbs. of gutta-percha 
per nautical mile ; in diameter, it measures five-eighths of 
an inch; weight per naut. in ship is 13 ewt., with a 
specific gravity of 1-7 ; and it is calculated to bear 7,500 
fathoms of itself in water, without elongating one per 
cent. ‘Mr. Allan considers this cable suitable for a 
distance of 2,000 nautical miles, and a depth of 3,000 
fathoms, the shore ends of course to be heavily protected. 
A cable of this description has the great advantage of 
being very simple to manufacture ; in fact, it could be 
entirely finished by the manufacturer of telegraph cores. 
There are many instances of the gutta-percha core 
receiving injury during the process of iron wire covering, 
bene have only been detected after the cable has been 
subm 

The following cut illustrates Mr. Allan’s method of 
recording m: , for use either on land or submarine 
Leow te As previously mentioned, the dot system, 
which he prefers, saves considerable time in transmitting 
the message. 
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In the cut, Morse’s system is compared with that of 
Mr, Allan’s ; and it will be seen that the latter has the 
advantage, in respect to space occupied on the receiving- 
tape, and that the code of signals is entirely different. 
The length of the dash is done away with, and the space 
between them economised. In Allan’s arrangement, 126 
currents produce the alphabet ; against 164 required in 
the instrument employed in the system of Morse. The 
proportion of time is as 196 to 290 for the whole 
alphabet ; and as 33 to 49 for a word; or generally about 
fifty per cent. is saved. ; 

Tren’s Train TetecRarH.—The numerous accidents 
which have taken place, owing to trains overtaking each 
other on the same line of rail, have given rise to numer- 
ous inventions, intended to prevent the recurrence of such 
casualties. Amongst them, we may notice Tyer’s patent 
train telegraph. In this arrangement, a dial-face is 
placed at each station, on which needles are worked b 
electro-magnetism. A bell and gong are also provided, 
for calling the attendant’s attention. The dial-face is 
divided into two parts—one for the up, and another for 
the down line; and on the right and the left of the face, 
the words “Train on Line,” and ‘Line Clear,” are en- 
graved. According to the system adopted in this plan, 

each signal station communicates with the signal station 

on each side of it, so as to announce both the approach 

and departure of each train. The receiver of a signal 

cannot alter it ; and a signal once given remains fixed, 

until the next signal is sent. The line of railway is 
vou. L 


divided into sections by the signal stations ; and no train 
is permitted to pass one of the stations until the signal 
has been received that the next station in advance is 
quite clear. The mechanical arrangements are extremely 
simple, and the system itself is equally so. Its universal 
adoption would doubtless go far to prevent the possi- 
bility of collision by trains overtaking each other during 
a long journey. On short station-lines, such a plan 
would seem to be indispensable. 

Wueatstone’s Private Tevecrara.—Much of the 
credit of all our telegraphic arrangements in this country 
is due to Professor Wheatstone, who, for many years, 
has been indefatigable in his exertions to bring the sys- 
tem into a state of perfection. The first attempts were 
confined to connecting our large cities together by means 
of telegraphic wires. Another step was that of extending 
the telegraph, by means of submarine cables, to foreign 
countries, Eventually, large warehouses were furnished 
with telegraphic apparatus, by which much time was 
saved by the telegraph doing the work of messengers. 
District telegraphs were another development of the 
system ; and, at last, the Universal Private Telegraph 
Company has stepped in to give private individuals the 
opportunity of using the electric current for the expres- 
sion of their wishes in any direction, and under their sole 
control. We can well remember hearing it said, some- 
what derisively, some years ago, by a learned but crotch- 
ety professor, ‘‘that some day, electric wires would be 
as common in London as gas and water-pipes.” This 
prophecy has been exceeded in its fulfilment ; for the 
number of electric wires in many streets of the metro- 
oe exceeds that of the pipes of both classes we have 
nam 
It is, of course, requisite that the instruments em- 
ployed in private houses should be so simple, both in 
their working and indications, as not to be liable to get 
No. 1.—The Communicator. 
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by Mr. Wheatstone. The instrument consists of 

the communicator and indicator—on each of 

which the letters of the alphabet, and numerals are 
engraved, in the form of a disc. By means of a needle, 
actuated by electro-magnetic machinery, the words of the 
message sent by the communicator are spelt, letter by 
letter, on the indicator; the former instrument being in 
possession of the sender, and the latter with the receiver ; 


ree | them. These two desiderata have been accom- 


| the current is conveyed by wires, suspended in the air— 
| in one bundle or rope, which may be made to enclose 
| almost any number, from their small sectional area. 
| Round the discs of both instruments, as many keys are 


placed as there are letters; and being pressed down, as 
each letter required is arrived at, in the rotation of the 
needle, they indicate the letter which has been tele- 
graphed. e electric power is obtained by a modifica- 
tion of the magneto-electric machine—that is, by magnetic 
induction; and thus, the expense and nuisance of a 
voltaic battery are obviated. The preceding engravings 
will give a general idea of the instrument. 

Special instructions are given as to the arrangement of 
the apparatus before sending a message; and the earth 
is used for the return current, as in the ordinary method 
of telegraphy. 

The instruments, and use of the wires, are charged for 
by an annual rental. And thus, any two individuals, 
having ogreed to employ the apparatus, and having had 
it suitably fixed, may carry on a correspondence, either 
in letter or cipher, entirely between themselves, and 
without the possibility of their secrecy being invaded by 
curious telegraph clerks, or interested parties. This i 


| of course, ensured by the use of separate and iso 


sets of wires for each set of telegraph instruments. 

Such inventions as these cannot fail to be of great 
benefit, in a social, commercial, and political point of 
view. In +t cities, it is of extreme importance that 
police, military, and fire-engine stations, should have 
instantaneous means of communication; and theso are 
at once afforded by the private aaaere tem. 

coma “on ong ee ~) ong “sy of 
France, Napoleon concei idea of employing 
balloons for the purpose of athe enemy’s lines ; 
and the same plan was adopted by the Federals during the 
unfortunate internecine struggle between the American 
States in 1862. A most important addition, however, was 
made in the application of the electric tel h. The 
balloon was connected by means of wires wi e earth, 
and thus a continued communication was kept up be- 
tween the observers and their attendants on terra ins 
By this ingenious plan most valuable information was 
obtained, and the course of the campaign materially 
influenced, 

Sremens’ Execrric Restsrance THERMOMETER.—This 
peculiar arrangement, primarily intended to test the 
temperature of large coils of submarine telegraph wires, 
in cases where taneous heating was feared, is an 
adapts tion of the laws of resistance in conducting-wires, 


the resistance being measured by means of an ordinary 
galvanometer. It is opel spot to the discovery 
of heating in masses of hemp, &c., which have key 
caused disastrous conflagrations, We are inde! to 
the London Review for a description of its arrangement. 

The apparatus consists of a differential galvanometer 
and of a bath of water (or oil), the temperature of which 
can be changed at will by opening one or the other of two 
cocks, the one bringing a supply of cold, and the other a 
supply of hot igi an overflow pipe being provided to | 
prevent accumulation. A battery of from four to eight 
cells is also provided, besides a number of electric “ave | . 
consisting each of a certain length of thin insula 
platinum wire inclosed in a sealed metal tube. 
_ These coils having been carefully adjusted, in the first 
instance, so as to offer equal resistance at one temperature, 
are connected to insulated copper leading wires of com- 
paratively large sectional area (No. 16, B. W. G.), the 
ends of which are brought to the binding screws of the 
apparatus, to be inserted, when required, into a circuit 
including the battery and the Se petyiergdi These 
‘* thermometer coils” are deposited at the places where 
the temperature is to be observed, excepting one which 
has to be reserved for comparison with the of ers, This 
last-mentioned coil is, through its leading wires, so con- 
nected as to form an electric circuit with the beliary 
and the second coil of the differential galvanometer, 
is immersed in the bath before mentioned. It is evident, 
that if the temperature of the bath should be the same 
as that of the place where the thermometer coil under 
examination is deposited, the two electric currents pro- 
ceeding from the battery will meet with equal resistance 
in the two circuits, and, in passing two spirals of the 
differential galvanometer in opposite directions, will pro- 
duce no visible effect upon the needle. If, however, the 
temperatures of thermometer and balancing coil should 
be unequal, the needle will be deflected by the prepon- 
derance of current in the cooler circuit, showing, by the 
direction of its deflection, whether cold or hot water 
should be added to the bath to establish equilibrium of 
currents. When this equilibrium is obtained, the tem- 
perature of the bath is observed by means of an ordi 
mercury thermometer, which temperature must be iden- 
tical with the temperature at the distant 

In dividing the ‘‘ thermometer coils” into two por- 
tions, the apparatus is rendered applicable for observi 
wider ranges of temperature than can be directly attain 
by the mercury thermometer, and in this modified form 
it may be used for pyrometrical purposes. In measuri 
ordi temperatures, the employment of equal pm 
undivided coils is, however, not only the most sim 
arrangement, but it has the advantage in its favour, thi 
the of the observation is not de it upon 
the rate of variation if resistance be uni or even 
accurately determined. The heat produced in the coils 
by the electric currents employed, affecting the two coils : 
equally, is also completely compensated in using equal 
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ACOUSTICS, AND ITS APPLICATIONS, 


CHAPTER I. 
THE PRODUCTION OF SOUND. 


AtTHovGH we can scarcely consider the phenomena 
which are usually under the term “Acoustics,” 
as resulting from a purely undulatory force—the 

logy which exists between the production of sound, 
and light and heat, is so t, as to permit of our in- 
cluding its laws and applications under that head, if we 
do so only by way of analogy. 

We have previously observed, that the vibrations of 
the atmosphere are really t; of those of the suppo- 
: ether to whose undulations we assign the pro- 
of light ; and our readers who have perused our 
will therefore be prepared to enter 


is subject. 


experiments and remarks we su in 
subjects of Heat and Light, we 


z 


to a body, it partakes 
the force huiparted'to it ; ‘and the result ta, tat heat, 


to detect its presence,* Our nt sul 
ject will therefore form a kind of corollary on all that 
ve it; and as such we shall treat it, in- 


cluding, however, many applications specially incident 


The production of sound is so familiar to all our 
readers, that we need scarcely draw their attention to 
it. We cannot, however, fail to notice, that there exists 
a vast diversity in the sounds we hear. Thus, if a 
oe of wood or stone be struck, we simply notice a 

ull, heavy sound, entirely devoid of musical intona- 
tion, providing the bodies be struck in 1] irregular 
masses. If, however, they have certain definite shapes, 
and their } and thicknesses increase and diminish 
in definite ratios, then we hear graduated sounds. These 
may be produced by on—as in the case of the 
pianoforte, the strings of which afford ‘‘ music” on being 
struck nd hammer or by simple vibration; as we 
observe in the cornet, the flute, and other wind in- 
struments, 

Now, in any case where sound is 
sults simply from the vibration of 
body whi ives it; and the common ttuning-fork, 
perhaps, affords us the best illustration of this fact. If 
the fork be struck against any hard body, then its prong 
at once vibrates, and, in so doing, it causes the air next 
to it to vibrate also. We hence have a successive series 
of waves afforded, just as we observe the same effect 
produced on casting a stone into still water. Now, just 
as a succession of circles from the spot at which 
the stone arrived on the surface of the water, so the 

* See ante, p. 176; Pig. 16. 


uced, such re- 
particles of the 


same result occurs when a sounding body is put 
into motion. This is illustrated, so far Fig. 1. 
sce rings Guia ower ioge aoe ote} 
engraving, whi ows, e dotted \ 
lines, the vibrations which gee metal of ‘ 
the tuning- undergoes after percus- 
sion. The body, however, must be elastic 
to produce sound: thus a piece of clay 


a 


Ors, 


chad 


searcely affords sonorous waves, because 
it has but a very slight amount of elasti- 
i If, however, a glass vessel of any 


city. 
kind, which is elastic, be struck, it at once 


ces and tes in the air a series 
aes Jersituctians quik Modewenching ths'ai. 90-bit 
act on that organ as to make it sensible to the sounds 


uced, 

That an elastic body really vibrates when it is put 
into sufficient motion to produce waves of sound, is most 
readily proved: and the following engraving shows a 

Fig. 2. 


very neat method of proving this fact. For this 
pose: place a thin glass tumbler on any firm su Lan 
and hang a small wooden ball, by means of a t' 
from any ae or by the hand, so that the ball may 
just touch the rim of the glass; then draw a violin bow 
against the rim of the glass. ‘The vessel will thus be set 
into vibration ; and the ball, resting against the rim, will 
be repelled, and oscillate for some considerable time. 
The mode of carrying out this interesting experiment is 
illustrated in Fig. 2; in which the straight line repre- 
sents the cord holding the ball as suspended from any 
support, and the dotted line shows its vibration. The 
success of the experiment will depend on the glass rim 
being quite clean ; and the bow should be well rubbed 
with resin, to afford as much friction as possible. Con- 
fining our attention for the present to the vibration 
of solid bodies, we may suggest a very instructive and 
pleasing mode of illustrating the production of musical 
sounds by means of glasses of various sizes. If eight 
finger-glasses, or tumblers, are placed on a hollow square 
box, and they be chosen so that “<— may have arelative 
size (of which we shall speak more fully hereafter), a series 
of musical sounds may be readily produced, which accord 
with an octave, or eight successive notes of any musical 
instrument. The sounds are given off on the 

of the glasses being rubhed by the finger, which 


ae 
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viously been wetted by a little lemon-juice, to give it a 
aes md roughness, The ve should be gently but 
firmly rubbed round the rim of each glass ; and the ar- 
rangement of which we speak is illustrated in the follow- 
ing aving—the octave succession of notes being 
also indicated. The effect produced by the action of the 
finger, is exactly similar to that afforded by the bow in 
our last illustration. The glasses are ca to vibrate, 
and the production of sound is the natural result. 

Fig. 3. 


{ 
rf 
} 
Py, ue ° 


We might add, to a great extent, various illustrations 
of the production of sound of a musical kind, by means 
of vibrations of the atmosphere and solid bodies, The 
Eolian harp is an instance in which the air, moving 
through the intervals between wires of different thick- 
nesses, produces such results. Even the wires extended 
on the poles observed by the sides of our railways, for 
telegraphic purposes, often afford, by their vibration, 
what we may venture to call a wild kind of music. The 
striking of a gong, and similar instruments, on the other 
hand, afford instances in which sound is produced by 
the vibration of solid bodies, subsequently ie apse 
through the air. Wind instruments of all kinds pro- 
duce these effects on the ear, by a combination of the 
vibrations of their solid parts with those of the surround- 
ing atmosphere. Having thus spoken generally of the 
production of sound, we shall now refer to its conduction 


through various media. 
THE CONDUCTION OF SOUND. 


We have already remarked, that whenever vibrations are 
produced, affording sound, the waves of sound are propa- 
gated by the surrounding bodits. But this depends on the 
elasticity of those bodies; as many substances—to use a 
common phrase—stop sound ; that is, they prevent its pas- 
sage, being incapable of continuing the vibrations which 
have arrived at them. This is taken advantage of in the 
erection of astronomical instruments, which, from the 
vibrations of adjacent bodies, would become so unstead, 
as to be perfectly useless. But if a telescope, of hig! 
magnifying power, be mounted on a clay and leaden 
foundation, the vibrations of surrounding bodies are 
stopped, and cease. The same materials, with many 
others, equally manos the propagation of soniferous 
waves ; and may, therefore, to some extent, be termed 
non-conductors of sound. The atmosphere permits the 
passage of sound at the rate of about 1,140 feet per 
second ; that is, the sonorous vibrations of any body 
will not be perceived by the ear in less than a second 
of time, if 1,140 feet of air intetpose. We find, how- 
ever, that water, and many solids, convey sound 
much more rapidly than air; and if we make the rate 
of conduction in the air the standard of comparison, 
the following will show the relative powers of various 
cane _— 


Copper . p ‘ . : ‘ 


Glass ai bg : 6: ptocvieseln ted. 6 adel Bree 
Various kinds of woods, 11 to . . “ 
Most of our readers must have noticed, in Soe 
ience, how differently bodies conduct sound, us, 
a long row of iron raili be struck at one ex- 
tremity, the sound produ is heard at the other 


“ long before it would be conveyed by the atmo- 
sphere. 
Pith temperature and density of any medium, have 
the effect of modifying its conducting power ; and this is 
most readily observed in the atmosphere. The 
however, which we have mentioned, is pretty nearly 
uniform for all ordinary atmospheric aire, 4 and, for 
this reason, the conduction of sound may be employed 
as a means of measuring di This depends on 
the fact that light travels infinitely faster than sound ; 
requiring, as it does, no more than one second of time 
for traversing a distance of 192,000 miles. To illustrate 
this mode of ascertaining distances, we will suppose a 
flash of lightning to be seen, and that twelve seconds 
elapsed before the sound of thunder was heard. Pre- 
suming 1,140 feet per second to represent the rate at 
which the atmosphere conveys sonorous waves, we shall 
ascertain the distance of the place at which the flash 
occurred, by multiplying 1140 by 12. Thus—1140 
(the rate of sound) multiplied by 12, gives the 
number of feet (13680) as the distance of the flash ; 
and this sum, divided by 5280 (the number of feet 
in a mile), shows that the position of the electric 
discharge must be two miles and 1,040 yards from the 
observer. Ina similar manner, the firing of a at sea, 
>y propre acd Sean of any we shore. 
the atmosphere be greatly rare or gases of less 
ifie gravity are employed in experiments with sound, 
ep the reenting pee are greatly modified. Thus, 
if a person b pure hydrogen, or if that gas be 
blown through an organ-tube, then the sound produced 
will lose its volume, and a shrill whistle will be noticed. 
We may here state, by way of anticipating our future 
remarks, the difference which exists in sounds, Some 
are shazp or acute ; others dull or grave ; high and low, 
&e.; and these differences-are partly due to the source of 
vibration, the body vibrated, rie the media through 
which the vibrations are propagated. It matters 
not, however, what pitch or intensity sound has in 
respect to its 
rate. The conducting power of any material may be 
readily illustrated by means of the following plan :— 
Place a musical box inside of flanges Dek caren ae 


“baize, or any woollen material, so as to prevent t' 


passage of sound from its in- 4, 
side. A hole should be . ye 
bored in the top. Into this 
insert a wooden rod, so that 
it may rest.on the musical 
box. Ifa violin, or empty 
box of any kind, be then 
placed on the outer end of 
the wooden rod, the sounds 
produced by the box will be 
aan teen A nde ca 
moving the vio m the A A isthe outer deal box, 
rod, the sound apparently 7, the musical box; ones 
ceases. Thisisowing tothe testing on the m s 
wood conyeying sonorous 
vibrations from the musical box, and the subsequent 
LS yipens qe eatge i air by means of the violin. 
e mode of carrying out this interesting experiment, is 
illustrated in the above engraving. pater s 
This experiment also illustrates the use of sounding- 
boards, as seen in the piano, ne violin, dtc, ; for it is not 
only essential that sound beconducted bya sufficient mate- 
ial, but also that an adequate diffuser be also present. 
The stethoscope is constructed so as to convey the 
sounds of the beating of the heart, dc., to the ear of the 
person employing it : and a very common plan of ascer- 
taining the Santee supply of steam to each end of the 
cylinder of a steam-engine, is that of Rees a wooden 
rod against the cylinder—biting it with the teeth, and 
closing the ears, The vibrations are thus conveyed to 
the ear by means of the conducting-rod. If a musical 
box be p at a considergble distance from the ear, 
so that its tones can scarcely be heard, and afterwards a 
deal rod be placed with one end on the box and the 
other between the teeth, the sounds previously inaudible 


, as each kind travels at the same 
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will be readily perceived, through the conducting power 
of the wood. Ina similar manner, a poker, if hung by 
means of a piece of string held in the teeth, will produce 


ore sound when struck by a hammer or other 
y- 


A very ingenious application of these principles was 
made, some years ago, by Professor Wheatstone, of King’s 
College, London. He conceived the idea of conveying 
musical sounds from any instrument into a distant apart- 
ment ; so that a “‘supply” of music might readily be laid 
on in each room of a house, if rods were attached to any 
instrument, and fitted with diffusers, such as we have 
illustrated in the last engraving. The plan was practically 
carried out at the London Polytechnic. In the basement 
of the building, a pianoforte, cornet, and violin were 

layed; and from each a deal rod was carried, to a 

eight of 40 feet, into the upper lecture theatre. On 
mi deal rod a harp was placed ; and by these means 
the sound produced by each instrument was at once 
diffused. The effect was singular and interesting, for 
each instrument was distinctly heard by itself, or in 
concert with the rest ; the music, however, all proceeding 
from the sound-diffusing harps. Ina similar manner the 
sound of human voices was also conveyed ; the singers 


being placed with their mouths close to the sounding- 

board of the piano in the basement, and the harp 

answering as the diffuser in the lecture theatre. The 

following engraving shows how the same plan may be 

carried out in any two apartments in the same house. 
Fig. 5. 


The pianoforte and the performer are to be placed ina 
lower apartment, and the audience and diffusing-harp in 
the upper one. A deal rod rests on the sounding-board 
of the piano, near C treble; and the harp rests on its 
upper extremity. So long as this arrangement is main- 
tained the performance is distinctly heard; but if the 
harp in the upper apartment be removed from the deal 
rod, the sound instantly ceases. A violin or empty deal 
box ree just as well as the harp for diffusing the 
sound, 

I a musical box or bell be placed in the receiver of 
an air-pump, their sounds will be audible until the air be 
exhausted ; but then, owing to the absence of any medium 
by means of which their vibrations may be conducted, 
the sounds are entirely lost ; but if the air be allowed 
again to pass into the receiver, the sound becomes im- 
mediately perceptible. 

With respect to the greatest distance at which sounds 


can be heard in air, much depends on the state of the 
atmosphere. Bells of churches on shore, have been heard 
many miles out at sea ; and the report of cannon has been 
noticed at astonishing distances. Sound is also well 
conducted by rocks ; and the noise of the pickaxe of the 
miner may be heard by another person at a long distance 
off, owing to the vibrations being conveyed by the solid 
rock, 


THE REFLECTION OF SOUND. 


Tux analogies between heat and sound are very evident, 
for they can each be conducted, and also reflected, by 
proper means; and having spoken of the conduction of 
sound, we shall now proceed to show by what means it 
may be reflected: and thereby explain the cause of 
echoes, and the construction and use of some acoustic 
instruments. Two concave reflectors, made of tin or 
zine, will be required for some of the experiments we 
shall mention. ‘They may be of a similar shape and size 
to those illustrated in a previous page. * 

It may facilitate our progress, if, in future, we employ 
the term ‘‘ray” to the emanations, or waves of sound, 
proceeding from any source. This will also enable our 
readers to connect the laws of the reflection of heat and 

ight with those of sound, and also to become acquainted 
with the analogy existing between them. If a ray of 
sound impinge on a plane reflector, such as an even wall 
or a sheet of glass, it will be reflected therefrom in a 
similar manner to one of heat or light; and the angle 
formed by the incident ray will be equal to that of the 
reflected ray. By pursuing this law, a variety of appli- 
cations of it may be made in the construction of such 
instruments as the speaking, hearing-trumpet. &c. The an- 
nexed engraving illus- Fig. 6. 
trates the mode in e. 
which the voice of a tee 
man may thus be sent d 

to a great distance by 
means of the former 
instrument. The ex- 
ternal part of the figure Prey 
represents the speak- <2 
ing-trumpet, usually employed on board ships: a a are two 
rays af sound, which have been reflected from d after 
proceeding from the mouth, ¢. Now, had not the re- 
flecting surface of the trumpet been present at d, then 
the sound would have radiated off towards e, and only 
that ray proceeding in the direction c b would have 
reached the ear of a person at a distance. But by 
means of this tube, all rays passing from the mouth, ¢, 
otherwise than in a line parallel to c b, impinge on the 
sides of the tube, and are thence reflected therefrom in 
lines which are parallel to ¢b; and so a larger number 
reach the ear by the use of this arrangement. 

On the same principle, the whispering gallery of St. 
Paul’s Cathedral is constructed. The sound, from any 
source, impinging on the circular walls, is reflected con- 
tinuously, and at last reaches the ear at a distance, with 
a very slight diminution of effect. Echoes are similarly 
caused by the successive reflection of any sound from the 
walls or rocks, placed in such positions with each other, 
that any ray impinging on them may be readily reflected. 
Just in proportion to the length of such reflecting sur- 
faces, and the number of incidences and reflections the 
sound makes, so the number of echoes occurs. 

The principle of the successive reflection of sound is 
illustrated by the annexed en- Fig. 7. 
graving, which represents the 
half of a whispering gallery. t c 
We will suppose a sound to 
proceed from a to c; it may 
then be again reflected from ¢ 
tod, orto A. Similarly, a ray 2 A 
of sound, proceeding from }, 
may be heard atc b, and reflected again to d or A. If 
the whole circle be formed, then the reflections, whether 
short or long, will be produced over the entire circular 

* See ante, p. 27; Fig. 6—Section, ‘‘ Heat.” 
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od fmt des a # rp nip rtion of it, will hear 
them distinctly. a concave reflector be so placed as MUSICAL SOUNDS. 


tr ate ee ee a source at its focus, 


second, and be again reflected to its focus. If the ear 
be placed at that spot, all the sounds proceeding from 
the distant reflector will be distinctly heard, and yet 
none will be audible at any place intermediate between 
the two foci. in, even if much noise be made on all 
sides of the reflectors, still the sounds at the focus will 
be readily distinguished, although they may have passed 
through a considerable distance of intermediate air. 
A very similar result is produced when heat is reflected, 
as has been shown under that section. * 

On the principle of reflection, speaking-tubes are con- 
structed, which simply consist of pi ving an even 
internal surface. The sound is reflected from side, to 
side until it reaches the other extremity of the tube. 
These arrangements are largely employed in the ware- 
houses, &c., of our cities, and are a great saving of time 
and trouble. An amusing effect may be produced by a 
modification of the spubhing-tabe: Two tubes may be 


inserted in a head of wood, or plaster—one communi- 


cating with the mouth, and the other with the ear of the 

figure, in the manner illustrated in the following en- 

graving. A tube is carried into an adjacent room, and, 
Fig. 8, 


of course, a person must there listen and repl 
inquiries whispered in the ear of the figure. 

is received by listening at the mouth of the bust. 
resembles what has been termed the ‘invisible lady,” 
which, however, was first introduced to the public as an 
acoustic toy, in the following form. 


to any 
e reply 


No, 2, 


No. 1. 
No. 1, Fig. 9, represents the apparatus in its general 
appearance. It consists of a wooden frame, ph ayarees 
ported on four pillars, from one of which a tube passes 
(as in our last illustration) to an adjacent room; c is a 
copper ball from which the tube proceeds; and bb bb 
are four openings in the side of the ball. These are 
shown in section, in No. 2. The mode of 
arrangement is precisely similar to that we 


using the 
f have het 
mentioned in connection with the preceding ill 
* See ante, p. 27; Fig. 6. 


We shall now call attention to some of the laws observed 
in connection with Se of musical sounds; 
having already explained the general results obtained by 
the vibration of the air, and the conduction and reflection 
of those vibrations by means of suitable media and 


5 
Of all the pleasures derived by our senses, those of 
music are the most refining and elevating. They a 
alike to the mind and the sentiments; at times, i 
een troubled spirit, = 7 peg into action the 
ili ardour of the soldier. It is, indeed, surprising 
to anne the extensive influence which musical sounds 
exert, whether they are produced by instruments, or by 
pressed with this, that, amongst all theis leading allegories 
Pp wi is, amongst eir ing i 
and mythological many relating to the of 
music are included. well-known tale of Cohen 
who was said to have charmed the very stones ; and the in- 
fluence ascribed to Apollo, the god of Music, over the gods 
and men—are instances, out of many o of the kind, 
We shall divide this portion of our subject into two 
pers The first will deal with musical as produced 
instruments: and this will be followed by an account 
fe) ete ip of animal voice; for which we are 
indebted to Dr. Bushnan. It has already been remarked, 


in 
in 
3b 
and 


the 
extremity, 
beyond the top of the vice, can 
= lengthened or pete’ 
passing it, more or less, 
throught $e icles or becks, ak 


either sharper or lower, ‘ . 

i ees string is decreased or 
increased, Now, these similar notes, or sounds, are 
termed octaves; that is, a musical sound repeats itself 
at every eighth set of vibrations, when such are produced 
according to certain rules. But intermediate to the notes 
forming the extremities of the octave, there are others 
which, to some extent, harmonise with them: such are 
termed thirds and fifths, owing to their relative tion 
with that of the first or last octave note. is may 
readily be tried on a pianoforte, by placing the fingers on 
two successive O's, and then striking the following E and 
G. If the three notes be then struck together, the effect 
of their harmony will be at once apparent. 

; Another pa trying ee mo of increasi: id 
engthening a vibrating cord, is that o er y 
a piece of t between any two points. this be 
vibrated it will produce sound, as usual. If it be halved 


| in its vibrating length, by placing the finger on it and 
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pressing it down, midway between its two extremities, 
then a shriller note will be produced, which will be an 
octave higher than that afforded by the long cord. If, 
again, a piece of steel be pres Z a rapidly 
revolving tooth-wheel, a certain sound will be produced ; 
but if the tooth-wheel be made to revolve twice as fast, 


then the: sound will be raised an octave. 

From e experiments we learn, that the tone of any 
sound—that is, its shrillness or dulIness—depends on the 
number of vibrations produced in any similar period of 


time; and that these, again, depend on the length of the 
vibrating body—the number of vibrations being inversely 
goers <e vibrating body. This will be more 
ay Fame if our readers will notice the length of 
the strings in a harp, or pianoforte. It will be 
found, that those which bee shrill sounds, are 
invariably the shortest; and the deeper the sound, the 
longer the string which produces the vibration. Violin 
players are thus enabled to obtain any variety of the 
sounds of other musical instruments, by means of the 
rapid movement of their fingers over the strings; for 
they are enabled to shorten their lengths, so far as the 
production of sound is concerned. 

We shall confine our illustration of these principles to 
the eight notes in the treble clef forming an octave—from 
C below the lines, to C on the third space, as represented 
below. To each of the notes we have appended their 
names, for the assistance of those of our readers who do 
not understand music. When, however, an instrument, 
aeesly a pianoforte or harp, can be had access to, such 

materially aid in making our remarks understood. 
Fig. 11. 


=) 


i 


ms mp aahy 4 ee or 
Now, th ds of each of these letters, in Fig. 11 
produced by a definite number of vibrations, an 


or 


D £E 
te mi 


inches. Eac proceed from an 
intermediate length of string and number of vibrations. 
The following table gives the value of each of these—com- 
mencing with the lower ©. Some consider that 256 
vibrations equal C. We have chosen the lower number, 
for the p of avoiding fractions; but the reader can 
easily calculate a table on that standard, by using the 
table, or ratio, which follows this, 


Name of Length of cord Number of vibra- 
note, in inches. tions per second. 
C3 A . P et ie ‘ “ - 240 
1 he ap ~ Ms Athy" (yet “ ? - 270 
( _iggen® 7 - Ad ge “ 7 . 300 
+ AE kat - 4 . 332. ' ; - 3820 
Co. ” - a, ere a ; . 3860 
er ns z ; mo tt & : ‘ . 400 
a se < . Ss eile i / . 450 
1 gyri F , . 22h. a 2 . 480 
The law of the relation existing between the number 

of vibrations, the length of the cord, and the nature of 

the sounds produced, is thus at once made evident, 

The ratio are eta tan in bye "pe hr eal 

following le—commencing wi Ww as it 

being the standard. ; ies 

Nameofnote ....C0DEFGABQO 

Ratio of the length of 
the i) hte de 1°$ #£ 4 4 tvs 4 

Ratio of vibrations , 134444 ¥ 2 
From which we perceive, as before stated, that the 

length of the cord is inversely as the number of 


vibrations, and vice versa. We have already observed 
that harmonies are afforded when certain sounds are 
produced together. This occurs when ©,and G (below), 
which are five notes apart, CO, and E (above), which are 
three notes apart, and C, E, and G, are struck together— 
forming, as they do, a chord in which thirds and fifths 
are combined. The effects of such combinations are 
naturally pleasing to the ear: but this is not a pure 
matter of taste only; for if some pieces of paper are 
allowed to fall on strings thus vibrating, they will 
e themselves in such positions as will accord with 

those of the length of the octave, the third, and fifth, 
pointed out in our last table. We shall refer to this 
again when speaking of acoustic fi 
We have confined these remarks to stringed instru- 
ments only ; but they are equally applicable to those in 
which wind is alone employ: us, in the organ, the 
length of the pipes corresponds to the length of the 
string in the pianoforte, because they enclose a similar 
lent of air; and it is the vibration of this which 
causes the sound of different notes. In the fiute, 
cornopean, d&ec., the length of the column of air is 
os prorat by the skill of the performer ; hence the diffi- 
ty experienced in acquiring the art of blowing those 
instruments properly. Many instruments, of entirely dif- 
ferent kind of construction, such as the harmonium, 
concerti the pan-pipes, bells, &c., all owe the pro- 
duction of their various notes to the laws we have here 


eae 
he diffusion of sound, from an instrument producin 
it, is effected by means of a readily vibrating body. O 
such kind is the sounding-board of the piano, harp, 
violin, &c. We have areal mentioned various facts re- 
lating to this subject, and must therefore refer our readers 
to our previous remarks,* Great variety exists in the 
wer, and other qualities of instruments. 
us the flute and the cornopean, although each pro- 
ducing their sounds directly by the vibration of the air, 
convey entirely different ‘effects to the ear. The same 
may be said of the violin and harp, amongst stringed 
instruments. These results chiefly arise from the nature 
and quality of the material employed, and the skill 
exhibited in their construction. ‘% fastidious, or rather 
educated musical ear, can detect ¢ differences in this 
respect ; and even to persons with no special musical 
taste, it is by no means difficult to distinguish the tone 
of the same kind of instruments made by different 
manufacturers. It is, however, no part of our plan to 
enter into such details ; our object being solely to illus- 
trate the principles of which we have been speaking. 
Despite the perfection of many of the musical instru- 
ments of our day, we still cannot arrive at the production 
of that richness, body, and flexibility of tone which is 
found in the human voice; and we shall now avail 
ourselves of Dr. Bushnan’s remarks in illustration of 
= portion of — cay oe a he also explains 
e@ organs on whic sound-produci wers of 
animals and birds depend, iin 


THE PRODUCTION OF ANIMAL SOUNDS. 


Organs of Voice and Speech in Man.—The organs con- 
— in —_ ame 8 river be ca me chest 
and lungs, the windpipe, a @ posterior cavit 
ff the mouth, the nostrils, which communicate with 
that Fp mor cavity, the palate, the tongue, the teeth, 
and the lips. The sounds which constitute voice, belong 
to the order of musical sounds, independently altogether 
of the singing voice. All that is rightly termed voice, 
takes place in the larynx, which is properly the instru- 
ment of voice. But even independently of the modifica- 
tions by which voice is changed into articulate speech, 
the voice is variously affected by the other parts which 
have been enumerated: by the chest, as pi | 
force of the air; by the windpipe, as susceptible of 
several degrees of length and tension; by the posterior 
cavity of the mouth, as a Aer expanded vault; by 
the nostril, as affording a double passage of exit for tho 

* See ante, p. 275, 
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breath; and by the various conditions of the tongue, the 
palate, the teeth, the lips, according to the position in 
which they happen to be at the moment. 

The chest and lungs together constitute, in reference 
to the voice, a musical bellows, capable of supplying air 
with more or less force to the organs of voice. The 
append of these bellows is, that by them the air must 

renewed at short intervals, entering from without 
by the same by which it is expelled when the 
voice is exercised. It can, however, supply air without 
interruption, in a continued stream, for about fifteen 
seconds. The lung consists of two large bags of air, 
and does not materially differ from the wind-box of an 
organ, or rather from the bag of a bagpipe. No air can 
enter the lung, or escape from it, except through the 
windpipe. The walls of the chest are everywhere in 
contact with the outer surface of the lung, and close in, 
around the point at which the windpipe rises upwards 
to the larynx. The chest is capable of expansion in 
every direction; that is to say, by means of muscular 
action its walls recede from the surface of the lung, so 
that the cavity in which this air-bag is contained, is 
augmented in every direction—in length, in breadth, in 
depth. Whenever this enlargement commences, the air 
begins to enter from without. By this process, in two 
or three seconds, many cubic inches of air can be drawn 
mto the lungs. So nice is the action of the muscles, 
by which the chest is again contracted in size, and the 
lung is compressed, that the stream of air which shall 
issue in a given period +hrough the larynx, by the in- 
fluence of the will, is under the most complete control. 
The prominence of the larynx on the fore part of the 
neck, is popularly known by the name of Adam’s apple; 
by which, probably, its remarkably greater prominence 
in the male than in the female, is referred to. The long 
succession of minute tubes, by the gradual union of 
which the other trunks, and, finally, the windpipe, are 
formed, has this peculiarity—that the ag te of the 
areas of the smaller tubes greatly exceeds the area of 


the trunks which they combine to form. From the 
windpipe throughout, almost to their origin in the 
iiinute cells, the tubes are provided with tense walls, by 
means of the cartilaginous appendages before referred 
to; in the windpipe itself these cartilages assuming a 

Fig. 12. 


more definite form. They 
are in complete rings of 
cartilage, being deficient 
posteriorly; that is, each 
ring of the windpipe tra- 
verses about two-thirds of 
its circumference, leaving 
the remaining one-third, on 
its posterior aspect, desti- 
tute of this support. The 
number of rings in the 
windpipe is from fifteen to 
twenty; in other respects 
the tube is chiefly mem- 
branons, yet provided with 
muscular fibres capable of 
diminishing its calibre, by 
drawing together the extre- 
mities of the rings. It has 
been proved, by sufficient 
experiments, that when the 
larynx is raised by the 
powerful muscles attached 
: ; d,valve-like to it, the windpipe is drawn 
cartilage or epiglottis. up from the chest in a cor- 
responding extent, and that at the same time its dia- 
meter is diminished by about one-third. 

The base, or lowest part of the larynx, rests on the 
upper part of the windpipe ig. 12) ; and this base con- 
sists of a ring, somewhat more developed than any of the 
rings of the windpipe, yet not so different from these 
but that it might be regarded as the summit of that 
tube. This ring differs from the rings of the wind- 
pipe in being complete all round; it is not, however, 
of a uniform breadth in the direction of from below 


a, basement or cricoid cartilage, 
resting on the cylindrical wind- 
pipe; 6, protecting cartilage or 
thyroid 


upwards, being broader at the posterior part. It ma 
be likened, then, to a ring, with a stone or a sea 
Fig. 13. 


the expansion behind cor- 
responding to the stone or 
pv On the upper edge of 
the expanded portion of this 
ring, at the base of the larynx, 
are set two slender bodies of 
a pyramidal form, which bear 
the most important part in 
the mechanism of the larynx 
as an organ of voice. These 
two bodies are exactly alike, 
and are md almost close 
together, like two miniature 
obelisks set on end. The con- 
nection of their inferior extre- 
mities with the basement ring 
of the larynx, is by articula- 
tion—viz., by a true joint, 
like the shoulder-joint; that 
is to say, they are movable on 
the cartilaginous ring which sup- 
portsthem. Fromtheone tothe cies of the larynx; d, the 
other, on their posterior aspec epigiottis. 

muscular fibres extend, by the contraction of which, these 
two minute pyramids are made to approximate together. 
From the fore part of each, near their bases, an elastic sub- 
stance proceeds forwards, converging, to interlace with its 
fellow at the anterior part of the larynx ; that is to say, 
a minute, somewhat triangular, space is formed by two 
portions of elastic tissue, which cross the basement ring 
of the larynx from behind forwards, the base of this 
triangle being the space between the two pyramidal bodies 
= spoken of and its apex behind—a portion of the 
arynx to be presently alluded to. This triangular space 
between these two portions of tissue, or vocal ligaments, 
as they are called, is the aperture by which the breath 
enters and issues in respiration, and by which, when 
contracted to a narrow chink, the air is forced through 
in the exercise of voice, (See Fig. 13), These, then, are 
the most essential parts of the larynx; the two pyra 
midal bodies each resting on the Pee aes of tho 
basement ring, while the two ligaments p: forwards, 
each from the base of one of these pyramids, to form a 
triangle, the apex of which is so directed as to be over 
the anterior part of the aperture of that basement ring. 
It is manifest, that when these two minute ago are 
drawn close together by the action of the muscular 
fibres, the base of the triangular Mpeg is diminished, 
so that the posterior, or wider part of the opening, be- 
comes obliterated ; also, if the apex of this triangle be 
drawn forwards, that the sides formed by the two vocal 
ligaments will still further approximate. Such, then, 
are the two actions by which the bay oy aperture is 
reduced to a minute chink—namely, by the points to 
which its base is attached being made to approximate, 
and its apex being drawn forwards. 

Other muscular fibres are so disposed as to antagonise 
the forces which close the aperture; two sets of fibres on 
each side extend from the basement ring inwards, to be 
attached to the pyramidal cartilages, by which they are 
drawn asunder, and the base of their rectangular aper- 
ture again restored to its former extent. 

Several important, yet less essential parts of the larynx, 
remain to be described. The anterior narrow part of 
the basement ring supports that great prominence which 
constitutes Adam’s apple. This is by far the largest 
portion of the larynx, but may be regarded merely as a 
defensive plate guarding the essential parts of the organ 
from injury. When the finger is placed upon its upper 
margin, and directed a little upwards, a hard, wire-like 
circle is felt; this is the convexity of the hyoid bone, or 
bone of the tongue, which has intimate connections, by 
ligaments and muscular fibres, with many adjacent parts, 
so that it is rendered, as it were, a centre of motion. 


ec, Pyramidal or arytenoid 
cartilages; a, cricoid or base- 
ment cartilage; ¢ ¢, the 
tongues or 

cords, called a 
ments; also arytenotheroid 
ligaments and inferior vocai 
ligaments; f f, the ventri- 


Hence, when the hyoid bone is raised, many of the adja- 
cent follow its movements. The hyoid bone is 
| described as having the shape of the Greek upsilon, the 


= 
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convexity being directed forwards, and it may be felt | cartilaginous processes of the base of the movable 
immediately above the great cartilage of the larynx. pyramidal to which these cords are connected. 
This cartilage, then, termed the th id cartilage | This chink, when most expanded lengthways, is about 
(see Re 19, may be described as a q lateral sheet | eleven lines in length; and of this space seven lines 
of cartilage, with appendages at its four angles, named | lie between the vocal ligaments, and four between 
its cornua, or horns. This uadrilateral sheet is bent | the opposite cartilaginous bases of the pyramidal car 
its perpendicular middle line, and this bending | tilages, above spoken of, to which anatomists give the 
constitutes the angle which is felt in ‘Adam’s apple: the | name of arytenoid. (See Fig. 13). This chink, as above 
upper horns are attached to the hyoid bone ; the under stated, is usually described as triangular, with its base 
horns to the basement ring before spoken of. Thus the | between the two arytenoid cartilages, and its apex at- 
thyroid cartilage is wrapped round the essential parts of | tached to the anterior angle of the protecting cartilage, 
the larynx, covering them in front, leaving them exposed | above spoken of, to which anatomists give the name of 
ind. The prominent angle in front corresponds to | thyroid. (See Fig. 14). More correctly, at its greatest 
Fig. 14. an interior angle on its posterior dilatation, it has a lozenge shape, with the posterior 
; and to the middle part | angle truncated. Thus the chink commences narrow 
of this interior angle extends the immediately behind the thyroid cartilage, expands 
of the triangle formed by | between the vocal ligaments to their attachment at the 
the vocal ligaments, and there base of the arytenoid cartilages, and then contracts in 
obtains an attachment. the space between the cartilaginous bases of these two 
‘A movable valve, like a little | bodies, not to a point, but to a truncated angle. The 
tongue, its apex directed back- widest part of the chink, in its greatest state of dilatation, 
wards, is attached to the same is about five lines and a-half—nearly half an inch. This 
interior angle of the protecting | greatest degree of dilatation takes place during inspira- 
cartilage, a little higher up, over- | tion; during expiration, the chink undergoes a slight 
hanging the cavity of mhelorgex. 
Between the same interior angle | terior part, bounded by cartilaginous margins, as being 
of the anterior protecting carti- | between the base of the arytenoid cartilages, is entirely 
lage, and the two movable poste- obliterated. Thus it is correctly stated, that the chink 
rior i before described, | concerned in the exercise of voice between the true v 
muscular fi proceed, by the | ligaments, at its greatest dilatation, is of a triangular 
contraction of which those trian- | shape, being entirely bounded on the sides by the vocal 
are movable cartilages are | ligaments, and its base corresponding to the points 
wo ° 


lax the elastic cords, already | As before stated, the arytenoid cartilages are attached 
termed vocal ligaments. From the same interior | to the upper surface of the posterior part of the base- 
angle of the protecting cartilage, an elastic substance | ment cartilage of the larynx, or cricoid i (see 
proceeds, radiating in different directions, so as to | Fig. 14); and the vocal geen being attac to 
close in the parts otherwise unoccupied, above the the bases of these arytenoid cartilages, it is manifes 
lateral i of the basement ring of the larynx. | that when these cartilages are drawn together, the v 
This ic substance, in particular, forms two | cords must approximate ; that when these cartilages are 


Statin epating ape su) 8 ne of the — cous the vocal cords Fong liacge 3 from ee 
i ey the sides of the tongue- | other at their posterior part ; + when the arytenoi 
like valve before spoken These cords constitute what | cartilages are drawn backwards, the vocal cords must be 
have been somewhat ee = the superior | put on the stretch; that when the thyroid cartilage, to 
vocal y saneng (See Fig. 13). the space be- | the interior of which the apex of the triangle, formed 
neath t so-called superior vocal ligaments and the | with cords, is attached, is drawn forwards, they must 
true vocal cords, or vocal li ts, is examined, a cavity also be put on the stretch. All these changes are known 
is found on each side of considerable extent; and the | to occur b the action of particular sets of muscles. 
two cavities are called the ventricles of the a pe The | The thyroid cartilage, which forms ‘‘ Adam’s apple,” is 
mucous membrane, descending from the mouth and nos- connected to the basement, or cricoid cartilage, by an_ 
trils, covers and forms a art to these parts in its | elastic membrane, which of itself tends to keep the 
downwards into the windpipe and lungs; so that | thyroid cartilage nearly in the same perpendicular line 
the so-called superior ligaments of the larynx are often | with the cricoid, so as, in some degree, to stretch the 
described as mere folds of the mucous membrane, ex- | vocal ligaments. But there are two muscles extending 
tending between the posterior pyramidal cartilages and | between the cricoid cartilage and the thyroid, by which 
the protecting cartilage. It appears, however, from the thyroid cartilage is drawn forwards, so as distinctly 
more minute investigation, that these folds of the mucous | to stretch the vocal ligaments. There are also two 
membrane do y contain an elastic substance, not muscles extending between the posterior part of the 
less capable, under certain circumstances, of vibratory cricoid cartilage, and the posterior surface of the aryte- 
action than the true vocal cords, or true vocal ligaments. | noid, by whic the arytenoid cartilages are drawn back. 
To recapitulate, then, the prominent points in the | These two pairs of muscles, when they act concurrently, 
conformation of the larynx—the windpipe, called by | must very much stretcli the vocal ligaments. A set of 
anatomists the trachea, is surmounted by a complete | muscular fibres, before spoken of, passing between the 
cartilaginous ring, about an inch in diameter. This arytenoid i on their posterior aspect, by their 
ring is the only outlet of the lungs by which air can | contraction causes the cartilages to approximate. ‘Two 
issue from their numerous cavities, and is the only | other muscles, extending from the sides of the cricoid 
inlet by which air can penetrate from the atmosphere cartilage to the arytenoid, draw them asunder. Some 
into the same cavities. This ring, bein of a firm car- | other muscular fibres are found, connecting the carti- 
tilaginous structure, is plainly inca) , under any | lages of the larynx; but the account of these, owing to 
ordinary circumstances, of dilatation and contraction. | their less importance, may be omitted. A i 
But the air is permitted neither to pass inwards, nor to | The small muscles of the larynx are represented in the 
come forth through the whole area of this cartilaginous | following figure. The crico-thyroidei (b, No. 1; a, No. 2), 
ring, whether in respiration or in the exercise of ‘voice, | and the crico-arytenoidei postici (b, No. 2), extend the 
Its area is closed up on each side by impervious texture, | vocal cords in the direction of their length, and, at the 
so as to permit a passage to thg air only by a chink, | same time, narrow the glottis. The crico-arytenoidei 
variable in its size, extending in the direction of its | laterales (c, No. 2), and the thyro-arytenoidei (d, No. 2), 
antero-posterior diameter. is chink is bounded, ac- | rather relax the vocal cords. e oblique and transverse 
cording to the common descriptions, by the vocal li | fibres of the arytenoideus (e, and fg, No. 2 See the 
ments, one on each side ; and at its posterior part by the | Posterior half of the glottis, The ft K, No. 2) 
vou. I, ° 
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forms a valve, which can be brought over the glottis b 
Qu munvalay Sees ettarhel ef Dodi Co te 7| 
Pig. 15. 


No. 2. 
Such, then, are the parts of the larynx which must 


No. 1. 


be explained to render the phenomena of voice in- 


be a ible, 
¢ larynx, like other organs of the body, is ly 
supplied with blood by the common blood-vessels, Two 
nerves, on each side, are devoted to the actions of the 
These nerves are from the eighth cerebral pair : 
the superior laryngeal nerve, is expended chiefly on the 
mucous lining of the larynx; the inferior laryngeal 
nerve, derived from the recurrent of the eighth pair, 
sends minute filaments to the several muscles concern 
in the movements of the larynx. 
Besides the movements of the component cartil: 
of the larynx on each other, attention must be paid to 
the motion of the whole larynx upwards and downwards, 
This motion takes place constantly in the act of degluti- 
tion, but also, on many occasions, when the voice is 
exercised, particularly in ati ay When the whole 
larynx is raised, the windpipe is drawn proportionately 
upwards from the chest, and so put on the stretch. 
This movement has unquestionably some effect in ex- 
tending the compass of the voice. It was before stated,* 
that the hyoid bone is connected to the protecting 
cartilage of the and that when this bone is 
drawn upwards, the x is nga iacs tab oe along with 
it The hyoid bone is drawn up by muscles at- 
tached in i to the lower jaw, and also to the 
temporal bone of the skull, The hyoid bone is drawn 
downwards by muscles attached to the superior part of 
the breast-bone and to the shoulder-blade. From the 


A few words must next devoted to the cavities 
through which the air passes outwards, after oy 
of the 


of the mouth, communicates with the nostril above, and 
i called the “ Eustachian 
m of the ear, This 


completely divides the anterior from the cavity 

of mouth. The movable, tongue-like valve, before 

spoken of, termed by anatomists the epiglottis (see Fig. 

15, K), overhangs the orifice of the larynx; the arches 
* See ante, p. 250, 


of the te descend on either side, and are possessed 
of a B neers character. From the union ot these 
above, the uvula hangs down. The tongue, 
free and movable in its anterior part, forms the 
floor of the wholo between the root of 
the epiglottis and the incisor teeth of the 
lower jaw. The muscular mass forming the 
cheeks, contracts the cavity of the mouth on 
the sides; and the lips, their mobility, 
, variously modify the aperture by which 
anthus th ir issuing from the larynx, 
us the air issuing t ma 
~ out either by the nostrils or the acted 
t passes out by the nostrils when the mouth 
is closed, or even when the veil of the palate 
descends. When the veil of the palate is 
raised, and the mouth is opened, a free 
is afforded, through what has been e 
pe canal, eget . The oral coma is mani- 
y capable of much greater modification, as 

to size, the passage of the nostrils. 


With soft vibeation, medeletee eS sw, 

On the Human Voice.—In the investiga- 
tion of the cause of the human voice, two 
points in particular deserve attention : first, 
the ise seat of the sounds; and secondly, the mode 
in which these sounds are produced. _ 

As to the first question, it is now determined, beyond 
all doubt, that the sound of the voice is generated in 
the glottis, and neither above nor below that point. 
Before going further, it should be remarked, that this 
word glottis has not always been used in exactly the 


same sense, ‘By t ” says the eminent French 
physiologist, Adelon, “the superior aperture of the 
rynx, its inferior aperture, and the intermediate space 


between these two apertures, have borne the name of 
glottis 5 but, according to the etymology of the word, 

erived from yAocva—the tongue, the speech—no other 
part of the larynx should be called by that name but 
that where the vocal sound is formed ; and we shall see 


Fo eg operation, and an opening has often been made 
in the 


Again 
superior vocal ligaments of th the upper 
part of the arytenoid cartilages, be injured, the voice is 
not lost: moreover, in ig 3 animals, when the glottis 
is laid bare, it is seen that the inferior ligaments of the 
larynx which form the boundaries of the fissure termed 
the glottis, are thrown into vibration. It is known, too, 
that the division of the nerves supplying the 
muscles, which regulate the states of the aperture, and 
make the vocal cords tense, destroys the power of pro- 
ducing vocal sounds. It is also found, that sounds can 
be produced in the dead human body, by forcing a cur- 
rent of air from the windpipe through the larynx, pro- 
vided the vocal cords be in some degree tense, and the 
glottis narrow. The larynx has been cut from the body, 
and freed from all the parts in front of the glottis; thus, 
the epiglottis, the upper vocal hgaments, and the ven- 
tricles of the larynx between the superior and infe- 
rior, or vocal ligaments, the greater part of the aryte- 
noi cartilages—namel; , ther upper part—may be 
removed; in short, if nothing remain but the inferior 
ligaments, or vocal cords, and these be so approximated 
that the glottis shall be narrow, clear tones will be pro- 
duced by forcing air bret it from the windpipe. 

Such facts as these entitle us to regard the glottis and 

t Physiologie de L’ Homme, ii 256. 
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the vocal cords, which form its immediate boundaries, 
as the essential source of voice ; while the’ windpipe 


passages ostrils, 

pent mares Werpsmsaces instrument, by which the sound is 
i t not 

It has been already remarked,* that the vocal liga- 

ments are of elastic tissue; and it is owing to 

this elasticity they are adapted to the office which 

they perform. While, then, it is quite certain that no 

proper vocal sounds can be except in the 

glottis, it seems manifest that the adjacent and some- 

what abundant tissue of the same ki eS 
ceextiae 4 ; spina to 


e difficulty is met with. 
The points of debate which have arisen on this subject 
are, whether the vocal ligaments be a set of membranous 
pee the laws of musical strings ; if the aper- 
ture of ter hace me lbe eee tr A 
vocal ligaments e vibrati 3 or 
even whether thet} eee hime pyr caplet 
be not a molecular vibration of the air, 


iis dese wit earueed se 
ancients the sounds of 
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sufficient tension of the vocal cords to permit them to 
be thrown into vibration by the impulse of the air. 
The sound so produced is conveyed through the mouth 
and nasal passages, undergoing various modifications in 
its outwards. 

us consider, then, in the first place, what evidence 
there is that the organ of the voice is a reeded instru- 
ment, with a double membranous tongue. 

In short, the action of the organ of voice may be best 
explained, in general terms, by comparing it with the 
pipe of anorgan, Let us suppose ¢’ (No. 1, Fig. 16) to 

the wind-tube, into which the air is driven from 
below; b, the stopper, in which is placed the tongue ; 
a and ¢, the y-tube; and let there be a pipe, o 
(No. 2), to the wind-box, ¢ c, and the air be driven from 
the bellows, tf fp, through & The air throws the 
tongue, a (No. 1), into a state of vibration, and passes 
out in undulating movements from the body-tube. 
Such is a general illustration of the nature of voice. 

An experiment may be made which illustrates the 

fone of an mgeret ic = Ahagye of the vocal 
igaments, in lucing so on the principle of a 
double tongue. The extremity of a tube is closed by 
two bands of mvist elastic tissue—for example, arterial 
tissue—so applied as to cover the whole end of the tube, 
with the exception of a slight fissure between the bands. 
India-rubber, or leather, may be employed for this pur- 
poe Both these substances produce a similar t ; 
ut it appear? that the middle arterial coat, being com- 
Goring the mine piece! propeeion forma the Wieekind 
ving the same physi: ies, forms the best 
of artificial larynx. When this tube is blown through 
at the free extremity, the tongues not only vibrate 
readily, but produce a range of musical tones. To 
obtain a pure quality of tone, it is necessary that the 
two membranous bands should be of equal weight and 
breadth, and subject to equal tension, otherwise they 
cannot vibrate equally in equal parts of time. 

If rey enact sea be dissected out, and the vocal 
cords be stretched, they will vibrate like a piece of arti- 
ficial tissue, such as india, ia-rubber or leather, in a current 
of air. In conducting these experiments, the same con- 
ditions must be secured as are required in the experi- 
ment with the tube, and the two membranous lamina, 
before referred to. For example, the inner edges of the 
glottis—that is to say, of the vocal ligaments—must be 
turned outwards towards each other, so that they shall 
be in the same plane and parallel to each other, other- 
wise they will not produce any sound. Hence it may be 
inferred, that when the tension of the vocal ligaments 
takes place in the living animal, they turn upon their 
axis, till their planes, which, in the state of relaxtion, 
are inclined to axis of the vocal tube, become per- 
pendicular to it; and as the edges of the glottis ap- 
proximate, its chink is nearly or igi and they 
acquire the true vibrating position, C) production of 
the most simple tones of the voice requires the associated 
action of a most extensive range of organs ; for it is cal- 
culated that, in the ordinary modulation of the voice, 
more than one hundred muscles are brought into action 
at the same time. 

As the air rushes upwards from the windpipe, a por- 
tion of each edge of the glottis yields to its pressure, 
and is curved upwards, so as to form an angle with the 
axis of the vocal tube, and leave between the two ogy 
a narrow aj , thro which the air escapes. e 
tension and elasticity of the vocal ligaments tend_to 
restore them to the plane of their former position, The 
air having been rarefied below the glottis during their 
elevation, becomes dense from their depression, and the 
necessary force being again accumulated, they are re- 
elevated, and thus an oscillating movement, consisting 
of an opening and closing of the glottis, takes place ; 
which, being communicated to the contiguous air, the 
sounds of the voice are produced. 

The vibrating edge of the glottis varies in length, 
according to the pressure of column of air in the 
windpipe, and the resistance of the vocal li ts. 
When other circumstances are alike, the intensity of 
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the voice is determined by the wigneur of the column 
of air in the wind eth Aor e of movement 
ing edges of the glottis. The 
pitch of the voice docs not depend solely on the tension 
of i ts, but jointly on the variations 
w in length and tension. Magendie 
the larynx of a dog, that a longer portion 
of the vocal ligaments vibrated while grave tones were 
produced, and that a diminution of length accompanied 
of acute tones. Mayo has described the 
movements of the glottis in a man who had attempted 
by cutting his throat. The larynx in 
this case wascut through 
just above the vocal 
cords; and, owing to 
the oblique direction 
of the wound, an in- 
jury of the arytenoid 
cartilage, and of the 
vocal cord on one side; 
had occurred. When 
respiration was going 
on, the glottis was seen 
to be of a triangular 
form; but when the 
Mes bea exerted, the 
vocal cords passed into 
a parallel direction, and 
the glottis itself had a 
linear form. The pos- 
terior part of the aper- 
ture appeared to re- 
the et (Pig. 17) 
cut (Fig. Te- 
— the prepared 
ead of a corpse, after 
Miller. A thread e, 
which passes over a 
roller to a scale, is so applied to the larynx that the 
tension of the vocal cords can be increased by placing a 
ter weight on the scale. The action of the muscles 
is thereby imitated. The ena nyees § apparatus seen 
on the wood-cut, brings the vocal cords nearer to each 
other, and thus produces the requisite diminution in the 
width of the vocal fissure. The tube f serves to convey 
the wind, which throws the ee into 
action. And thus, if we use the human head, or the 
head of the dog, the pig, or of any other animal, we 
can imitate the voice of man, the bark of the dog, the 
grant of the pig, &c. 

Membranous tongues, like those in the larynx, differ 
widely from a metal tongue, shutting up the aperture, 
and necessarily opening and closing as the air issues. 

Objections have been taken to the view which repre- 
sents the voice as the result of sounds produced by mem- 
branous tongues set in motion by air—Ist, that the 
vibration of tongues consists in the periodical opening 
and shutting of the orifice through which the stream of 
air this not being the case in the glottis; and, 
2nd, that had it the structure of a reed, the edges of 
the vocal ligaments which open the chink would be alter- 
nately separated by the column of air in the larynx, and 
drawn together by their tension; while it has been 
found by experiment, that air transmitted through the 
glottis gives rise to sound, notwithstanding that its edges 
are from one-sixth to one-fourth of an inch asunder. In 
these Fe eoreee however, there is a mistake as to the 
essential principle of reeds; for those of the clarionet, 
bassoon, hautboy, &c., fail to close entirely the passages 
through which the breath escapes; and the case is not 
otherwise with the natural reed, which the lips of 
players on the fiute and horn represent. In short, a 
sound can be produced by a tongue apart from the sur- 
rounding framework, indicating, beyond doubt, that so 
much importance should not a ascribed to the usual 
mode of forming reeded and tongued instruments, and 
to the circumstance of the air passing between the 
tongue and its frame. It has been shown, that the law 
by which the variation in the notes yielded by the 


tongue of a mouthpiece or reed is regulated, is the 
same when the tongue is made to vibrate by a current 
of air, as when it is thrown into vibrations by being 
struck or inflected. By the same law are lated the 
vibrations of vibrating rods ; his eotucasy of the vibra- 
tions of two rods of the same texture and thickness 
being in the inverse ratio of the squares of their length. 
The note afforded by a reed without a tube, is of the 
same laced fe : be -~ result of a a of se 
or if uw y striking the tongue. e strength 
the hast does not, for the most part, determine the 
pitch or ness of the note; but when the force of 
the blowing is increased, the sti of the tones is 
augmented, The size of the fissure een the tongue 
and the frame within which it vibrates, is of little con- 
uence; when the opening is large there is a ter 
dihoulty in obtaining the tone, but its pitch is not 
te’ 


Some slight difficulties may still exist in the 
tion of the theory of the voice as considered to be chiefly 
the result of a double vibrating tongue; but, altogether, 
as close a resemblance has been proved to exist, between 
that kind of artificial musical arrangement and the 
structure of the living larynx, as can reasonably be 
expected in such a case. 

t has been hinted, that the vocal ligaments may 
ibly act not only as vibrating tongues in the pro- 
uction of voice, but also on the principle of musical 
strings. On this point a few words must be added. It 
may seem, at first sight, that the remark of so distin- 
guished a philosopher as Biot, when he says, ‘‘ What is 
there in the larynx that resembles a vibrating string? 
Where is the space for such a string of sufficient length 
to yield the lower notes of the voice? How could sounds, 
of the com which the human voice represents, be 
produced by a string which the larynx would contain ?”— 
would suffice altogether to set aside the idea of the vocal 
cords acting as musical strings. But Biot here seems to 
have fallen into error. Deep notes are still produced by 
a string greatly shortened, if it retain, after a sufficient 
amount of relaxation, the elasticity required for vibra- 
tion. His attention does not seem to have been drawn 
sufficiently to the nature of organic membranes ; strips of 
india-rubber, and elastic animal membranes, still retain- 
ing enough of elasticity for this purpose, after bei 
much relaxed. There is, therefore, a perfect agreemen’ 
between the vocal cords and vibrating strings, though 
their vibrations, whether as strings or as tongues, are 
poset not by the direct impulse of a solid body, but 
y the momentum of air. When the ordinary principles 
to which musical strings are subject are applied to the 
vocal ligaments, there is found to be a very close agree- 
ment, if allowance be made for the peculiarities of animal 
substances, as respects their elasticity and the like. 

In their ordinary state, the vocal cords must be re- 
garded as subject to a considerable tension, which, how- 
ever, admits of being diminished, so as to add to the 
range of the lower notes. At the ordinary pitch of the 
voice, the glottis may be regarded as partially closed, 
and becoming more open as graver tones are produced ; 
this opening of the glottis coinciding with relaxa- 
tion of the vocal cords, a double cause is afforded of the 
lowering of tone. When higher notes are u the 
qictiin Cais, assuming more of a linear form; while, at 
the same time, the vocal ligaments, though =e 
are thrown into a much higher state of tension. In the 
words, then, of Mr. Bishop, ‘‘ Since the vocal ligaments 
have been proved to extend and contract for acute and 


ve 80! a and after death vibrate, in a 
testing ike musical strings, wo think it may be 
fairly inf that they likewise obey, to a certain 


extent, during life, the laws of the vibrations of such 
i * * * It is, moreover, observable, 
that the extension and relaxation of the vocal cord, 
which, as we ha 
musical string, produce a corres 
elongation of its axis, if 
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a to exist in the vocal apparatus must be syn- 

mous. * * * * It might possibly be objected 
to the idea of this twofold action, that the production 
of sound by the vocal cords is sufficiently accounted for 
by supposing them to vibrate merely as elastic tongues ; 
but then it is found by experiment, that by artificially 
dividing their length into two ventral segments, there 
results the octave of the fundamental note, which a peers 
that at all events they vibrate as cords. In conclusion, 
we must bear in mind the vast difference between 
natural and artificial mechanism; and however compli- 
cated a problem it may be to determine that constitution 
of the vocal apparatus, by which the thyro-arytenoid 
ligaments may simultaneously obey the laws of cords and 
onaeigacs dr Di a physiologist who is accustomed to 
meet wit most admirable contrivances and com- 
binations in the animal frame, the ops of finding 
a strictly mathematical solution is, in such a case, no 
objection to its truth, when the as far as they 
have been observed, are decidedly favourable to its 
reality.””* 

It was before hinted at, that the vibrations of the 
walls of the tubes through which the voice is conducted, 
may, in some degree, influence its sound. In rigid 
tubes, the vibrations depend on the nature of the im- 

propagated in the air within, jointly with the 
of the So long, then, as the length of the 


from the ch larynx i 
elevated ; and that this tube admits of being diminished 
in its diameter by about one-third part. oreover, the 


the pipe, so to speak, near the middle of which the vocal 
sound is produced, is in a very different condition from 
arigid tube. Hence, it has concluded that pro- 
vision is made for an invariable adaptation between the 
amount of tension, the vibrating length of the vocal 
ligaments, and the walls of the vocal tube, for the pro- 
duction of the ordinary tones of the voice. It appears, 
indeed, to have been proved that the vocal tube is so 
short, that were it rigid, it could not influence the pitch 
of the note which the glottis originates, But its want 
of length is compensated for by the relaxation of its 
walls, so that it comes to vibrate synchronously, and so 
to give forth sounds equally grave with those of the 
glottis. Its effect, therefore, is to add to the force of 
the tone, which, without its aid, would have been found 
to less intensity. 
considering this subject in every possible light, 
the conclusion appears to be that to which Mr. Bishop 
has come; namely, that the evidence shows ‘‘ the vocal 
a tus to be influenced by the air expelled from the 
chest, in precisely the same way as if it were a stretched 
a reed, or a vibrating tube. Why, then,” he 
continues, ‘‘should we hesitate to adopt the obvious 
conclusion, that the vocal organs do, in fact, combine the 
ies of these various instruments, and are thus the 
ect types of which these instruments are only im- 
perfect imitations ?” 
Singing.—The notes of the human voice are capable 
of being produced in three separate kinds of sequence. 
* Cyclopedia of Physiology : axticle * Voice ;” p. 1481, 


In ordi speaking, the successive notes have nearly 
all the same pitch. This kind of succession, then, is 
properly termed the monotonous. Some deviation from 
this monotony occasionally arises, as when certain syl- 
lables receive a higher intonation for the sake of accent, 
and when, in reading or reciting poetry, rhythm is added 
to the accent. In these cases, however, the deviation 
from monotony of pitch is too slight to require a sepa- 
tate head. In the expression of passion, accompanied 
by vehement exercise of the voice, there is heard a 
sudden transition from high to low notes, or the reverse. 
This, then, constitutes the second kind of sequence in 
the notes of the human voice. Musical notes constitute 
the third mode of sequence. In music, the sound has 
the requisite number of vibrations; and as the sounds 
su each other, they exhibit that relative proportion 
in the number of vibrations which jointly ¢ rise 
the notes of the musical scale. Of the adaptation of 
one sound to succeed another, so as to preserve the 
musical character of the succession, the human ear is 
the only original standard. 

Compass of the Voice.—In si , the compass of the 
voice e. s through two or octaves. When the 
male and female voices are taken together, the entire 
scale of the human voice includes four octaves. The 
lowest note of the female voice is about an octave higher 
than the lowest of the male voice; the highest of the 
female voice is about an octave higher than the highest 
of the male. The first four notes of all voices are most 
commonly weak. There are two kinds of male voice, 
the bass and tenor; and two kinds of female voice, the 
contralto andsoprano, The essential distinction between 
these voices does not consist in their difference of pitch. 
The bass voice commonly reaches lower than the tenor, 
and its strength lies in the low notes; while the tenor 
voice extends higher than the bass. The contralto voice 
has most commonly lower 
notes than the soprano, qitil 
and is strongest in the | J 
lower notes of the fe- e 

; while the j e 

soprano voice reaches e 
higher in the scale. It © 
is found, however, that 

ron nde Fag 

es go very 

the eostralte not wnfre- & {Ill 
aia Mag the high > | 
notes like soprano sing-* 
ers. The difference be- Te 
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Sorrano. 


tween the bass and tenor 
voice, and between the 
contralto and soprano, is * 
plainly, then, not one of 
pitch, but consists in the 

peculiar timbre or quality + 
of the notes; for these & 
several voices are distin- a u 
guished from each other, .3 t 
even when sounding the 144) [117 " 
same note. The quali- > . u 
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ties of the baritone and 
mezzo-soprano voices are 2 ; 
less marked; the bari- +, 4 3 
tone being intermediate a 
between the bass and 
tenor, the mezzo-soprano E 
between the alto and Mi $ 

rano. HED IT PES 1 

e difference of pitch —— ——_— 

between the male and female voice, is connected with 
the different length of the vocal ligaments in the 
two sexes, It appears that the lengths of the male 
and female vocal cords in repose, are nearly as 7 to 
5, and in tension as 3 to 2; in boys at the age of 
fourteen, the length is to that of females, after puberty, 
as 6°25 to 7—so that the pitch of the voice is nearly the 
same. The difference in the quality of the female vcice, 
as compared with that of the male, is owing to the 
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considerable difference presented by the two sexes in the 
walls of the larynx; the male larynx being much more 
} expanded, and forming a much more acute angle in 
front. It is not yet clearly understood what is the 
cause of the different qualities of voice, as exhibited in 
the tenor and bass, and the contralto and soprano. As 
Maller remarks—‘‘ We may form an idea of the cause 
of these differences of timbre, from recollecting that 
musical instruments, made of different materials, as 
metallic and gut-strings, metallic, wooden, and membra- 
nous tongues, metallic, wooden, and paper pipes, or 
fintes, may be tuned to the same note, but that each 
will give it with a peculiar quality or timbre.” 

In short, when the variations of the larynx in dif- 
ferent individuals of both sexes, and at different ages, 
under the various circumstances more or less favourable 
to the development of the respiratory organs, are con- 
sidered, as well as the remarkable fact that every human 
being is characterised by a speaking voice peculiar to 
himself, we shall be at no loss to understand why the 
singing voice should vary in different persons, not only 
in pitch, but also in quality. 

he voice termed falsetto has much engaged the 
attention of physiologists. Most singers, particularly 
males, besides their natural voice falling under one or 
other of the before-mentioned characters, have the power 
of producing a double series of notes, of a different de- 
scription. ‘T’o the second series of notes the name of 
falsetto is applied. The notes of the natural voice— 
called also chest-notes—are fuller, and distinctly in- 
dicate a stronger vibration and resonance; while the 
falsetto voice has more of a humming character. It is 
only with the natural voice that the deep notes can be 
roduced ; while the highest notes of a male voice are 
tto, The notes accompanying a middle pitch may 
belong either to the natural or the falsetto voice. Thus 
the two registers, as they are termed, of the voice are 
not bounded in such a manner that the one ends where 
the other begins, through a certain compass, they 
run side by side. It is remarked that the bass voice 
becomes falsetto lower in the scale than the tenor. In the 
female voice there is less seldom presented a very marked 
distinction between the natural and falsetto registers. 

In a human larynx, detached from the body, two dis- 
tinct series of tones can be produced, when the tension 
of the vocal cords is very slight. One of these series 
corresponds to the tones of the ordinary voice, the other 
to the tones of the falsetto voice. With a certain degree 
of tension of the vocal cords, both these kinds of tones 
may be produced—sometimes the one kind, sometimes 
the other, being heard. With a different kind of tension 
of the cords, notes of the falsetto character are con- 
stantly produced, whether the current of air passing 
through the glottis be forcible or feeble. If the vocal 
ligaments be much relaxed, the sounds of the ordinary 
voice always result, whether the current be feeble or 
forcible. When a slight tension of the ligaments is 
kept up, the falsetto is most easily produced by blowing 
very gently ; while, if the blowing be more energetic, the 
sound belongs to the ordinary voice, Thus, two different 
notes may be produced, under the same degree of tension 
of the 1 ents, by a different force in the blowing ; 
and the distance of these two notes from each other may 
beas much as an octave, ‘ The real cause,” says Miller, 
‘‘of the difference between the falsetto and the notes of the 
natural voice is, that, for the former, the thin aperture 
only of the lips of the glottis vibrates; while, for the 
latter, the whole breadth of the cords is thrown into 
strong vipanicen, We traverse a larger sphere.” The 
pecetnces of the voice in different individuals, must 

chiefly dependent on the particular form of their air- 
passages and of the lining membranes, and the conse- 
quent differences in their mode of resonance. That such 
causes are adequate to produce all the varieties of the 
| voice in individuals, appears from the circumstance, that 
| Many persons, by altering the form of their vocal organs, 
, can imitate the various tones of the voices of other 
individuals, 

The nasal qnality of the voice is determined by like 


causes. This nasal tone appears to be given to the 
voice in two ways: thus a nasal sound fa ee 
though the external openings of the nostrils be cl 
when the arches of the — approach each other, and 
the larynx ascends higher than in the natural voice, 
When the nostrils are obstructed ‘by mucus, a nasal 
sound is produced; this obstruction haying the same 
effect as the voluntary closure of the anterior opening of 
the nostrils.. In the second mode by which the nasal 
sound is produced, the nostrils are open, the 
ascends considerably, the arches of the palate contract, 
the upper surface of the tongue ascends towards the 
palate, so that the air passes between the narrowed 
arches of the palate, and receives the resonance of the 
nasal cavities without that of the cavity of the mouth. 
The deficiency of tone in the voice of old people, arises 
from the ossifveation of the cartilages of the larynx, and 
the altered state of the vocal cords, It is unsteady, 
owing to the loss of nervous command over the muscles. 

The strength of the yoice depends partly on the extent 
to which the vocal cords are capable of vibration, and 
partly on the great capacity of the chest, and the fitness 
of the various parts, over which the air passes, for com- 
municating resonance. The intensity or loudness of a 
given note cannot be rendered greater by the mere 
augmentation of the force of the current through the 
glottis. Such an increase of force in the current, 
will raise the pitch both of the natural and falsetto 
notes. It is therefore concluded that the variation in 
the intensity of a note, without the alteration of its 
pitch, must depend on some other cause than the mere 
change in the force of the current. Such a provision 
plainly lies in the power of modifying the tension of the 
vocal cords. To render a note more intense, without 
increasing its pitch, the vocal cords must be relaxed in 
proportion as the force of the current of the breath 
through the glottis has increased. When it is desired 
to render a note fainter,.an opposite mode of action 
must be adopted. ; 

The failure of pee in the notes of the human 
voice may arise from many causes. Variations in the 
temperature of the atmosphere, and in its states of 
humidity, have a powerful influence on the pitch of the 
voice. During a cold, moist state of the atmosphere 

revalent in these islands, the voices of singers become 
ower by two or three notes; while they regain their 
usual pitch when the air becomes dry, . Bishop 
mentions, that when Grassini came to this country, 
owing to the change of the air from that of Italy, her 
voice became one octave lower. After singing for two 
or three seasons, her natural voice returned, but it had 
lost its attractions with the loss of the low tones which 
had gained her so great applause, After long singing, 
dissonance of the voice is apt to arise; this is i 
accounted for by the slight changes produced on the 
vocal cords in uence of repeated tension, together 
with the fatigue of the muscles concerned, which, as in 
other cases of muscular contraction, at length cease 
accurately to obey the will, and hence afford unsteady 
movements, 

Whistling.—Before leaving the subject of the human 
yoice, whistling deserves a few wo The sound in 
whistling does not arise from the vibrations of the lips. 
Several experiments prove that the lips are not thrown 
into vibrations, ‘They may be touched, covered, or may 
have a dise of cork with a central hole placed between 
them, and yet the same sounds will be produced, It 
has been supposed, then, that the air is thrown into 
sonorous vibration by friction against the borders of 
the opening. According to Miiller, the cause of the 
vibration is the same friction of the air; but the vibra- 
tion produced upon the borders of the o , throws 
the whole column of air in the mouth into vibratio 
and the vibrations of this column of air, by a sedpeboal 
influence, determine the rapidity of the vibrations of 
the air at the orifice. The only difference, ing to 
him, between whistling and the sounds of a pipe is, that 
in whistling, the whole column of air is in constant pro- 
gressive motion through the tube and orifice ; while, ina 


SPEECH. } 


UNDULATORY FORCES.—ACOUSTICS. 


287 


pipe, the air in the tube merely vibrates, and does not 
move as a current. 

Speech.—Speech is iar toman. Because speech 
is not possessed by individuals deprived of the organs of 
voice or hearing, it is not, therefore, to be concluded 
that it originates in the mere possession of these organs. 
Inferior anima’s are fully provided with the organs both 
of hearing and of voice, and yet, in all essential respects, 
they are destitute of Speech, therefore, must be 
considered under the light of a potentiality of man’s in- 
telligence, the condition of the exercise of which is the 
presence of the organs of hearing and of voice. That is 
to say, man is born susceptible, by the development of 
his nervous system, of the acquisition of speech, provided 
his organs of hearing and voice are perfect. But if man 
be born susceptible of speech, it may be asked, why does 
not the deaf-mute invent a ao. He ao oe 
lan , but it is a language of expression independently 
of Bpcecli; he fails to express his betaid feelings by the 
use of speech, because the defect of hearing prevents 
him from discovering the sounds which his voice is 
capable of producing. His language, therefore, is con- 
fined to the other modes of expression by which an 
intercommunication, however imperfect, can be carried 
on between men. The deaf-mute might undoubtedly 
carry the use of natural signs of expression much further, 
were he not overwhelmed and overpowered by the multi- 
tude of ideas which his fellow-men around him possess, 
and are continually striving to make him understand. It 
may also be baked if, owing to this natural susceptibility 


of speech, every infant should not invent a language } 


Indeed, every infant does invent a language ; but as, long 
ns “ is made in its language, the sounds 
which it continually hears are caught up, it is impossible 
to judge to what extent each individual is capable of 
ing such an invention. 

ere is no more interesting speculation than to con- 
sider the several we, by which language must have 
arisen among men. It is easy to understand how, in 
the rudest community of mankind, conventional signs 
must have arisen of every description; nor is it diffi- 
cult to perceive, that those sounds of speech which are 
most easily produced, would quickly form a large share 
of those conventional signs. But it forms no part of 
our present design to investigate the origin of languages ; 
it is more to the purpose to consider, in a few words, 
how men came to understand the several acts concerned 
in speech. At a certain period, then, in the progress 
of mankind, it appears that languages of no inconsider- 
able extent had already been formed, and yet that no 
attention ae have been ay Be the Le giarng apne 
composing those languages. en spoke, and in that 
speech employed words without the least reference to 
letters, aud, perhaps, with none even to syllables, The 
curious inquiry, then, which arises is, in the tirst place, 
how men were lea to reduce speech to letters; that is, 
to analyse words into their elementary sounds. 

We may suppose that the difficulty of pronouncing 
certain sounds, such as the words of a foreign language, 
must have been the first circumstance which would lead 
men to reflect on the modes by which speech is pro- 
duced. Man’s natural curiosity would not fail to engage 
him more laxgely in this inquiry as soon as the subject 
was sugges’ Little progress, however, could be made 
in this pursuit till some method of fixing the sounds by 
name, and of representing them to one’s self, or to 
others, at periods more or less distant from their first 
recognition, was invented. It may be supposed that 
men had already acquired the art of depicting objects of 
sight, were it no more than rude representations made 
with a rod on the sands left by a receding sea. The 
idea, however, of representing a sound by such a symbol 
is plainly not of the same kind, To think of represent- 
ing a sound by a symbol is manifestly a fresh step in 
discovery. It required, in short, an effort of invention 
to produce such a stretch of thought. But the moment 
the idea arose, all difficulty must have vanished. No- 
thing was easier than to observe the similar simple 
sounds, occurring in the compound sounds, which con- 


stitute speech. The mere observation of the form of the 
mouth, as certain simple sounds are uttered, would be 
sufficient to afford a foundation for this kind of know- 
ledge. What the original symbols, corresponding to 
our modern alphabets were, is of little moment. The 
first alphabets, doubtless, consisted of the representa- 
tives of, but a small number of sounds, It is easy, how- 
ever, to perceive, that as soon as this kind of investiga- 
tion was fairly commenced, it would make rapid progress, 
there being no great difficulty in discovering the colloca- 
tion of the several parts of the mouth concerned in the 
production of most of the simple sounds. Thus, by an 
easy analysis, syllable-sounds would be reduced to letter- 
sounds, and each letter would quickly come to be marked 
by a particular symbol. The most remarkable effect. of 
this great discovery, simple as it seems to us, would un- 
questionably be the rapid multiplication ot sound- 
symbols—that is to say, the vast extension of language. 
The greatness of the discovery hardly strikes us at the 
first sight. Some idea of the character of it is obtained 
from the fable of words spoken becoming frozen at the 
moment in their fixed forms, and not reaching the ear 
until the return of a more pees temperature. Letters, 
in short, are the pictures of sounds, by which any sound 
now pronounced is tuated, while the picture itself, 
or a copy of it, shall endure, 

Speech, then, consists of combinations of sounds pro- 
duced in the larynx, and variously modified in their 
transition through the oral or nasal passages outwards, 
No language exhausts all the sounds which can be pro- 
duced in the passage of the voice outwards in this 
manner. Languages may be described as composed of 
those sounds which are most easily produced in the 
passage of the voice from the larynx outwards into the 
ae And lan differ from each other, 

iefly, by presenting various predominant ups of 
such sounds. The chief distinstion of the Semis of 

depends on the way they are transmitted through 
the oral canal before spoken of, or the nasal passage, 
Another important distinction between articulate sounds 
is, that some are only of momentary duration, taking 
place during a sudden change in the conformation of 
the mouth, and are not capable of prolongation by a 
continued effusion of the breath ; while others can be 
prolonged as long as a particular disposition of the 
mouth and a constant expiration are maintained. 

The same sound produced in the la is converted 
into any one of the vowel-sounds merely by a modifica- 
tion of the parts of the mouth through which it passes, 
The parts of the mouth concerned, have been termed 
the oral canal, and the oral opening, . The oral canal, 
it is to be remembered, is the space between the tongue 
and the hes ; the oral opening is the aperture formed 
by the lips. Some physiologists have described five 
degrees of size in each of these two parts—that is, five 
degrees of size in the oral canal, and five degrees of size 
in the oral opening. One sound, then, produced in the 
larynx is converted into a, e, i, 0, u, according to the 
modifications in the size of these two parts, Thus, 
when the size of the oral canal is in the third degree, 
and the size of the oral opening is in the fifth or highest 
degree, the act of voice is converted into the sound of 
the English ain far, When the size of the oral canal 
is in the second degree, and that of the oral opening in 
the fourth degree, the sound of the English a in name 
is produced. When the size of the oral canal is in the 
first or lowest degree, and that of the oral opening in 
the third degree, the sound of the English e in theme is 

roduced. When the size of the oral canal is in the 

ourth degree, and that of the oral opening in the second 
degree, the sound of the English 0 is produced. When 
the size of the oral canal is in the fifth or highest degree, 
and that of the oral opening in the first or lowest degree, 
the sound of w like oo in cool is produced. Of the 

neral truth of this statement, any person may satisfy 

imself by remarking, when he utters the broad a, how 
much he opens his mouth, simply breathing forth the 
voice with open mouth, When, on the contrary, he, 
with the same breath, attempts to pronounce ¢, he finds 
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the mouth close considerably, and the tongue rise to- 
wards the roof of the mouth, so as to contract the oral 
canal. In pronouncing o, he will observe how the lips 
are thrown into the form of the letter, the tongue at 
the. same time raised from the bottom of the mouth. 
The form of the vowel o, in most languages, points to 
one source of origi those representations of sounds 
which we call alphabets. : 
Some consonants, like vowels, can be pronounced with 
an uninterrupted sound, which continues as long as the 
expiration can be prolonged, the disposition of the parts 
within the mouth remaining throughout as at the com- 
mencement of the sound. Of these, the aspirate h is 
pronounced with the whole oral'canal open; no inter- 
ruption is offered to the yes of the breath; its 
sound is the simple result of the resonance of the walls 
of the cavity during expiration. Others of the same 
class, such as m, n, and ng, are produced by continuous 
expiration through the nasal canal, the aperture of the 
mouth being closed either by the lips or by the tongue 
being pressed against the palate, e mouth is closed 


closed nee extremity of the to 
against t 


with the closing of the mouth, and terminates when it 
—that is to say, these consonants cannot be pro- 
longed at pleasure ; b, g,.d, of which p, k, tare modifi- 
cations, coming under this head. In sounding b, the lips 
are brought together, and close the mouth, while they 
separate again at the moment the air is expired. In 
sounding d, the tongue is applied to the anterior part 
of the a= to the upper teeth, so as to.close the 
mouth, which opens with the escape of the breath. In 
sounding a is, the hard g, as in gold—the mo- 
men osure of the passage through the -momh 
takes p more posteriorly, by the application. of the 
back of the tongue to the palate. sounding p, 
|  : the requisite pn arnsegr: of b, d, gee gare aro, 
uw Tee Songer aspiration during the opening:o’ 
the mouth, whic taateneetioully closed. PAIL. the 
sounds hitherto mentioned are capable of being pro- 
nounced in nace jaar speech, e English y and z 
cannot be uttered without an accompanying vocal sound. 
Thus, when an attempt is made to sound the English y 
in a whisper, the German ch is produced in its stead. 
All the vowels are capable of being produced equally in 
whispered speech, and with a aS tone. Many con- 
sonants also, as f, s, r, l, m, n, ng, can be pronounced 
either with mute sounds or with vocal intonations. The 
continuous consonant A can’only be pronounced in 
whispered voice; and it is quite impossible to combine 
the sounds of the explosive consonants, b, d, g, and 
their modifications, p, ¢, k, with an intonation of the 
voice, 
Besides the ordinary sounds of consonants which 
enter into the formation of languages, other sounds are 


capable of being produced in the mouth and throat. 
The smacking sounds produced by the separation.of the 
teeth from tongue or palate, are reported by tra- 


vellers to occur in the age of the Hottentots, and 
in those of other African tribes, 

The several sounds and tones of lan can even be 
imitated by artificial contrivances. hen the sound of 
the voice is made to pass into a cylindrical tube, before 
which the hand is held, and then withdrawn, the sound 
of b is produced; and if the. tube be a pipe with a 
membranous tongup, the sound of v is prodtced. vaste 
speaking machines, by attention to such princi ve 
been Serene the most. perfect of these is that con- 
trived by Faber. The automaton, invented by Faber, 
has a singing voice, extending over twelve notes. The 
difference in the paighs of the notes is made by varying 
the width of the glottis without tension of the cords, 
In this respect, it is hardly an exact model of the organ 


of a human Ne : : at 

e singular faculty possessed ven’ uists has 
engaged much of the Donation of hysologat. Man 
different views as to the nature of this kind of speech 
have been at various times brought forward. 

One of -the, oldest_and most. common ideas on this 
subject is, that ventriloquism consists in sete TO- 
duced during inspiration. It is unquestionably posible, 
though not without difficulty, to articulate during inspi- 
ration; and, the sounds so produced’ have some resem- 
blance to the tones uttered by a ventriloquist. 

A more recent view of the nature of yentriloquism 
is, that it is a.mere imitation, produced. in,the larynx, 
of the various modifications which the voice ordinarily 
suffers from distance, by the interposition of a parti- 
tion, as if .the. individual were, enclosed “jn a narrow 
space—in, a. trunk, a: cask,’ or the like." ‘This view has 
been snpporied avith much, ingenuity by, Matrendie. 

The pong yy German physiologist, Miiller, has 
adopted an idea on this aigect which coincides better 
with the original name of’ thi axel. He says that 
the notes of ventriloquism are,produced by inspiring 
very deeply, so as to protrude the abdominal contents by 
the deep pe of the diap ; and the diaphragm 
being retained in this position, by speaking through a 
very narrow glottis, expiration is X ssig very slowly 
by. the lateral walls of the chest alone. He affirms, that 
the quality which the voice has, in speaking through an 
expiration thus performed, is that peculiar to ventrilo- 
quism, and that sounds may be thus uttered which 
resemble the voice of a person calling from a distance. 

A very large.share of the artifice practised by the 
rendselior oa particularly in the imitation of voices 
coming from particular directions, lies in the deception 
of other senses besides the hearing. The directions in 
which sounds reach the ear are never very easily distin- 
guished ; and when the attention is drawn to a different 
point, the imagination is very apt to regard the sounds 
produced as.coming from that quarter. 

Of, the. imperfections of speech, stammering is that 
which ,has been chiefly investigated; and it lies ina 
momentary inability to pronounce a consonant or vowel, 
or to connect it with the preceding sounds. This im 
diment may occur either in the commencement or in 
middle of a word. When the impediment arises in the 
middle of a word, the commencement of the word is 
often several times repeated. Hence stammering is apt 
to be defined as the successive repetition of one sound, 
The repetition of the commencement of the word, how- 
ever, is not the essential defect which constitutes stam- 
mering ; it merely marks repeated attempts to overcome 
the difficulty. Neither is it correct to say that the diffi- 
culty in stammering lies chiefly in pronouncing the con- 
sonants, for the impediment most frequently occurs in 
the case of vowels. The best account which has been 
given of the nature of-stammering is, that it depends 
on the momentary closure of the glottis, so that the 

of the air necessary to the pronunciation of the 
particular sound is arrested. In persons severel 
affected with this impediment, there are manifest indi- 
cations of the e at the glottis, occasioned by the 
impediment to expiration, in congestion of blood in the 
head and in the veins of the neck. The real cause of 
stammering, therefore, must be described as an unusual 
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movement in the larynx, associated with the articulate 
movements. In short, stammering is a temporary spas- 
modie affection of the glottis. For the prevention of 
stammering, the proper plan is to endeavour to bring 
the associated movements of the larynx with the organs 
of speech more under the command of the will. To 
sing words is one method of obtaining this effect ; since 
in singing, more attention is directed to the action of 
the than in ordinary speaking. Moreover, it is 
observed, that persons who stammer, aac better 
in singi i raising of the 


aang Og assem reallle arg : 
point of the tongue towards the te has some effect 


im counteracting this habit ; this elevation of the 
toi seems to have been the object of the plan 09 
tised by the ancients, of placing bodies, such as pebbles, 
under the tongue. Miller recommends, for the cure of 
stammering, that the patient should practise himself in 
reading sentences in which all the letters which cannot 
be pemcoaees without a vowel sound—namely, the 
explosive consonants, b, d, g, p, t, and k—are omitted, 
and those consonants included which are susce 

tible of an accom ing intonation of the voice. He 
also directs i all those, eeers should be hie A igs 
prolonged. 8a) this means, a e 0 
Pp i will te attain , in which the articulation 
is combined with voca}‘ation, and the glottis, 

, never closed. 

As already mentioned, dumbness is dependent, not on 
the defect of the of goats but on the absence of 
hearing. By assiduous efforts, deaf-mutes learn the 
movements of articulation by means of their sight. The 
speech which they uire is most commonly harsh, 
owing to the want of the sense of hearing to regulate 
their arti ion. There was no discovery hailed with 
greater interest than that of teaching the dumb to speak ; 
and , harsh though the sounds be—and yet 
they are not always di ly harsh—there can hardly 
be a greater triumph of human art. It will hardly be 
believed that some innovators on the education of the 
deaf and dumb, seek to abolish the practice of teachi 
them to articulate, on the ground that their harsh s; 
is unfitted for the uses of society, and that they can 
bors with their ivy seat by other 
means, as speaking on the fingers y writing. 
This is a most unwarrantable view of the case of these 


unha) persons, particularly when they belong, as by 
far major of them must do, to the labouring 
classes of society. We have only to consider how many 


persons there are in the condition of a labourer who can- 
not write, or read writing, to be satisfied that this inno- 
vation on the education of the deaf and dumb, should be 
at once put down in every institution in which it has 
gained a footing. There is every reason to believe, that 
in proportion as a knowledge of the mode in which the 
sounds of the human voice in speech are produced, be- 
comes better understood, the artificial articulation of the 
deaf and dumb will become gradually less harsh and dis- 


agreeable. 

Comparative P’ Voice.—Organs of voice oc- 
cur am pes nsamer LA in the mammalian tribes, 
birds, and reptiles. In mammals, the organs of voice bear 
a close resemblance to those of man. In birds, consider- 
able modifications occur in these organs. In reptiles, 
the apparatus of voice is of greater simplicity. 

Voice of Mammals.—Among pedis some are mute ; 
and yet these are not always deficient in those parts of 
the larynx which are most essential to voice. 

Among the orders which compose the class mammalia, 
the cetaceans, consisting chiefly of the whale tribe, are 
often ater aloavthalteis These ae however, are 
not mu , but possess only a single lowin 
note, or, at the utmost, they have the power of sunply 
bellowing. There are two distinct sections of cetaceans. 
The first includes what have been termed the herbivorous 
cetaceans, such as the sea-cow, the tative of the 

mermaid, and the dugong, e second order 
includes the common cetaceans, popularly known as 
blowers. The act of blowing, from which they derive 


their name, consists in the expulsion of water by the ; 


VoL. L. 


nostrils; that is, along with their prey they receive a 
large quantity of water into the mouth, and, while the 
mouth remains closed, they blow out this superfluous 
water by a hole in the upper part of the head. 

This expulsion of water is produced by means of a 
peculiar arrangement of the veil of the palate. The 
water accumulates in a sac situated at the exter- 
nal paid of the ca- 
vity of the nose, whence, 
by the compression of 

werful muscles, it 
is violently expelled 
through a narrow aper- 
ture pierced on the sum- 
mit of the head. By 
this contrivance these 
animals throw forth 
those jets of water which 
are seen by mariners at 
a great distance. The 
larynx has a pyramidal 
form (see Fig. 19), and 
penetrates into the pos- 
terior portion of the 
nostrils to receive air, 
and conducts it to the 


Fig. 19. 


lungs, without the ani- 
mal being obli; to 
raiseits head and mouth 


above water for the pur- 
pose. As there are no 
projecting laminz in the 
isles they can hardly 

said to have the pro- 


per of voice ; and ts 
thus the noise they make or or rouroisaceMameape? College 
may be described as a °&% Surgeons of London. 

simple vehemence of ¢x- rere eae aritiee nid open 
piration. cee 

The larynx, however, in these animals is highly de- 
veloped in other respects. . 

Among the animals commonly described as mute, fs 
the giraffe or cameleopard, termed by naturalists 
Ca pardalis giraffa. In the giraffe the vocal liga- 
ments appear to be absent. 

The armadillo ( }) is another of the mammalians 
described as mute. The only peculiarity of the — 
which has been observed is, that the epiglottis, or valve- 
like cartilage of the x, is bi-lo The armadillo, 
it will be remem! is remarkable among mammals 
for the scaly, hard, bei shell, composed of pavement- 
like compartments, which cover the Fig. 20. 
head, the body, and even the tail. 
These animals belong to the order 
termed Edentata.. They live in 
burrows, which they excavate. To 
the Edentata also belong the ant- 
eaters (Myrmecophage), which are 
regarded as mute. In the same 
order is found the sloth (Bradypus 
tridactylus). In this animal, how- 
ever, vocal ligaments are found, 
and the windpipe is convoluted. 
The voice is a plaintive melody, 
consisting of an ascending and de- 
scending scale of the hexachord, 

Among the Rodentia, or gnawers, 
the common poreupine of Europe is 
mute. In this animal it has been 
ascertained that there are no vocal 


ligaments. 


Such, then, are a few exainples LARYNX OF ripe LAID 
of the animals in the class Mam- SGA Sete a 
malia which are mute, or nearly so. a ore t weraeaee 
In the order Ruminantia, we find 4, arytpacis Rr 4 ; 
animals possessed of a sonorous fit ; S 
voice, exemplified particularly in the caendbicne :. 
ox. In the ox, the larynx is well developed ; there are no 
superior vocal ligaments, but the inferior — voca 
P 
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ligaments are strong, and nearly an inch in length; the 
of fifty-two Saniinedaons rings; that 
is, nearly three times as many as their number in man. 
i intense—pitched in C= 256 vibra- 


The sheep belongs to the same order of quadrupeds. 
The differs from that of the ox only in dimen- 
voice is guttural—pitched in F=341 vibra- 
tions in a second.—To the same order belongs the camel 
a Bactrianus). In the camel, the larynx is well 

nae wh the superior vocal ligaments are "mage and 
the inferior vocal ligaments are strong. @ voice is 
grave, but seldom exercised. (See Fig. 20). 

In the Pachydermata, or thick-skinned animals, there 
are many species possessed of a sonorous voice. Amo 
these are the horse, the ass, the hog, the rhinoceros, an 


the elephant, In the horse, the larynx is highly de- 
valesel (see Fig. 21), and the windpipe has as many 
Fig. 21. cartilaginous ringsas that 

of theox. Thesuperior vo- 

cal ligaments are not pro- 


minent. Above the junc- 
tion of the proper vocal 
ligaments, between that 
and the epiglottis, there 
is an oval cavity; and on 
the posterior surface of 
the epiglottis there is a 
ve, furnished at its 
with a semi-lunar 
membrane. Tothismem- 
brane much effect has 
been ascribed in the pro- 
duction of the peculiar 
neighing of the horse. It 
is doubtful, however, if 
this peculiar sound be so 
much dependent on this 
membrane as has been 
believed. KS 
In the ass the x 
a also Ll’ Revenepee: In 
the windpipe the rings 
are tatoo The bray of 


LARYNX OF WORSK.— Bishop, 
, epiglottis ; b, semi-lunar membrane ; the ass—which seems 


2. Prove; «, wentricins; ye arpte: greatly to depend upon 

noids; g, inferior vocal cords; 4, the presence of two lar 

(rushes. sacs placed between the 
vocal ligaments and the internal s 
is well known ; it has a range of about five tones. 

x resembles that of the ass. 
bray, more resembling that of 
e horse. The tapir (T'apir 
has some peculiarities in its larynx. It 
superior vocal ligaments, which are short 
A. Fig. 22 B. and distinct, and inferior vocal liga- 
ments, which are strong. The voice 
is a species of whistle. 

The hog (Sus sorofa) has also some 
peculiari Ee in its larynx: its a 
as is w nown, is a grunti i 
cordant sound, = ae 

The rhinoceros is remarkable for 
having the superior vocal cords very 

op en the larynx is largel 
A. LATERAL YIEW OF La- n ele ie x is 
ee Is gata demlapel. The superior fading ed 
. ; », ments are indistinct ; the inferior or 


4, thyroid carti ¢ 
cricoid ; ¢, erico- r vocal ligaments are strong. 
tigament; d, @ windpipe exhibits thirty rings, 
» Ewe ° Which are often partially subdivided, 
@ erleoid ; as in the case of the bronchial rami- 


Under the head 
Eaoereto — the opossum. 
n the kangaroo (Macropus major), several peculiarities 
occnr in the Larynx’ an particular, the vocal cords are 
* See antr, p. 279, 


membranous, and fold upon themselves, so that they 
cannot be stretched by the arytenoids. The voice, when 
in pain, consists of a piteous moan. In the opossum 
(Didelphis opossum), the vocal ligaments are very short; 
hence the voice is acute. The opossum purrs like a 
cat, (See Fig. 22). | 

In the order Carnivora, we find examples of animals 
with intense voice. 

In the lion (Felis leo), the larynx is well developed ; the 
vocal ligaments, both superior and inferior, are present ; 
the superior being prominent. The ventricles of the 
peyee are deep, forming a sac between the upper 
and under ligaments. The windpipe is possessed 
of fifty cartilaginous rings. The voice is grave—highly 
intense; the a ae ; 

The tiger when i a larynx 
resembling thet of the dom the supe- 
rior vucal ligaments being very pro- 
minent. The voice of the tiger is 
more acute than that of the lion. It 
purrs like the cat. The leopard and 
the cat belong to the same genus ; 
Felis leopardus and Felis catus. These 
two animals, like the rest of the feline 
tribe, have the superior vocal liga- 
ments well developed. It is sup- 
posed that by these superior vocal 
igaments the purring sound is pro- 
duced. The ies oer Macy: -% ‘is 
a mewing; and they have night a 
melancholy cry. (See Fig. 23). 

In the order Quadrumana, to which 
the a and monkeys belong, the 
essential form of the organ of voice 
does not vary much, but peculiarities 
occur in the resounding walls. Thus, 
in the ourang-outang, a sac exists be- 
tween the thyroid cartilage and hyoid 
bone; and in the mandril, pavian, 
and macacos, membranous sacs are 


observed below the hyoid bone. . In 


the Mycetes, or howling apes of the 
New World, the apparatus for the 
resonance of the voice is test. In 
these the hyoid bone, and the thyroid 
ilage, are expanded in such a manner as to contain 
large cavities, which open into the ventricles 
larynx ; and besides ory) there 
common to the larynx and pharynx. 
glottis, in these apes, has a big Bem and peculiar tana 
n the Sapajous (Ateles and Cebus), a curved tube is 
formed by the increased size and altered forms of the 
epiglottis, and some ad- Fig. 94, 
jacent structures. The 
voice of these animals 
has a whistling cha- 


Fig. 23. 


ments are prominent. 
The windpipe has six- 
teen rings. The voice 
is more acute than in 
women ; its quality infe- 
rior, owing probably to 
the sacoulated larynx, 
(See Fig. 24). In the 
ourang-ou the in- 
ferior vocal ligaments 
are prominent, but not 
so long as in the fami- 
lies of the human race. 
The ventricles are val- 


vular, so that the infla- \AT#RAL vrew or Lanywx or cuIMPANzeR. 


: . sac connected with the lateral ven- 
tion of the peculiar sacs ““yicle; b, hyoid bone, with ¢, sac pros 
is under the control of  truding at its base; d, thyroid; ¢, tra 
the animal. chea ; J, cricoid. 


In the Gibbons, the ventricles are deep, and communi- 
cate with asac. The voice is acute; the cry “bow wow.” 
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In the monkeys of the old continent, there are also 
laryngeal sacs. These sacs modify the quality of the 
voice, giving to it, even when acute, a peculiar hoarse- 
ness, Simia appella and Simia capucina, there 
are some peculiarities in the structure of the channel 
for the passage of air. The voice, in quality, is like that 
of a flute; hence these are called whistling apes; and, 
from the peculiar expression of this whistle, which is a 
plaintive melody, they are termed weeping apes. 

Voice of Birds.—The great peculiarity in the orgaus 
of voice, among birds, is the inferior ; that is, 
birds, in addition to the larynx corresponding to that 
possessed by mammals, have one peculiar to themselves, 
at the inferior extremity of the windpipe. Even the 
superior larynx of birds differs considerably from the 
larynx in mammals. The superior larynx, like that of 
mammals, is placed just below the hyoid bone. It is 

ly cartilaginous and partly osseous. In the superior 

x of birds there are cartilages corresponding to 
the thyroid and the cricoid, the two arytenoid, and the 
epiglottis. The cricoid is much less developed than in 
ae it forms but a 3 eer “- ring, occu- 
pyi e posterior of the larynx, and supporting, 
i ie ieee the'two arytenoid cartilages. The thy- 
roid consequently, rests on the first ring of 
the windpipe. To the posterior margins of the thyroid 
cartilage are connected two quadrilateral bones, by which 
the extent of the protection afforded by the wings of the 

id cartilage is much increased. e oid car- 
ownwards ; 


are eatin’ by the 


is 
wards. It is boun 
tilages ; but it has no salient membranous 
laminz, such as the vocal ligaments in 
man and mammals have. It is capable of 
expansion and contraction under the ac- 
tion of several muscles. The inferior 
larynx is, as we have seen, peculiar to 
birds. Fig. 25). It varies very 
much in form oat structure. This larynx, 
the vocal instrument of birds, is.a tube, 
at the opening of which is a membranous 
tongue. This tongue is a doubling of the 
interior lining of the bronchus, its free 
margin being directed upwards ; and birds 
have, for the most part, a smaller or 
greater number of muscles, le of shortening this 
tongue, or of lengthening it in the direction of its 
height, and of rendering it tense or lax in a trans- 
verse direction. : 5 
In general, the inferior larynx of birds is produced 
a membrane which makes a projection on each side 
the inferior orifice of the windpipe; this orifice is 
divided into two apertures, sometimes by an osseous bar 
passing from before backwards, sometimes merely by the 
angle of union between the two bronchial divisions of 
the windpipe. The bronchi are not composed, like the 
windpipe, of complete rings, but merely of osseous or 
ilaginous of rings, of a ter or smaller 
number of degrees in extent, each having a proper 
curvature in the state of rest, which curvature may vary, 
to a certain amount, by the action of volutitary muscles, 
It hence follows, that the portions of the walls of the 
two bronchial divisions of the windpipe, adjacent to 
(that is, looking towards) each other, are, for a greater 
or smalier extent, membranous, being there destitute of 
any osseous or cartilaginous structure ; and it is to this 
usually large portion of the wall of each bronchus 
that Cuvier gives the name, tympaniform membrane. 
Thus two tympaniform membranes prema: epee ol to- 
wards each other from the angle at which i pipe 
divides, forming the interior wall of each of its subdi- 


SECTION OF IN- 
PERIOR LARYNX 
OP BIRDS. 


visions, and being extended transversely between the 
anterior and posterior extremities of the upper osseous 
segments of the same subdivisions; these osseous seg- 
ments extending only along the posterior, the external, 
and anterior part of their wall, so as to leave the inner 
part of each bronchus simply of a membranous structure. 

The first osseous segment of each bronchus has much 
the same curvature as the windpipe itself ; but the second 
and third are portions of larger circles, and are less 
convex exteriorly than the first, so that the latter pro- 
ject on the inner side of the tube. 

On this interior projecting part, the lining membrane 
forms a fold ; and it is this fold, half shutting one of the 
inferior apertures of the wanduapes which offers to the 
air issuing forth, a tongue capable of vibrating and of 
producing sound. 

The inferior larynx of singing and some other birds, 
in which the voice is far from musical, is. very compli- 
cated. The last rings of the windpipe unite into a 
structure two or three lines in length, nearly cylindrical 
above, and expanded below, where it has two obtuse 

ints—one anterior, another posterior—joined by the 

my bar ing from before backwards, already spoken 
of more than once. This bar is so placed that the wind- 
pipe opens below by two oval holes, making with each 
other an obtuse angle; and each of these holes commu- 
nicates with one of the bronchi. 

The three first osseous segments of each bronchus are 
more near to each other, and flatter, than those which 
succeed them. From the first to the third there is a 
gradual elongation behind, so that the posterior extre- 
mity of the last makes a sort of projection, owing to 
the sudden diminution of the fourth segment. The are 
which these segments form hardly exceeds 60°; and in 
each bronchus, the cord of this arc, so to speak, is the 
tympaniform membrane. The first segment of each 
bronchus curves its anterior extremity towards the inner 
surface of the tube, where it articulates with a small 
oval nego which is fixed to the tympaniform mem- 
brane ; while it forms within, a prominence which is the 
vibrating lamina of the larynx on that side. - Thus the 
transverse section of each bronchus is below—nearly 
circular; the section higher up becomes the segment of 
a circle, which diminishes in one direction while it 
enlarges in another; and the of the air, upwards 
into the windpipe, takes place by two oval holes, each 
furnished at its anterior border with a salient lamina. 
This apparatus is supplied with ten muscles, five on 
each side. 

Of these, one descends from the interior of the wind- 
pipe to the anterior extremity of the third segment of 
the bronchus; and, by its contraction, draws that point 
upwards, thereby ing the vibrating lamina project 
further inwards, and, at the same time, rendering tense, 
lengthwise, all that part of the tympaniform membrane 
lying below the segment to which the muscle. is at- 
tached. Another muscle, parallel to this, has nearly 
the same attachments, and a like office. A third muscle, 
much smaller, extends from the inferior and posterior 
part of the windpipe, and is inserted into the ene 
extremity of the second bronchial segment. Its action 
is similar to that of the former. A fourth muscle passes 
obliquely from the windpipe to the posterior extremity 
of the second bronchial segment. It draws that segment 
upwards and outwards, so as to aid the action of the 
muscles already referred to, and of that which follows. 
The fifth mascle is no longer than the preceding, but is 
much thicker. Taking its origin from the last ring of 
the windpipe, it passes downwards and forwards, and is 
inserted into the anterior extremity of the first bron- 
chial segment, and particularly into the minute cartilage 
already mentioned as being articulated with that point. 
Its chief action is to draw forward the small ilage, 
and consequently to put forcibly on the stretch, in a 
transverse direction, the upper part of the tympaniform 
membrane. 

Such a complex structure of the inrerior larynx be- 
longs, as was hinted at, not only to singing bieuce 
such as the nightingale, the wren, the blackbird, the 
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goldfinch, the lark, the linnet, the canary, and chaffinch— 
and to those with a monoténous cry, like the swallow, the 
, the starling ; but also to some with a decidedly 
Singticalie , such as the jay, the magpie, the crow, 
the raven. us, not only is a complex neces- 
sary to the musical singing of birds, but a fine 
general organisation and a singing instinct. 
The windpipe in birds presents some yv rt ed 
modificati As the voice is produced in the inferior 


ons, 
larynx of birds, situated at the lower part of the wind- 
pips, this tube comes to form, together with the mouth, 

tube or pipe placed in front of the organ of voice. 
Tn short, the windpipe of birds comes to occupy a place 


correspor 

in the human body. It is capable of being shortened, 
not only by the diminution of the spaces between the 
rings themselves, but also by the rings being received 


is structure is observed in the cock-of-the- 
wood, the stork, and crane. In the wild swan, the con- 
yolutions of the windpipe are lodged in a cavity of the 
breast bone. Nor is the windpipe always cylindrical, 
for in herons and cormorants it has a conical figure, 
becoming gradually wider and wider towards the mouth. 
In some species of ducks it presents a sudden dilatation ; 
while in the der, and some members of the duck 
family, it watneoes gradual dilatations. 

That the inferior larynx of birds is thie true organ of 
voice has been proved by many experiments. For ex- 
ample, anatomists have divided the windpipe in singing 
i such as the blackbird, about the middle of its 
length, so that the air could no longer pass through the 
superior larynx, and yet the bird would continue to 
sing, though with feebler tones than before. Similar 
experiments have been made on magpies and on ducks. 
After such an experiment, the magpie is found to cry 
with as great intensity of tone, and with the same 
acuteness, as before the operation. Again, if air be 
blown into the bronchial divisions of a duck, after their 
separation, together with the inferior larynx from the 
body, a sound exactly similar to the natural cry of the 
bird ts obtained. Even after the bronchi have been cut 
awa by blowing into the trachea the same sound is 

um 

It is not, however, to be concluded that the superior 
iarynx exerts no modifying influence on the voice in 
most birds. It is manifestly opened and closed rapidly 
in singing birds, so that it is impossible to doubt that it 
takes an active part in the production of melody. In 
the song of the canary and the linnet, its simultaneous 
movements with those of the mouth are readily ob- 
served. Its effect, however, on the pitch of the voice, is 
not sup to exceed a semi-tone. Physiologists still 
doubt whether the sounds of the voice in birds are the 
result, as in man, of the vibrations of a reed or tongue ; 
or, as in mere flute-pi of the vibrations of a column 
of uir excited by friction against the lips of an opening. 
There is unquestionably a great difference in the ead 
in which voice is produced in different birds. It seems 
certain that the simple organ of voice in the duck, the 
goose, and the like, is a reed instrument. In these the 
vocal cords, or. bands, which form the exterior margin 
of wR gar Re the larynx, can be seen to vibrate 
strongly ; while the sound produced, closely resembles 
that arising from the vibrations of membranes. But it 
is by no means so clear that the piping and whistling 
sounds of singing birds are produced in the same 
manner ; it is not impossible that these may be 
effected in the same mode as whistling by the mouth 
in man. 

Several reasons, however, may be urged in favour of 
the opinion, that the sounds uttered by singing birds are 
the effect of the vibrations of tongues, as well as the 
voice of the duck and the goose. For example, the 
vocal cords under muscular action can hardly ere 
being thrown into vibrations; and even though the 
friction of the air may be in part concerned in the pro- 
duction of the sounds, a compensation must arise be- 


o 


tween the vibrations of the air and those of the vocal 
ligaments. If this be correct, the organ of voice in 
birds would not be entirely analogous to a whistle or 
pipe; but would, in part, prssess the constitution of a 
reed instrament. It is found that the length of the 
windpipe has but a very slight influence on the note 
produced by the larynx; and that fact corresponds with 
the slight effect on the pitch of the notes produced by 
lacing a tube in front of the human larynx. It is also 
ound, that sounds produced by blowing, by means of a 
tube inserted in a bronchus, through the lower larynx 
some birds after then oni from the windpipe, 
not perversity al in 
front of 


inferior larynx by varying the force of the which, 
at first sight, seems to point to a resemblance with the 
effect of blowing by varying force upon the notes of 
flute-pipes, of the same size as the windpipe of small 
singing birds. But it is to be remem that the 
same variations of notes, by ing the of 


varymg 
the blast, may be produced in reed instruments with 
membranous tongues, and even in reeds with very deli- 
cate metallic tongues. 
The influence of the windpipe on the notes, may be 
either the same as that of the notes of flu pire ede 


nsation, the latter being analogous to the membrane 

rmed of a reed stalk. 3 

The muscles which vary the tension of the walls of 
the vocal pipe are in continual action during the modula- 
tion of the voice, in order to adjust the tube of the 
windpipe to the pitch of the glottis; but the number of 
vibrations may be determined by the glottis, reinforced 
by the walls of the pipe, as in mammals, ' 

The voice of bi as of other animals, is also in a 
minor key. The range of notes is commonly within an 
octave, though some birds can greatly exceed it. In the 

which have a voice of great power, the inferior © 
arynx is single. The two membranes of the nx 
leave a narrow chink between them, through which the 
air is forced from the lungs. These epee vibrating 
in all their dimensions, produce that harsh and disagree- 
able quality of sound aero to them. They can also 
whistle, during which glottis is probably silent, and 
the column of air vibrates as in a flute, when a vibratory 
movement is communicated by the air traversing the 
elastic — of artista: Besides the eee of 
possessed by some bi many can imitate almost e 
sound tes hear: the blackbird has been known! te 
imitate the sound of the nightingale, the crowing of 
the common cock, and the cackle of the hen. The jay 
is said to mock the notes of the greenfinch and the 
neighing of a horse so closely, that it was scarcely 
believed to be a bird by those who heard it ; it can also 
imitate the calling of fowls to their food, and the 
barking of the house-dog, 

The variety in the song of singing birds is a subject 
of the greatest interest. The songsters, properly so 
called, include the skylark, the woodlark, the 
the blackbird, and the nightingale. A slight notice of 
the notes of each of these follows. 

The skylark is one of our most agreeable sonysters, 
Its song is com of several strains, each consisting 
of trilling and warbling notes variously mod 
occasionally interrupted yl a powerful whistling. Some- 
times the lark sings on the ground, perched on a clod, 
or crouched among the grass; but generally, in com- 
mencing its song, it starts off, rises perpendicularly or. 


tympaniform membrane, there is a relation of com- 
fo 
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iquely in the air, with a fluttering motion, and 


continues it till it has attained its highest elevation, 


which not unfrequently is such as to render the bird 
scarce] peraptibha Even then, as remarked by a dis- 
i ishod naturalist, if the weather be calm, its warble 
can be wena Tha ee pepe on the ut bg Mans 
The lark is a bird of singular capacity; the young 
learn the notes of any other bird which hangs near them 
in confinement ; and some full-grown birds are observed 
to possess a Jike facility. There is, however, a con- 
siderable difference among larks in the strength and 
melodiousnéss of fi: Rete In era gi some larks 
begin to sing as as Novem and go on singing 
anti dotting tims. Stlidee in in March, and cease 
as early as August. In the wild state their period of 
singing is much shortened. 
woodlark 


sings sometimes in the air 
tree. When singing in the air, it is frequently seen 


e female woodlark, like the female 
of larks in general, is not destitute of song; but all that 
it can reach is a few strophes, which are much in- 
terrupted. 
The thrush has a clear and beautiful song. On the 
tops of the highest trees it welcomes the approach of 
and sings bie iat the whole summer, es- 
ly in the morning dawn, and the evening twilight. 
¢ is kept in a cage by bird-fanciers, whence often on a 
i y as February, it will delight a 
whole street by its pleasing song, outside the window, 
inside, provided window be a little open. 
The thrush, in its wild state, is fond of bathing. In 
September and October they are often caught at the 
places where they water, before sunrise and after sunset, 
and even so late that ot be seen, but are only 
At the time of bathing they have a peculiar 
thrush finds water, or ae t is 
flying towards a known ratering -place, it pipes loudly— 
sik, sik, sik, sik, siki, tsak, tsak! and immediately all the 
thrushes in the neighbourhood reply, and come on. 
The blackbird has a song rich in melody, containi 
some deep notes, like those of the nightingale, yet 
with some which are unpleasantly harsh. When at 
liberty, it sings from March to July, particularly at night. 
In the cage it sings throughout the whole year, except 
at moulting time. Its note is pure, distinct, and clear. 
It has a good me , and will learn several airs or 
melodies without pee! Oho them. It is even able to 


the ia htingale, by the fin f its voi 

he nighti eness of its voice, surpasses 
every otha bird, variety and peculiari of its 
tones its ing emotions. When the male 


is al its most significant note is the pipe-note witt. 
But if the harsh syllable, krr, be ad MS forms the 
call of the male tothe female. To express anger or fear, 
the note witt is repeated with great loudness and rapidity 
before the termination krr is added. When happy and 
contented, the nightingale utters a deep tack. Under 
the excitement of anges, Jealoney, or alarm, the nightin- 
gale utters an unp t+ shrieking tone, which re- 
sembles the ce Be the jay. When they sport and chase 
each other, which they frequently do in pairing-time, 
they utter a short chirping sound. Such notes 
belong to both sexes; but the power and the brilliancy 
of its song distinguishes the male. Its vocal organ is 
of striking power; the muscles of its throat are more 
robust than those of any other singing bird. Besides 
the strength of its voice, the nightingale is remarkable 
for the force, the le transitions, and the beau- 
tiful harmony of its song. Commencing softly, it 
warbles for a moment a succession of low melancholy 
notes, which gradually increase in strength, and at last 
die away upon the ear. A variety of s' notes follows, 
and then are uttered numerous hurried sharp notes, 


intermingled with some detached ascending notes, with 
which it generally closes its strain, In the song of a 
fine nightingale, without reference to slighter variations, 
there are at least four-and-twenty different strains. 

Among the sparrow and finch tribes there are many 
much-prized singing birds. 

The bullfinch has naturally a harsh, creaking tone; 
but young birds learn all kinds of songs, airs, and 
melodies. If it be desired that a bullfinch should sing 
perfectly, it ought never to be taught more than one 
melody, in addition to the fanfare, which is always 
added bE wey of surplus. 

The chaffinch has a variety of notes expressive of its 
wants and desires. There is one delicate note, expressed 
treef, treef, by which it appears to remark a change of 
temperature. The call-note, which it uses chiefly on its 
migration, is a repeated yack, yack. A spontaneous 
sound appears to be fink, fink, which it reiterates, and 
from which perhaps the root of its name is derived. 
More remarkable than these notes is its clear and trilling 
song; as approaching more to distinct articulation, 
it is termed a quaver. Each bird has one, two, three, 
and often as many as four different songs, each of 
which lasts a couple of seconds, and consists of several 
strophes. * 

e linnet has a very remarkable, loud, and flute-like 
song, consisting of many connected strophes ; which is 
the more beautiful the oftener it utters some high- 
sounding notes, which are termed its crowing, from the 
resemblance to the crowing of a cock. From its natural 
flute-like voice, this bird surpasses all others in its capa- 
city for imitating melodies in a beautiful and pure style. 
A young linnet, taught by a nightingale, has an exceed- . 
ingly pleasing song. 

e goldfinch has a shrill, agreeable song, heard dur- 
ing all seasons, except at the period of moulting. It 
contains many warbling and twittering notes, on which 
it dwells more or less ; and the oftener the syllable jink 
is repeated, the more it is admired. Some birds utter 
these notes only once or twice in their song ; while others 
give them forth four or five times in succession. The 
goldfinch does not acquire the song of other birds with 
so much ease as the linnet and the canary. 

The canary is distinguished by correctness of ear; by 
the remarkable skill it possesses of imitating all tones; 
and by an excellent memory, While canaries imitate 
the notes of other birds, they mix them with their own, 
so as greatly to improve the song. In different coun- 
tries, canaries exhibit a different character of melody. 
Those birds which intermix in their melodies several 
strophes of the song of the nightingale, are called Tyro- 
lese canaries. The English canaries, on the contrary, 
imitate the song of the lark. 

Even birds of prey often exhibit no small extent of 
voice. The kestrel has a bell-like, ringing voice—kli, kli, 
kli, which he often repeats in rapid succession. The 
white owl utters a plaintive cry, which, by the super- 
stitious, has been regarded as a sign of death. Whe 
raven has a hoarse croak, resembling the syllable crock 
or eruck; but it also utters a note not unlike the sound 
of a sudden gulp, or the syllable cluck, which it seems 
to utter when in a sportive mood, The rooks have a 
considerable variety of sounds. Their chief ery re- 
sembles the syllable kiraa, more or less harsh or soft, 
according to occasion. There is great diversity in the 
voice of individuals; the notes of some being much louder 
and clearer than those of others. Their cries, sepa- 
rately, are monotonous and disagreeable; yet, when at 
some distance, and uttered by a large flock, they become 
by no means unpleasant. Mr. M‘Gillivray describes the 
suunds proceeding from a rookery at night, as consisting 
of a variety of soft, clear, modulated notes, very unlike 
their usual cry. He regarded these sounds as expressive 
of affection, and was persuaded that the mothers were 
fondling and coaxing the newly-hatched young. 

The jackdaw is extremely clamorous, with a loud and 

* Those who desire a particular account of the different songs of the 


chaffinch, may consult Chamber Birds, by Bechstein; translated from the 
German by Mr. Shuckard; London, 1848, 
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ae the syllable hae or caw, variously | 
The noise produced by a large flock, _— 
m being di e. 


in no degree musical, is far from bein fg 
j —uttering, however, 


even learn to 
i may be taught also 
of a trumpet, and pe age Ba Ringe. spt le 
as little airs, aud the notes of many birds. 
imitates all striking sounds, and can be 
to speak more easily than any other of the crow 
The cry of the eo: is hee pr & (eyavor as 
harbinger of spring. Its principal sound is nothing 
hu-hu or coo-coo, repeated at short intervals : when 
attention is given, however, it is found that these two 
loud and mellow notes are preceded by a kind of 
ehurring or chuckling sound, which consists of a low 
and guttural inflexion of the voice, during which the 
throat seems distended. ; 

The parrot tribe are most remarkable for their power 
of imitating human speech. The cockatoo shrieks its 
own name, cockatoo; and calls loudly, in a trumpet-like 
tone, derdeny. It acquires the cries of all animals ; 
particularly those of the domestic cock and hen. It 
rarely, however, acquires the power of articulating words. 
There are numerous species of cockatoo parrots having 
much the same character of voice. Among the com- 
monest of the parrot tribe in Europe, is the ash-coloured 

This parrot readily learns to speak, and to pipe. 

t has not the unpleasant wild shriek of some of the 

parrot tribe. It takes no small delight in imitating the 

voice of children; hence children are its best instructors. 

If its education be begun early, it will sometimes acquire 
entire verses, and even axioms. 

The grey woodpecker has a note which resembles a 
loud shout of laughter, whence some of its popular 
names are derived ; this note is never varied, except by 
its more clamorous repetition during the spring and 
early summer months, and by the peculiar cry, pluwi, 
plui, plui, which has been supposed to indicate the 
approach of rain. The scsi i in spring, frequently 
and loudly utters gigigigi, which is the whereby it 
attracts its mate. The nuthatch uiters a loud call, 
which may be heard at a considerable distance, re- 
sembling grew, deck, deck. The ring-dove, or cushat, 
has a loud and particularly pleasing cooing, during which 
it makes very grotesque motions, which may be back- 
wards and forwards, or from side to ite oreing the 
head in every direction. The turtle-dove a peculiar 
cry, and bows its head while it is uttered. 

Poice of Reptiles.—The sounds uttered by reptiles and 
amphibious animals have their source in the larynx, 
like the voice of mammals. In frogs, as well as in the 
crocodile, there are vocal cords. In the crocodile, the 
larynx, though more simple than in mammais, still 
retains something of the same character. There is one 
large, long-sha cartilage, to which are attached two 
movable cartilages. The mucous membrane, descending 
from these movable i into a deep pouch beneath, 
art aii fold on each oon which, when Ky mores 
ca approximate, mes a vocal co the 

ko and the chameleon the vocal cords are more 
site gps than in the crocodile ; nevertheless they are 
fi on the same plan. The lizard has an acute, 
chirping voice, which has been supposed to depend on a 
peculiar membranous fold attached to the larynx; but it 
really seems to depend on a vibration of the margins of 
the glottis. In the turtle tribe there are no vocal cords, 
nor is their larynx adapted to a perfect intonation of 
the breath. 

In the true mts there are no vocal cords; the 
hissing sound, which constitutes their imperfect voice, is 
a mere forcible breathing. In the male frog, membra- 
nous sacs at the side of the neck become distended in 
the utterance of the voice, and serve to increase its 
intensity. In the Rana pipa, in which the larynx, as 
in all other frogs, receives the bronchi directly, without 
the intervention of a windpipe, there is a lar i 
ginous box, within which are two solid reed-like bodies, 
bearly as long as the larynx itself. The anterior ex- 
tiemities of these bodivs are fixed; their posterior 


extremity is free, and projects on each side towards the 
opening of the bronchus. The vocal sound is  Pepsnced 
by the vibrations of reed-shaped tongues, which act like 
a tuning-fork; while in other ani of the same class, 
the parts which produce the sound are membranous. If 
a small piece of cartilage, a few lines in length, be fixed 
by one end, and a current of air be thrown from a 
small tube upon its edge at the other extremity, a 
humming sound will be heard. podnctacoang 7 ges 

the mo able cartilages are convex externally, concave 
internally ; so that when the entrance to the larynx is 
closed, they form a dome over the : 
windpipe, which has been com 
toakettle-drum. In the Rana tempo- 
raria, R, esculenta, and R. hyla, the 
larynx opens into two sacs on either 
side of the lower jaw; and these, 


during the cry of the are 
filled with air. (See Fig. 26). 

Sounds Produced by —A 
very few fishes are known to utter 
sounds, such as the trigla, cottus, po- 
gonias, 

The trigla utters a ing sound 
when it is taken out of the At 


air-bladder, in these 
animals, has a share in causing the 


sound, The co however, from 
which a sound is heard to proceed awa rewronansa 
when pressure is made upon its body, Soxnon FROG).— 
has noair-bladder. The mias, ON g, tongue; 2, 
account of the sounds which it pro- done ; ¢, su vo- 
duces, has been named the tambour, Su. cordss # inferion 
These fishes produce continued sounds ryax j J, right bron 
Ss. 


under the water. The air-bladder is 

very large, and is covered by strong muscles; further, 

it appen which, ing to Cuvier, 
between the ribs, and become imbedded in the muscles, 

Sounds by Insects.—Most insects are mute; 
others uce sounds merely by friction ; others, again, 
by the passage of air through their spiracles. The 
sounds produced by friction come under the head of 
stridulation ; those produced by air from the yee 
purring or humming. In the orthoptera, and some 
the coleoptera, there are parts adapted to produce stri- 
dulation. 

In the cricket, the muscular apparatus may be de- 
scribed as consisting of a serrated string like a file, which, 
in the movement of the wings, is drawn rapidly over a 
firm, transparent, and nearly trian disc, or sounding- 
plate, surrounded by a string ; and by this act the sound 
is ee The pitch of the sound of the house- 
cricket is very acute, being equivalent to about 4,096 
vibrations in a second, : 

The cicadie, termed sometimes the “ ” or 
singers, are so called because the males produce, in the 
hottest part of the day, a kind of monotonous and noisy 
music ;— 

“Et ecantu querula rumpent arbusta cicada.”—Vino. 

The music of the grasshopper has from early times 
attracted attention. Archias sung of it; and hs verse 
has been thus translated from the Greek :— 

“ Erst on the fir’s green Slooming branch, O grasshopper! "twas thine 
dnd from thy bollow, wells tlaged shies sh poned the Ur thssousesaiain, 
Sweeter than musi of the lyre to the simple shepherd swain.” 

Those, too, who loved these “living 1 in the olive 

err sounding all the gitasses tot dois celebrated 

the locust :— 


“ Soother of loves, encow of s! 
O locust! mystic muse, ui} — 
And the cicada :— 
* Cicada! thou, who, with the dews 


tall poplar tree 
Pereh’d swayingly, thyself dost still amuse, 
And the hush'd grove, with thy sweet minstrelsy,” 
Melanger, alluding to the buzzing of insects, 
* Excute facundas pedibus titubantibus alas” ;— 


“ Striking thine own speaking wings with thy feet ;” 


says, 


PRACTICAL ACOUSTICS. ] 


UNDULATORY FORCES.—ACOUSTICS. 


295 


but their real organs of sound are placed on the side of 
the base of the abdomen, internal, and covered by a 
cartilaginous plate, like a shutter, which is an appendage 
of the under side of the meta-thorax or posterior thorax. 
The cavity which incloses these instruments is divided 
into two partitions by a scaly and triangular edge, Seen 
from the under side of the body, each cell exhibits, 
anteriorly, a white and folded membrane, and, in the 
hollow part, a stretched-out, slender membrane, called 
the mirror. If this part of the body be opened from 
above on each side, there is seen another folded 
membrane, which is moved by a very powerful muscle, 
composed of a great number of straight and parallel 
fibres, extending from the scaly ridge ; this membrane is 
calied the timbale, The gmanage by contracting and 
relaxing with quickness, act upon the timbales, stretching 
them out or bringing them into their natural state, 
whereby the sounds are produced, and which, even after 
the death of the animal, may be repeated by moving 
the parts over each other in the manner they act whilst 
alive. The cicade occur chiefly in warmer countries of 
the world, One species, the Cicada Anglica, the only 
English species, is found in the New Forest. - 
t is a common belief that the buzzing of insects is 


THORACIC SPIRACLE OF BLUE-BOTTLE PLY. 
(Musca vomitoria.) 


Se eigievs by the oscillations of their wings during flight. 
is idea has been often called in question. John 
Hunter found that insects emitted sounds after their 
wings were cut off. More recently, it has been stated 
that the sounds produced by many insects are the effect 
of arapid transmission of air through the thoracic air- 
holes as they dash through space. Mr. Bishop has 
observed a peculiar mechanism for this purpose in the 
’ Fig. 28, 


THORACIC SPIRACLE OF HUMBLE BEE. 
(Bombus terrestris). 


blue-bottle fly, and humble bee. Figures 27 and 28, show 
one of the large thoracic spiracles in each of these insects 
—the Musca vomitoria and the Bombus terrestris, 
Having thus availed ourselves of Dr. Bushnan’s 
elaborate paper on animal sounds, we shall now proceed 
to speak of other laws than those we have named; and 
also shall refer to various matters connected with daily 
life, in which the principles we have investigated are 
put into practical operation, or are more or less involved, 
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aati seek head of oo Acoustics, we shall consider 
ose app ications of the science which relate to the 


| 


and public meetings ; including, at the same time, some 
remarks on churches, and plaves of worship generally. 
Other matters incidental to the subject will fall under 
review. rf 

Speaking from personal experience, we do not hesitate 
to affirm, that as are few buildings properly con- 
structed on the principles of acoustics. In some places 
of small size, a great deal more exertion is required on 
the part of a public speaker, than in those capable of 
containing a very large audience; but which, by their 
shape, are more fitted for the purposes for which they 
have been erected. It is, however, a matter of con- 
gratulation to all whose profession or position requires 
of them to address an audience, that architects are, at the 
present time, inclined to sacrifice their own views, with 
respect to the appearance and ornamentation of an edifice, 
to considerations of utility. It is a custom, in China, to 
nail a baker by his ear to the doorway of his shop, if he 
have been found guilty of selling an adulterated article ; 
similarly, it might conduce to the comfort of both 
speaker and audience, were each architect compelled to 
practise public speaking in a building of his own con- 
struction, until such were fit for the purpose for which 
it had been designed. 

Sound is a radial force ; that is, it proceeds from a 
point, in straight lines in all directions, like the radii 
or spokes of a wheel. Whatever object intercepts these 
rays of sound, either reflects or absorbs them. If such 
rays are emitted in the centre of a circular, or at the 
foci of an elliptic or parabolic shaped hall or other 
place, then they are reflected in exactly the same manner 
as rays of heat and light; and if such reflections take 
place from any of the curved forms we have named, then 
they are always inclined again to their source, and each 
reflection harmonises with another. In a building so 
constructed, we have the principles of acoustic science 
attended to. In the majority of modern edifices, how- 
ever, we do not find such principles consulted, An 
eligible piece of ground has been purchased for a sum of 
money, and the cost of a building on it is regulated by 
the number of persons which can be crammed into it, 
Each corner must be utilised ; peculiar modes of i 
egress, and ventilation are adopted; and the only 

uestion generally solved, is that of remuneration. 

his evil, although great, may have a palliative in the 
fact, that places of public amusement are notoriously a 
bad speculation. But in the case of churches, &c., which, 
generally speaking, are utterly independent of speculative 
considerations, it is to be ex that some deference 
would be paid to the rights of those who contribute to 
the expenses, and to the manner in which the objects of 
their erection are carried out. 

In most modern churches we find a cruciform structure. 
The body of the building is of great length ; and, at some 
part, recesses are formed, which tend to produce an 
elegant appearance at the exterior. Now, as sound 
radiates from its source, it follows the laws of all radial 
forces—namely, that its intensity decreases as the square 
of the distance. Hence, persons sitting at the extremity 
of many of our churches, are utterly unable to hear 
sufficient of the discourse to understand its purport, 
because the person addressing them is compelled to 
modulate his voice, so that he may be heard distinctly 
by the mass of his audience near to him, and that he 
may avoid that undue straining of the voice which would 
degenerate into ‘‘screaming,” were he to attempt to 
make himself heard in all In many instances, 
our churches have a length equal to three times their 
breadth ; and as it is necessary that an audience should 
be ranged in curves, having successive and gradually 
increased distance from the centre or focus, to be in 
accordance with the principles of acoustics—it follows. 
that all buildings of the class we have referred to, will 
render the words of the speaker inaudible to many, or 
he must exert himself to a most painful and harmful 
degree, and to the annoyance of those near to him. 

There are other circumstances, independent of form, 
which also affect the acoustic properties of public edifices. 


of buildings specially devoted to concerts | For instance, in churches we find massive stune pillars 


206 UNDULATORY FORCES,.—ACOUSTICS, 


[PUBLIC BUILDINGS. 


arranged in each long aisle, from which the voice of the 
speaker is reflected in all directions. The stone walls, 


with their innumerable angles, have exactly the same | 


effect; and, what is still worse, the glass of the windows 
has so great a reflective power, as to produce numerous 
echoes, which, on their part, again induce an aunihila- 
tion of sound by the interference of its waves. 

In our remarks on the interference of light,* we 
pointed out, that when two waves of that force were in 
certain they combined and destroyed each other ; 
anid what happens to waves of light, equally does so to 
wares of sound, as a simple experiment will prove. 

Place a glass cylinder on a table, and having struck 
a tiuming-fork, hold it over the rim of the vessel, when 
that will at once vibrate, and produce a sound identical 
with that of the fork. Then bring another glass vessel, 
held horizontally near the first, in the manner repre- 
sented in the Lilowiig figure, when the sound will 
instantly cease, A 

Fig. 29. 


a 


This result of the destruction of sound arises solely 
from the interference of two waves, which neutralise 
each other. In a similar manner, the same effect is 
produced in-a building when two or more waves of 
sound act on each other after reflection, or by a re- 
flectel wave interfering with one transmitted directly 
from the speaker. For this reason, there are many 
places in our public buildings in which it is impossible 
to distinguish the different words spoken. ey are 
intermingled with each other, and so mutually destroy 
their intended effect. 

The reofs of buildings have also a prejudicial effect ; 
and this arises from the unequal reflective powers which 
they have. In many instances, we may notice deep 
recesses, which, whilst they add to the elegance of the 
room, materially injure its qualities in an acoustic point 
of view. Indeed, in every case, the walls and roof of a 
building should be as level as possible, provided their 
curves are constructed on proper principles. The 
reflection is thus made equal and regular; and the 
production of half, or irregular undulations, which are 
the cause of the interference of sound, is thus avoided. 

It is a singular fact, that every room, hall, church, 
&e., has a peculiar ‘‘note” of its own; that is, if a 

er would be well heard therein, he must so pitch 
his voice as to suit the peculiarity of the edifice. To 
ise in the habit of addressing audiences in dif- 
erent places, in rapid succession—say, night after night— 
this is often a source of great annoyance, It thus fre- 
quently happens, that a really proficient rhetorician 
utterly fails to impress an audience in some places, 
whilst he may exceed their most sanguine expectations 
in others ; and this is sure to occur if the speaker be 
aldressing an audience in a hall in which he had never 
before ao It is true, that a singular circumstance 
eventually tends to remedy this evil; which is, that a 
re can always tell whether his listeners hear him, 
after he has spoken for a short time. If he have calm- 
ness and self-possession, he may gradually raise or lower 
his tone, to suit the circumstances in which he finds him- 
self placed. This, however, requires a skill and discre- 
tion which few persons possess. Again, it often happens 
that the speaker himself is incapable, from physical de- 
fect, to remedy the evil to which we refer, 

A common fault of public speakers, which no appli- 
cation of acoustic principles can obviate, is that br too 
rapid an utterance. Such persons produce the waves of 
sound so quickly, that each interferes with, and destroys 
the offect of the preceding one, and a confused jumble 

* See ante, p. 52. 


of sound results. We cannot here discuss those rules to 
which strict attention must be paid by those who wish 
to please their hearers; but may express an opinion, 
that however zealous and desirous of promoting tlie 
benefit of his fellow-creatares a man muy be he forgets 
half his duty if he convey not his ideas and opinions in 
an intelligible manner. It is a matter of congratulation 
to find, that public authorities, in religious and eduea- 
tional circles, are now actively turning their attention 
to this subject, and insisting that a good delivery shall 
be an essential condition to preferment. 

In a concert, the arrangement of vocal and instru- 
mental performers is of the greatest moment. In a. 
previous page,+ we poiuted out the fact that each note 
was produced by a definite amount of vibrations. Now, 
in the concert-room, the bass, tenor, nerrees® and 


soprano Voices, singing in coneert, are throwing o: 

of sound, cach of which is produced by a different 
number of vibrations; and the effect of the 
results in all these producing a unison of effect on the 
ear. It is, therefore, tlhe business of a skilful conductor 
so to arrange the voices or instruments as that the har- 
mony shall be, as near as possible, perfect; and his suc- 
cess will entirely depend on attention to those prin- 
ciples of which we have just been apa Neglect in 
this respect will destroy the efficiency of the best choir ; 
whilst attention thereto will frequently improve the 


effect of a choir of “moderate ons. It 
is a remarkable Fact, thon aakouk the public edifices 
in our country which have been erly constructed for 
speaking and musical purposes, are our theatres ; and it 
is more than likely that such results from the fact, 

they py So or need: any - embellish- 
ment, or that their owners depend for ‘existence 
or profit on their audiences pets, Pome zar all that 
is said or sung int the \ uch of the charm of 
dramatic representation on eat a of the 
actor; and as this would be wasted ivered in an 
unsuitable building, the in’ CO) ion is con- 
sidered as of the utmost e forbear to 


extend comparisons which e the mind on con- 
sidering this fact, with respect to the relative importance 
of the objects for which our other buildings are erected. 
On this point we are sure that our readers will agree ; 
and “a word to the wise” will doubtless be sufficient. 

Having thus spoken of some of the acoustic defects 
which prevail in public edifices, we may s ¢ certain 
practical conclusions for the attention of those who have 
to do with such matters ; and may divide them into two 
heads—namely, that of architectural construction, aud of 
internal arrangement. A perfectly constructed buildin; 
will be one in which the audience form a number 
circumferences round a common centre, which is the 
eR or when they are so arranged as to assume an 
elliptic or parabolic form—the in this case being 
the focus, and the vee ‘ither instance, the peri- 
phery of the circle, or other curve, The reason of this 
will be better understood if our readers pe our 
remarks on the laws of the reflection of it from 
spherical and other curved reflectors ;t which, as we 
have already observed, are equally to be applied in the 
case of sound. But, for the purpose of their 
application to the subject we have in hand, we shall 
offer an illustration showing the directions of the waves 
of sound produced by the human voice, or otherwise, in 
a building constructed after acoustic principles, and 
compare such with the oblong edifices so common in this 
country, 

In the following figure, we shall suppose that the solid 
external curved line represents the semi-circumference 
of a circular hall, and the cross-like figure illustrates 
the construction of a church, or other building, after the 
usual modern plan of building. In the circular build- 
ing, the speaker being placed at S, it follows that every 
person placed on the curve aa, will be equally distant 
from S; and, as sound obeys the law of radial forces, 
it follows that each individual seated in that curve, 
hears equally well. The same holds good with the 

+ See ante, p. 279, $ Amie, p. 13, et og, 
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external curves, bb and cc, with the exception, that 
the intensity of the sound diminishes as the distance 


on 
arriving 


e has the same amount of soun 
This is a necessary consequence of the 


geometrical law—that the circumference of a circle is 
equi-distant in every part from its centre. 

But this law is not applicable to the case of the oblong 
building ; for we will suppose two persons placed, one at 
g and csi The first one is nearer the speaker, 
and at the ci erence of the first curve of sound a a, 


S- 


y of our readers will have 
noticed how much more di 


cult it is to hear a er 


when are placed at the sides instead of the middle 
of a buildi although both positions may be in a 
similar parallel line with the er; yet perhaps few 


ifference existed between 


F 


It will be therefore readily perceived, that considerable 


loss of acoustic effect is experienced in all buildings of 
the oblong form; and that the remedy which presents 
itself, is of ing new edi in obedience 


constructing 
to the principles we have been indicating. We have 
confined our attention solely to circular erections; but 
those of the elliptic or parabolic form may easily be 
studied in the manner already mentioned, 

The faults of the internal arrangement of halls, &c., 
may often be remedied by the most simple means. 
chiefly arise from the echoes produced by the 
reflection of sound from plane surfaces in oblong or 


E 


buildings, and especially from glass windows, 
wide having © level surface, act as reflectors, 
If the seate of w building are in concentric 
circles, rising one above the other, the echo from the 
wall is at once 


other plane surfaces, is 
by covering them with cloth; indeed, 
blinds will, generally s: , answer 
oud, kcclaa of boing lots rey Or Petited, tbe ook 
, OF pai the echo 

ost cert tae Soni who Rion had the 

of speaking in ‘a building in which echoes 


aa 


abound, can have no idea of the painful effect experienced 
by the public speaker. Each word is reverberated to his 
ear, as its successor passes from his mouth; and the 
effect is most confusing to the mind if an extempora- 
neous address is being delivered by him. 

Sounding-boards are a contrivance by means of which 
the voice of the speaker can be reflected towards the 
audience; and here again we perceive an analogy existing 
between sound and light. By means of a reflector, we 
can send the rays of light from their source in any 
direction we please ; and the sounding-board answers the 
same p In some buildings, the wall before 
which a speaker may stand, is made of a curved shape ; 
and if the roof be contrived so that a regular geometrical 
figure be formed, such becomes an excellent reflector, 
and adds much to the acoustic character of the place. 
Besides acting as a reflector, it also serves as a diffuser 
of sound,* and, as such, tends to spread the vibrations in 
all directions. The acoustic effects of a solid reflector, 
and a sounding-board which is made hollow, are very 
different : for, in the former case, the sonorous waves 
are merely sent forward from the reflecting surface ; bu 
in the latter, the body itself es of the vibrations, an 
so assists in their general diffusion. That such arrange- 
ments themselves vibrate, is easily proved by throwing a 
little sand on a drum-head, or placing on a piano a sheet 
of glass, over which some sand has been strewn. If any 
instrument be played near the drum, the sand will 
speedily arrange itself in various forms. The same will 
occur with the glass on the piano, if that instrument be 
performed on; and what are termed acoustic figures are 
produced. Another mode of obtaining the same a 
pearances, is that of placing fine sand on a piece of thin 
sheet glass, and drawing over one of its olees the bow 
of a violin; the glass will vibrate, and the sand will 
assume star-like and other figures, owing to its partaking 
of the vibration, To so great an extent can these 
effects be produced, that a solid body, such as a thin 
glass cylinder, may be fractured by producing near it 
more powerful sounds in unison with the note which it 
affords on being struck. 


THE EAR. 


We shall now give a short description of the human ear, 
as the organ by means of which sounds are perceived, 
Its external part is of such a form as to receive the 
vibrations of the air, as they proceed from any sounding 
body. From the outer part there is a tortuous passage, 

which the sounds arrive at the tympanum or drum, 

is is a thin membrane ; and it is stretched over bones 
in a similar manner to that of the parchment covering of 
the musical instrument of the same name. The vibra- 
tions which hays arrived thus far, set the drum in 
motion : and here we may mention a peculiar provision 
that is made, by which the intensity of sound is modified. 
When describing the eye,t we mentioned that the iris 
could be either opened or closed, so as to admit or 
restrain the rays of light, and prevent poy to the 
organ of sight. Now, similarly, the druin of the ear 
may either be tightened or extended, so as to increase or 
diminish the force of communicated vibrations; and by 
this beautiful arrangement, the ear itself is preserved 
from the injurious effect of too powerful a sound, or is 
enabled to catch the slightest whisper. From the drum 
of the ear, a channel, called the Eustachian tube, passes 
towards the mouth.’ This tube serves as an exit, b 
means of the air it contains, for the vibrations whic 
have been communicated by the drum. It is, in fact, 
analogous in its office to the Likes in the sounding-board 
of the piano, the harp, violin, &c.; and deafness always 
ensues when, by any means, this tube is closed, which 
occurs from cold, the deposition of wax, &e. 

A cavity, called the vestibule of the ear, also covered 
with a membrane, is provided with nerves ; and these, 
like the optic nerve,t connect the external vibrations of 
matter with the sensorium of the brain; and thus the 
sense of hearing is produced. The entrance of the ear 

* See ante, p. 276. t See. ante, p. 48. + See oa" p. 48. 
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intrusion of insects and foreign | The organs of hearing in the lower animals are all 
irs, and a peculiar wax-like se- constructed on similar principles to those of the human 
cess, often becomes hardened, and | being, — mgt og to meet the special cir- 
thus the cause of difficulty of hearing, which some | cumstances of the individu 

bmn te from. It is, “in Aaa Dg —_ removed by | Amongst the mammalia, we find the ear, general, 

syringing the ear with warm water. The following cut | speaking, defended externally by a large flap, whi 
will give an idea of the different parts of the human | serves to protect it from being injured by insects or the 
ear. : twigs of trees, as the animal passes through a thicket : 
this may be eee! in the ar eathe 

the dog. animals of prey are 

s cieegl of hearing, on which they pacly 
flepend for success in the search for fi Anm- 
hibious animals can readily adapt their organs of 
peeling to the medium in which they may for the 
moment dwell. Without such a provision, these 
animals would sustain much inconvenience, and 
suffer extreme pain, when beneath the surface of 
water. This is chiefly owing to the great con- 
ducting power of that Tiquid, by which sounds 
act more strongly on the tympanum than when 
conveyed by air; and if the organ were not pro- 
tected, under such circumstances, its sensitive- 
ness would speedily be destroyed. The ears 
of birds are not easily distinguished externally, 
owing to the outer orifice being covered with 
feathers. As we descend in the scale of nature, 
we find that these organs become of simpler con- 
struction; and, passing by fishes, we at last 
find their development to be but rudimentary in 
the tribe of insects, On this subj we refer 
our readers to the excellent re of Dr. 
Bushnan, which will be found at pase 36 in 
the second volume, in the section of parative 


Physiology. - 


CONCLUDING REMARKS ON THE UNDULATORY FORCES. 


We have now completed our exposition of the laws of those forces which, although, so far as we at present know, 
have not that extensive application possessed by gravitation and cohesion, are yet only second to them in that res 
As we proceed, the student will observe how large is their range ; and more particularly, in the next section, he 
notice their importance in the general economy of nature. Their consideration, in fact, forms a fitting and necessary 
introduction to the study of chemistry, on the limits of which we have often had to tread. All the operations in the 
labora‘ of nature, as in that of the chemist, depend on the exertion of one or more of the forces we have so 
extendedly treated on ; and it will therefore be desirable that our readers shall have become well acquainted with 
the principles already expounded, before they attempt to make farther progress. 

In the sections on Applied Mechanics and Meteorology, we shall have frequently to refer to what has already 
been enunciated. This affords an additional reason for the remarks we here make, and points out to the student th 
necessity of a close investigation of each of the preceding sections, as a preparation for such as are to follow. , 


SECTION VL. 


CHEMISTRY AND ITS APPLICATIONS. 


INTRODUCTION. 


1y our previous we have endeavoured to explain 
and illustrate laws which are found to be con- 
nected with every form and kind of matter. The rela- 
tions in which the undulatory forces stand are universal, 
for they do not for their action on specific 
natures, but are rather affections of all bodies which 
have an existence. Second only to, and yet concomitant 
with, the forces of gravitation and cohesion, they are 
constantly to be found either in a sensible or latent 
state ; and, as second causes, they produce all the phe- 
ephios we can witness in natural occurrences, 
We ve 


sophy, or in its applications to 
purposes. But a few centuries ago, alchemy—a con- 
of imposture and deceit—was its only representa- 
i The search after the so-called philosopher’s stone, 
was to turn all the “base” metals into gold, was 
tics pores aageeye aN in beni in- 
which philosophy is wed simply for its 
reward, that and every other recompense 
pp ticka = gh se knowledge, th 
evi ent of human Ww. e in- 
ve tt A has been uctive of advantage. It 
imagination ; restrains and 
powers ; and, in fact, makes the 
real use to - Ht r. fice 
Chemistry stands prominently forth as a proo 
of the truth of this opini: 

In former days, no was considered too crude to 
be received, and none so ridiculous as to want believers. 
Let it only have the sanction of high-sounding names, 
and its success over the soi-disant philosopher was 
certain. If water were raised by a pump, the presumed 

that “nature ab! a@ vacuum.” The 
of digestion was considered as the work of an evil 


r 


= 
z 


All 


. . 


confined to the authors of it; it spread over the whole 
Oot a ea en ee 

ity to dispute the dicta of 
be authorities in such mat- 
lications 


character. When, however, systematic experiment and _ 
rigid induction became the guiding-stars of philosophical 
research—Chemistry, which is, par excellence, an experi- 
mental science, ily made most rapid progress; and 
in the hands of ye Priestley, and Lavoisier, it a 

roached towards a higher and more useful position. It 
ia been no part of our plan, hitherto, to enter into his- 
torical details; we shall not, therefore, here commence 
that course ; but would simply remark, that in our own 
day, there is scarcely a branch of manufacture, com- 
merce, fs wer ves, or, indeed, any ocoupation, which 
has not benefited by the application of the truth of 
Chemistry; and much of our position as a first-rate 
power in the world at large, is due to the stimulus and 
aid which our manufactures have derived from chemical 
discoveries. 

In the following pages, we shall first attempt to give 
our readers an exposition of the general laws of che- 
mical attraction, and other fundamental principles. We 
shall then proceed to cthoy wd the chemical history of 
elementary and compound ies; and, subsequently 
speak of analysis, and the varied applications of chemi 
~~ An the purposes of manufacture, agriculture, and 

e. 

Before entering on this extensive range of inquiry, 
we must remark, that some considerable knowledge 
of the wanes rae have pratt arest re in the 
previous pages wi necessary, if the student desire to 
make rapid progress in his chemical studies. All the 
operations of nature, and those conducted in our 
laboratories, depend on the exercise of one or more of 
the agents of Heat, Light, or Electricity; hence, igno- 
rance of their laws would entail great em ent on 
those who enter into an experimental examination of 
chemical phenomena. Ler Presa Ga this, we need 
scarcely observe, that a repetition of what we have already 
stated, would much encroach on the limits we have 
necessarily to assign to each subject, and cause con- 
siderable confusion. Chemi for but a moderate 
knowledge of mathematical science ; in fact, scarcely any 
but the common rules of arithmetic-are involved in its 
calculations. We have endeavoured to smooth, as far as 
possible, the various difficulties which may lie in the 
path of the student; and, to this end, have given him ex- 
tended directions for the construction and use of ap- 
paratus, with a view both to economy and efliciency. On 
this head, we would particularly warn all our readers 
against incurring unnecessary expense, by purchasing a 
large quantity of apparatus, at the commencement of 
their chemical course. To the young student, in any 
branch of knowledge, nothing is so useful as moderate 
but surmountable obstacles to his progress. These, 
whilst checking undue ardour, give him time for re- 
flection and thought. The attempt to overcome them, 
induces readiness of resources, and calls out powers which 
he otherwise would hardly know that he possessed, 
The experiments suggested are such as may be easily 
conducted ; and have been introduced so as to give 
the reader a means of verifying the statements with 
which they are connected. They are y suitable 
| for private study, as for exhibition at the lecture-table, 
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[CHEMICAL ATTRACTION, 


CHAPTER L 
CHEMICAL ATTRACTION, OR AFFINITY. 


We have had frequent occasion, in our previous pages, 
to refer to attraction of various kinds. The attrac- 
tion of gravitation we found to subsist between masses ; 
that of cohesion between the particles of bodies, ope- 
rating at insensible distances; whilst the attractions 
exhibited by free electricity and magnetism, were 
special or individual in their character. But, in che- 
mical attraction, we find an entirely different class of 
henomena to occur when compared with those we have 

escribed.” Hitherto, it has not been of much con- 

uence as to the qualities or specific character of the 

a area we have experimented with; it will now be 
our business to investigate those points as closely as 


possible, 

By chemical attraction, we mean that power by virtue of 
which two or more dissimilar bodies are vig 0 together, 
united, and ultimately produce another body totally 
different, in most respects, to those from which it was 
derived. One of the simplest instances of this kind 
which we can adduce, is that of common salt. It is 
composed of two substances only ; one of which, chlorine, 
is a poisonous gas, that acts with great and destructive 
effect on animal tissues: the other constituent is a 
metal called sodium, which spuntaneously takes fire on 
being a into coutact with water, or paper moist- 
ened with that liqnid. 

We must here point out the difference which exists 
botween a Seameseatly constituted substance and a mere 
mechanical mixture. Common salt is a compound, in 
which the parts are held together by so powerful an 
attraction, that they cannot be divided by any but 
strictly chemical means. If, however, we dissolve s 
in water, we do not consider the product to be a che- 
mical compound, but simply a solution or mixture, 
because we can readily take the water away from the 
sugar by the application of heat, and the sugar will be 
again present, unaltered in any of its characters. In- 
deed, Sorin the whole process of solution, no change, 
except a sve. Hr one, occurs. If, however, we expose 
sodium to chlorine, a very different result is afforded us: 
then chemical action ensues ; a combination of the two 
substances is effected, and a new compound is the result, 

Now, it is by the union of different substances, 
effected by chemical attraction, that the whole of the 
materials composing the animal, vegetable, and mineral 
kingdoms is composed. The combinations are held to- 
gether by varying amounts of force; and the causes 
which modify the attraction which each body has for 
those united with it, are modified by several circumstances 
to — we a now direct attention. RP 

mongst e ts with which we are acquainted, 
that of heat is the soet powerful in producing mecha- 
nical and chemical changes ; and to it the chemist is 
chiefly indebted for the means by which he is enabled to 
separate existing compounds, and to form others, The 
mechanical effects of heat we have already inquired 
ito in our first section, and we shall now more par- 
ye investigate its action on the chemical composition 

a body. 

So far as we can jndge, the mechanical properties 
of caloric always precede the development of its chemical 
agency; and this will be no matter of surprise if we 
bear in mind, that the slightest change from ordinary 
temperature is sufficient to produce expansion, &c. Now, 
chemical action is rarely promoted by caloric, except 
when present in great excess, beyond its ordinary sensible 
ges oe may find - very ge instance of 

facts in the ignition of gunpowder. On applyi 
heat to that substance, the alphas is first Pr 
into a liquid state; then the nitre; a red-heat is next 
produced; and at that moment a chemical action is 


generated between the charcoal and one of the con- 
stituents of the saltpetre—an explosion immediately 


ensuing. 

Heat has not only the power of producing such rapid 
chemical inations, but it also sueiat In ep 
produce those conditions most fay to 


Thus, in making a 
employed to render bodies more soluble; and, in many 
i heat uces this result to an ishi 


generally, it assumes forms, and 
ensues, In almost ev instance in which we desire 


essential for that Rey ie 
oy: is applied until the 
the fluid carta 
when the union of two 


and then submitted to the action of e 
but the chemical attraction of each 
such as to defy those means for their 
however, after powdering, it be mixed 
bonate of and exposed to an in hea 
fused, and combines with the flux. It zy, when 
be readily dissolved in acids, &c.; and then its 
stituents can be at once separated from each ot 
the usual methods. 

If, again, it be desired to cause the union of 
bodies, heat readily assists us. Thus, in ng an 
alloy, or mixture of two or more metals, such could 
never be effected whilst they are in the solid state, 
because the distance of their i is 


with some car- 
tense heat, it is 


5 


tween the atoms of a body are in still the readiness 
with which they are detached from each other, 
them more readily to combine with those of another body 
and thus the state of fusion is favourable to 
action, as well as to mechanical mixture. The 
of evaporation by the application of heat to liqui 
in common use by the chemist; and he thus is 
obtain, in a solid form, salts, &c., from a liquid, although 
ther are present to but a slight extent. Thus, in 
gallon of ordinary river water, only two to ten grai 
solid matter may be dissolved. By eva; i 
liquid, such are brought together, and are so fit for the 
ex ents on them. 

e have previously referred to the effects of heat in 
producing rapid combination in mixtures of solids: we 


in which the chemical attraction is so slight, as to be 
hated 
and silver, and certain com) i 


may now add a few words on the explosion of gases, 
&c., by the aid of caloric. There are some substances 
readily destroyed even when they are to but a 
trifling extent: amongst these, are 

iodine and chlorine. Now such afford instances in which 
heat is an isti i 
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As we proceed, many other applications of heat will be 
noticed, which will be more properly dealt with as they 
occur. 

The agency of light, in producing chemical chan is 
more restricted than that of heat, and has been already 
enlarged on under the head of Phi phy. The recent 
discoveries of Messrs. Bunsen and Kirchoff, which have 
been also described, have opened a new connection 
between the relation of light and chemical phenomena. 

Electricity has great influence on the attraction or 
affinity which one body has for another. It will be 
unn for us to enter into that question, however, 
as it has been fully discussed under the head of Voltaic 
Electricity and Electro-Metall i. the ane rani 
apply equally to magnetism. ing the relation 
which the undulatory forces have to chemical attraction, 
we may now more fully inquire into its different phases 
and laws, and so prepare our readers to consider the 
numerous instances to which we shall have to draw their 
attention as we proceed. It may be explained, that certain 
terms are used to express the changes produced by che- 
mical action. By rer pay we mean bg ta toeg 
heren | ing compounds ; composition, the union o 
bodies to form new compounds is expressed. When the 
chemist attempts to ascertain the constituent parts of 
body, the process is termed analysis; but the act of 

ucing new combinations, is termed synthesis. 

Tt has been stated that different substances have 
various powers of affinity for each other; and we shall 
now some experiments illustrating this fact, 
We must, however, point out, that there are two classes 
of affinity; or, more properly, a double act of affinity 
takes place under some circumstances. Thus, if a piece 
of poli iron be exposed to the action of air, its 
oxygen unites with the metal to form oxide, or rust; 
and here we have only an action of simple affinity. I, 
however, we add together solutions of common salt and 
nitrate of silver, then a double affinity operates, for the 
silver unites with the chlorine of the common salt; 
whilst the nitric acid combines with the soda; and so 
two new substances—the chloride of silver, and the 
nitrate of soda—are produced. The following are in- 
stances in which the chemical affinity existing between 
two or more substances, attended with the removal or 
separation of another by decomposition, is involved. 

Experiment 1.—Add a few drops of a solution of 
nitrate of silver to one of common salt. The silver, 
uniting with the chlorine, as already mentioned, will 
fall down as a white powder ; and a solution of nitrate 
of soda will form the liquid. 

Experiment 2.—Pour off the clear solution into a 
clean glass vessel, and add to it a few drops of sul- 
phuric acid. The nitric acid will be driven away from 
the soda, with which the sulphuric acid combines to 
form sulphate of soda. 

Expervment 3.—Pour the solution of sulphate of soda, 
obtained in the last experiment, into a glass vessel, and 
add to it a little nitrate of baryta in solution. The sul- 
ella now aoe yo givens and conrad has 

ie orming sulphate o' ; whilst the 
will combine with the nitric acid set free from the nitrate 
of baryta, and so form nitrate of soda. 

In these three experiments, we observe one substance, 
the soda, c! ing its state thrice. First, we found it 
in union with chlorine, range eye salt, which is 
pa bey by the superior ity for it which nitric 

id has, In the second experiment, we find that it left 
the nitric acid for the sulphuric acid, owing to the more 
powerful attraction which the latter exercised. But, in 
the third experiment, we noticed the paradoxical fact, 
that it united with nitric se na ie eye to sulphuric 
acid, But this is easily explai The baryta in the 
nitrate of that earth has a greater affinity for sulphuric 
acid than any other body, and su it decomposed the sul- 
pio ot izing the acid. Now, the soda being set 

ree in the presence of the nitric acid, at once combined 
with it ; and in this we have an instance of double decom- 
position, and a twofold exertion of chemical attraction. 

Our readers will do wisely to master the principles 


involved in these experiments before proceeding further ; 
and we have chosen the substances named that they 
may trace the progress of the soda in each of its com- 
binations. To make the matter still clearer, we add 
diagrams representing the results, dc., of each experi- 
ment, in which the materials employed, and the new 
compounds formed, are mentioned. . 


Experiment 1. 
Materials used, neon New Compounds formed. 
Contain Chlorine Nitrate of Soda. 
Salt. Sodium 
Nitrate of a Acid 
Silver. Silver Chloride of Silver. 
Experiment 2, 
Nitrate of Nitrie Acid Nitric Acid. 
Soda. Soda 
Sulphuric Acid RNS of Soda, 
Experiment 3. 
Sulphate of Sulphuric Acid Nitrate of Soda. 
Soda. Soda — 
' 
Nitrate of Nitric Acid 
Baryta. Baryta Iphate of Baryta. 


We thus perceive how much the affinities which one 
body has for another vary, and how the affinities of a 
third may destroy those exhibited in previous compounds 
when it is presented in proper circumstances. 

In the above instances, we have confined our attention 
to changes easily understood. As we advance, however, 
into those which are produced when vitality assists the 

rocess, the conditions are so varied, and the states of 
ies involved are so numerous, as to render the matter 
far more complex. Take, for instance, the ordinary 
process of digestion, and the conversion of bread and 
meat into blood and muscular fibre. Here we have a 
delicate and astonishing adjustment of affinities. The 
food contains charcoal, oxygen, hydrogen, and nitrogen, 
besides mineral substances. Part of the charcoal goes 
separately to form blood, fat, muscular fibre, nails, hair, 
skin, &c. With some of the ox; it affords carbonic 
acid, which b poe off from the lungs. The hydrogen, 
nitrogen, and oxygen are also po oy to form various 
of the animal substance; and all these bodies, when 
in excess, are driven off in mutual combination as water, 
ammonia, or carbonic acid. Yet, complex though these 
br i may be, still the same law governs them as is 
found active in our experiments. Each body has a 
definite attraction for another ; and the knowledge of 
this enables the chemist to trace, by the eye of science, 
the most obscure and difficult details. 

There are some minor circumstances which powerfully 
assist in promoting the exercise of chemical affinity, to 
which we shall now allude; and they refer chiefly to 
peculiar conditions in which bodies may be placed with 

to their external surface, or relative mecha- 
nical conditions. As an instance of this, we have the 
peculiar action which the metal platina exercises on a 
mixture of oxygen and hydrogen gases; the action of 
light on a mixture of chlorine aud hydrogen; the effect 
of minutely divided substances, as spongy platina, pow- 
dered charcoal, metal in a minute state of division; as 
in the case. of finely divided lead in pyrophorys, &c., 
&c. Such, and many other instances we might name, 
affect, vary, and modify many of the exercises of che- 
mical affinity ; and all such must be taken into account 
in chemical researches, if truth and accuracy of result 
are hoped for. It will be thus perceived, that a thorough 
chemist must exercise the test care and penetration 
in all cases that are brought before his notice ; and the 
science, therefore, is not only valuable for its philosophical 
and commercial results, but equally so as a system or 
means of mental training. , 

In cases of extremely low temperature, chemical at- 
traction is often entirely suspended. Thus, on Mont 
St, Bernard, the bodies of deceased travellers have been 
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kept, entirely unchanged, for many years. We have | analogies, the rigid system of philosophy cannot allow us 
already mentioned that voltaic battorioa, and electro- | to jump at conclusions which seem true, but are in- 


tuetallurgical processes, require certain temperatures for 
i In many instances, how- 
ever, the chemist avails himself of extreme cold to 
pogo ig — of many esti or hete the 
case with chloride ni roxk rogen 
and other compounds, fe teak thers is a continual 
tendency to decomposition if a low temperature be 
not maintained ; and hence the employment of the means 


named, 
The rapidity with which chemical action ensues be- 
tween borlies, depends on the intensity of attraction 


they have for @ach other. Thus, if nitric acid be poured 
on silver or r, the action is most violent ; whereas 
none is perceivad on platina. If, again, the acid be 


diluted with water, the intensity of its action is di- 
minished, for fewer particles of the metal and acid 
come in contact. In some cases, a sudden suspension 
of action takes place: thus, nitric acid will act soeo 
ou the metal iron, and then all chemical action wi 
cease, the iron having assumed a ive state. At 
vimes, the attraction is so powerf exerted as to 
produce a | amount of Neat and light—as when 
sulphuric acid is poured on chlorate of potass and sugar ; 
at other times, intense cold is produced—as when freezing 
mixtures are dissolved in water. Indeed, it would be 
impossible for us to sum up the + variety of instances 
in which the exercise of chemical attraction is mani- 
fested, or to enumerate the peculiar effect which it pro- 
duces, These, however, we shall frequently notice in 
our future progress—our desire having been just to 
put the student in possession of leading facts, which 
may serve as a guide to further details. 


ELEMENTARY BODIES, AND THEIR COM- 
BINING PROPORTIONS OR EQUIVALENTS. 


To prevent any complication of subjects, in our previous 

we have avoided any mention of elementary 
substances, and the proportions in which they unite 
together. These matters must now form the subject of 
our investigations. 

All substances which have hitherto resisted our utmost 
endeavours to procure others from them of a different 
character or quality to themselves, have been termed 
elementary ; and the number has been largely increased 
during the present century. For this we are largely 
indebted to the researches of Sir ey Davy, who, 
by aid of the voltaic battery, was enabled to decompose 
the alkalies potass and and some of the A 
Since his time, other discoveries have been made, es- 
pecially in connection with metallic bodies, 

In most chemical works these bodies are arranged in 
groups; but, unfortunately, this arrangement is either 


modified ‘or altered by each authority on the subject., 


The difficulty of obtaining a settled plan in this respect, 
lies in the fact, that the constant accessions which are 
obtained to chemical science, invalidate many of the 
conclusions which had been previously e. The 
point, however, is. not of extreme importance; for as 
each element has its own distinctive character, it follows 
that the compounds it forms never exactly resemble 
those of other elements, although a great analogy may 
exist between them. Wo take hydrogen as an instance 
of the kind; for, in many of its chemical relationships, 
it behaves precisely like a metal; and yet, considerin 
its physical characters, it seems the farthest remov 
of any from that class of bodies, Again, ammonia, 
which is known to be a compound substance, oe, 
under certain circumstances, every indication of metallic 
character; and, indeed, the existence of ammonium is 
theoretically admitted at the present day: yet no 
analogy exists between it and the metals in the cha- 
racters which, of all others, distinguish them from 
other substances, Our present position, in these respects, 
therefore, one of great doubt and lexity; for, 
whilst wo see distant glimmerings of new by their 
* See ante, p. 210. 


capable of present proof. In our future we shall 
therefore = ‘She pcan href this a0 ition of doubt 
permits ; r dealing with gene pay i shall 
Sroceed’ $0. give’ tiie diaseehl “heesoey, on ee 
elements, and of the compounds producible from them. 
To Dr. Dalton, of Manchester, we owe the discovery 
pei bee fonate ¢ abs relative ¢ propoetions ; or, in other 
wo t ev su en or com 
has a sapere ratio, in’ which alos it will fon 
Pig secre with others. This ratio has had applied to 


it the terms, “equivalent,” ‘‘combining proporti 
and ‘‘atomic weight ;” but, in our future pages, we shall 
only use that uivalent, as ing the facts of 


the case most clearly. What is meant, is simply that 
each substance must be taken in definite quantities 
to form a definite compound with others, Thus, 
eight grains, ounces, or pounds, of oxygen, must be 
united with one of h to form nine 


quantities be employed, then ny 


be produced as the proportion ight of and 
one of hydrogen would afford, the ye wat in 
excess of this ratio would be left free. in, ten 


hy oxygen would not unite with one of 
- use the os we ee ee ee maintained. 
ixteen parts, however, of oxygen, one of hydrogen, 
may unite, because in that esp din the ratio exi 
A compound very different to water, however, would 
the result, which, of course, ee ee the 
union of two bodies in proportion, different to those 
producing water.—We may take another illustration in 
the case of oil of vitriol, or, as it is chemically — 
sulphuric acid. This is composed of three parts 
oxygen, and one part of sulphur, if it be entirely free 
from water. In its commercial state, when pure, it is 
always combined with one of water. Now the 
equivalent of sulphuric acid is obtained by adding 
together that of its constituents, thus :— 
Quantity of each material. Equivalent of each. 


1 part of sulphur... «. 
3 parts of oxygen. + . « + 
1 part of rans com) of 9 
oxygen, 8: 1 part water, | ete wwe 
posed of hydrogen, 1 4 


com 
Equivalent of sulphuric acid = 49 
Or, in other words, we may say, that one equivalent 
of sulphur, three of oxygen, and one of water, form one 
uivalent of sulphuric acid, which, with reference to 
other compounds, has an amount equal to 49. - 
We will now take an instance in which both sulphuric | 
acid and water are united with a metal which, however, 
has first combined with oxygen, and so formed what is 
called an oxide ; and for this purpose we will choose ‘the 
green cop or sulphate of iron. Oxide of iron is 
that metal united, in this case, with one equivalent of 
oxygen; and as the equivalent of iron is 28, it follows 
that the equivalent of its oxide will be 36. Now this 
salt of iron is composed of one part of oxide, one of 
sulphuric acid, and seven of water; and its equivalent 
ill be as follows :— 


Quantity. 


pe pacer dicho gy ol Le Esa 
1 of sulphuric aci from 
water . hye a oi 


Total. 
- 36 

hit oe 
7 Of water. je: gejpe) jeg sl De leh alee 


Equivaient of sulphate of iron = 139 


These three instances of water, sulphuric acid, and 
sulphate of iron, will illustrate the mode in which the 
equivalents of compounds are formed. The last shows 
how that of two compounds, united together, is obtained. 
If the student fully comprehend these facts, he will have 
got over all difficulties presented in the study of the 
numerical value of equivalents; and have made a good 


Equivalent. 
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advance in the study of chemical science. In the case of | 


organic compounds, precisely the same plan is adopted ; 
bol aathey preatiiticnretical difficulties, we, ahall ‘not 
enter into their discussion for the present. 

It will be asked, however, how these equivalents are 
found, with respect to the elementary bodies; and 
although the practical of the question is one re- 
quiring the greatest skill and experience, its explanation 
will not be difficult. If, as we have shown, every body 
has a definite combining proportion—it follows, whenever 
we examine it, we shall procure its constituents in their 
proper proportion of combination. For instance, if we 

water by any means, we always obtain one 
hydrogen gas from nine of water, provided the 


fore infer the presence of eight parts of oxygen. 
igh it, in com- 


the equivalent of o 
eapponing WS “Seat 


describe, separate the iron which from that which 
had not been oxidised, we should discover, that out 
of the 58 grains, there would be 22 which had 
— oxidation, This number deducted from 58, 
w leave 36 as the equivalent of oxide of iron; 


of finding metallic equivalents is not that prac- 
ted in all cases; but we have availed our- 
it because it exhibits the facts with which 


settled, pour away the water, and add fresh until the 
last washing does not in the least taste of salt, taking 

t care that not a particle of the white powder is 
ar Then pour the whole of the powder on to a 
piece of white blotting-paper so as to filter it, taking 
the ution of weighing the pares. accurately before- 
han The whole is then to carefully dried, and, 
whilst still must be weighed. It will be found, 
that the powder, after deducting the weight of the Paper, 
will weigh about 144 grains, of which 36 parts are chlo- 
rine, leaving 108 parts of pure silver as the remaining 
constituent of the powder. Thus, knowing the equiva- 
lent of chlorine, we infer that of silver to be 108. 

These results are controlled by experiments with other 
combinations of the same body; and, by pursuing a 
similar course, the equivalents of any element may be 
ascertained. The numerous obi cde raae ep which have to 
be observed, and the difficulty of obtaining the sub- 
stances in a state of sufficient purity, together with 
other circumstances into which we shall not enter, 
render the attempts to obtain exact and reliable results 
one of the most difficult operations in experimental 
science. We hence find, that tables of equivalents, 
compiled by different imenters, vary somewhat in 
the numbers given to each element. 

Of course some standard is required to commence 
with, the multiples of which shall form the equivalents 
of all other bodies. Hydrogen has been chosen, and 
adopted, by nearly every English chemist; and if no 


other be named in chemical works, the reader may 
always assume such to be employed. Some have pro- 
posed oxygen as the unit, from the importance of its 
combinations ; but such do not compensate for many of 
the advantages of the hydrogen scale. Hydrogen is the 
lightest body in nature, and has the lowest combining 
proportion, There is, however, one difficulty which 
presents itself ; and it is, that although hydrogeu and 
oxygen combine in the proportion of one to eight by 
weight, they do in that of two to one by measure. This, 
however, only affects the gases; but a late writer has 

to double the equivalent of oxygen, so as to 
meet the difficulty. It is improbable that such a pro- 
position will be generally adopted. 


CHEMICAL MANIPULATION AND APPARATUS. 


As we shall suggest a large number of experiments in 
future pages, with the intention that our readers may 
become practically acquainted with chemistry, it will 
be advisable that we should give some description of the 
apparatus which will be required, and the best mode oi 
using and managing it. e shall, as far as possible, 
study the means of our readers; and therefore suggest 
the most economical and effective mode of carrying out 
the experiments. Many persons have an idea that the 
study of chemistry is a very expensive one. Such is 
not the case; for all the \eading class experiments, teach- 
ing the elements of the science, may be performed with 
a tus not costing more than ten shillings; and the 
chemicals are exceedingly cheap. If, however, the 
student enter into an extended course of original re- 
we = the serge of chemistry to the arts 
and mannfactures, and become, as many ms do 
enamoured of the study, we should peuintalndediies to 
mention the extent of means required ; for any amount 
of money may be so expended. 

Much of the success which may be obtained in expe- 
rimenting, depends on a nacngss e eers cleanliness. 
Aman may become an rt chemist, and yet may be 
but a poor philosopher ; for it frequently happens, that 
whilst the experimenter may make the most valuable 
discoveries of facts, he has not the mental power of 
generalisation. On the other hand, a highly cultivated 
mind will avail itself of these facts, and so generate 
theories which shall embrace a multitude of effects. 
Some persons combine both these qualifications ; yet 
such are rare accomplishments. But let none of our 
readers be discouraged by these statements. ‘‘Suum 
Cuique” is a motto which may be safely adopted in 
philosophy as in other matters; and during the last few 
years, the boundaries of science have been so extended, 
as to render subdivision of labour a question not of 
choice, but of absolute aca € A schoolboy of our 
time, knows more of natural philosophy, so far as facts 
are concerned, than did all the philosophers of the days 
of Newton and his compeers ; and the philosophers of our 
day are but the schoolboys of those who shall succeed 
them. 

As we shall commence with the history of the gases, 
the various apparatus required for manipulating with 
them will first claim our attention. 

Gases, such as oxygen, require the application of heat 
for their production ; and, generally speaking, retorts, 
test-tubes, or flasks are employed for that purpose, ‘The 
following engravings illustrate Fig. 1. 
the appearance of each of these. ; 
Fig. 1 is a retort, in the bulb of 
which the materials to be heated 
are placed. They are made of 
various sizes. The student may 
provide himself with a few, varying from one ounce tc a 
pint capacity. They require heating gently at first, te 
prevent the danger of cracking them. ey should 
never be cleaned until quite cold, and are then to be 
placed stem downwards, so that the water employed for 
that purpose may drain off, and leave the inside quite 


nS good substitute for a retort, when small quantities 
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of materials are used, is a test-tube with a bent tube, 
Pig. 2." A cork is first fitted in the 

neck ; and a hole having been 
made in it, a glass tube, which 
has been previously bent into 
the required shape, is then in- 
troduced. The ment is 
represented in the annexed 
engraving ig. 2). When 
mantities have to used, a Florence flask, 
with a bent tube, may be employed. These are 
Pig. 3. extremely useful for a great 
variety of chemical experiments. 
They are very cheap, and may be 
cleaned by pouring into them 
some strong sulphuric acid to 
remove the oil, and, subse- 
quently, washing them out with 
hot soda and water. The stu- 


fitted 


dent should provide himself with 
several of these, and various sizes of the test-tubes last 
described. They are both used for making solutions, 
and a variety of other purposes, A test-tube may be 


Fig. 4 


held over a lamp by 
means of a proper 
holder; but mm the 
absence of this, a 
iece of brown paper 
held round it, will 
prevent the ) 
of heat Tie ; e fin- 
Ts. . 4 repre- 
aa the alias of 
making hot solu- 
tions after this plan. 
Retorts, flasks, 
&c., require a sup- 


< 


ordinary retort-stand answers this purpose ; 
and one is easily made by fastening an 

Y iron rod in a wooden foot, and twisting 
round the rod rings of iron wire of 
various sizes. One of these stands is 
represented in the annexed engraving 


“pests _ them over the flame of a lamp whilst being - 
Pig. 5. 


& 


ig. 5). 
The application of heat is so frequently 
seqtised. in chemical experiments, that 
CoP the student must supply himself with 
lamps for that purpose. Gas may be 
so employed; but the most generally 
useful instrument is the spirit-lamp, re- 
presented in Fig. 6. Spirits of wine, or, 
what is cheaper, methylated spirits, are 
used as fuel. An ordinary cotton wick 
is employed ; and a cap, which fits over 


| the wick-holder, is placed on it when 
3) the lamp is not in use, so as to prevent 
the loss of spirit by evaporation. 


: A trough is required for the purpose 
of collecting gases. This may be an oblong tin box, 
having a trav at one end, on which gas jars can be 

Fig.6, 


placed. The tray is perforated 
with holes, so that ‘the gas 
may pass through them into 
the jars. A pneumatic trough, 
as they are called, is repre- 
sented in Fig. 7. In the ab- 
sence of. such an arrangement, 
a basin, pan, or pail, will an- 
swer every Bh og rage The gas 
jars are made of variotis sizes 
+ and shapes; two of which are 
ted in Fig. 8. 

The mode of using t meumatic trough is as 
follows :—Fill the trough nearly full of water, and dip 
the bottle or jar beneath the surface of the liquid, so 
that the whole of the air may be driven out. Then 
raise the jar, with its open part down and let that 
rest on the tray of the trough. The jar will thus 


! remain full of water, and, as the gas from a retort 
Fig. 8, 


passes into it, the water will gradually escape. The 
following engraving illustrates the mode of making 
oxygen gas, a furnace being used in place of the 


spirit-lamp, A jar, when filled with gas can be re- 
Fig. 9, 


=— 


‘by passing beneath 


moved from the tray of the trough 

. a plate. pm. vo holding a = byrne prevents 
e escape of gas, so retains tter 10, 

—_ the glass vessel. ry 5 

‘or many p gas jars, open at both —t= 

ends, are auinhaieel when being filled with 

gas, the narrow end must be by means 

of a stopper or cork. Fig. 10 represents one 

of these jars; and inside it is a holder, useful 

in experiments with oxygen and chlorine. 

The holder consists of an iron wire, with a 

collar at one end, and a brass cup at the] . 

other. The material is placed in the eu 

and, after being igni it is introd into the 

gas jar. The student can easily make one of these, 

after the pattern shown in the annexed V- Fig. 11. 

ing. Gas-holders are very useful for i 

quantities of oxygen, &c.; and one of the best 

kind is that represented in Fig. 12. It consists 

of a cylindrical metal vessel, having at the lower 

part an opening, which can be closed by means 

of a cap. At the upper part of the lower 

apetee a stopcock is placed, through which 

the when it is in use. Between the 

cylinder and the trough over it are two pipes, 

fitted with stopcocks, ugh which water 

from the trough, when the gas inside the er 

is required. ese are filled by allowing water 

to pass from the trough into the cylinder until 

all air is driven out by the side stopcocks. All 

the stopcocks are then to be closed, and the 

ottomn se ae a Cpe The stem of a retort is 

then inserted, from which the gas Tig. 12. 

passes into the cylinder, driving out ‘ 

the water by the bottom hole. 

When the holder is thus filled with 

gas, the retort must be removed, 

tho cap screwed on, and the upper 

trough filled with water. One of 

the stopcocks, between the trough 

and the cage may be cprents 

through which the water will pass, 

and force out the gas through the 

side stopcock, An india-rubber tube 

is to be fitted to this, to conduct 

the gas to any place it may be re- 

j quired. In making large quantities of oxygen, which 


2am 


hh 
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is frequently required in some experiments, a mercury 
bottle is into which a bent iron tube has been 
screwed. The bottle should be about half filled with 
Fig. 13. the material, and 


(eo — eat care should 


taken to re- 
move its outer 
orifice from 
water, through 
which thegas has 
to pass to purify 
it, lest, at the 
close of its manu- 
facture, the 
liquid should 
tush back, and 


so endanger an 


explosion, owin 
‘to the rapid formation of steam. One. of these rd 
rangemeuts is represented in Fig. 13. 
In many instances, bladders may be used to retain 


small quantities of gas. A large bullock’s bladder should 
be chosen, and it must be carefully cleaned means 
of cloths. The neck is then to be cut off, an a stop- 
cock introduced into it. The neck of the bladder, and 
that of the stopcock, are then to be tied tightly to- 
Fig. 14. gether. Oneof these, fitted 
a with a jet, useful in blow- 
pipe experiments, is re- 

presented in Fig. 14, 
ea — some gases, 
3 wder, &c., is often given 
off from the flask, which would 3 injure the bladder and 
sto) and also render the gas impure. This is 
ly prevented A means of a purifier, which may be 
with a cork in its neck. Into this 
two tubes are fitted : that from the vessel making the 
gas is to reach nearly to the bottom of the purifier, 
which must be three-parts filled with water; whilst 
the tube through which the gas passes into the bladder, 
is only just to reach inside the cork and neck of the 
vessel. Connections between the flask, &c., may Le 
made My means of short india-rubber piping, which 
should be a little smaller than the tubes themselves; 
a little pig >. Dolpa fasten the india-rubber tightly round 
the glass tu As the gas passes from the flask it 


Fig. 15. ‘ 


$ tube through which the 


the water, wnich will retain im- 
i on to the bladder. 


ig 
its flame, a straight glass 
and ending in 
be employed, such as is 
e@ annexed i 
ic acid, 
may 


; 5, the purifier; ¢, the tube passing to the 
gas passee to the 


er or in any receiving-vessel. A convenient kind 
of thi 
kind of bottle answers for this 
pu . They should only be 
about half filled with the ma- 
terials, or the contents might 
run over, through the tube, 
and so spoil the experiment. 

The apparatus we have de- 
scribed will be sufficient for 
most experiments on the gases : 
we shall therefore proceed to 
mention such as will be required for other purposes. 
Many substances require to be pulverised ; and for this 
an eg a pestle and mortar is necessary. Those of 

rlin porcelain, and unglazed, are generally useful; 
whilst some, for special purposes, should be well glazed, 
in order that no loss may be sustained by the powder 
resting in crevices or cracks of the material. Many 
substances which cannot be powdered in their natural | 
state, may first be heated, and then thrown into cold 
water. Glass and flint are substances of this kind. 
Occasionally, as is the case with zinc, some substances 
must be heated before being powdered. 

Flasks and test-tubes are always employed for heating 
and — solutions. But for the purposes of crys- 
tallisation, during which it is desirable that as much as 
possible of the surface of Fig. 18. 
the liquid be exposed to the 
air, evaporating dishes are 
employ One of these is 
represented in the annexed 
figure. The best material 
for the purpose is Berlin 
ware; but for ordinary ex- : 
periments, stone-ware, or even watch-glasses, which are 
very useful, will answer very well. Those having a lip 
are to be preferred, as that facilitates the pouring of 
liquids. For some experiments, the inside of the dish 
should be highly glazed; whilst, for crystallisation, a 
rough surface is far better. 

A water bath is often required for the purpose of 
drying precipitates and organic substances ; the object 
being that their temperature should never rise beyond 
that of boiling-water. One is easily made by placing a 
small evaporating dish inside a larger one containing 
water. ‘The outer one is heated by means of a 
spirit-lamp ; whilst the inner one contains the sub- 
stance to be dried. A tin sauce answers ex- 
tremely well for the water vessel, as on its rim 
almost any vessel can be supported. The instru- 
ment-makers supply such, properly constructed 
for the purpose; but these possess no advantage 
over the simple arrangement we have described. 

After solution has been completed, it is often 
necessary that the liquid should be filtered. This 
is effected by means of glass or stone-ware funnels, 
of the ordinary shape, through filters made of 
proper paper; or, what answers generally as well, 
common white blotting-paper. Filters, ready cut, 
may be purchased at the operative chemists; but 
are easily made in the following manner :—Take a 
square dpe of white blotting-paper, as in No. 
1, Fig. 19. Then fold its corners together, as in 
No. 2; again fold its corners, as in No. 3; and 
then open ont one fold, cutting off the superfluous 
edges, as represented in No. 4. The filter will then be 
complete, but should be moistened with water when 

laced in the funnel, which facilitates the passage of the 
liquid to be filtered through it. Ribbed filters are some- 
times employed ; and they are made by plaiting together 
the folds of paper in a manner which we cannot properly 
describe, or illustrate by means of an engraving. 

After a solution is made, the next process is that of 
testing, or adding to it certain solutions, which will bring 
out appearances by which the chemist can judge of the 
nature of the substance under examination. This is 
effected by means of test-glasses, which are made of 
various shapes. For many experiments, - and wine 

R 


ment is shown in Fig. 17. Almost any 
Fig. 17. 
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glasses answer very well ; for delicate ———— how- 

»ver, lipped-glasses are needed. Generally speaking, any 
vessel answers the purpose. . 

Dr. Faraday suggested, many years ago, a very in- 


Pig. 19. 
ict Le 
a, 


genious mode of testing, boiling, and otherwise dealing 
with solutions, It is that of using slips of window-glass. 
Even the backs of plates, and sheets of paper, may be 
thus used. Test-tu are also of value; and are, per- 
haps, eepecially useful to the beginner, as he can use 
them for so many purposes. : : } 
We may here suggest a very simple contrivance, which 
will aid the student in pe liquids between un- 
lipped vessels, such as flasks and bottles. If a liquid be 


poured out of such, it has a tendency to run down the 
side; but if a glass rod be placed so as to rest against 
Fig. 20. 


the edge of the vessel out of 
which the liquid is being 
poured, and with its other 
extremity inserted inside the 
receiving-vessel, but not touch- 
ing it, the liquid may then 
be from one to the 
other without the loss of a 
drop. The mode of doing this 
is illustrated in the annexed 


errs 
n some cases an intense 
heat is required, as in the 
fusion of substances containing silica or flinty matter. 
For this purpose some form of furnace is needful, 
An ordinary fire-place may be used ; coke being em- 
ployed as a fuel. A most convenient furn sug- 
by Dr. Faraday, answers admirably ; and hav- 
ing constantly employed it, we recommend its use to 
our readers. It is made by boring holes, an inch in 
diameter, at equal distances, through the outside of 
a blue pot, such as is used by refiners. The holes are 
easily made, and should be neatly finished off. An 
iron grid is dropped in so as to rest two inches above 
the lower series of holes, and the fuel may be small 
pieces of coke or charcoal, The furnace should be 
Fig. 21. bound round by iron wire, so as to 
, cette it falling to pieces on being 
eated. One of these will last for a 
long time, and is useful for almost 
every purpose which a chemist can re- 
quire. Its cost is very slight, being 
not more than a couple of shillings 
altogether. The annexed engraving 
represents one of these simple con- 
trivances, 

The instrunient-makers sell furnaces of every variety of 
form, suitable for the purposes to which they may be ap- 
ang In some cases, an Argand gata may be oak ; 

ut if a supply of be accessible, a convenient furnace 
for every species of heating purpose may be readily made 
as follows :—Fix on the end of a Salen of iron, eight 
inches long and three inches wide, some wire gauze, so 
that the latter may entirely close one end of the 
cylinder. Into the lower part of the cylinder introduce 
a gas-pipe, having first bored several holes beneath that 
one through which the pipe passes. These will admit a 
supply of air, which mix with the gas as it issues 

m the gauze. If the gas be i it will burn 
with a blue flame, affording little light, but an intense 
heat. The heat can be regulated with the greatest 
nicety ; and the most gentle evaporation, or the fusion 
of si es compensates ok Ge Sexciniem Stuns Sues 

ent, Fig. 22 represents the usual way of 
ng out this useful mode of heating, 


4 ployed by metallurgists in cases wherein an 
Pa intense heat is frequently required. The 
x principles of its construction are similar to 

oe. ft a _ those of the gas furnaces which we have 


In most chemical laboratories, the gas furnace is consi- 
dered indispensable ; notsimply because the heat produced 
by it is so easily ted, but also on account of its 
na i and from not producing dust or sooty matter. 

A i ious 


bean produced by Mr Gai, of Bunki 
n y is 
row, London, which has come largely into 


y described; but as it can afford a 
temperature suflicient to melt cast iron, and to soften 
almost to the fusing-point, both wrought iron and pla- 
nm we ms in- Fig. 22, 

ucea descrip- ae 
tion of its ar- FA) 


ment when in 
use. On the right 
is the gas-fur- 
nace placed on a 
table; . in the 
centre we have 
the bellows which 
supply the air- 
blast, driven by 
a man, who at 
the same time can 
superintend the 
entire operation. 


Fig. 2A ia thes pores Sr oe the air and gas 
pass together. Fig. 


Fig. 24, which only represents them in section. These, 


downwards ; in others, the heat is applied from beneath. 
The following en 


the heat is appli 
Gas Furnace heated at the top, exhibited in Section by 


‘Fig. 26.—a is the gas-burner; b is the i te for it, 


when used below the furnace; c is the iron tripod sup- 
port for the furnace; d d are two perforated clay 
adapted to the gas-burner, a; ¢ e are two clay 
© interior of the furnace, as represented 
26, is built up as follows :-—The clay Veen d, is 


-4 
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The crucible is to be 


against fusion with the clay. 
The space 


or 


covered by the plumbago jacket, Fig. 29. 
Fig. 24. 


between this pile in the centre of the furnace and the 
two cylinders, e e, which form the walls of the furnace, 
is tbe filled with flint stones, or gravel, washed clean 
and dried. The stones which answer best are rounded, 
water-worn Steers of half an inch to one inch diameter. 
These may be piled up to the top edge of the jacket, 
Fig. 29. The number of clay plates must be such as to 
bring the top of the crucible to the distance of two 


Fig. 27 


Fig. 28. 


inches, or two-and-a-half inches at the utmost, from 
the flat face of the gas-burner, a, In some cases, 
merely one of the furnace cylinders, e, is necessary ; in 
which case the crucible and its jacket is placed directly 
upon the cylinder, Fig. 27 ; and wheu ouly a moderate 
Fig. 30. 

7 Fig. 31. 


heat is required, even the packing with pebbles may be 
dispensed with. Another means of diminishing the heat 


is that of i.creasing the distance between the gas-burner 
and the crucible. 

In Fig. 26, it will be seen that the gas-flame is 
driven, by means of the blast, directly on to the crucible. 
Another illustration represents that form of the furnace 
in which the heat is produced beneath the crucible. 
Geo Fig. 9. | 

The packing of this variety of furnace is performed 
as follows :—The clay plate, d, is placed upon the tripod- 
stand. The crucible jacket, Fig. 31, or one similar, but 
of larger size, is placed upon the plate, d. The crucible 
and its cover is then put into its place, and is covered 
with the dome, Fig. 32, which must rest upon the lifter, 
f, and must be of such a width as to clear the crucible 
easily when lifted. The internal height of the dome 
should be such as just to clear the top of the crucible 
cover. Consequently, where crucibles of different sizes 
are used, domes of different sizes are also necessary. 
Observe, distinctly, that the crucible and its support are 
to rest upon the plate, d, and the dome upon the 
lifter, f. The furnace cylinders, e e, are now to be 
mipapoer and the space between the dome and the 
cylinders, and that above the dome, are to be filled 
with small pebbles, as already directed. The gas may 
then be lighted ; the blast of air set on; and the opera- 
tion be allowed to proceed. 

Fig. 33 represents a plumbago crucible, which is used 
to suspend the inner crucible over the gas- _ Fig. 33, 
flame.—By means of such a furnace, six ———— 
inches in diameter, three pounds of copper 
or cast iron can be fused in a quarter of an 
hour. From eight to ten pounds of copper 
or cast iron can be melted in an hour's 
time; and thus a portable and almost in- 
stantaneoussource of intense heat is afforded, 

The chemist requires various kinds of crucibles for 
his purposes, The student may supply himself with a 
few of the Hessian and lish kind; and, for more 
delicate experiments, those of Berlin porcelain are to be 
preferred. Occasionally, a platina crucible is used; and 
it should always be placed in a Hessian one if employed 
in a furnace in which coke or charcoal is used. This 
precaution is unnecessary if a furnace be employed. 

Besides the apparatus already mentioned, bottles for 
containing chemicals, stirring-rods, and a variety of 
minor articles, which will suggest themselves, will be 
required, which can be supplied at leisure. We must 
not omit to name, that some glass tubing, from an eighth 
to a quarter of an inch in diameter, is extremely useful, 
and can be readily conyerted to many purposes. The 
following are directions for bending it into any form 
that may be required.—For this purpose, soft tubing 
should be used. A piece of the proper length is to be 
cut off by means of a file; and the part that is to be 
bent must be held in the flame of a spirit or gas-lamp 
by the ends, until it is sufficiently softened to bend 
easily. The further ends are then to be gradually 
pressed downwards, care being taken that the red-hot 
portion is not bent into an angular form, but that a 
round edge is preserved, in shape similar to the letter U. 
If this be not attended to, the bent tube will almost 
certainly break at that part. Pieces of glass tube may 
be joined ther by means of india-rubber connections;* 
or if the end of one piece be heated red-hot, and slightly 
inlaid by means of a piece of iron run round it, the 
end of the other piece may then be inserted, and the 
two fused together at a red heat, or by means of a 
common blowpipe. After a little practice, the student 
will be able to work readily with glass, providing it be of 
the soft kind. German glass tubes cannot be so easil 
managed, because they do not soften except at high 


ee eee 

e shall conclude our remarks on manipulation and 
apparatus, by urging on our readers the following pre- 
cautions, if they desire to pursue chemistry successfully 
and economically. And first, it is of great importance 
that cleanliness be observed. An apparently clean glass 
may be cheinically speaking, very dirty; for some tests 

* See ante. p. 305, 
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delicate, that one in 50,000 may be readily | termed iodides, bromides, and fluorides. By this ar- 
iabocked, of substance with which the test saaian rangement we at once ive the nature of the com- 
colour or an foosre Indeed, extreme danger may | pound from its title. @ may proceed a wae 
ensue from neglect of this. For instance, were a drop of | with respect to acids. Generally , the names 


to be on a greasy or oily 
tly explode, and break the vessel 
tness and care should be observed 
This will induce a general habit, 
ue to the student in every pursuit 
es in hand; and without them a person can never 
sucoeed in chemical science. rN 

Beginners are often tempted to use large quantities 
of chemicals, where experienced persons would employ 
but a small portion. This error often produces an 
exactly opposite effect to that intended. Thus, if a 
small quantity of iodide of potassium be added to a 
solution of bichloride of mercury, a yellow precipitate 
will be produced ; a still larger ee will afford a red 
precipitate ; and one in excess will redissolve all the preci- 

itate, and leave a transparent and colourless solution. 

Heat should be applied gradually to all glass vessels, 
lest they should be fractured. A sand-bath is some- 
times employed between the vessel and the source of 
heat. An iron or cop dome i —_ answers 
well for this purpose, owing t ea pass gra- 
dually, and os avoiding the risk which would be run by 
applying the flame directly. As we proceed, we shall 
suggest other precautions when needed, and thus endea- 
your, as far as possible, to ensure the .successful per- 
formance of all the experiments we shall introduce 
illustrative of our subject. 


CHEMICAL TERMS AND SYMBOLS. 


Berors entering on a description of the natural history 
of the elements and their compounds, we shall make a 
few remarks in reference to terms employed to designate 
various substances; and the symbols, the use of which 
tends to materially assist the student in his progress, 
and saves much time and space. 

In the early days of chemical science, every one ‘‘ did 
that which was right in his own eyes,” when naming 
newly-liscovered substances. Hence arose such terms 
as ‘‘Glauber’s” and ‘‘ Epsom salts,” ‘cream of tartar,” 
“aqua regia,” and the like. In fact, the names then 
adopted, just illustrated the mental character of their 
invehitors, who, at all times, leaned more to their ima- 
gination than to their reasoning powers for a guide. As 
the number of compounds increased, or became known 
with respect to their constitution, great inconvenience 
was felt, and the necessity of some system of nomencla- 
ture was i 

Without entering into historical details on this sub- 
ject, we state that the present plan has the advantage 
over all others which have been proposed, by giving an 
insight into the composition of the object designated. 
This we shall perceive as we proceed, and the student 
will soon oo its value. In naming elementary 
bodies, the old Lowe is still maintained to some extent; 
but this is of slight consequence, because each has but 
little relation to the others, and, therefore, a distinctive 
title is advantageous, no matter whence its source. 
When, however, we speak of bodies compounded of ele- 
ments, it is desirable that we should know of what they 
are composed. We will take, for instance, the classes of 
bodies called oxides, &c., acids, and salts. The term 
oxide is — to any substance containing a metal 
united with such a proportion of oxygen as is not suffi- 
cient to make it an acid in its properties. Thus, the 
rust of iron, commonly so called, is termed owide of iron 
inchemical language. If it have but one equivalent of 
oxygen to one of metal, it is termed the protowide ; if 
two of oxygen, the binowide ; and so on—Greek prefixes 
being used to indicate the relative proportions existing 
between the metal and the oxygen. 

Combinations of metals and chlorine are called chlo- 
rides. Thus, common salt, which contains chlorine and 
the metal sodium, is termed chloride of sodium, Com- 
binations of iodine, bromine, and fluorine, are siinilarly 


< 
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indicate their origin; thus, hurie acid is obtained 
from sulphur, by its cottontie with oxygen; nitric 
acid from nitre ; Wp yore ine and 
hydrogen; but still the system to which we have re- 
ferred, is not so strictly carried out with many of these 
compo as is shown in the names oxalic acid, acetic 
avid, &e. en, however, we deal with salts, we find no 
exception to the rule; and we here must explain what we 
mean by that term. A salt is always com of an 
acid and a base. Thus, in carbonate of we have 
the acid as the carbonic, and the base is the soda. In 
all the salts, both base and acid are indicated. In 


salts,” sulphate of soda; ‘Epsom salts,” sulphate 
magnesia; ‘blue vitriol,” sulphate of copper. Combi- 
nations of nitric acid with a hea 


There are other combinations which differ from acids, 
&c., to which we must also direct attention. Thus, the 
combinations of sulphur with metals are termed sul- 


hides ; of phosphorus, phosphides; of carbon, carbides. 
hs earlier chemical wed. ag the terms sulphuret, ea 
phuret, and carburet, were used; but these have been 


changed, because of the analogy existing between these 
pres Be and the chlorides, kx Ode terms 


ana- 
logous to these will be met with when we study the 
chemistry of organic bodies; but such will be duly 
noticed in their proper 


When the proportion between acid and base varies, 
their prefixes are employed to signify the fact. Thus, 
we have proto-sulphate of iron, containing one equivalent 
of acid to one of metal. Bi-carbonate’ of contain- 


ing two equivalents of acid to one of base; and thus, 
not only are the names of the constituents afforded, but 
their relative proportions are also indicated. : 

These instances will be sufficient to introduce our 
readers to the principles of chemical names; and we 
shall now proses to refer to symbols, by which elements, 
oxides, acids, salts, &c., are distinguished. It is de- 
sirable that the student should uaint himself with 
that of each element, as it will much facilitate his pro- 
gress. A table of symbols will be found prefixed to the 
next chapter, in which we shall commence the descrip- 
tion of each element and its compounds. 

Generally s ing, each element is distinguished by 
the initial letters of its name, Sometimes those of the 
Latin term are used in pene to the English. The 
following are examples of each :— 


ydrogen has the symbolof . . . H 
Oxyren. Fi; sk os, “alate 
Sulphur... . RT ae et Ps. 
Tron—Ferrum . . . . «.« . « Fe 
Tin—Stannum. . .... . . Sn 
Silver—. mtu... ¥ Jskae ahencelees 


By such an arrangement, ‘each element, having a 
separate symbol, is readily disti 
hen compounds are design 

their constituents are used together, thus— 
HO, hydrogen and oxygen, represent water. 
Ag 0, silver and oxygen 3, oxide of silver. 
Cl, silver and chlorine » chloride of silver. 
_If, however, there are more than one equivalent of 
either element, then such is shown by means of 
figures; as—S O,, sulphuric acid, which, when free 
from water, is a compound of one equivalent of sulphur 
to three of oxygen. 
Occasionally, a combination of symbols is required; 
and, in that case, the symbols of each compound are 
arranged together, by means of which the entire con- 
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stitution of the compound is shown: thus, sulphate of 
ted as—Fe O + SO; + 7HO ; thatis, itis 


iron is 
com of one equivalent of oxide of iron, one of 
sulphuric acid, and seven of water. 


n many chemical works, the sign + is omitted, and 
the symbols are written thus—Cu O, SOs, 5HO, which is 
that of the sulphate of copper, or “blue vitriol.” Thi 
of course, saves space, and is equally as intelligible as 
the method above named. 

We may now show how these symbols are employed 
in connection with the actual value of the separate 
equivalents of a compound ; and we would advise the 
student to commit to memory the different values as- 

i thereto. He will thus readily become acquainted 
with that of any Me Pe A table of these equivalents 
will be found prefixed to the next chapter. The following 
skeleton table will serve the purposes of illustration. In 
it we have used whole numbers, so as to save any 


difficulty with fractional parts. 
Skeleton Table of Equivalents and Symbols. 
Name. * Symbol. Equivalent. 
UE eS Dab oesae ian » Ua i ial ai a 
SWC eos Ge) Se ears De ee? picye ai 
ee oe ee ee < 4 q eixeaite i u 
Sulphee SL OR ay ome ee ee . 16 
Selcinm 2 i. .-. « - Ca Sie Sips 20 
TE ORR rot) ae 36 
Sodium. ... .. . Na (Natrium) . 23 
aa Ag (Argentum) . 108 


In the above we have included the elements only ; but 
in the next table, we have the equivalents of bodies 
which are composed of some of these elements, 


Skeleton Table of the Symbols and Equivalents of some 
e Compounds. 


Name. Symbol. Equivalent. 
phurie aci ‘as 3 - 40 
Sulphuric acid, with one 
equivalent of water, = 80;,HO . . 4 
found in commerce . ; 
Carbonic ot fine: : | O80, 00+. « - & 
Common salt. . . . 
Chloride of sodium. . } nts a aE hs 
Chloride of silver . . . Ag,Cl . .. . 144 
Tt will thus be seen that the —Z and equivalents 
of a compound are composed of those of their elementary 
constituents. 


We may now proceed to illustrate the method adopted 
for showing the results obtained in adding compounds 
in solution together, by which decomposition and the 
production of new compounds are effected. 


Decomposition of Nitrate of Silver by means of Common Salt. 


We have already done this to some extent in a previous 
page ;* but did not there include the equivalents and 
symbols of the substances mentioned. In the preceding 
example, in which the decomposition of nitrate of silver is 
exhibited, each point is illustrated ; and we recommend 
the student to study them carefully, so that he may have 
no difficulty in following our remarks in future pages. 
We have introduced the name of the materials employed, 
their symbols and equivalents, and those of the re- 
sulting compounds. 

From the diagram, illustrating the decomposition of 
nitrate of silver by common salt, we find that 36 parts 
of chlorine leave the salt, and combine with 108 parts 
of silver, forming 144 parts of chloride of silver. Also 
that 54 parts of nitric acid, and one of oxygen, leave the 
silver in the nitrate, to combine with 23 parts of sodium, 
and so form 85 parts of dry nitrate of soda. We thus 
learn, that whilst the total amount of parts employed and 
obtained are equal—viz., 229 grains, ounces, or pounds— 
yet that the materials used, and the products of their | 
mixture, are entirely different in every respect. 

There are some theoretical considerations which might 
be noticed in reference to the formation of salts, by the 
addition of an acid to the oxide of a metal. me 
would transfer the oxygen of the oxide to the acid. 
Sa instead of indicating sulphate of copper, as 
Cu, O + SO; + 5HO; it would, according to such views, 
be Cu+ SOs + 5HO. On this point, however, we 
shall have to remark hereafter. Dr. Daniell, of King’s 
College, London, the inventor of the voltaic battery 
nar naa as Saban omar. the first to broach the 

octrine. 


SPECIFIC GRAVITY, ISOMORPHISM, DIMOR- 
PHISM, ISOMERISM, Ere. 


WE shall now refer to some matters connected with the 
poke of chemistry, in which the relative weight and 
ieee of bodies are cn of solids i aids first explain how 

@ specific vities of soli iquids, and gases are 
obtained ; and then refer to some physical peculiarities 
noticed in crystalline and other bodies. 

By the term ‘‘specific gravity,” we mean that the 
same bulk of different bodies weighs differently; or, 
in other words, some substances contain, within any 
H grey limit, more matter than others, For instance. 
if we fill a bottle of any size with mercury, and 
weigh it, and then pour away the metal and fill the 
bottle with water, we shall find, on reweighing it, that 
only one-fourteenth of the weight of the mercury 
is required to balance the water. In other words, 
mercury weighs, bulk for bulk, fourteen times nearly 
that of water. Almost every substance we meet with 
has thus a weight of its own, and this weight is called 
its specific gravity. With respect to solids, the difference 
is characteristic in all cases. 

Now there is no difficulty in com- 
paring the weights of equal bulks 
of water and mercury, because, as 


Materials used. Products. ~ 7 pal pa ccger nog . 

Name. Symbol. Equivalent, Name, Symbol. Equivalent, ©a¢h is a liquid, it is easy to weigh 
Nitrate ay Ag 0, No equal bulks one against another; 
Silver. hatha but this would be impossible if we 
Composed of— mare attempt to ascertain the 
Bilver ...... yO ee Re 108 Mitrate of . 85 Specific gravity of gold, iron, &c., 
-! rina atk 124 in a similar inition ; because, to 
OKIE 556) Discssrscesceresrseser 8 render them fluid, we should have 
Nitric Acid. to employ so intense a heat as 
Nitrogen ...) No c.ccccssscsesseves 14 would instantly destroy our appa- 
SofOxygen) Ob .....sceerseecsees 407 ratus. This difficulty is easily over- 
come, in a manner we shall proceed 

to explain. 
It is scarcely necessary to remark, 
that some standard of comparison 
is required, by means of which a 
uniform table of specific gravities 
may be acagtragial ; and, by uni- 
ee OF Agee 344 Versal consent, water at a tempera- 
___ ture of 60° Fah., in as pure a state 

Total......... 229 * See ante, p. 301. 
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as possible, has been fixedon, For this it must be 
carefully distilled in glass vessels, and should then be kept 
out of contact with the atmosphere, to prevent absorption 
of air, which would lessen its own specific gravity. 

The principle on which the specific gravity of solid 
bodies is taken, is, that any body immersed in a fluid, 

as much as is equal to the bulk of the solid, 
that a ratio exists between the respective weights 
of each in reference to that bulk. Thus, we will sup- 
equal bulks of gold and iron to be immersed in dis- 
tilled water. They will each displace exactly the same 
quantity of water ; but if the equal bulks of water, iron, 
and gold, be each weighed, they will bear a ratio to 
each other ‘of 1, 7, and 19 nearly. Now, these ratios 
are, in round numbers, the actual specific gravities of 
the substances named; and hence, if we can ascertain 
the ratio existing between the weight of any body, and 
that of the bulk of water displaced by it when immersed 
therein, we have at once the specific gravity. 

Now, this may be done in two ways. The first we 
mention will only illustrate the principle; whilst the 
secord is that always employed. First, a vessel may 
be exactly filled with distilled water, and a body, pre- 
viously weighed, may be immersed completely in it. 
Of course, as much water as is equal tothe bulk of the 
body will run over the sides of the vessel. If all this 
pea be collected and weighed, then the weight of the 
immersed solid, divided by that of the displaced fluid, 
would be the specific gravity. But, practically, this is 
impossible; because a considerable portion of the fluid 
would be lost by adhering to the vessel as it runs over 
the side. 

Secondly, the specine gravity of any body may thus 
be accurately found. Suspend the substance, by means 
of a horse-hair or filament of silk, to the pan of a pair 
of scales, and weigh it carefully. Then immerse the 
body in a vessel containing distilled water, taking care 
that all air-bubbles are removed, and that the substance 
is entirely below the surface of the liquid. It wiil be 
found that the solid does not weigh so much when in 
the water as in the air. Balance it by means of 
weights placed in the scale from which the substance 
is suspend and, having ascertained how much is 
required, divide the weight of the body as obtained in 
the air, by the loss it sustained when weighed in water, 
and the quotient will be the ific gravity. The loss 
of weight Pe esc ey that of the bulk of water, equal to 
the bulk of the solid by which it was displaced. 

To illustrate this plan, the following instance will 
suffice :—A piece of lead weighed in the air just 45 
— On being weighed in water it lost four grains. 

he 45 grains is thus to be divided by the loss of four 
eg and the result, 11-25, is the specific gravity of 

lead. In this way the specific ich of all sub- 
stances weighing more than their own bulk of water, may 
be readily taken. 

The practical value of this process is very great; for 
by consulting a table of pa gravities of bodies, we 
can often have a guide-to the proportion in which they 
may exist in any substance containing two or more of 
them. For instance, a piece of quartz may have a 
greater specific gravity, in its mass, than any part of it 
possesses. This indicates an admixture with some other 
substance, Supposing that to be gold, a certain ratio 
will exist between the two specific gravities ; that is, of 
the mass and of the part; and this ratio will increase 
directly in ion as the quantity of gold contained 
therein. en & rongh approximation only is required 
as to the value of auriferous quartz, this plan may be 
readily employed ; and, in some instances, we have found, 
on en thee a analysis, that the result thus obtained is 
very near the truth. Of course, the presence of other 
foreign bodies will entirely vitiate the result. In the 
case of alloys, the method may be also adopted, pro- 
—. that a — than two metals are present. 

_ When the specific gravity is uired, of a bod 
ter than water, the same plas fe adopted, with the 

widlition, however, that the body must be sunk in the fluid 

by having attached to it a heavier substance, the weight 


| of which in air, and loss when weighed in pains ee 


been first ascertained. The loss of weight of the 

body is then to be subtracted from their joint loss when 
weighed in water, and the weight of the ey body in 
a pelea by the af the light speed ined ; 

is the specific gravity e light body. 

The specific gravities of liquids may be ascertained in 
various ways; for all that is required, is the ratio of 
weight of equal bulks of the different fluids. A 
common plan is that of using a bottle capable of con- 
taining exactly 1,000 grains of distilled water at a tem- 
perature of 60° Fah. The bottle is marked at the 
Dock of tin sgmet one. the lege whose anata guia 
neck of the v and the liquid w ific gravi 
is sought, is poured into it until it reaches that point. 
The weight of the whole is then ascertained ; that 
of the bottle having been deducted from the total, the 
balance is that of the liquid, and its specific yA 
also, The plan is remarkably simple; and all liqui 
may thus have their specific gravity taken, whether 
they be lighter or heavier than their own bulk of water. 
Thus, a bottle holding 1,000 grains of water, will con- 
tain 1,840 grains of sulphuric acid, 790 of Ra alcohol, 
and so on; and thus these weights give the respective 
specific gravities of the liquids named—as 1:84 and ‘79 
com to water, the standard, which equals 1.00. 

ere is, however, one point to which we must draw 
attention ; and that is, the fact that all bodies expand 
by heat, This may be neglected in reference to taki 
_ i . gravity of rege but the case Secs 9p 
with liquids, having a rate of expansion much greater; 
hence their specific gravities must either be taken at a 
temperature exactly that of 60°, or allowance must be 
made for their expansion for higher, or contraction 
through lower temperatures. 

Another mode of taking liquid specific gravities is 
that of the hydrometer, of which there are numerous 
forms. It is constructed on the principle that a bod 
will rise in a liquid of greater specific gravity, and sink 
in one the spent gravity of which is less’than its own. 
These instruments are generally ¢ structed of 
which isso weighted, that one portion of the scale en 
in it shall be level with the surface of distilled water 
when the hydrometer is immersed therein. If the 
liquid be heavier than water, then the stem of the hy- 
drometer will rise, as would be the case if salt and 
water were the subject of experiment. If the liquid be 
lighter, then the ieiicencak would sink; and so, by 
reaching the scale at the level of the liquid, the specific 
gravity is at once obtained. 

The following cut illustrates the appearance of one 
Fig. 34. form of the instrument; but, as we han shea 

remarked, ba Sepa much in shape, size, 
according to uses to which they are to be 


applied. ; 

5 ionally, glass balls, which have been so 
weighted as to swim in any part of a liquid of 
the same oe gravity as their own, are used. 
This plan, however, requires a separate ball for 
each possible specific gravity ; and hence its use _ 
is confined within very narrow limits. There 
are other modes of ri epne: Bes specific 

vities, such as weighing solids in them, &c. ; 
= the above are ~ best —— nee 
e specitic gravity of gases is taken very 
similar miei] to those we have described in 
reference to liquids. But special care is re- 
quired, because the variations of atmospheric, 
\ J temperature and pressure have the effect of 
interfering with the accuracy of the results ob- 
tained. The rate of expansion in far 
exceeds that of either liquids or solids; and 
hence, it is absolutely necessary that the tempe- 
rature and pressure of the atmosphere should be very 
Sapeenity attended to. : ae rs 
In practice, a glass glo or other v is t 
weighed as mers pio oe it see aaa, of 
air by means of a pump, and again wei 80 
as that the weight of the vohal itself may be hacen 
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This is a very delicate operation, because so many cir- 
cumstances interfere with the accuracy of the result. 
When the atmosphere is at a high tem re, it con- 
tains a large amount of moisture, and so vitiates the 
calculations which have to be obtained, unless due allow- 
ance be subsequently made. The same remarks apply to 
temperatures below that of 60°, which is the usual 
standard ; because, in that case, the absence of mois- 
ture in the air below 60°, Lie! oe Be false Lyre 
The gases therefore, carefully dri passing them 
through gin eee ha oiitee of Lomtenn or 
through strong sulphuric acid, either of w: so 
pater F sieniGon for aqueous vapour as to abstract 
it readily. 

The ees ht of the exhausted flask, deducted from that 
obtained ee the vessel is full of air, gives the weight 
of the air which the flask would contain. The gas which 
is to be weighed, after having been dried, is then 
into the flask, which should be again exhaus and 
subsequently refilled with the gas. By these means 
any chance of admixture with air left in the flask by 
the first exhaustion is avoided. Great care, however, 
must be taken that the gas is in a perfectly pure state, 
otherwise its aceurate specific gravity cannot be obtained. 
An allowance must be made, in the subsequent calcu- 
lation, for the expansion or contraction of the if its 
temperature be either above or below 60°. e neces- 
sary data for this purpose have already been given.* 
The flask, thus filled with gas, is then carefully weighed, 
and if its capacity be exactly 100 cubic inches, the ratio 
of its weight to that of 100 cubic inches of air will at 
once be found. If the flask be of greater or smaller 
capacity, its reduction to that of 100 cubic inches, or the 
ratio of the weight of air to that of any gas, and, there- 
fore, its specific gravity, is simply an ordinary arith- 
metical question. : 

We must, however, add another element of inter- 
ference with respect to the accuracy of the results thus 
obtained. It is that of atmospheric pressure, which 
Oop! Sage Sete bear ids, and in most cases in 
liquids As atmospheric pressure lessens, all gases 


y ex con- 
tract in bulk. Now specific 


dd; and as it increases, 
the usual standard of 


gravity of gases is dry air, at a temperature of 60°, and, 
under a mean pressure, equal to that which supports 
30 inches of mercury in the barometric column. Any 
excess or deficiency of pressure is allowed for, and 
proper corrections are made. The subject has already 
been referred to ;} and we shall not extend our remarks 
thereon. 

The student will do well to repeatedly practise himself 
in taking the specific gravities of solids and liquids. 
With t to gases, we may observe, that he cannot 
hope to psoas anything like accurate results until he is 
well used to experimental manipulation. If, however, 
he the necessary apparatus, he can try the 
weight of different gases, comparing them with that of 
the air: and for such purposes, it may be useful if we 
state, that air, at 60° Fah., and 30 inches barometric 
column, weighs 31-0117 grains for each 100 cubic inches. 
There are certain phenomena observed in some com- 
pounds, which are partly the result of physical and che- 
mical actions, such as those of isomorphism, isomerism, 
and dimorphism. By the term isomorphism, we mean 
that bodies may have similar external forms, such as 
erystals, &e., and yet have entirely different chemical 
constitution, Isomeric bodies have similar chemical 
constituents in the same proportions, and yet their ex- 
ternal form may differ, as in sugar and starch. Some 
bodies have two different forms, or one dimorphic, 
under different circumstances. Thus phosphorus has a 
rich yellow, and partly crystalline appearance at ordinary 
temperature ; but if it be considerably heated, it loses 
all external regularity of structure, and becomes a 
shapeless red mass. T varieties of form, doubtless, 
depend on a peculiar arrangement of the atoms of a body, 
 waneib by the action of two or more forces. We shall 
eave a fuller consideration of these subjects to the next 
chapter, when we shall meet with numerous instances 
which will fully illustrate these peculiarities, 

In the following page will be found a table of the 
elements, their symbols, equivalents, &c. ; to which the 
attention of our readers is especially directed, as form- 
ing the basis of all the calculations involved in chemical 
science, and to which we have already referred in our 
previous pages, 


CHAPTER II. 


THE CHEMICAL CHARACTERS OF THE ELEMENTS, AND THEIR COMPOUN. DS. 


Havrye reviewed the various agencies and circum- 
stances which govern chemical phenomena in ev 
ies of matter, we shall now proceed to describe the 
Gauniiey bodies, and the compounds to which their 
union gives rise. We have already remarked that almost 
every writer on chemical science adopts a different 
ment in treating the subject ; and we shall, therefore, not 
hesitate to adopt a similar course, more especially as our 
previous pages have contained ample remarks and ex- 
yereuente on subjects which ordinarily form the intro- 
uctory matter of chemical treatises. For these, we 
refer our readers to the sections on Heat, Light, Elec- 
tricity, and Magnetism; to which we shall frequently 
allude, and the subjects of which we shall presume that 
the student has become fully acquainted with. 

We shall commence this portion of the subject by 
describing the —— of such of the elements as, by 
combining with others as produce definite chemical 
Of these, are Oxygen, Chlorine, Iodine, 


uorine, 

We shall next take up Hydrogen and Nitrogen, which 
will be succeeded by another p, including Carbon, 
Sulphur, Phosphorus, &c. e metallic elements will 
then be dealt with ; and we shall divide these into three 
classes ; namely, Alkaligeneous, Calcigeneous, and Metals 

. The combinations of Ox Chlorine, &c., 
vill be considered mm connection with each metallic 
* See ante—Section 1, “ Heat.” . 


element ; and the salts uced by the combination of 
such bases with acids, will be ranged under the description 
of the base itself. 

By this plan, we hope first to give a general idea of 
those substances which, by their general action, have the 
power of making numerous and analogous compounds; 
and afterwards we shall deal with those bodies which 
act as bases to the former, and so either become the 
subjects of synthesis or analysis. 

In this chapter we shall principally confine our attention 
to inorganic substances, or those in which vital action is 
not present. We however, touch incidentally on 
many organic compounds, or those with which vital action 
is connected. In the following chapter, we shall chiefly 
deal with what has been called Organic Chemistry ; and 
in those which succeed it, we shall take up the subjects 
of Analysis, Agricultural Chemistry, and the general 
applications of Chemistry to Arts and Manufactures. 

Dany of our future remarks will be almost unintelligible 
to the student, unless he have become acquainted with all 
the subjects which have already been treated on. As we 
have remarked in the various ee ead each 
has a direct connection with the other. is arrangement 
prevents needless repetition, and saves the time and 
trouble of both reader and writer. At the present time, 
each branch of science is so linked with others, as to 
make it impossible to separate them. 

+ See ante—Section 1, ‘ Heat.” 
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Tautz showing the Symbols ; Equivalents, both on the Hydrogen and Oxygen Scale ; and the Specific Gravities 


of the Elementary Bodies. 
Kame, rm wed'to! on Wto-0 | — Speelite Gravity. Name, oC Hetto O= Do Specific Gravity, 

Aluminian =| Al | -13-7| 171°25| (W) 2°60 Nickel Ni | 296] 370-00] (W) 8-70 

i be Niobium Nb 
aeuMe <A } Sb | 129°0| 1612-50 | (Ww) 6:80 mak wiliadal erontianeiae 
Arsenic As | 75:0] 987°50/(W) 5:88 Norium No 
Barium Ba | 685) 856:25 Osmium Os | 99°6 | 1245-00 | (W) 10-0 
Beryllium Be | 69) 86% OXYGEN O | 80] 10000] (A) 1-1057 
Bismuth Bi | 213-0 | 266250) (W) 9°82 Palladina Pd | 533] 666-25 | (W) 115 to118 
Boron Bo | 10:9] 136-25 Paloplom rag 
Bromine Br | 800/ 100000 | (W) 2:07 Phosphorus |P | 320) 40000] (W) 1-75 
Cedmium {Od} 560) 70000) (W), 6-60 Platinum Pt | 98-7 , 1233-75 | (W) 21-00 
Cosium* Potassium 
Calcium Ca | 20:0] 250-00 (Kaliumy, °} } ©} 970] 700) CW) G8 
Carbon C | 60} 75-00|cw{ Pane’, tse || Rhodium R | 52-2] 652:50 
Cerium Ce | 47-0| 587-50 Rubidium +t 
Chlorine Cl | 35:5] 443-75|(A) 2-47 Ruthenium | Ru} 522] 652:50/(W) 8-60 
Chromium Cr | 26-7] 333-75|(W) 6-00 Selenium —« | Se |. 39°5 | 493-75/(W) 4:30 
Cobalt Co | 29:5] 368-75] (W) 8-54 Silicium Si | 21:3] 266-25 
orp ram) } |u| S17] 906-25] (W) 889 Si (Argentum) {| 48 | 108°0 | 1350-00 | (W) 10:60 
ata ee pea) (ae SotNarium) {|X| 230] 287°0)(W) 0-97 
Fluorine F | 190] 237-30 Strontium Sr | 43°83] 547-50 
Gold (Aurum) | Au | 197-0 | 246250 | (W) 19:26 Sulphur S | 16-0] 20000] (W) 1:98 to 2:0 
HYDROGEN |H | 10| 1250|(A) 0-069 Teatalite Ts. | 184i) SOGHG 
Ssdins 1 | 127-0| 1587:50| cw) 4-98 Tellurium Te | 64-2| 80250] (W) 6-10 
Iridium Ir | 99-0| 1237-50 Pecneamn bas 
Iron (Ferrum) |Fe | 23-0] 350-00] (W) 7°50 Thorium Th] te) “ear 
SE LG Pe Peg pee Tin (Stannum) | Sn | 58°0| 725°00/(W) 7-25 
yaad Pb | 103-7 | 1296-25 | (W) 11°45 Ses fall jase tania 

Plum 
wae L | 65] 81-25 (Woltanium)} big Pade pata bs i 
Magnesium |Mg| 120] 150:00| (W) 1-70 Uranium Vf, OO) 0000 NZ eae 
Manganese |Mn| 27-6] 345-:00|(W) 7-to8- || Vanadium =| V | 68-6) 857'50 
Mercury (Hy- Yttrium ¥: 

drargyrum } Hg | 100-0 | 1250-00 | (W) 13:50 Zine Zn | $26} 40750) (W) 7:15 
Molybdenum |Mo} 46-0} 675-00] (W) 7-40 Zirconium Zr | 33°6| 420-00 

. . . . . . 
Pinel rpc eck Aapeh pe Pty ey ee gE cioyieh ween 
quantities too small to permit of their equivalents and | the standards are— 
specific gravities being given. Glucinum and Thallium Air = A = 1/000. > 
are referred to under their respective heads, Water = W = 1-000. 


ing the above table, the reader may perceive some slight differences, when the equivalents, &ec., are 


others adopted in the followi 
here any degree of uncertainty exi 


the spaces have been left unfilled; such substances being exceedingly rare. 


pages. These have been given as the nearest approximations to truth; 
or information could not be afforded, as in erbium, niobium, d&e., 
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OXYGEN. 


Tx1s elementary body is of the utmost importance in 
the economy of nature. It forms $ths of all water on 
the face of the globe. The atmosphere which we breathe 
contains one-fifth of its bulk of oxygen ; and all the earths, 
oxides of metals, organic substances of nearly every kind, 
have it as one of their constituents. In its entire absence, 
the very existence of animated nature would cease. The 
earth would become a barren wilderness ; every one of its 

roductions would fail, and chaos would reign over the 

ir face of nature once more. Toits gradual combination 
with other substances, we owe the natural heat of plants 
and animals, When such combinations take place more 
rapidly, we obtain our artificial heat, as in the combustion 
of w coals, and other fuel. 

To its action on metals is due the development of that 
wonderful agent, Electricity, as seen in voltaic batteries 
wd in the vast laboratory of the mineral kingdom. All 
-ur sources of artificial lizht depend on it.; and, indeed, it 
is the ‘ one thing needful” in almost every phase of our 
existence, happiness, and comfort. 

The chemist ises its properties in the form of a 
gas ; and in this state oxygen is heavier than the air—its 


In the following pages, we shall not follow the plan 
in Aig in scientific works, because we shall 

a considerable variety of experiments, having 
for their object the elucidation of the facts we mention. 
In so doing, we expect that our readers wish to become 
practically acquainted with the subject, and we shall 
endeavour to assist them as much as possible in that 
respect. We have already described many kinds of 
apparatus which will be required, and s afford de- 
seriptions of others which may be necessary for special 


purposes. 

Oxygen may be procured, for experimental pu: 
from various sources, some of which we shall fully de: 
scribe. Amongst these are the following :— 


Experiment 5.— Introduce some powdered black 
oxide of manganese into an iron tube closed ajone end, 
or into a gun- and into the of either 


vessel fit a pewter tube, so that its other end may dip 
beneath water. Apply heat, as of a common fire-place, 
to that part of the iron tube containing the manganese. 
After a short time, a quantity of gas will be given off, 
which, on being collected by means of the pneumatic 
trough and gas jars,* will be ready for experimental 
Pu When xyge 

a large quantity of o: n is required, a mercury 
bent tale are used; the veda being but half 
the oxide of manganese. The arrangement 
been deseribed, together with a convenient 


of gas-holder. + 
v glass nach 


E 
A 


6. — Into a small-sized 
some of the black oxide of manganese, an 
sufficient strong sulphuric acid to make the 
a thick creamy consistence. Rest the bulb of 

on a ring-stand, and allow its stem to dip 
in a pneumatic trough. Apply a gentle 
ture, and in a short time oxygen will be 
1 9p may be ri the usual oe 
e mode of conducting this and similar processes for 
making gases, is illustrated in the following engraving ; 
in which, however, a bent tube is added to the stem of 
the retort, instead of dipping it beneath the water in the 


trough. 

Oxygen may be obtained by heating other metallic 
oxides, &c.; but the following mode is always adopted 
when very pure oxygen is required; and unless the gas 

"yD. BOL; ~ inte, p. 304; 3 
tani. 006; Pig eV Ante, peat; Pigedae 
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is wanted in very large quantities, it is altogether, per- 
haps, the best source for all purposes. 
Fig 35. 


Experiment 7.—Mix one part of chlorate of potass 
with half its weight of black oxide of manganese: in- 
troduce this into a retort, and apply the heat of a spirit- 
lamp or gas-furnace.§ Ina short time the whole mass 
will become incandescent, and oxygen will be rapidly 

iven off, which may be collected in the usual way. 

me little care is required, as if too great a heat 
suddenly applied, the gas is given off with so much 
violence as to become unmanageable. By means of the 
me: bottle and this mixture, we ha~s frequently 
made thirty cubic feet in less than half-an-hour. 

We should here warn those of our readers who are 
unacquainted with the nature of chlorate of potass, that 
although by itself it is ey. harmless substance, it 
gives rise to dangerously explosive substances when 
mixed with other articles. Amongst these are sulphur, 
phosphorus, and sulphuric acid ; and, to a slighter extent, 
many 0 ie substances, such as sugar, d&c., have a 
similar effect. It should therefore be kept by itself ; 
and to prevent any risk of admixture, the experi- 
mentalist should make a considerable quantity of the 
mixture of the salt and oxide of manganese, which he 
may keep by him, ready for use, ina glass bottle. This 
may be labled “‘oxygen mixture ;” and when we use 
this term in our future pages, it will be in reference to 
this compound. 

In heating the mixture, the oxide of manganese is not 
decomposed. It merely affords points of contact, b. 
means of which the heat spreads more rapidly throug 
the salt, and saves time. That such is effected, may 
be noticed by the following experiment, 

Experiment 8,—Heat some chlorate of alone 
in asmall retort or test-tube, titted with a bent _— 
by means of the spirit-lamp. The salt will melt, 
will give off oxygen slowly. 

Instead of retorts, a Fiosenes flask and bent tubel| 
may always be employed. This is the most economical 
mode of procedure, as the fracture of the flask is of no 
consequence, from its trifling value. It is well that our 
readers should diminish, as much as possible, the ex- 
penses of their experiments; and, at the same time, 
thereby acquire a knack of substituting one arrangement 
oy beatin similar that adopted 

y heating nitre in a similar manner to that 

with chlorate of potass, oxygen may be obtained. 
There is, however, one objection to this plan; which is, 
that a considerable quantity of nitrogen is given off at 
the same time; which, of course, injures its purity. 
Another source of oxygen, which is necessarily quite 
pure, is that of the decomposition of water by means of 
yoltaic electricity, which has been already fully de- 
scribed ;{ but the practical difficulties and expenses 
preclude its uge in ordinary circumstances. 

A sufficient quantity of oxygen having been pre 
and collected in gas jars or bottles,** the following ex~- 
5 gp may be tried, which will exhibit some of its 
eading properties. 

Experiment 9.—Dip a lighted taper into a jar of 

See ante, p. 304; Fig. 3. | Ante—Section 3, ** Electricity.” 
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oxygen. The light will be greatly increased, and the 
wick will burn much faster than in the open air. 

Experiment 10,—Blow out the light of a taper so as 

Fig.36. to leave a little of the wick red-hot. 

Whilst in this state dip it into a jar of 

oxygen, and it will immediately re-light. 

This may be repeated many times with 

the same jar gas. The tapers best 

suited for this experiment are those used 

for lighting gas ; but a common tallow 

candle answers nearly as well. (See 


. 36 : 
cringe 11.—Tie a small piece of 
charcoal to the end of a piece of thin brass or copper 
wire; make the charcoal red-hot, by holding it in the 
spirit-lamp flame. When red-hot, immerse it in a jar of 

. ; a most beautiful combustion will take place, 
ata iving off on all sides. Boxwood charcoal answers 
best for this purpose. 

Experiment 12.—Put a small piece of phosphorus, riot 

than a pea, into the phosphorus cup or holder.* 

Fig. 37. Remove the glass stopper or cork from one of 
the jars of gas, and set fire to the phosphorus 
= by means of a taper. Dip the cup into the 
jar immediately, and a splendid light will be 

roduced. This forms one of the most bril- 
iant experiments in chemistry. The heat 
often cracks the jar; and as there is no sure 
way of preventing this, we recommend the use 
of the common preserve or sweetmeat bottle, 
as being of little cost in case of breakage. Fig. 
37 shows the method of this experiment. 

Experiment 13.—Put a small plese of sulphur into 
another holder, first lighting it, by heating the cup in 
the flame of a candle ; introduce it into a jar of oxygen, 
and a fine blue light will be given out. 

The two last experiments afford instances of the pro- 
duction of acids by burning the two substances in 
° These acids may easily be detected by tasting 
the water which is left on the sides of the glass whilst 
making the ; this absorbs the fumes, and will be 
found 'y acid. The name of oxygen is, in fact, 
derived from two Greek words—‘‘oxus,” acid, and 
*gennao,” to produce; the early chemists imagining 
that it was the sole acid-producer. The acids we refer 
toas produced above, are the phosphoric and sulphurous. 

A distinction is made between acids produced by 
combinations of oxygen, and those produced by other 
substances. Sulphuric, nitric, and many other acids, 
depend for their qualities on the union of oxygen 
with other substances. The hydrochloric and other 
acids, however, have no oxygen in their composition ; 
and hence it is proved, that oxygen is not the only 
element on which the production of acids depends. Its 
importance, in this respect, is of the highest kind. 
Of this, however, we shall have to speak more fully 


Oxides, as we have frequently mentioned, are combina- 
tions of oxygen with a metallic substance, by which 
both alkalies and earths are also produced. These dis- 
tinctions, which have existed from the earliest days of 
chemical scienee, have a great convenience, as they 

the oxides according to their special characters. 
Thus, if oxide of iron, potass, soda, baryta, magnesia, 
lime, &c., were spoken of simply as oxides, their ial 
characteristics and qualities would not be so evidently 
pointed out. Nevertheless, it is a rare case to find the 
earths in a state of absolute freedom from those sub- 
stances to which the term is most usually applied ; for, 
as in the case of clay, lime, &c., oxide of iron is e- 
rally present; and, i , the only source of our 
metals is from rocks and sands, to which the term 
“earths” is usually applied instead of that of oxides. 

There are also numerous instances in which an oxide 
may, by an increase of oxygen, be converted into a sub- 
stance having acid properties: or, perhaps, we may put 
the question in another form, and state, that some sub- 
stances will combine in such proportions with oxygen as 

* See ante, p. 304; Fig. 10, 


to form both oxides and acids. The following may 
be selected as instances of these combinations :—Iron 
forms oxides, and also an acid—the ferric—when com- 
bined with variable proportions of o: : the same 
occurs with the me' arsenic, chromium, &c, Even 
with chlorine an acid is formed by oxygen ;—hence the 
chloric and perchloric acids. But into these, and similar. 
combinations, we shall have to make an extended ex- 
amination. 

Confining our attention to the production of ordi 
metallic oxides, we may observe, that a vast variety 
found in their a espe and general characteristics. 
Some metals, such as gold, silver, and platina, have 
very little attraction for oxygen; hence they may be 
exposed to atmospheric and aqueous influence, pas | yet 
remain unc for centuries. On the other 
the metals potassium, sodium, «c,, have so 
affinity for it, as to abstract it from almost any of 
its compounds ; as may be seen by the following ex- 
periment, 

Experiment 14.—Throw a small piece of  pomniy on 
to some water. The liquid will be rapidly posed ; 
and so violent will be the action, that a 
. light ie heat ge yi hed eg is the pro- 

uction po e alkali, or oxi i 
which will be dissolved in the water. ee 


of oxide; but heat and electricity have a very powerful 
effect, although that of the pa brs force is generally 
subsidiary to, or derived from, that of heat. 


the process of oxidation is either slow or rapid, according | 
body is 


to the circumstances in which the oxidising 


Experiment 15.—Hang a piece of polished and thin 
watch-spring in a jar containing some pe sulphuric 
acid. The metal must not touch the acid, the vessel 
must be tightly corked. The pa will remain on the 
metal for almost any length of time, because the acid, 
by absorbing the moisture of the air in the vessel, 
poavenis the a of an ee on its pare. 

«periment 16.—Expose the same piece of spring to 
air and moisture by placing it in a ay Pa Tonka 
course of a day or two, its surface will me covered 
with oxide, owing to the oxidising action of air and 
moisture together. 


Experiment 17.—Heat a piece of polished iron or steel + 


in the flame of a spirit-lamp. Its surface will become 


rapidly covered with rich colours, owing to the forma- 
tion of various oxides. 

Experiment 18.—To one end of a piece of steel spring, 
Fig. 38, 


or twisted steel wire, as thin as possi 
and about ten inches long, tie tightly 
a piece of wick about an inch long, taken 
from the inside of a composite candle or 
a common taper. Pass other end of 
the spring se a bung or cork, which 
will form a holder. On lighting the 
taper and dipping it into a jar of oxygen, 
the steel will catch ing most 
brilliantly, and filling the interior of the a 
apg fag . Now here we : 

ve the rapid production of the oxide, which is caused 
by the influence of heat in promoting the chemical 
action of the pure gas on the metal. But the rapidity 
of this is Stesshat ié that which takes w. a 
powerful charge from a Leyden jar is sent a fine 
steel or brass wire. By that means the m is in- 
stantaneously converted into an oxide. 

The reader will notice, by the last few experiments, 
how much chemical action is modified by extraneous 
circumstances. In fact, we have a double object in 
introducing these experiments here. One being to show 
the modifications which chemical action sustains in 
respect to oxidation ; and the other, to introduce to the 
notice of the student, the necessity which always exista 
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for the exercise of a comprehensive view when we 
attempt to explain or predicate the result of chemical 
affinities. The metal zine also illustrates the varying 
peed pet mig amar manpenryr pet ae to 
air moisture, a superficial coat of oxide will form, 
which will + the mass of the metal from further 
action ; whilst if the same metal be burned in a jar of 
oxygen, or thrown into a ladle containing melted nitre, 
its oxidation is most rapid, and dense fumes of the 
oxide are given off from its surface. Even if some 
melted zine be cast into a fire, its combustion will be 
very vivid, and the oxide will be produced in abundance, 
being attended by the production of a brilliant blue 
flame. 


The of combustion generally results in the 
production of an acid, when carbonaceous or organic 
matter is present. Thus, in experiment 11, in which 
charcoal was burned in oxygen gas, the resulting product 
would be carbonic acid; and, in most cases, it matters 
not whether the combination takes place rapidly or 
otherwise. Thus the act of breathing, or of inspiring 
air into the lungs, is attended by the combustion of 
carbon in the blood of the individual, as presented by 
the surface of the lung to the oxygen ofthe inspired 
air. In this instance, a very slow but complete com- 
bustion results, and carbonic acid is afforded. The act 
of breathing, and the rapid combustion of fuel, may be 
taken as extreme instances of the kind; but between 
these a tion exists, in which the production of heat 
and carbonic acid is afforded. Thus, when the atmo- 

has access to substances containing carbon of the 
fatty or oily kind, and in contact with fibrous matter, a 
slow combustion eeee. If circumstances are 
favourable, the rate of this combustion rapidly increases ; 
and, eventually, mtaneous combustion ensues. To 
this we owe the ‘roquent destruction of buildi in 
which hemp, jute, and cotton waste are stored. Even 
if these substances be in a damp state, the same result will 
occur. During fermentation or germination, the c! 
produced are of a similar nature to those we have 
mentioned. Oxidation, in fact, proceeds ; and, as is well 
known, such is always, in these instances, attended with 
the production of heat. The heat set free at the dung- 
heap, and in the ich 
mg these observations. : 
e have previously remarked, that all sources of 
artificial heat hat spats the presence of oxygen as 
to combustion. Almost every material em- 
ployed by man for the production of heat, contains 
carbon in some form or other; and, according to the 
rapidity with which the oxygen in the air is caused to 
unite therewith, so the intensity of combustion is in- 
creased. This is effected in the stove, fire-place, and 
steam-engine furnace, by means of chimnies which 
produce a strong draught, and so cause a rapid flow of 
oxygen with the air through the fire-bars. In the 
locomotive engine, the combustion of fuel is rapidl 
effected by means of the blast-pipe of the cylinder whic 
unas the uenet, ote = the funnel. In the iron 
ing furnace, in other metallurgical processes, 
ay is produced by an engine, &c.; and the 


The general effect of oxygen in nature, is that of a 
life-giving principle. It breaks up the rocks, and con- 
yerts the sterile land into a fruitful country. h 
tts action on the organic substances in plants, they bud 
forth into and produce the flower and seed, Sivers 
leaf is as a | to a tree, and thereby plants are 
enabled to breathe and to exist. In ani oxygen 


It is desirable that the student should become fully 
acquainted with its general properties and character, as 
throughout the following pages we shall have frequently 
to refer thereto, A careful repetition of the experiments 
we have named, will therefore prove of great use in this 
respect, 

OZONE. 


Ir was discovered some years ago, by M. Schonbein, 
that a peculiar result was produced when water was 
decom by means of voltaic electricity; and many 
were the guesses of chemists and others as to its causes. 
When a little dilute sulphuric acid is submitted to the 
action of a voltaic battery having two platina poles, a 
strong odour is soon produced, which has almost exactly 
the same smell as may be noticed when a few sticks of 
phosphorus pe into a glass bottle with some water. 

Ozone—so called from its smell—is thus produced, and 
it has lately been considered as having an individual 
character and properties. It has, however, never been 
detected in ath a form as to be submitted to any pro- 
cess except that of testing for its presence; and hence, 
although we are uainted with some of its chemical 
effects, those of a physical character h=ve yet to be dis- 
covered. It has decided bleaching properties ; promotes 
putrefaction, and produces chemical decomposition. It 
is considered to be either a product of oxygen, the active 
principle of oxygen, or a new element. 

The tests for the presence of ozone are salts of man- 
ganese, and the iodide of potassium. The best mode of 

etecting its presence, is that of employing white blotting 
or filtering , which has been moistened with a 
solution of lodide of potassium and starch, such as arrow- 
root, &c. If free ozone be present, the iodide is at once 
decom: the iodine is set free, and the starch becomes 
of a blue colour. 

Although but little is known of ozone, it has con- 
siderable interest attached to it, in a sanitary point of 
view. It has been found, that air charged with animal 
matter never exhibits ozone in a free state; and that, 
generally speaking, the more there is of free ozone in an 
atmosphere, the healthier it is for the purpose of animal 
existence. Any one who has once smelt ozone, will 
readily detect its presence in the air which chiefly 
occurs during clear and frosty weather. Occasionally, it 
may be noticed before the change of weather, and in 
small patches or districts of country. As we speak of 
our own experience only, it may happen that many of 
our readers may not be so sensitive to its action on the 
nasal organs. Such, however, may easily resort to the 
starch-paper test. 

Some very interesting experiments were made, some 
time ago, in reference to , presence of free ozone. 
Whilst it could be instantly detected a manganese 
test, in the middle of an open thorough: ; the sides of 
the road next to houses, and courts and narrow open- 
ings running therefrom, indicated an absence of ozone, 
This fact shows that some intimate relationship must 
exist between the functions and products of animal 
vitality, and the presence of the substance. At the 
present time, the amount of free ozone present in the 
air, is registered at most meteorological observatories ; 
and the reports of medical officers also embrace the same 
subject. e indications are measured by the relative 
discoloration which the iodide and starch paper undergo ; 
a set of test-papers, of graduated tints, being kept 
as a standard of comparison. This subject will be again 
referred to, under the head of Meteorology. 


CHLORINE. 


For a long time, it was considered by chemists, that 
hydrochloric or muriatic acid had oxygen as one of its 
constituents ; and until Sir Humphry Davy discovered 
chlorine to be an elementary, and, indeed, for some time 
afterwards, that opinion was maintained. At the present 
day, however, chlorine is placed amongst the elementary 
bodies, and is one of the most active agents in its chemical 
relations, next to osygen, with which we are acquainted, 
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Chiorine, in 1s pure and uncombined state, is a gas of 
low ish colour. Jt has an exceedingly strong, 
and, to some persons, offensive smell. If mhaled, it 
causes asphyxia, and acts violently on the animal mem- 
branes in the throat and lungs. Its equivalent is 35°5 ; 
but for i calculations, it is assumed, in round 
numbers, to be and is much denser than air, having a 
specific gravity of 2°5. Hence one volume of chlorine is 
equal to two-and-a-half volumes in weight of air. It 
may, therefore, be readily poured from one vessel to 
another. Its combinations are very numerous ; the most 
important being chloride of sodium, the common table 
salt, and chloride of lime, which is so extensively used 
in manufacturing districts for bleaching purposes. 
The chief source of chlorine, for commercial and other 
purposes, is common salt. This is decomposed by means 
of sulphuric acid and oxide of manganese, when the 
sodium becomes oxidised, and combines with the sulphuric 
acid to form sulphate of soda ; and the chlorine being 
thus set free, escapes in the form of a gas. A convenient 
mode of producing chlorine by this or other means, is 
Fig. 39, represented in the 
annexed cut. The 
materials are put into 
a Florence flask, fitted 
with a bent tube ; the 
latter passing to the 
bottom of a clean jar, 
the neck of which 
should be loosely fit- 
ted with acork. The 
flask is supported in 
ition by means of 
a ring-stand ; and a gentle heat is to be applied by means 
of a spirit-lamp. We should here observe, that as 
chlorine is rapidly absorbed by water, it cannot be 
collected in the pneumatic trough; and mercury must 
not be used instead of water, because it is readily acted 
on by the gas. We may here caution our readers that 
the inhalatior of chlorine gas produces the most painful 
effects. An assistant left some bottles unlabelled, and 
being unaware that such were filled with chlorine, we 
had the misfortune to find the evil effects of inhaling a 
considerable quantity, which resulted in loss of voice, 
and other severe and unpleasant symptoms. Should any 
of our readers be similarly unfortunate, their remedy 
will consist in immediately swallowing some unboiled 
white of an egg, and applying to the nose a moderately 
strong solution of ammoniacal gas (liquid ammonia of 


the shops). 
Of course, the materials for producing chlorine from 
common salt, &e., should be added together in their 


equivalent proportions, to obtain the proper amount of 
chlorine / their mutual decomposition ; but as they are 
exceedingly cheap, this is a point of no great importance 
when the gas is employed for laboratory or private ex- 
periments. There are, however, more convenient modes 
of obtaining chlorine on the small scale than that we 
have mentioned ; and to such we must now refer. 
Hydrochloric acid, to which we have already referred 
in our former pages, is a compound of chlorine with 
hydrogen gas ; and if we can separate these elements, of 
course we may obtain the chlorine or hydrogen free. 
To separate former is an matter. Some oxide 
of manganese may be introdnced into the flask, repre- 
sented in Fig. 39 ; and then sufficient hydrochloric acid is 
to be added to moisten the powder, e two should be 
well mixed, otherwise the oxide of manganese may remain 
asa dry powder on the bottom of the flask; and when 
heat is applied, the acid may by chance run down, and, 
touching the heated portion of the flask, will fracture it. 
After thus forming a kind of paste, more acid is to be 
added until a cream-like mixture is produced. The 
bent tube is to be replaced, and a gentle heat may be a 
to the flask, when the gas will be s ily yeodinad 
wen — oe that the —_ in the flask do 
up and pass over into the jar receiving the 
This may arise either from too Sa eos Delia 
applied, or from the materials being too dry from a 


| deficiency of acid. The heat may gradually be raised 

sowanda'the close of the The chlorine thus pro- 

duced, being heavier than the atmospheric air, will dis- 
vessel into which it is 


thus any quantity m3 


gas. 

Experiment 19.—Suspend a piece of cloth or paper, 
dyed with any vegetable colour, and in a moist state, or 
a flower previously drenched with water, in a jar of 
chlorine. The colour will be speedily discharged, owing 
to the bleaching powers of the gas. 

Chlorine, as we have already remarked, is 
employed for the purposes of bleaching, and in some de- 
partments of calico-printing, for discharging colours. Tt 
is used in the form of chloride of lime, which is ee 
by passing gaseous chlorine over freshly slaked li 
We shall have to refer more fully to the use of chloride 
of lime, when we treat of the applications of chemistry to 
arts and manufactures. 

Experiment 20,—Make a strong solution of litmus or 
indigo in cold water, and iad this into a jar of chlorine 
gas. The chlorine will rapidly absorbed, and the 
coloured liquid bleached. 

Water or moisture is essential to the bleaching powers 
wei ay ; hence the dry gas does not bleach vegetable 
colours. 


of calcium into a jar of chlorine, and leave them for some 
time, so that they may absorb all moisture. Into the 
dry gas introduce a piece of coloured cloth or paper, 
but no bleaching effects will result. Ind it is 
generally supposed that the bleaching effects of chlorine 
really result from the decomposition of water. The 
chlorine seizes the hydrogen of the water, and sets the 
oxygen free ; and this acting in a latent state on the 
colouring matter present, at once bleaches it. In former 
times, before the discovery of chlorine, all cotton and 
linen goods were bleached by exposing them to the 
action of the sun, air, and moisture—a process, however, 
which was exceedingly slow and tedious. 
Chlorine has a limited power of supporting combus- 
tion, as may be seen by trying the following experiment, 
Experiment 22.—From a wire fixed on a cork, suspend 
a small piece of taper; and having ignited it, immerse it 
crvnind, sist 6 will boouene aul sag! esi, appalaias 
and it wi me and smo iting a 
sooty matter on the inside of the vessel. = 
The gas has a very great attraction for some substances ; 
and the production of light and heat frequently results 
from some of its combinations as bes: Ne place. 
Experiment 23.—Introduce some 
of chlorine. The leaves will immediately catch fire, and 
a chloride of copper will be produced. Antimony, d&c., 
in a state of fine powder, which should previously be 
warmed, will also ignite in a jar of chlorine, and produce 
a chloride of antimony. ‘ mt 
Chlorine forms chlorides when combined with metals. 
&c.; of which we shall speak when treating on those 
bodies. It also combines with nit iodine, and 
bromine, forming compounds therewith, which will be 
fully described hereafter. With hydrogen it forms the 
well known hydrochloric acid, also called the “ muriatic” 
and ‘marine ” acid, in the old chemical works. 
Hydrochloric acid, in its pure state, is a gas composed 
of one equivalent of chlorine, united with one of hydrogen. 
Its equivalent is therefore 36°5; symbol, H, Cl. In com- 
merce, and in the laboratory, this gas is empl as a 


liquid acid, being in combination with water. In this 


Experiment 21.—Throw a few pieces of fused chloride : 


utch foil into ajar — 


—— 


ee eee 


= 
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state, and having aspecific gravity of 1-21, it is composed 
of the gas united with six equivalents of water; its 
symbol is H, Cl, 6HO ; the equivalent being 90°5. 

E loric acid gas is ily procured from common 
salt, by adding dilute sulphuric acid to that substance in 
a retort. A gentle heat is to be applied, and the gas 
will be given off in abundance. Owing to its great 
attraction for water, it seizes the aqueous vapour present 
in the air, producing white fumes. It may be collected 
in bottles, in a similar manner tochlorine. On pouring 
cold water, or putting a piece of ice into a jar of the gas, 
it is rapidly absorbed, and considerable heat is evolved. 
Its presence may readily be detected by means of a rod 
— in liquid ammonia, when dense white fumes of 

-ammoniac are afforded. Hence, if a bottle of the gas 
be taken into a stable, the presence of ammonia will be 
instantly detected by the production of the fumes named. 

H ic acid is produced on a large scale durin 
the manufacture of soda. The common salt is decom 
by means of sulphuric acid, and the gas given off is con- 
densed by water. 
ted laboratory use, the acid may be prepared as 

WS i— 

Experiment 24.—Introduce into a glass or earthen retort 
some common salt and water, and add to this nearly as 
much sulphuric acid. Apply heat by means of a spirit- 
lamp or furnace, and receive the in a Florence flask 
oliisiiiew receiver containing cold water, the stem of 
the retort just touching the surface of the water. Keep 
the ontside of the receiver as cold as possible, by covering 
it with a cloth on which water is kept dropping. The 

will be wager a absorbed, and the aqueous acid pro- 
uced. The acid will be sufficiently strong for all 
labora’ purposes. The reason the stem of the retort 
is not ‘below the surface of the water in the 
receiver, is, that the ion of the gas takes place so 


rapidly that the liquid would rush into the retort, and 
perhaps break it. The following cut shows a convenient 
mode of carrying out this plan. 

Fig. 40. 


and sulphuric acid ; and the specific gravity of the 
so prepared, will be greater than that produced by 


the process we last described, because the condensation 
of the gas is more perfect, a larger portion being dis- 
solved in the water placed in the receiving vessels. The 
preceding engraving illustrates this process. : 

The chemical changes produced during the manu- 
facture of hydrochloric acid may be thus represented :— 


Materials used. Products, 
Chloride of Sodium— 
Chlorine .........++. 85°5 36-5 Hydrochloric Acid. 


Water— 


1-0 Sulphate of Soda. 
Water. 


107°5 


In the above dogs, the proportion of water form- 
ing crystallised sulphate of soda is omitted, so as to 
avoid confusion of figures to the uninitiated student. We 
have only, therefore, represented absolutely dry sul- 
phate of soda as the product. We therefore notice, 
that 584 of common salt should afford 364 parts 
of hydrochloric acid gas, which, duriny absorption, com- 
bines with at least 54 parts of water, to form the strong 
aqueous acid. 

We have hitherto pi, 2 spoken of acids in a very 
general manner ; and as hydrochloric acid is the first to 
pio =: melt drawn special : attention, we shall avail our- 

ves 0 rtunity of more particularly referrin 
to the seni /thadaaleninticn of these substances. ¢ 

Generally speaking, the test for the presence of a free 
acid; is a sour taste when it is applied to the palate ; 
the of Te v ble colours of blue tint to 
a reddish hue, and of forming salts or salt-like bodies. 

some cases, the acid, or sour taste, is scarcely dis- 
tinguishable: the prussic acid is an instance of the 
kind. Carbonic acid has but feeble and transitory 
effects on vegetable blues ; but, in every case, an acid 
has the power of forming a salt when combined with a 
base; or, what is equivalent thereto, a compound is 
formed, which answers in its analogies to a salt. The 
following experiment with hydrochloric acid, will serve 
the double pu of illustrating the general properties 
2 and the special characteristics of hydrochloric 
aci 


Experiment 25.—Make a solution of litmus by boiling 
some of that substance in water. After the liquid has 
obtained a deep blue or purple colour, add a very small 
portion of liquid ammonia, to remove any free acid ; 
and then dip into the solution some pieces of white 
blotting or filtering paper. They will, of course, be- 
come of a blue colour, and will produce the general 
test employed by chemists for detecting the presence of 
a free peti Drop some hydrochloric acid on the blue 
paper, and it will at once become of a red tint. If such 
paper be brought into contact with almost any acid, the 
same effect will be produced. In the case of carbonic 
acid, the effect is slight, because that has but feeble acid 
properties, and is readily removed by evaporation. Most 
of the blue colours of vegetables are thus affected ; but 
indigo is an exception. s acids found in fruit, &c., 
generally called organic—such as the acetic, tartaric, 
oxalic, citric, &c.—are also detected by their producing 
a red tint when tested by infusions of litmus or 
cabbage. We may here suggest a very interesting occu- 
pation in sade with plants, fruit, &c, It is, that 
the student should supply himself with blue litmus 
paper, and the same coloured red, by means of a little 
weak vinegar. . By the blue paper he may discover the 
presence of acid in ie ores juices; and, by the red 
the alkaline character of others may also be detected. 

We may, after this digression, return to consider some 
of the properties of hydrochloric acid, With 
sium, sodium, and ammonia, it respectively forms the 


a 


07°5 
su 
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chlorides of those substances, the two best known being 
the common salt and sal-ammoniac. It forms chlo- 
rides with metallic bases, uniting with them in various 
proportions—in that of one equivalent, as in chloride of 
silver, or in three, as in the terchloride of gold. The 
is similarly distinguished to those of oxygen.* Generally 
speaking, the chlorides are soluble in water ; but this 
y varies considerably: thus chloride of potassium 
issolves readily ; whilst the ee i yom. -n 
almost, or comparatively insoluble, e affinities o! 
chlorine for its bases fe generally very active, and 
second only to those of oxygen, which, therefore, mostly 
has the power of seizing the bases of the chlorides, and 
of setting the chlorine free, or leaving it to combine with 
some r substance, The various combinations of 
i forming chlorides, will be described in con- 
nection with their different bases. 

Chlorine combines with oxygen to produce various 
compounds ; such as enchlorine, chlorous, hypochlorous, 
h hloric, chloric, and perchloric acids. Of these, the 
chiloric is the most important in all respects ; for it gives 
rise to the chlorates, some of which are largely employed 
for the manufacture of lucifer-matches, &c. ypo- 
chloric acid is prepared by adding sulphuric acid to 
chlorate of potass; but as this product is dangerously 
explosive, only very small quautities (grains) of the 
ingredients should be ps eben, and then only in an 
open vessel. The acid is gy oy cheba etme pk“ 
which may be condensed by frigorific mixtures. 8 
would warn our readers inst attempting to use a 
test-tube for the purpose, having nearly lost the use of 
one whilst doing so ourselves. 

Chiorie acid is a compound of one equivalent of 
chlorine with five of oxygen; symbol—Cl Os; equiva- 
lent = 75°. It may be obtained by adding sulphuric 
acid to a solution of chlorate of baryta, which, like the 
chlorate of potash, is obtained ing gaseous chlo- 
rine Thai. solution of the earth; the chlorate of 

tash being produced by passing the through a 
solution of that alkali. e have to siieek mall fully of 
these salts hereafter, both as to their manufacture and 


uses, 

Perchloric acid is a combination of seven equivalents 
of oxygen with one of chlorine ; and as it is of no great 
interest, we shall omit details of its manufacture. 

A compound acid is produced by adding together two 
parts, in volume, of hydrochloric acid, with one of nitric 
acid, both in as high a degree of concentration as 
possible. The mixture is called regia, and it is 
much used by metallurgists for the solution of gold. 
Platina and other metals are soluble in it; and it pro- 
— their chlorides, which will be duly noticed here- 

ter, 


IODINE, 


Tae discovery of iodine at first arose from an accidental 
circumstance, is of comparatively recent occurrence, 
It was noticed that the pans in which barilla had been 
manufactured, became very much corroded in some 
parts ; and, eventually, chemical research accounted for 
the fact by showing the presence of a substance pre- 
viously unknown as a distinct body. Iodine, as usually 
met with in commerce, is a substance in small metal-like 
scales, of a dark colour. On being heated, it affords a 
vapour of a rich purple tint—hence its name. The 
vapour condenses, and re-forms scaly particles, The 
— is I, aud the equivalent = 127. As has been 
'y named, its combinations are termed iodides. 

For many years the uses of iodine were entirely con- 
fined to medical purposes, and especially as an antidote 
or preventative for the troublesome disease called 


cate Its pie in cod-liver oil has, doub been 
ly beneficial in scrofulous and phthisical complaints. 
It is often administered in the form of its combination 


with and potass, ae the hydriodate of potass. 
Since the discovery of photography, it has become of 
* Bee ante, p. 314. 


great importance ; and, as such, is now a considerable 
product of the operative chemist’s manufactures, Tho 
chief of its combinations, employed in photography, are 
the iodides of potassium, ammonium, and cadmium. 
men ‘a Sees hick pec thas hee i 
y ine, to which it next in 
with respect to its chemical characters and affinities. 
The following experiments will give a general idea of 
some of its leading properties. 

Experiment 26.—Put a small quantity of commercial 
iodine into a clean Florence and apply pt cag 
heat by means of the spirit-lamp. The iodine will rise 
as a purple vapour, and will eventually condense on the 
cold sides or neck of the flask, in minute, dark-coloured 
crystals or plates. 

Experiment 27.—Dissolve a little iodide of potassium 
in cold water, and add a small portion of starch. No 
change will take place ; but, on pouring into the solu- 


tion a little sulphuric acid, the iodine will be set free, 
and a dark-blue colour will be observed. Starch is 

ut the effects of the test are not evident if the solution 
be hot. Similarly, the — of starch in vegetable 

Iodine combines readily with some of the 
in its state of vapour, or when in combination with other 
bodies, as the following ex 

Experiment 28.—Expose a plate of silver to the 
ee its ee this —— iodine was ex- 

ively employed on silver plates forthe Dagu 
; ; = tie over (+ 
obtaining pictures by the action of light. 

Experiment 29,—Add a little of the solution of iodide 
water ; a yellow precipitate of iodide of mercury will be 
produced. On the addition of more of the iodide of 
and on a still further addition, the precipitate will be 
entirely redissolved ; the iodide of mercury being soluble 

Todine is but slightly soluble in water ; but is readily 
dissolved by alcohol, which thus forms what is termed 
unites with chlorine, bromine, ni m, and h: may 
forming with the latter an acid fydriodlo, Furr 

w is 


a used as a test for the presence of free iodine ; 
matter may be detected by means of iodine. 
either 

periment will show. 
vapour of iodine ; a yellow iodide of silver will soon be 
process, which was, at one time, the chief 
of potassium to one of the bichloride of m in 
potassium, the yellow colour will change to a deep red ; 
in an excess of that of the iodide of potassium. 
the tincture of iodine, much used in medicine. It 
nitrogen, it produces an explosive compoun 


analogous to the chloride of ni which we shall 
treat on hereafter. It unites with sulphur and 
phosphorus, producing light and heat at the moment of 
its combination with the latter substance ; an explosion 
is afforded ; hence great care is required when these 
substances are brought into contact. Iodine may 
readily be set free from its combinations by means of 
chlorine, as is illustrated in the following experiment. 

Experiment 30,—Dissolve some iodide of potassium in 
water, and add a little starch or arrowroot. Pour into 
this a solution of chlorine in water.t The iodine will be 
at once set free, and the starch be converted to a blue 
colour, 

Hydriodic acid is a combination of one equivalent each 
of iodine and hydrogen ; symbol, IH ; equivalent, 128. It 
is prepared from iodide of phosphorus. Iodine unites 
with oxygen in three forms ; the most important of which 
is iodic acid, which is com of one equivalent of 
iodine to five of oxygen; symbol, 10s; equivalent, 167. It 
forms iodates with bases, which are analogous to the 
chlorates and bromates ; they have no special application 
in the arts and manufactures. 

The remaining combinations of iodine will be noticed 
in connection with their bases. 


BROMINE. 


Bromrng, like iodine, is a product of kelp, and is found 

in sea-water, in the salt called bromide of sodium, &c, 

It is a dense orange-coloured liquid ; has an offensive 

smell—hence its name ; and is corrosive in its action on 
t See ante, p. 316, 
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animal substances. It is seated te _ ae alcohol ss 
almost any proportion ; and being highly volatile, must 
kept Caealnepored bottles. Its symbol is Br, aud 
the equivalent=80°0. 

Combined with metals and other bases, it forms tlie 
substances called bromides. Like iodine, its chief use is 
in connection with photography, in which it has been em- 
ployed in the state of vapour, to increase the sensitiveness 
of the iodide of silver on Daguerreotype plates ; and, in 
the form of bromide of potassium, it is considerably used 
in -printing processes. 
it is prepared from hydrobromic acid, which is a com- 
bination of hydrogen and bromine; symbol, HBr ; equi- 
valent, 81. This acid is analogous in its constitution 
to the hydrochloric, hydriodic, and hydrofluoric. Its 

tion is somewhat difficult ; bromide of phosphorus 
being decomposed by means of water, when phosphoric 
acid and the hydrobromic are produced. 

Bromic acid is a compound of bromine with oxygen, 
in the proportion of one equivalent of the former to five 
of the latter. Its symbol is Br, Os; equivalent=120. 
We shall describe other combinations of bromine under 
the head of their bases. 


FLUORINE. 


Fivorrne is a substance which has but little commercial 
value, and is never met with in a free state. It is obtained 
from Fluor or Derbyshire spar. Its symbol is Fl, and the 
equivalent=18°9. Its most known combination is that of 
hydrofluoric acid, in which it is combined with hydrogen. 

Hydrofluoric acid may be readily obtained by heating 
some coarsely pounded fluor spar, together with strong 
sulphuric acid, in a leaden vessel. A glass one cannot be 
used, because the acid acts powerfully on that substance. 
The fumes of the acid and the liquid should be carefully 
avoided, as they produce the most painful wounds if they 
come in contact with the skin. 

Hydrofluoric acid, besides its occasional use in the la- 
boratory, is much employed for etching glass; and the 
method of conducting this process may be seen in the 
following experiment. 

Experi 31.—Make a tray of lead by bending up 
the sides of a sheet of that metal so as to form a rim on 
all sides. Support this tray on a stand, and throw inside 
it some coarsely pounded fluor spar, to which some stron; 
sulphuric acid may be added. Cover a glass plate wi 
beeswax ; and on this, when cold, make any sketch by 
means of a needle-point, so as to expose the glass surface. 
Then place the plate, with the sketched part face down- 
wards, over the mixture of fluor spar and acid last 
mentioned, so that its edges may rest on the edges of the 
tray. Apply a gentle wig g means of a spirit-lamp, 
when the hydrofluoric acid will rise in vapour and attack 
the pai surface of the glass. By these means such 

rtions will be es sat etched out; and on the wax 

ing removed, the design will appear beautifully traced 
on the ong surface, 
The wax for covering the glass is that obtained b 
melting wax candle-ends. It should be run over bo 
sides of the glass, lest the vapour of the acid might 
attack both sides. Some effects may be produced 


pretty 
by first sketching the design, with a soft black-lead pencil, 
Fig. 42. 


on paper. This drawing is easily transferred to the wax 


surface by pressing the pencilled paper thereon. This 
will form a guide for the subsequent tracing by the 
needle-point. By such means the figures are produced 
on the ornamental sheets of glass so much used for 
sashes, in place of Venetian blinds. The preceding figure 
illustrates the mode of carrying out the experiment we 
have been describing. 


HYDROGEN. | 


Next to oxygen, hydrogen stands of the greatest im- 
portance in the list of elements, By the combination 
of the two, we have the water of the ocean, of our 
rivers, &c. Combined with carbon, hydrogen enters 
into the composition of most vegetable and animal sub- 
stances: as carburetted h nm, a product from coals, 
it is extensively used as fuel and for illuminating pur- 
poses ; and the same results are obtained from vegetable 
and animal oils, through its presence in them. Its 
other numerous compounds will be noticed as we 
proceed. : 

Hydrogen is the lightest known body in nature, its 
specific gravity being 0-069 ; that of air being 1-000; it 
therefore weighs but a little over one-fifteenth part of 
its bulk of atmospheric air. For this reason it has been 
employed to balloons, both in its pure and com- 
pound states. 

i ps cal, be ap = — shades of purity, 

m water, oi e following experiments 
will afford instances of the kind. A ania 

Experiment 32.—Pour some dilute sulphuric acid on 
some iron nails contained in a saucer or evaporating 
dish. Large bubbles of gas will speedily arise ; and if a 
lighted match be brought near them, they will at once 
ignite. 

Experiment 33.—Put a few iron nails, or some shavings 
of zine, into a glass bottle, and fit into its neck a cork 
containing a glass tube, one of the edges of which has 
been drawn to a jet. Add some dilute sulphuric acid 
to the metal, and fit in the tube. Gas Fig. 43. 
will be given off; but this should be 
allowed to escape, because, being mixed 
with air, it would explode, and perhaps 
burst the bottle if the gas were ignited. 

After suflicient time has elapsed to re- 
move all the air from the bottle, apply a 
light to the jet, when the gas will 

with a yellowish-coloured flame. The an- 
nexed figure shows the kind of bottle re- 
quired for this experiment. 

When a considerable quantity of hy- 
drogen is required for the of experiment, a 
bottle with a bent tube attached to it, such as is repre- 
sented in the annexed engray- Fig. 44. 
ing, may be employed; and the 
gas is to be collected by the 
pneumatic trough, in a similar 
manner to that mentioned for 
oxygen. It must, however, be 
borne in mind, that hy: 
is so much lighter than air, that 
it will at once escape if the 
vessel containing it be held 
mouth upwards. The following experiments, illus- 
trating the levity of the gas, may impress the fact on 
the memory of the student. 

Experiment 34.—Hold a glass vessel with its mouth 
over the jet of the bottle described in Experiment 33. 
The gas will rise into the vessel, and so expel the air. 
This may easily be proved to have taken place by apply- 
ing a light to the mouth of the vessel, when the gas 
will at once catch fire. 

Experiment 35.—Fill a glass vessel, as in the last ex- 
periment, with hydrogen, and then bring near to it 
another vessel, also with its mouth downwards. Incline 
that already filled with gas beneath the mouth of that 
filled with air, and gradually allow the gas to pass from 
one vessel to the other, in the way illustrated in the 
following engraving (Fig. 45). That the gas is really 
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tranaferred by these means will be at ed by | following ving, in which the gas is first conducted 

pec Ar itt ceed sehen thes. which ve through a tu containing chloride of calcium, to free it 
Pig. 45. previously contained air from moisture. ne 


will at once be seen to 
contain hydrogen by its 
contents being igni 


filled with hydroge: 

on being libera at 

i once ascend in the air, 
As the material of which they are composed is, however, 
easily acted on by the acid employed to generate the hy- 
» the following arrangement is recommended to 
iene. thr ae belore it is allowed to pass into the 


In the above engraving, a represents the vessel in 


which the hydrogen is generated ; b is a bent tube 
fitted into the neck of a, and running nearly to the 
bottom of the vessel ¢, which is to be three-parts filled 
with water. This tube, and d, which rises out of the 
neck of the vessel c, and to which the balloon, e, is 
attached, are to be fitted air-tight in the purifier b: 
means of a cork. The gas will thus pass from a throug’! 
b, into the vessel containing the water. It will here 
be cleansed from acid, and, rising in bubbles to the 
surface, will escape by d, which only just into 
is neck, Pia. pred when filled, is to tied ee 

neck, to prevent escape of the hydrogen. In 
balloons of a i size, coal gas is always employed; 
which, although much heavier than pure hydrogen, 
answers well for the purpose. 

Hydrogen may be obtained from water by other means 
than those we have suggested. If steam from water be 
_— through an iron tube, heated to redness, it will 

decomposed, and its oxygen uniting with the iron to 
form an oxide, the hydrogen may be collected in the 
usual 7 the pneumatic trough, by fitting a bent 
pewter tube to the end of the iron one. 

Hydrogen is obtained iu the purest state by decom- 
posing water by means of voltaic electricity. The best 
mode of doing this has already been described in the 
section of Electricity. * 

The most important compound of hydrogen is the 
well-known liquid water, which, in its purest state, 
consists of eight parts of oxygen, united with one of 
hydrogen by weight, The unite, by bulk, in the 

roportion of two volumes of hydrogen to one of oxygen. 

symbol of water is HO, and its equivalent = 9. 
The following experiments illustrate the production of 
water by the union of its elementary constituents. 

Experiment 36.—Hold a cold glass vessel over the jet 
of the bottle described in Experiment 33, whilst the 
27h) burning. Ages — o rintaost le th coated 

| dew, owing to water being u e com- 

bustion of the hydrogen in contact Sth. the oxygen 

contained in the surrounding air. Another mode of 

conducting the experiment, is that illustrated in the 
* See ante, p. 194; Fig. 54. 


nexed en, 
cal soun 


ing a new kind of musical instru- 
ment. This effect results from a 
series of vibrations being produced,+ 
which arise from numerous explo- 
sions caused i: A eee geo & 
the hydrogen with the oxygen of the 
acid. Of this, the next experiment gives a better illus- 


tration. 

Experiment 38.—Into a strong glass vessel, introduce, 
by means of the pneumatic trough, one part of oxygen 
and two parts of hydrogen, by volume. For thi 
i an_ ordi Sate ¢ bottle ow netibe 

ingly well. Apply a li taper to the 
when SD exphaiill rill instantly take place. After the 
expansion consequent thereon has ceased, it will be 
seen that the gases have lost their gaseous condition 
and the result will be found as pure water in the form of 


the vessel. This is — a more rapid Ms Bod ie 
ducing water by the combination of its elements, 
those we have described in the preceding experiments. 
The oxy-hydrogen blowpipe is a means of F veces. 
the most intense heat by the combustion, ugh a 


roper jet, of a mixture of o and gases, 
fe the ales proportion as t in which form 
water, ‘or the sake of safety, the two gases are 


in separate reservoirs, and are not allowed to mix, except 
at nearly the point of their combustion. ‘The application 
of this ent to the purposes of illumination, and 
to optical instruments, has been already fully explained 
under the section on Light;t and a drawing of the most 
improved form of jet which can be used for the 
has also been 
by means of 
infusible ena in x oe, 
reelain, wro! iron, 
Pothe pees! uses Of Wiak are too well known to 
require any lengthened remarks on our part. In the 
laboratory it is employed as a general solvent, and pure 
water is therefore an object of constant requirement. 
This is obtained by the distillation of river or spring 


iven. We may here add, however, that 
e oxy-hydrogen jet, the otherwise most 


water in retorts, when great purity, as in 
toxicologi is desired. In ordinary cases, 
the steam proceeding + ieee 1 acbebgece 


&ec,, m condensed by means of a 

which should be kept cool by damp cloths, In | 
eet in ther isti water can be readily obtained; 
and, in many cases, ordinary rain or river water may be 
employed. ater of the ocean always contains many 
soluble matters, such as chloride of sodium, chloride of 
magnesium, iodide and bromide of potassium, &c, This 

+ See ante, p, 275; Section, * Acoustics.” $ Ante, p. 62. 


vapour, or condensed in dew-like drops on the side of 


ered liquid—such as ~ 


— 
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on evaporation, forms clouds; and these again, being con- 
densed as rain, fall in fertilising showers, to eventually 
form rivers which run to the ocean. Rain-water, when 
collected at a distance from towns, is generally almost 
pure; but near those places it becomes contaminated by 
matters ded in the air—such as nitric acid, year] 


matter, and this to a very large extent. 


that 
. The 
Great 
in Scotland; which is conveyed to Glasgow, a 
distance of forty miles ; whilst the wells in the neigh- 
bourhood of London, are, generally speaking, highly 
contaminated with all kinds of impurity. The follow- 
ing table shows an analysis of various sources of the 
water-supply of London, d&ec.; and has been extracted 
from the report of the medical officer of the city of 
London, to the Common Council. 


Table of Impurities in Water-Supply from vartous sources. 


Total Organic 
per gallon.)per gallon. 
er aoe oo 
Lediiinetinevsnen: new supply to Glasgow (March 2:35 605 
Meniaaer wate: supply (March) essen] 9°33 “630 
well 58-08 784 
Chelsea {Thames Water). 19°72 176 
Southwark ” » 21:96 2-40 
Lambeth ” ” 20°44 2°64 
‘West Middlesex ” wo 21-76 2-40 
Grand Junction ” ” 21°36 1-80 
Fast London (River Lea) a1 03 136 
ihent (from the Chalk strata) ........-ss00++ wodeuoransesl | 25°16 264 
Nearly all the water supplied to London, is either 


obtained from the New River, which rises in Hertford- 
shire, or from the Thames near Hampton Court. Being 
now always filtered before it is supplied for domestic 
use, it never contains any notable quantity of s ded 
matter. In many districts, however, turf, Aa i &e., 


are found in considerable quantities : it is necessary to 
filter the water before use; and we shall describe an 
arrangement that may be employed for the purpose— 

an engraving of whicli is subjoined. 
To construct one of these simple and effective filters, 
Fig. 49 


the common garden-pot is 
the only necessary vessel, 
ie, te poring hole of 
Ww a piece of sponge or 
rag thay be a ie 
this, inside the pot, a 
layer of coarse gravel is 
laid ; over this, one of char- 
coal, broken into small 
ieces, but not powdered. 
the charcoal a layer of 
fine sand is placed; and, 
over it, one of gravel. A 
piece of calico or flannel 
should be placed over the 
gravel, so that when water 
; is poured thereon, it may 

run in channels through the different su 
A string may be tied round the rim of the 
e 


er ned, Coarse Gravel. 


Ces. 


pot, and 
Besides 


oe hom. we ae Reel, Dearie, 32: the 
removal impurities. e preceding engravi 
ustrate method of making one of tiges 
shows the succession and position of each 
of the substances employed. 
We may here ook a few observations on the im- 
urities of water, as generally found in that supplied for 
omestic and aca elon! so far as they affect 
sanitary and commercial matters, A table already 


you. L 


given, states the proportions of organic and inorganic 
substances present in water from various sources; and 
the nature of these substances we may inquire into. 

It is very essential, for culinary and manufacturi 
purposes, that water should be as free from lime po 
earthy matter as possible; and the presence of these is 
the cause of the hardness of some kinds of water. Lime 
itself is but sparingly soluble in water; but when the 
latter contains carbonic acid, then chalk or carbonate of 
lime is readily dissolved in considerable quantities, as 
the following experiment will prove. 

Experiment 39.—Pour an ounce of lime-water—that 
is, water in which slaked lime has been dissolyed—into 
a vessel, and add to it some common ‘‘ soda-water,” 
which contains a large amount of carbonic acid. A 
white precipitate of chalk is first formed ; but eventually, 
the excess of carbonic acid present is so great, that the 
chalk so formed will be dissolved and held in solution. 

If water thus imprégnated with lime be afterwards 
boiled, the excess of carbonic acid will be driven off, and 
the chalk will be deposited in the vessel. Hence hard 
waters are mostly rendered softer by the process of 
boiling, their earthy matters being thus separated from 
them. It is owing to the presence of earths, &c., 
in water, that the tea-kettle becomes so constantly 
furred. The same result takes place, on a very large 
scale, in boilers used for steam-engines, and becomes a 
source of great annoyance and positive rat times. 
The earthy matter settles on the bottom and sides of the 
boiler, and there produces a solid and stone-like mass. 
This prevents the of heat from the fire through 
the metal of the boiler to the water, and thus the iron 
occasionally becomes Liu when the earthy crust is 
thereby detached, allowing the water to touch the over- 
heated surface. On this occurring, a sudden and rapid 
production of steam ensues, which, having no adequate 
means of escape, frequently causes dangerous explosions. 

Hard water can be rendered soft by the addition of 
lime to it, provided its hardness arise frach the presence 
of an excess of carbonic acid, as we have already 
mentioned. This seems at first sight oxical, but is 
easily explained. By the addition of lime to water con- 
taining a large quantity of lime in solution, a portion of 
the carbonic acid united thereto is abstracted ; and the 
result is, that some of the lime already present is thrown 
down in the solid state. The following experiment will 

Experiment 40.—To the water saturated with lime, 
produced in the last experiment, add some more lime- 
water. A white precipitate of insoluble chalk will be 
produced, and a portion of lime previously existing in 
solution will be removed. 

Ina similar manner, hard water may be remlered soft, 
on the large scale, by the addition of lime-water to it. 
Dr. Clark, of Aberdeen, patented this process some 
years ago, for its application to water before its supply 
to towns, when aie lime was present. We believe that 
the plan was long employed at the Charlton and Wool- 
wich water-works, the water being drawn from a chalky 
soil, and largely impregnated with lime thereby. 

Sulphate of lime, or plaster of Paris, is often met 
with. It is always present in both the Thames and New 
River waters, in most rivers in Great Britain. Its 
removal is uot ible by any chemical means on the 
large scale ; and the only plan to soften water of this 
kind is to boil it, or to add small portions of carbonate of 
soda when it is used for domestic purposes. ‘ 

The remaining inorganic impurities, such as oxide of 
iron, sulphate of magnesia, «c,, are either present in such 
small quantities as to be of no consequence ; or, on the 
other hand, abound so much as to constitute what are 
termed mineral waters. ‘ . 

Mineral springs are frequently found in rocky and 
other districts; and the water is charged with gases, salts, 
&c., of various kinds. Amongst the gases are mic 
acid and sulphuretted hydrogen. Oxide, or generally car- 
bonate of iron, is frequently present in considerable quan- 
tities ; so much so as to deposit a deep-red coating on all 
the objects it comes in contact with. poo rer of 
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magnesia, or Epsom salts, is a common constituent of 
abeveal waters t and common salt is generally found 
also in various proportions. The water of the ocean con- 
tains numerous salts, as we have already mentioned ; 
and it has been lately asserted that silver is also present 
to a slight extent, which, however, in the aggregate, 
would form a prodigious quantity of that metal in the 
ocean. In some of arto Pe si ree flowin 
from the mines is la impregnated with copper; an 
the metal is rides. g oe by throwing into the 
streams scraps of old iron, such as the débris of the pots 
and pans of London, which are sent to the mineral dis- 
tricts in large quantities for that purpose. — 

On the continent of Europe, especially in some ag 
of Germany, mineral springs abound ; and such pla 
are sought for by invalids for the oy aE pare I 
of the waters. We may remark, that chemical analysis 
has so far succeeded in detecting the presence of all the 
salts contained in such waters, as to permit of their manu- 
facture in any place ; and there is scarcely a doubt that 
more Seltzer water, &c., is manufactured yearly in 
London than has ever been imported from the original 
and ised source. 

With respect to the value of mineral waters, in a 
medicinal point of view, much exaggeration has doubtless 
been made. Change of scene and society, pure mountain 
air and exercise, have a more beneficial effect on the 
human system than any medicament which can be ad- 
ministered ; and to such may be rather assigned the im- 
proved state of health which the valetudinarian experi- 
ences on visiting a spa, than to the effect of its waters of 
which he partakes, although they may exert an assistant 
office, : 

The organic impurities of water is a subject of the 
deepest importance, in a sanitary point of view. In 
direct proportion as organic matter of any kind is present, 
so the fitness of such water for drinking purposes 
diminishes. In many districts moss is gathered as 
the water runs down the mountain sides, and along 
the banks of the stream ; and this is readily noticed if 
the water be allowed to drop on a rough stone surface, 

which will then become covered with a green coat of 
vegetable matter. Such generally occurs in moun- 
taipous districts. In towns, the wells often contain 
animal matter, and its products in solution ; and in the 
city of London, there are welis which are simply the 
result of the drainings of the churchyards to which they 
are adjacent. The water obtained from such sources has 
a very pleasant and cooling taste, from the presence of 
nitre ; this arising from the nitrogen afforded during the 
decomposition of animal matter. If such water be ex- 
posed to the atmosphere during summer-time for a few 
days, it will give off a most offensive smell. Indeed, 
persons partaking of it are simply imbibing the products 
of the decomposition of the bodies of their ancestors, in 
a soluble form ; and the effect is often manifest in the 
 vaearereae of diseases, such as diarrhoea and cholera, 

istricts supplied with water from such sources are 
certain to be the most unhealthy during summer-time, 
and are fitting fields for the ravages of the complaints we 
have mentioned. . 

We may here call attention to what we believe will 
eventually become a source of great danger to the health 
of large towns. We refer to t ition of cemeteries, 
80 commonly found in the subur London itself is 
encircled with these burial-places, nearly every one of 
which is located on a sandy soil. Tons of Po remains 
are yearly deposited in them; and, as these decom- 
pose, the soluble matter will be carried away with the 

ing water, afterwards to be pumped up for drink- 

. Ing and other purposes. Of course, many years will be 
required to pass away before the results we have hinted 
at take place; but eventually, chemical analysis and 
sanitary reports will more than likely show, that the 
proximity of burial-grounds to large cities will produce 
= ag of no ordinary, and, perhaps, of incurable mag- 

le. 

In animal and vegetable life, we need not remind our 

readers that water exercises the most important funce 


tions. It fills the cells of the tree with sap, and courses, 
in the form of blood, through the veins of the animal. 
By means of it, the food is conveyed, in a suitable form, 
to afford flesh and muscle; the salts, which produce 
bone, are dissolved by it, and are presented in a suitable 
condition for that purpose. We must, however, dismiss 
this, and many other such matters, until we more fully 
treat on organic and agricultural chemistry. 

Hydrogen combines with oxygen, in the ion of 
form Chetsts olled Sia peteahdet haces aren 
orm what is e peroxi D5 
HO:; 3 aaa =17. This, like water, is a Hquid; 
and, although a a roduction in a che- 
mical point of view, no ge use or interest, It 
is prepared by a somewhat intricate and difficult process, 
fg a of peroxide of barium and h: ic acid. 

peroxide of hydrogen and chloride of barium are 
produced, and the baryta is precipitated by sulphuric 
acid, the chlorine being removed by means of a salt 
of silver. The combinations of hydrogen with chlorine, 
iodine, bromine, and fluorine, have been already noticed : 
those with other substances will be duly mentionad as 
we proceed, ° 
NITROGEN. 
In our former pages, we have spoken at some length 
on the qualities of one of the gases present in the 
atmosphere, and showed that oxygen is a powerful sup- 
porter of combustion, and essential to the existence of 
all aes spr 5 oe air, however, cree another 
gas, by means of whi e active properties of oxygen 
are modified, so as to render them suitable to the 
organisation and circumstances of vitality, and to the 
properties of this gas. Nitrogen, and its leading com- 
unds, we must now draw attention to. Its symbol is 
BE tious prs and its specific = 0972; air = 

The properties of nitrogen are almost entirely of a 
negative chapacee: It does not support combustion ; 
has no smell or taste; is scarcely absorbable by water. 
It derives its name from nitre, of which it is a con- 
stituent; it is occasionally called azote, from the fact 
that animals cannot breathe it in a pure state. It has, 
however, no direct poisonous qualities; and fatal effects 
resulting from inspiring it, arise from the absence of 
life-sustaining powers. It, however, exerts great in- 
fluence in animal life, as it forms a constituent of flesh, 
and various compounds produced or consumed by ani- 
mals. It is a chief constituent of ammonia and nitric 
acid ; and many products of the vegetable kingdom con- 
tain it as an essential element. 

The readiest mode of procuring nitrogen for the pur- 
poses of experiment, is that of removing the oxygen of 
atmospheric air by means of burning phosphorus. The 


atmosphere is not a chemical compound in the strict 
sense of the term, but rather a mixture of oxygen and 
nitrogen gases ; and hence, phosphorus and other burn- 
ing bodies readily remove the oxygen by combining 
with it, leaving the nitrogen free. 

Experiment 41.—Place a small piece of phosphorus on 
a piece of cork floating in a basin of water ; and having 
ignited the phosphorus, invert over it a tall glass jar 
full of air, pressing the mouth of the vessel beneath the 
surface of the liquid. A few bubbles of air will at first 
escape, owing to the expansion of the air heat. 
Eventually, however, the water will rise inside ~ 
jar to the extent of about one-fifth of its by, oan 8 
white fumes of ress meased acid produced by com- 


bination of the phosphorus with the o of the air, 
will be ually absorbed, and a colourless gas will be 
left, which can then be removed into another and smaller 


glass jar, by means of the pneumatic trough, in the 
ordinary manner. There are other means of i 
nitrogen, which, however, have no advan in a prac- 
tical point of view, over that above descrii 

Experiment 42.—Having filled a small glass jar with 
nitrogen, remove it, mouth downwards, from the trough, 
and introduce into it a lighted taper, which will be’ 
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immediately extinguished. Afterwards, raise the jar, 
mouth upwards, and try its contents ‘again, ra 


in the 
the of the nitrogen. 
Tee eatieriinnts illustrate the fact that nitrogen 


does not port ens and that it = like 
hydrogen, a specific gravity than the atmosphere. 
~ The A —tThe most important use of nitrogen 


is that found in the air we breathe. Were it composed 
entirely of — oxygen, it would be impossible to ex- 
eae which had once been kindled. All animal 
vegetable life would be too highly stimulated, and 
our + state of existence would be rendered im- 
le. A hundred cubic inches of air weigh about 
1 grains; and as it has been already often stated, dry 
air at a temperature of 60°, and a barometrical column, 
equal to support 30 inches of mercury, is taken as a 
standard for the specific gravity of all other gases. The 
following tables give an approximate statement of the 
compesition of atmospheric air :— 
Composition of the Atmosphere. 
1. By weight— 
ygen, the active element. . - 23 
Nitrogen, the negative element. . . 77 


100 


2. By measure— 
0 pT ay vk oe ee a oor eer 21 
Nitrogen 5 Oh. Celle 60D 26’. He lie — 19 79 


100 


But in the above, we suppose that absolutely pme air 
is estimated: such, however, is never found in nature; 
carbonic acid and other gases being always present with 
aqueous vapour, in variable quantities. 

We cannot enter here into any extended account of 
the physical character of the atmosphere. We may, 
however, state, that it is considered to encircle our 
earth to the extent of 45 miles from its surface; hence 
a column of air of that height, one of water 32 to 34 
feet high, and one of mercury of about 30 inches high, 
on the average, balance each other. The barometer— 
which will be fully described under the head of Pneu- 
matics—is employed to measure the variations of at- 
mospheric pressure, which, at the surface of the 
at the level of the sea, is equal to about 15 lbs. on the 
square inch; diminishing as the height of the atmosphere 
from the surface increases. Hence, the higher the at- 
mosphere, the less the pressure it exerts on a surface. 
The causes of the barometric variations, or of the pres- 
sure of the atmosphere, are very numerous; and, until 
lately, had defied accurate or approximate rules. Owing, 
however, to extensive observations taken in all parts of 
the world, the science of meteorology, in which are 
included such subjects, is rapidly advancing to a high 
position; and it is even now possible to foretel, with 
tolerable accuracy, the occurrence of any extraordinary 
atmospheric fluctuation. 

It is a remarkable rag that although we cannot view 
the atmosphere in the light of a chemical compound, 
its constitution never varies to any great extent. The 
air obtained frum the top of a mountain, and that on 
the plains, at first is identical in composition. Local 
and idental circumstances cause some variations. 
Thus, in crowded cities, ae carbonic acid and other 
gases are present than in the nm country. in, 
tae Ses ae small quantities of nitric a 

ve m detected, that acid being generally form 
when the electric spark is sent through air. Sulphuric, 
sulphurous, and hydrochloric acids, ammonia, common 
salt, sulphuretted hydrogen, &c., may also be noticed; 
but the presence of these depends on causes which are 
entirely local and controllable, 

There are various methods employed to analyse the 
air; but of these we shall have more fully to speak when 
we consider the subject of cuemical analysis. The 


method we recommended for procuring nitrogen for the 
purposes of experiment, illustrates these. The object 
always is, to remove the oxygen either by combustion or 
absorption. The former is generally done by means of 
hydrogen, when water is formed by the combination of 
that gas, with the oxygen contained in the air undergoing 
examination. A solution of protosulphate of iron, with 
a gas we shall presently describe—the binoxide of nitrogen 
—is employed when the process of absorption is adopted ; 
such a solution having great attraction for free oxygen, 
and thus removing it from the air. 

We need scarcely here dilate on the necessity of pure 
air for the maintenance of health, as we have already 
made extended remarks on that subject when eee 
of ventilation, under the section of Heat. e may, 
however, point out the remarkable fact, that gases of 
very different specific gravities, have the extraordinary 
power of rapidly diffusing themselves with each other. 
Thus, if a tube be divided by a thin bladder, or dia- 
phragm of plaster of Paris, and one end be filled with 
hydrogen, and the other with carbonic acid gas—the 
latter, which has a great specific gravity, weighing 
twenty times at least as much as its bulk of hydrogen, 
will, if placed in the lower end of the tube, gradually 
rise and diffuse itself with that gas, which again will 
descend, and equally diffuse itself with the carbonic acid 
gas. Thus the constitution of the atmosphere, whilst 

ept uniform, under ordinary circumstances, by this law 
of gaseous diffusion, is, as we have already intimated, 
deteriorated by other gases. Hence arise miasma, and 
those evil results produced on the animal economy by 
vitiated air and noxious gases. These subjects have 
been the cre | of many leading British and continental 
chemists; and although chemical science has not largely 
benefited by their researches, still society at large has 
reaped great advantages in a sanitary point of view. 
The general effect of the atmosphere on the animal 
system, in reference to the processes of digestion, &c., 
will be considered when we refer to the nature and 
uses of food. 

We now proceed to of the combinations of 
nitrogen with other substances. With oxygen it forms 
the protoxide, binoxide; hyponitrous, nitrous, and 
nitric acids. The protoxide of nitrogen is, as its name 
implies, a compound of one equivalent of nitrogen to 
one of oxygen ; its equivalent = 22, It is a colourless 
gas; has a sweet taste, and is distinguished by its 

uliar effects in exciting laughter on being inhaled 
into the lungs; hence its common name of ‘laughing 
gas.” As many of our readers may feel inclined to try 
experiments with it, we give full directions for its pre- 
paration and inhalation. 

Experiment 43.—Put two ounces of nitrate of ammo- 
nia into a retort, or Florence flask with a bent tube. 
Place this on the ring-stand, and let the stem of the 
retort or flask dip into the pneumatic trough, or in a 
basin. Instead of using cold water in these, a solution 
of two ounces of ‘sulphate of iron or green vitriol, dis- 
solved in a gallon of warm water, should be employed, 
the object being to purify the gas as it passes through 
the liquid. A gas jar, open at one end, and corked at 
the other, is now to be filled with the water in the 
trough, and arranged so that the stem of the retort 
shall dip under its lower edge. A gentle heat is to be 
applied to the retort, by means of the spirit-lamp, till the 
salt contained in it melts. Laughing gas will then pass 
over, and wili gradually fill the g' jar—of course 
driving out the water. When no more gas passes over, 
remove the retort from the ring-stand, and let the jar of 
gas stand over the water for some time, so that any 
gases present, which, if breathed, might do serious 
injury, may be absorbed. The may be collected in 
a bladder, if one be screwed to the neck of the gas jar; 
but a simpler plan is as follows:—Have ney |e cork, 
which will just fit the neck of the glass jar filled with 
gas, and into this cork fit a piece of pewter tube, which 
must pass through a hole bored in the cork. To this a 

iece of india-rubber piping, about three feet long, should 
attached, ending in a small piece of metal tube, which 
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serve as a mouth-piece. Our diagram, Fig. 50, will 


explain the construction of the arrangement, On the | p 
the 


matic trough, in which the jar of gas 
stands From the jar the india-rabber tube passes, an 


through this the person taking the gas inhales it. 
After removing the cork from the jar, and substituting 
the one just now described, the person taking the gas 
should place the mouth-piece in his mouth, close the 
nostrils with the fingers, and inhale the at into his 
lu until a liar ap ce is seen in his 
varies a Peck sytem of time. The effects uced 
on different constitutions vary materially. Some persons 
indulge in immoderate fits of laughter, whilst others 
have a tendency to fight. Great care should be taken 
to restrain the person from dcing injury to himself or 
as he is utterly incapable of controlling his 
actions. Females should never have this gas administered 
to them, for obvious reasons; and, in every case, great 
caution should be observed. The effects, however, 
ily pass away, and the individual suffers no incon- 
venience from the temporary excitement of which he 
had been the subject. 

The binoxide of nitrogen consists of two equivalents 
of oxygen to one of nitrogen; equivalent = 30, . It 
is sometimes called the nitric oxide, in old chemical 
works. It is prepared by ——- copper filings 
in dilute nitric acid in a retort. e gas may be 
collected in the usual manner in ordinary gas jars ; and 
if perfectly free from air, it is colourless. On the 
admixture of air or free oxygen, however, it readily 
combines therewith, producing, at the same time, a 
deep red gas, which is hyponitrous acid. The latter 
is com of three equivalents of oxygen to one of 
nitrogen ; equivalent = 38. 

Nitrous acid contains four equivalents of oxygen to one 
of nitrogen ; equivalent = 46. It may be prepared by 

istilling nitrate of lead in a retort; and is uently a 
product of the decomposition of nitric acid, which then 
assumes a yellow or reddish colour. Nitrous acid, by 
itself, is an orange-coloured liquid, and its salts, produced 
by combination with bases, are termed nitrites. Its com- 
pounds are unimportant, and uncertain as to their con- 
stitution. : 

Nitric acid is the most important combination of 
nitrogen with oxygen. It contains five equivalents of 
the latter element to one of the former. Its symbol is 
NOs; equivalent = 54, when in a pure state. In its 
ordinary condition it is united with water, and forms 
the ordinary aqua-fortis, when in a comparatively diluted 
condition. Nitric acid of the greatest strength has a 
specific gravity of 1-520; when yg my it but a 

The light 


very faint — colour. day, or the ager 
tays, speedily decom it, producing a mixture o' 
nitric and nitrous acids, by which its colour is deepened. 


[t is obtained by distilling a mixture of nitre, sulphuric 
acid, and a little water, in a retort, receiving the vapour 
which passes over in a receiver, which should be kept 
cool, so as to condense the acid. A similar arrange- 
ment to that already described for preparing hydrochloric 
acid, may be used.* It has an intensely sour taste; 
turns the human akin to a deep yellow colour ; reddens 
litmus ; and, with bases, forms the salts called nitrates. 
© See ante, p. 317; Vig. 40, 


| Nitric acid is largely used in commerce for a variety of 
urposes. With hydrochloric acid it forms aqua regia, 
| which is used to dissolve gold and platina. The chemists 


d a, it in the laboratory, for the purpose of oxidising 
1 


es, and as a general solvent, as it ordinarily 

duces salts soluble in water. It may be disti 
from other acids by its smell, and by bleaching a solu- 
tion of indigo. Nitric acid is occasionally present in the 
pee Oe after a nen eta eon and it may be 

a passing repeated electric sparks a 
pire rs) and ni It is often found in 
water, do., th 


— with potass ~ soda. oe urbe age 
ordinary of commerce, which is em- 
ployed for the manufacture of gum When 
cotton wool is di in 
mixture of nitric and sulphuric acids (which must be 
cooled before being used), the character of the cotton is 
completely para ; for, after having been well washed 
with water, and dried, it becomes a explosive; and, 
by these means, gun-cotton is produ In most of its 
characteristics, it is analogous to chloric acid; and is 
similarly constituted to the iodic and bromic acids. Its 
various salts we shall describe in connection with their 
Ammonia—symbol, NH; ; equivalent = 17. —This 
compound of nitrogen and hydrogen is of great im- 
portance in many r Tt enters largely into the 
composition of animal substances, or is the product of 
their decomposition; and the various salts it produces, 
with acids, such as the sulphate, carbonate, and hy- 
drochlorate (sal-ammoniac), have large uses in the arts, 
commerce, and manufactures. Ammoniacal gas, which 
is the form in which ammonia is produced, may be 
readily obtained by heating the carbonate or sal-ammo- 
niac with lime, in a test-tube or retort. The so 
afforded has a strong pu t smell, which in Thy 
characteristic ; is rapidly bed by water; 
vegetable yellows, such as turmeric, &c.; and affords 
dense white fumes of sal-ammoniac on the vapour of 
hydrochloric acid onmsing. in contact with it, by which 
its presence may i detected. Thus ammonia is 
continually given off in stables, and other places in 
He anil a ne ad 
rod, moistened with the acid, exposed therein, the 
hydrochlorate is at once produced in the form of a 
white smoke. : 


by 
> a have led to idea that a metallic 
su ce, to which the name of ammonium has been 
given, really exists. 

Experiment 44.—Put a small piece of sodium into a 
little mercury, and pour thereon a solution of sal-am- 
moniac, The alloy will greatly increase in bulk, and yet 
"N oa has been strongl thai 

ow, of late years, it ly urged, that 
the result so peace arises from a combination of 
mercury with the hypothetic metal ammonium, We may, 
however, state, that all attempts to obtain the latter in 
a free state, have been fruitless; and if the metal really 
do exist, it has hitherto eluded the grasp of our most able 
chemists. Ammonia, in every case, behaves with acids 
much after the manner of a metal, and all the proofs of *ts 
existence resolve into analogies only, at the present time. 

Ammonia may be obtained from such substances as 
horse-hair, and other animal matters, by heating them. 
This especially occurs when hartshorn shavings are 
strongly heated ; hence the term ‘‘hartshorn,” as fre- 
quently applied to it in commerce. 

Experiment 45,—Heat some hartshorn shavings in a 
test-tube, and hold over the mouth a rod moistened 
with hydrochloric acid. Fumes of sal-ammoniac will at 
once appear. The same result may be produced by 
heating air, flesh, or feathers ; for in all these, h 
and nitrogen are present, and by their com 
ammonia is produced. 


xygen 
rough which cmenrapen sti 9 ich ; 
a state of decomposition; but is so di in com- © 


matter is putrefying; and if a stopper or, 
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a piece of turmeric 


the paper will 
immense 


When 
of animal substances, and the ag of pin ge vital 
organisation, we shall perceive how impo a part 
that element plays in those conditions. As we have 
already observed, there are few animal bodies but what 
contain it, and most of them produce ammonia on 
being subjected to destructive distillation. : 

The chief salts of ammonia are the a bg nitrate, 
hydrochlorate, and carbonate. The sulphate is largely 
nsed as a manure by farmers, and is always a component 
part of common soot. Guano contains both free and 
combined ammonia; and hence om its lage 
tages for agricultural purposes. e nitra not 
much use in ordinary life: it is, as we have already 
mentioned, employed to manufacture laug' 

Sal-ammoniac, chloride of ammonium, or hydrochlorate 
of ammonia, as the same salt is indifferently called, has 
numerous uses in the arts and manufactures. It is 
employed by metallurgists, dyers, and others, for various 
— and is an important article of commerce. 

e carbonate forms what is commonly called ‘‘ smelling 
salts.” Both sal-ammoniac and the carbonate may be 
readily sublimed by means of heat; and this plan is 
employed for the purpose of their purification. 

e other salts of ammonia, such as the acetate, 

oxalate, &ec., are of chief use in the laboratory—the last 

ing employed as a test for lime, with which it forms 
an insoluble salt. 

Nitrogen forms other compounds with hydrogen ; 
namely, imidogen, which contains one equivalent— 
symbol, NH; amidogen, which ‘contains two—symbol, 
NH:; and the hypothetic ammonium, which we have 
already noticed—symbol, NH4. 

Chloride of Nitrogen.—This is the most explosive sub- 
stance with which we are acquainted. Its composition is 
that of one equivalent of nitrogen to three of chlorine ; 

bol, N Cls. Its preparation is attended with extreme 
r, unless the utmost precaution be observed. The 
best plan is to make a tray of sheet lead, which must 
be perfectly free from dirt or grease, and into it a 
solution of sal-ammoniac is to be poured. A jar 
of chlorine mouth downwards, is then to be placed 
in the solution, when the chloride of nitrogen will gra- 
dually form as small globules. After a little has been 
formed, the jar may be removed, when the chloride will 
te found at the poses of er ye ” it Ma Hh ngneyy 
any greasy substance, it will instantly explode wit 
a loud report, and the dish will most probably be 
bent or broken in all directions, It is impossible 
to be too careful in pi ing this substance; and 
we strongly recommend all our readers to be satisfied 
with the description rather than the investigation of the 
substance. 

Nitrogen forms also an explosive compound with 
iodine, which is anaivgous to the chloride ; its symbol is 
Nis. This iodide of nitrogen is ee by adding 
some liquid ammonia to iodine—the same precaution 
being employed as in the last instance. 

The inates of different metals will be considered 
under their igs ee heads; and the various organic 
‘compounds in which nitrogen plays a conspicuous part, 
wil) be dealt with hereafter. e union of 


carbon and ’ 


nitrogen, producing cyanogen and its compounds, will be 
described fn the section on Carbon. f , 


CARBON. 


Carson, in its ordinary state, is universally distributed 
in nature. We find it in nearly all animal and vegetable 
substances. It is familiar to us in our coals; and in this 
form is one of the most valuable products of our country. 
It floats, as carbonic acid, in the air we breathe ; is part 
of ourselves, and constitutes the major portion of the 
plants of all kinds which surround us. Airsicgs to say, | 
that most valued of all gems, the diamond, is but carbon 
in a pure tallised state ; and exists in striking 
contrast with another form of carbon—the soot which 
defiles the appearance of our houses and persons. Com- 
bined with hydrogen, it affords us coal gas ; with hydro- 
gen and oxygen, it forms sugar and starch ; with oxygen, 
in various proportions, it produces acids; and to its 
other combinations we are indebted for alcohol, ether, 
animal and vegetable oils, with numerous other sub- 
stances we cannot here stop to enumerate. 

The purest form of carbon with which we are ac- 
quainted, is the diamond ; and next to this is the well- 
known substance, ‘‘black-lead ;’ which, however, does 
not contain a pers of lead in its composition. The 
most ordinary form of carbon is that of wood charcoal, 
which is, however, mixed with earthy and saline matters. 
Its symbol is C ; equivalent = 6. 

Carbon combines with oxygen in two proportions, to 
form carbonic oxide and carbonic acid. Carbonic oxide, 
CO, equivalent 14, is often produced during the com- 
bustion of substances containing carbon. It burns 
with a pale-blue flame, and is the cause of the lambent 
flame which is often noticed arising from brick-kilns. It 
can only be found in the gaseous form; and, during com- 
bustion, produces carbonic acid gas by uniting with the 
oxygen of the atmosphere. It may be prepared as 
follows :— 

iment 46,—Heat, in a test tube, or Florence flask 
fitted with a bent tube, some oxalic acid in crys to 
which some strong sulphuric acid is to be added. Car- 
bonic oxide will produced, together with carbonic 

id. The gas may be received in the ordinary manner, 
in jars, over the pneumatic trough; which, however, 
should be filled with water containing a solution of 
potass.. A better plan is to pass the gas through a 
solution of potass, in an intermediate vessel containing 
potass in solution, in the manner represented in the 


following engraving. 


Fig. 51. 


When sufficient of the gas has been collected, a taper 
may be applied to the mouth of the Pap with its rim 
held downwards ; as the gas has a specific gravity of 0°97, 
or less than that of the air. The colour of the flame 
may thus be readily noticed. 

Carbonic acid results from the union of one equivalent 
of carbon with two of oxygen: its symbol is COs; equiva- 
lent = 22. This has a greater specific gravity than 
air, it being eq’ to 1°527. It is not poisonous, but 
destroys life if respired, through the absence of oxygen. 
It is produced in large quantities during respiration, 
combustion, fermentation, &c.; and we shall suggest a 


' few experiments illustrating these facts, and its general 


characteristics. ; 
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Experiment 47.—Its production.—Use the hydrogen | suspended over a candle; the funnel is connected with 
Fig. 52. bottle Meteind in | the purifier used in making oxygen (see Fig. 15); and 


Fig. 44; and introduce 
into it a quantity of 
marble, or chalk, bro- 
ken into small pieces, 
but not powdered ; on 
this pour a little water, 
and add half as much 
hydrochloric acid, so 
as to half fill the bot- 
tle. Fit in the bent 
tube, and let it dip into a tall glass jar, so as to reach to 
the bottom, as in Fig. 52. The acid will take the lime 
away from the le, and the gas will into and 
fill the jar. This gas is very heavy, and will not escape 
until the glass is full: at the same time a small piece of 
card may F sag be placed over the mouth of the vessel, to 
prevent the action of currents of air. 
Experiment 48 —Dip a lighted taper into the jar; the 
flame will be immediately extinguished. 
Lxperiment 49.—Into a glass jar vas a small piece of 
taper or candle, tying it to a 
> ane wet wire (Fig. 53), and let the candle 
rest at the bottom of the jar, after 
having first lit it. ow take 
another jar filled with the gas, 
and pour its contents into the first 
one, in the same way as if water 
were being poured out. Owing to 
its great weight the gas will pass 
into the vessel holding the taper, 
and extinguish the flame (Fig. 54). 
These two experiments illustrate 
the deadly nature and weight of 
the gas; and suggest very simple means of prevent- 
loss of life, to persons who have to descend into 
ae vats, or other places where this gas is often 
‘ou 
L£xrperiment 50.—Half-empty a jar of this gas by tilt- 
ing it on one side for a few iaaies then dip in a lighted 
taper. It will be found that the taper will burn until it 
reaches the part where the heavy gas is, when it will at 
once go out, This simple experiment shows how it often 
occurs that human lives are lost, by persons descending 
deep wells or vats, which frequently contain large 
quantities of carbonic acid pd the upper part no 
will be found ; whilst, owing to its density, it may 
in quantities in the lower part. Every deep vessel or 
lace should thus be tried by means of a lighted candle, 
fore any person is allowed to descend into it. If the 
flame be not extinguished, then little danger can arise ; 
on the other hand, if it be extinguished, no attempt 
should be made to descend until some means have been 
ay ted ne = place. Py ines ey ee cone 
y letti wn large chauffers of burni which 
will pee currents of air; or contin of slaked 
lime may be cast in, so as to absorb the carbonic 
acid gas. ; 
A very large amount of carbonic acid is produced by the 
combustion of candles, coal, coke, and charcoal; and that 
produced from the last-named material has often been 


employed for suicidal Lime-water is the best 
test for the pemeiee cL gaiade acid, as the gas instantly 
forms chalk, or carbonate of lime, on coming in contact 
with the lime held in solution. Lime-water is readily 
made by shaking up some fresh-burnt lime with cold 
water, and decanting off the clear transparent solution, 
which alone must be used. The following experiments 
will illustrate the fact that carbonic acid is produced by 
iration and combustion. 
periment 51.—Pour into a small glass a little lime- 
water, and then, by means of a glass tube, blow from 
the mouth into the water. After a short time, the lime- 
water will become milky, owing to the carbonic acid 
driven from the ionys combining with the lime, and 
forming chalk. 
Experiment 52.—Arrange a piece of apparatus as in 


the air is drawn from over the lighted conte Sareea 
lime-water contained in the purifier, by sucking at: 
small tube. The produced by the burning candle 
will form chalk in the purifier with the lime-water ; and 
thus the products of combustion are shown to be the 
Sine 8 SEAN REM ORar the breath as expired from 
the lungs, 

Similar results obtained as above Sg ys 
ducts of respiration and combustion, may not at first 
sight appear easy of comprehension by some of our 
readers ; we, however, can readily explain them. The 
candle contains carbon as one of its constituents; and 
during combustion, that carbon becomes converted into 
carbonic acid. e food we partake of also contains 
carbon ; and this, in the blood, comes in contact with the 
oxygen of the air on the surface of the lungs. It there 
undergoes a slow process of combustion, and produces 
carbonic acid Indeed, there is every possible 
analogy between the production of heat in our furnaces 
and in our lungs, by an identical process carried on at 
different degrees of intensity. The following experiment 
will prove the presence of in sugar. 

periment 53.—Make a strong solution of sugar in 
hot water, and add to it some concentrated sulphuric 
acid. The latter will ee the water — os sugar, and 
set free its charcoal, as a dense, spongy, mass, 

We have already noticed that carbonic acid is present 
in the atmosphere ; we may here, therefore, call attention 
to the fact, that whilst poisonous to animals, it forms 
the food of plants. The leaves of trees act as 1 and, 
by means of them, the carbon of the carbonic acid in the 
air is absorbed into their structure. Thus, three-fourths 
of a tree are gathered from the air. What is poison to 
us, becomes the food of P go they purify what we 
poison, and return to us the o: so essential to our 
existence, from the carbonic acid which we have cast off 
from our lungs. 

P Carbonic acid is the cause of the appr Boo 
iquors, sparkling wines, soda-water, dc. ; an 

deathly tothe lungs, “1 as a healthy ger ose to 
stomach : hence arises the invigorating an i 
effect of the beve to watch are beri pie 

By means of considerable pressure, carbonic acid may 
be liquefied, and even brought into a solid state. This 
may be effected in a strong bent glass tube, by placing 
the materials at one end, and receiving the gas at the 
other. It is, however, more conveniently ee by 
means of a strong metal apparatus, constructed for the 
purpose 5 which is illustrated in the following engraving. 

t consists of two joined by means of a pipe. The 
vessel on the right-hand side of the cut is that into which 
the materials are introduced ; and the gas passes thence 
by means of the tube, into the receiver. ‘ 

If the gas be allowed to pass out of the receiver while 
in a liquid state, it evaporates so rapidly as to be con- 
verted into a powdery substance, resembling snow. If 
this solid carbonic acid be mixed with ether, it produces - 
the most intense cold obtainable by any means, owing 


the diagram, Fig. 55. On the right is a small funnel | to the rapid evaporation which takes place, 
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We need scarcely state, that great danger always attends 
the performance of such an experiment as the conden- 


sation of carbonic acid gas ; and some lives have been 
lost thereby, through the explosion of the apparatus. It 
has been pro to employ carbonic acid gas as a 
motive agent, in place of steam ; but the application has 
never yet been practically adopted. 

The composition of carbonic acid gas may readily be 
ascertained, and the presence of carbon therein proved, 
by filling a Florence flask with the gas, into which a 

of potassium, of the size of a pea, may then be 
pped; the heat of the spirit-lamp may be applied, 
when the metal will seize the oxygen of the acid, 


setting the carbon free as a black powder. On the 


other hand, the presence of carbon may be proved in 
the diamond, by Turning that gem in oxygen, when 
carbonic acid will be produced, which will at once form 
chalk with lime-water. 
Carbon has peculiar properties of absorbing into its 


gases of all kinds; in every case, it has. 
Righly anti-septic properties. For this purpose, it may | 
be procured we cones, t, &e.: all that is 


required is, that it should be highly porous. Putrefy- 
ing animal matter may be cov: toa depth of a few 
inches, with small pieces of wood c and no smell 
whatever will arise from it. It has been employed by 
Messrs. Stenhouse and Watson, as a purifier of air to 
hospitals, &c., when such buidings are situated in un- 
healthy positions. Its use as a dentifrice is well known. 
Ch enters largely into the composition of gun- 
der; for which purpose the best qualities are sought 
ee The explosive effect of gunpowder and gun-cotton 
is due to the sudden liberation of carbonic acid and other 
gases, during the combustion of the solid materials. 

With sulphur, carbon forms a peculiar liquid, called 
bisulphide of carbon. This is prepared by passing the 

uur of sulphur over pieces of charcoal heated red-hot, 
Gay etitadiinn in an iron tube. Bisulphide of carbon 
is a common product of the distillation of coals; to 
which reference has already been made in the article 
on artificial illumination. * 

We must also refer our readers, for a full description 
of the composition of fatty matters, both subaal and 
vegetable, and the nature and composition of the pro- 
ducts of their distillation, and that of coal in producing 
the various combinations of carbon and hydrogen, ole- 
fiant gas, carburetted h m, paraffin, &c., to the 
same subject ; in which they will find the fullest details. 
Wo may, however, add, that since that portion of this 
work has gone to press, a new source of mineral oil has 
been discovered in North America, which seems in- 
exhaustible, and which promises to reduce the cost of 
illuminating agents to a great extent. 

Carbon and Nitrogen.—A very interesting series of 
compounds is produced by the union of carbon and 


* See ante, p. 119. 


nitrogen, and bases: of these we shall first mention 
cyanogen. : 

Cyanogen is a bicarbide of nitrogen ; being composed 
of one equivalent of nitrogen united to two of 
carbon. Its symbol is Cy ; equivalent = 26. It 
is obtained by heating cyanide of mercury in a 
test-tube, fitted with a bent glass tube; and it 
may be collected in the usual way by means of 
the pneumatic trough. This gas has a smell like 
prussic acid, of which it is a constituent; it burns 
readily, and is highly poisonous. 

Cyanogen produces hydrocyanic, or prussic 
acid, a uniting with one equivalent of hydro- 
gen. ydrocyanic acid is generally prepared 

m the ordinary prussiate of potass, by means 
of sulphuric acid. These materials, with water, 
are placed in a retort, and the acid is distilled 
over in a dilute state. It is highly poisonous; 
has a smell like bitter almonds; and forms salts, 
which are commonly termed prussiates, some of 
which we shall have to notice hereafter. oF 
anogen unites with metals forming the su 
stances called cyanides. These are largely em- 
ployed in electrotyping processes; and their 
. manufacture and uses have already been exten- 
sively dealt with under the head of Electro-Metallurgy. 
Cyanogen also unites with sulphur, forming what is 
termed sulpho-cyanogen and the sulpho-cyanic acid. 

The union of carbon with iron, producing steel and 
other combinations—already referred to, but not yet de- 
scribed—will be taken up in connection with the sub- 
stances, as we examine each separately. 


OXYGEN, HYDROGEN, NITROGEN, CARBON, 
Erc., AND THEIR FUNCTIONS IN ANIMAL 
STRUCTURE AND SUSTENANCE. 


In our previous pages, we have frequently remarked on 
the different compounds on which animal life depends ; 
and have shown that oxygen, hydrogen, nitrogen, and 
carbon, are each necessary to the formation of animal 
substances, We shall now proceed, by way of illus- 
trating the laws already explained, to call attention to 
the nature of animal organisation, and the functions 
which the elements, already considered, exercise thereon ; 
and for that purpose shall avail ourselves of an able 
article, translated by Dr. Bronner, from the works of 
Cac aes epee of en. We have ventured to 
make some alterations in those in the origi 

which are more fitted for sien Feat er Pi yi 
sons only, or have been previously considered ; but have 
retained all which bear on the questions we have already 
discussed. The general reader will perceive the inti- 
mate relationship. which exists between vitality and 
chemical action, and will also acquire a knowledge of 
the constituents of i substances. It will also 
be noticed, how few are the elements which are em- 
ployed to produce a multitude of results. These, with 
the exception of two or three mineral substances, have 

ly passed under review. 

This subject will be again referred to when we enter 
on the question of organic analysis ; and the perusal of 
the succeeding article will prepare the reader for a close 
examination of chemical facts, whilst it assists in the 
generalisation of them. The nature of the blood is 
first considered, with its uses in producing animal 
tissues, &c. The author then proceeds to point out the 
substances producing healthy and life-giving blood in 
each kind of food ; concluding with general observations 
on the different kinds of diet required to meet the varied 
wants of mankind. His remarks are as follow:— 

§ 1. On the Formation of the Blood.—In former times it 
was conjectured, and, as it were, instinctively asserted, 
that the human body changes its material and pro- 
perties at certain epochs of life; and this has been 
proved to demonstration by the investigations of phy- 
siologists a resent century. Though we cannot 
determine whether the body is renewed entirely in seven 
years, as is popularly believed, or in a much shorter 
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od, as science has endeavoured to prove; yet we 
now that all nutriment only through the body. 
By this, however, is not mean that what been re- 
ceived by the mouth is immediately voided. On the 
contrary, the different ingredients of which our daily 
aliment is composéd, become, in reality, essential con- 
stituents of the body itself. We may, therefore, con- 
sider that which is rejected to be only the dross which 
has gradually become unfitted for the functions of life 
in the different organs of the body. 

The essence of the ingested nutriment passes from the 
digestive canal into the circulation, during which pro- 
cess it is transformed into blood, and thus conveyed to 
the several organs of the body. There it undergoes 
certain alterations, and returns as waste material into 
the venous blood, from which certain organs secrete and 
discharge it externally. é 

§ 2. The first change, therefore, which nutriment under- 

after leaving the alimentary canal, is sanguification. 

he aggregate of the changes which solid and liquid 
foods undergo up to sanguilication, is called digestion. 
The various organs of the body which unitedly produce 
these changes, are termed by physiologists, the digestive 


organs. 
From the mouth, into which the saliva is peur by 
a number of glands through corresponding ducts, the 
aliment descends into the stomach. the coats of the 
stomach are glands, smaller and simpler in constructio 
but far more numerous than the salivary glands, an 
which, during the process of digestion, secrete a peculiar 
fluid, term tric juice, ext after the stomach 
come the s intestines, into which the liver and 
pancreas, two large glandular organs, pour their 
secretions—the former the bile, the latter a fluid some- 
what similar to saliva. In the coats of the intestin 
also, are numerous small glands supplying the intesti 
juice. The intestines follow; the lowermost, a 
tenth part of which is called the rectum, terminating in 
the anus. 

Besides the secretions enumerated above, there is 
found a considerable quantity of mucus throughout the 
whole intestinal can This mucus is materially dif- 
ferent in different places, owing to the admixtures which 
it receives in the several of the canal, 

Saliva, gastric juice, bile, pancreatic and intestinal 
juice, ceataned with mucus, are themselves products of 

lool; from which, having been elaborated b 
various glandular organs, they flow, as before stated, 
into the Foeative canal. Thus do the fluid combinations, 
which have themselves been furnished by the blood, 
contribute, in return, to the accomplishment of all those 
transformations of the nutriment, which are necessary 


for sanguification. 

§ 3. The Alimentary Principles.—In order to under- 
stand these various alterations, it is necessary to make 
ourselves acquainted with the constituent parts of the 
nutriment we employ. Let us imagine, for instance, a 
kind of aliment so compounded that it alone shall be 
sufficient to maintain life. Nature furnishes such an 
exawple in milk, This article contains salts, sugar, fat, 
and a substance very nearly resembling albumen or the 
white of , Which is the principal constituent of 
cheese, and 1s hence called caseine. 

These four B pes > constitute 1 far the greater 
proportion of all nutritious aliment. e say the greater 
og resin not the whole; for either fat or sugar may 

absent singly in nutritious food, but not both toge- 
ther. Salts, fat, and albumen, or salts, sugar, and 
albumen, are three components which, together, are abso- 
lutely necessary for the nutrition of the bod They 
are examples of three groups of alimentary substances, 
which represent the essential part of all solid and liquid 
food. To express these groups in more general terms, 
we have— 

1. The inorganic. 

2. The organic destitute of nitrogen. 

3. The organic possessing nitrogen. 

_ The essential distinction between these three classes, 
lies in the particular nature of their composition. 


The more important elements of nutriment are— 


Potassium. Tron. Phosphorus. Hydrogen, 
Sodium. Fluorine, Sulphur. Carbon. 
Calcium. Chlorine. Oxygen. Nitrogen. 
Magnesium. 


The seven elements, from re 7 eae to chlorine, belong 
principally to the mineral kingdom; they compose the 
inorganic aliments—that is to say, those which exist 
without any mediate or immediate intervention of living 
beings ; og red instance, common salt. The instruments 
of living io axe eaten ; and all those sub- 
stances are called organic, t uction of which 
depends upon the mediate or immediate te ee of 
plants or animals; for example, sugar and are 


rede foes dh, to be found in all 

Ni carbon, and hy m are ‘ound in 

living bodies, whilst inte thant in many minerals. 

Therefore they may be denominated, in a stricter sense, 

organic elements. It is true they appear also in the 

ipgugaaic world, just as inorganic elements appear also 
@ organic. 

Intermediate between these two groups are oxygen, 
phosphorus, and sulphur, being nearly as much organic 
as ind ic elements. 

§ 4. There are combinations of two in ic elements 
in our nutriment; amongst these common salt, which 
consists of sodium and een Noe the principal 
place. A combination very similar to common salt is 
that of chlorine and potassium, the latter of which re- 
presents the chief element wren We shall hereafter 
8 of common salt and chloride of potassium, under 
the appellation of compounds of chlorine. Both are dis- 
tin — by es free gotta in cal sicaiial 

'o these combinations, each consisting of two 
fluoride of calcium may be which is to be found 
in very minute quantities in wheat, in milk, and in 
blood, and is known to most readers as fluor spar. It is 
composed of fluorine and calcium. Water dissolves 
it pls a high temperature, and even then very 
sparingly. 

It may seem strange that common salt is not called a 
salt by chemists ; the salts of chemists are even not 
similar to common salt in taste. Therefore, as we men- 
tioned before, salts are only an example of the class of 
inorganic elements. In chemical lan a salt is a 
combination which does not consist of two elements, but 
of a combination of two parts, each containing two 
the neimbe f sal ceedingly large. In treating — 

number of salts is exceedingly i 
on the subject of food, it will only be important to refer 
to the oxy-salts ; these consist of different elements of a 
metal forming, with a little oxygen, a base called an 
alkali, and of a non-metallic substance, with a large 
quantity of oxygen, forming an acid. 

Tisscay vill bende, Have a corrosive like lime ; 
almost all acids a sour one, as sulphuric acid ; but this 
is not an essential quality either of bases or acids. A 
really significant characteristic of bases is their attraction 
for acids; and of acids, their tendency to unite with 
bases. These duplex combinations of with acids 
constitute salts. The matter which is commonly em- 
ployed as a test of both acids and alkalies, is litmus, 
which is a blue pigment, ey ares from a hard, grann- 
lated, 38 erty plant, ing to the class of 
lichens, which, under the name of Swedish moss, is 
imported princi from Sweden. Acids turn the 
litmus ; while or alkalies restore its natural 
colour. The general reader may at any time aid his 
Pa iar by Sinking of lime as the representative of 
the sulphuric acid of the acids. + 

If, in the combination of a base and an acid, the base 
predominate in quantity, therefore communicating to 
the compound its i perties, the salt is 
basic, and acid if the acid have the preponderance ; if 
neither predominate, the salt is called neutral salt. 

The bases of the salts of our nutriment are constituted 
out of the first four elements, which are called above, in 
a stricter sense, the inorganic, They are all metals, and, 

* See ante, p. 306, + Ante, p. 28. 
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in forming bases, they combine with a small quantity of 
ox We pass now briefly to enumerate these bases. 
e combination of potassium with oxygen is potash ; 
soda is composed of sodium and oxygen, just as common 
salt is composed of sodium and chlorine; soda is often 
elicited from common salt by the introduction of oxygen 
which expels the chlorine. — Potassa and soda are called 
alkalies in a stricter sense ; they readily dissolve in water. 
Calcium with oxygen constitutes lime; and magnesia, a 
substance very similar to lime, is formed from oxygen 
and magnesium. Magnesia is the base of the well- 
known icine, carbonate of magnesia. For the future 
we shall include lime and magnesia under the common 
name of earths ; they differ from alkalies principally in 
being much less soluble in water, and in having a 
— affinity for acids. 
combined with a higher proportion of o than 
that which with calcium forms lime, is called oxide of 
iron, which, in combination with water, produces iron- 
rust. It differs from the earths and alkalies in being 
insoluble in water. ; ; 
All the above-named bases appear in aliment, only in 
union with acids, or The most important 
acids are constituted of t elements which we have 


‘Sul; fi with rtion of 
Mites acids goaecally known by the pune of oll of 


and soda in our food, com- 
with three above-mentioned acids. They 

neutral salts with sulphuric acid, sometimes acid 
salts with carbonic acid, and always basic salts with phos- 
phoric acid... Of these three classes, the last-mentioned 
enter by far the most largely into the composition of our 


Amongst the earthy salts, those formed with phos- 

phoric acid agai Drei dabeornes’ altege benie sod 

can only be dissolved with difficul 9 ee pure water, but 
— iim itimaoedas tac Peprecorabed 

of magnesia, wn to ey as 

Meelis andie;-twectehin-iny nies bas culpbats of Tens of 
m can only be dissolved with great difficulty. 

} 'y, the oxide of iron enters into our food in com- 


bination with = horic acid ; and the salt thus formed, 
though insoluble in water, is dissolved by acids with 
tolerable case. 


The inorganic principles of nutriment are therefore 
as follows :—Com of chlorine and alkali salts, 
both soluble in water; earthy salts and phosphates 
of iron, which dissolve in water with difficulty, or 
not at all. 

§5. ap ee coe pe mote Lampe nitrogen 
are in compounds of carbon, hydrogen, and o 
which are inbeof being trenatarmied into tak, eax vt 
therefore call them constituents of fat. In part they con- 
sist of different kinds of fat itself, all of which are com- 
pounded of the same three elements, 


ee een oenrs properiins) and two of them, 
i same as that in which they 


; 
cs 


Pp 
eee nee eee nora ih enxten and byoges 
ser age je cet se ern a In com- 
with h fat itself contains much less 
pst air Peac cede Dh xpcinrcrs mie gary tine 


matinee constituents of fat are starch, gum, 
and sugar. e shall often include these under the name 
of starchy substances. ‘Starch is ‘eee leg boiling- 


water, but the other two easily in co: 
Of the fatty substances we must here mention oleine, 
=e t Ante, p. 314, + Ante, p. 326, 


maraarine, and stearine.§ Oleine is the chief component 
of all oils, and denotes their characteristic part, which 
slowly coagulates by cold. Besides oleine, oils contain a 
fat which hardens more readily, and may be obtained in 
crystals, glittering like mother-of-pearl. On this account, 
and not because it is actually found in mother-of-pearl, 
it is called mother-of-pearl fat, or margarine. Stearine 
is the firmest of all fats. It is the principal solid sub- 
stance in the fat of mutton and beef, where it is com- 
bined with margarine and oleine. Stearine candles con- 
tain stearine and margarine. || 

While most constituents of fat are identically com- 

R only containing more hydrogen and oxygen 
than the others, there is in oleine, with the same quan- 
tity of oxygen, more carbon and hydrogen than in 
stearine, and in stearine more than in margarine 

The above-named fatty substances are not soluble in 
water, and cannot as such be united with other sub- 
stances in soluble combinations. As though saturated 
in themselves—that is to say, without any inclination to 
combine with other substances, and, so to speak, stand- 
ing impartially between acids and bases—we may call 
them neutral fats, just as the salts in which acids and 
bases are in equilibrium are termed neutral salts. By 
the admixture of alkalies, neutral fats are separated 
into two substan one of which is called the sweet 
principle of oil, or glycerine, a substance compounded of 

m, hydrogen, and oxygen; the other, and by far 
the greater part, is a fatty acid, which combines with 
the alkalies to form a soap, Thus oleine yields oleic 
acid ; stearine, stearic acid; and margarine, m ic 
acid. As glycerine, which has been separated nem 
neutral fats potash or soda, is of the same composi- 
tion, from whatever fat it is extracted—it follows that the 
remaining acids retain the same proportion of carbon 
and hydrogen, as the primitive neu fats ; that is to 
say, oleic acid contains more carbon and hydrogen than 
stearic acid, and stearic acid more than ic acid. 

The compounds of fatty acids with are called 
potash-soaps ; and those of soda and fatty acids, soda- 
soaps. Soaps, therefore, may be regarded as analogous 
to salts, the acids being an organic substance destitute 
of nitrogen, the basis an inorganic body. 

§ 6. Another group of organic alimentary principles are 
those containing nitrogen, which are compounded of a 
greater number of elements than fat and its constituents 
contain. Of these constituents of food, we have only to 
mention the albuminous substances, All albuminous 
aliments contain nitrogen, carbon, hydrogen, oxygen, 
and mp: ge and most of them phosphorus also. The 
white of a hen’s egg gave its name to these substances, 
which have been properly united into one group. ‘The 
proportions of nitrogen, carbon, hydrogen; and oxygen, 
of which they chiefly consist, show a most surprising, if 
not complete agreement ; recent chemical investigations 
having proved, that, with respect to the four latter ele- 
ments, their composition is almost identical. Before this, 
however, the great similarity of their properties had led 
to their being comprised under one general name. Four 
of them, the caseine of milk, the principle of the yolk of 
cars, the gluten of grain, and the globuline in the crys- 

ine lens, as well as in the globules which float in the 
blood, are distinguished by not containing any phos- 
phorus. The quantity of sulphur is different in these 
several instances, just as that of phosphorus is in those 
which contain this element. In the following list the 
albuminous subtances are given in order, according to the 
uantity of sulphur they contain ; those which possess 
the higher proportion being placed first ;—The albumen 
of eggs, the albumen of blood, fibrine and globuline of 
blood—both of which contain an equal quantity of sul- 
phur ; the principle of the yolk of eggs, gluten, caseine, 
soluble vegetable albumen, coagulated vegetable albu- 
men, and legumine. The largest proportion of phos- 
phorus exists in legumine ; the albumen of eggs stands 
next, which, however, contains scarcely a quarter of the 
phosphorus of the former ; and last of all, fibrine and 
albumen of blood. The amount of phosphorus in 

t See ante, p. 95. || Ante, p. ar 
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soluble and coagulated vegetable albumen has not yet 
been determined ; but the quantity of sulphur and phos- 
orus is always very in comparison with that of 

r ee Steal 1 lubl tabl 

A ¢ albuminous principles, soluble vegetable 
albumen, legumine, < nals of the blood, albumen of 
eggs, globuline and caseine, are, when fresh, soluble in 
water; the diasolves with 

t di ity ; coagulated vegetable albumen, gluten, 
ty fibrine of the blood, not at all. The different kinds 
of albumen, in a stricter sense, coagulate if boiled in 
water, as everybody has seen in hard-boiled eggs. The 
globuline of blood coagulates by warmth alone ; legu- 
mine and caseine by acids in a warm temperature. 
We know how quickly milk curdles and turns sour in 
warin weather. 

All albuminous principles, insoluble as well as soluble, 

in a coagulated state, dissolved at a somewhat 
igher temperature by a solution of potash, and are, 
from this solution, precipitated by acids in a solid form. 

§ 7. Digestion.—After this brief description of the 
most important alimentary principles comprising our 
nutriment, we shall resume the account of digestion. 

The whole of digestion is included under two grand 
processes, First, the alimentary principles must be dis- 
solved, or very minutely divided; and secondly, if 
different from the constituents of blood, they must be 
transformed into these. Let us now see how these 
changes take place by the action of saliva, gastric juice, 
creatic, and intestinal juice, upon the com- 
ands of chlorine, the salts, the constituents of fat, the 

tty substances, and albuminous matter. 

All fluids which flow to the digestive organs contain a 
relatively large quantity of water, at a temperature of 
98° Fah. Common salt and chloride of potassium are 
easily dissolved in this water, as well as the phosphorio, 
sulphuric, and carbonic alkaline salts. 

Tn the liquid of the gastric juice is a free acid. The 
earthy salts, therefore, which we before described as 
hardly or not at all soluble in pure water, but easily 
so in acid, are by this means reduced to a dissolved state. 

Owing to the higher temperature peculiar to all the 


rinciple of the yolk of ¢ 


| fluids of our body, a part of fluoride of calcium is dis- 
| solved ; but the greater part of it, and of the oxide of 


iron, remains undissolved. This explains why the 
alvine evacuations always contain so much iron. Here 


_ also the gastric acid plays an important part, inasmuch 


as it dissolves a portion of the iron, which is thoroughly 
indispensable to the blood, 5 

Starch by itself is not soluble in the water of the 
digestive fluids ; but saliva, the mucus of the mouth, 
pancreatic and intestinal juice, have, in combination 
with each other, in a shh a degree, the property of 
transmuting sturch into gum, pan. pete into sugar. 
Thus, ef is not only indirectly dissolved, but is sub- 
jected in that process to such changes as render it capa- 

le of being assimilated with the substances of the 
blood ; for sugar is transformed into lactic acid by the 


_ action of the bile; lactic acid into butyric acid while 


P ing through the alimentary canal; and butyric 
seid is the first fink in the series of fatty a a 
which are found in living bodies. Oleic and margaric 
acid differ in their composition from butyric acid only 


_ by containing more carbon and hydrogen in proportion 
| to their oxygen. 


~ The last etlect of digestion upon all the constituents of 
fat is transmutation into fat itself. Starch and gum are 
transformed into sugar, sugar into lactic acid, lactic 
acid into butyric acid, and butyric acid into other fatty 
substances, 

Neutral fats are principally digested by the action of 
pancreatic juice, assisted by the bile. These fluids divide 
the fat into particles so small, as to be capable of easily 
fanctnting through the membranes moistened by the 

ile. Another smaller portion of the fat is actually dis- 
solved, for the carbonic alkali of the bile first effects a 


| saponification of the fat, then the continuous action of 


the pancreatic juice transforms it into fatty jacids and 


stearine ; oleic acid and glycerine from oleine. The fa 
acids combine with the alkalies to form soaps, whi 
are soluble, 

All the fluids of the digestive canal act as solvents 
upon the albuminous substances; and to this dissolving 
action almost all the components of these fluids contri- 
bute. It is especially so with the free acid of the ree 
juice ; in the next place, with the predominating alkali of 
saliva, bile, pancreatic, and intestinal juice; then with 
organic substances, water, and the salts of all digestive 
juices. By the action of the acid of the gastric juice, 
the soluble albuminous substances are first coagulated ; 
but they are again dissolved by degrees, by means of a 
power which the gastric acid exercises upon undissolved 
albuminous substances, sup by the alkalies of the 
intestinal and pancreatic juice. e most important 
agents in the dissolution of albuminous matter are, 
however, the organic components of the gastric and in- 
testinal juices. 

By the dissolving action of the digestive juices, and 
by the peristaltic grinding motion of the walls of the 
digestive canal, food is changed in the stomach into a 
pulp called chyme. This, by di is rendered more 
liquid, until it becomes a thick, milky juice, which 
pliysolngia call chyle. 

his chyle is essentially a mixture of dissolved com- 
pounds of chlorine, of salts, sugar not yet entirely trans- 
muted into fat, of lactic and butyric acids, of finely di- 
vided and saponified fats, and of soluble albumen. Here, 
also, the latter may be regarded as representing the 
remaining class of albuminous substances ; and this so 
much the more, as these after-liquefactions have become, 
in the highest d , similar in their properties to 
soluble albumen; but still they retain their original 
composition, ; 

§8. The Chyle.—Thus the liquefied Pap serge 9 oe 
ciples flow over the inner surfaces of the intestinal 
walls, in which are numerous vessels, long and narrow 
canals with thin walls, into which the greater part of 
this milky chyle exudes. These vessels are, therefo: 
called lacteals. Not only their walls, but also those 
the blood-vessels, are permeable by liquids ; and, there- 
fore, a considerable part of the chyle also exudes into 
the blood-vessels of the intestines. 1 

When digestion is nearly finished, the lacteals teem 
with a white milky juice, which owes its colour to the 
fat they have taken up; for if no fat have been digested, 
we find in these vessels only a clear, transparent juice, 
scarcely deserving the name of chyle. 

The very numerous and smallest lacteals gradually 
unite themselves into larger trunks, which, at certain 
points, run very near each other, repeatedly widening 
and contracting, something like a string of and 
pursuing irregular windings, held together by cellular 
tissue, and forming, as it were, lumps or knots, which 
have been improperly called intestinal glands. 

The lacteal vessels, after having passed through these 
knots, by uniting in gradually larger trunks, form at 
length one duct. By the junction of this trank with 
two vessels, which convey a white, watery fluid from 
other parts of the body, and are called i an- 
other canal is formed, which passes through the cavity 
of the abdomen and chest near the vertebral column, 
and is called the thoracic duct ; through this the chyle 


flows into the blood. : 
The composition of the chyle, which has been 
absorbed by the lacteals, differs very little from the 


liquid which, during digestion, is contained in the 
lower part of the small intestines. Before these 
vessels, in their convolutions, have become united 
into knots, the properties of their contents are almost 
entirely the same as they were in that part of the intes- 
tines from which they were taken. The quantity, how- 
ever, of solid matter held in solution in the liquids 
varies; accordingly, the chyle contains more water in 
the lacteals than in the intestinal canal. This facili- 
tates the transition of matter from the intestinal canal 
into the lacteals. The water in the latter has a 


_ glycerine ; thus stearic acid and glycerine arise from | great affinity to the substances which, in a dissolved or 
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Up to the formation of the knots just mentioned, 
the Hacteals 


racteristic 

without the application of heat or acid when withdrawn 

from the living body. The fibrine of the chyle, which 

has in other respects the same properties, acquires this 
uality only on its way from the intestinal canal to the 

blood. and after having left that part of the 

lacteals which is convoluted into knots. 


and an iron salt of the chyle. 
Tt is the occasion of the light-red colour so often re- 
in the superior part of the thoracic duct. This 

t of the chyle, containing iron and nitrogen, 


How far the. formation of blood has now advanced, 
will best be seen if we pass to the description of the 
blood itself. ? 

§ sake) Blood.—Iu ea px otek ep oT are 
sus, con a su ce, and white 
nulated corpuscles. former are called ph frome ced 


latter blood . 
e fluid, in which blood globules are continually 
in the living body, is always impregnated 
three different kinds of gas—oxygen, carbonic 
nitrogen. Apart from these gases, the blood 
a solution of salts, albuminous substances, 
When withdrawn from the veins or 
blood deposits a red dot, leaving a yellowish 
former contains principally the fibrine and 
matter of the blood; the latter is albumen and 
Fat is equally distributed in both. This separa- 
Li and liquid arises from the property of 
brine to coagulate, as soon as the blood is removed 
the influence of the living body. While coagu- 
the fibrine incloses the blood globules, and there- 
retains the red colour. In the vessels of 
the Mri body, fibrine always exists in the dissolved 
state. This is in part effected by the salt and the 
alkali in the 


1 
bees 


5 


ee 
z 


bet. 
EF 


tion may, therefore, be justified, that the fibrine leaves 
the blood and 


body, 
fibrine undergoes this development in the blood ital 


protection from the external air been maintained, 
artificially, as much as possible as it had been durin 
contained in the bl 
this change. 
ee er abe rigs of a white ca: ee 
ining a quid ; capsule being of an albu- 
minous su is so transparent that it becomes 
entirely invisible when the colouring matter has been 
pei out of the globules by a sufficient quantity of 
water. The red colouring matter, which is contained in 
the blood globules, besides several salts, fat, and albu- 
men, is invisible through its pellucid Tron is 
the element which, in the colouring matter of the blood, 
is united with nitrogen, carbon, hydrogen, and oxygen, 


just as sulphur or phosphorus is in the albuminous 
substances. Its presence is indispensable for the for- 
mation of the colouring matter; therefore is iron so 
efficacious in many diseases, when the blood contained 
in the finest vessels, and shining through the skin, has 
lost its colouring matter. 


This red pigment of the | 


blood, when fresh, is soluble in water, and is still more | 


so in alkalies, which are even capable of dissolving it in 
a dry state. The alkali in the blood facilitates, there- 
fore, the solution of the colouring matter. 

o albuminous substance is so abundantly dissolved 


in the blood as pure albumen, which, remaining in the | 


liquor after its separation from the clot, coagulates only 
at the boiling-point, just like the white of an egg. 
fret of caseine are found with the albumen in the 

00 

Fresh blood manifests an alkaline action with litmus. 
This is to be attributed to the presence of a basic phos- 
phate of soda. Amongst the salts of the blood, phos- 
geet of soda and bicarbonate of soda predominate. 

'o these salts may be added the compound of sh 
with the same acids: besides the sulphates of and 


potash, the phosphates of lime, magnesia, and oxide of | 


iron, are all conveyed to the blood with the chyle. 

In our own times chemists have succeeded in detecting 
fluoride of calcium among the constituents of the blood. 

Just as of all other albuminous matters existing in the 
serum of the blood, albumen, strictly so called, is the 
most abundantly represented ; so also common salt, or 
chloride of sodium, predominates among the inorganic 
substances. Chloride of potassium is present in relatively 
ey red quantity. 


| 
| 
| 


| 


lood contains, if examined when taken quite fresh — 


from the living body, oleine and margarine. But they 
are very rapidly decom i 
soaps, by the i 


the carbonates of potash and soda in the blood. With 


into oleic and margaric — 
uence of the albuminous substances and 


them another fatty substance is also present, remarkable | 


for the amount of nitrogen and phosphorus which it con- | 


tains ; and a second, distinguished from most vegetable 
and animal fats by its phosphorus. 

Analogous to the neutral fats, consisting only of oxy- 
gen, hydrogen, and carbon, we find a compound inter- 
‘mediate betWeen fat and wax, containing less oxygen 
than the former, and incapable of being Hy ee gros 
bearing the name of bile-fat, only because it first 
bey neapasc hog sp iotis, ent “a a é 

ar is always found, only in a small quantity, in the 
blood. Before it reaches the circulation, it has bees for 
the greatest part transformed into fat. 

In order to give an idea of the proportionate quantity 
of the constituents of the blood, in round numbers, we 


add the following summary review. A thousand parts of | 


blood contain— 

. Fibrine . . . . . . 2 
Blood globules : ao” 38h 
Albumen 3 i ; 71 
Compound of chlorine and salts 5 
Fat . 3 e 6 ‘ ’ 2 
Water . ° ae ; . 789 

Total . 1000 


Oricin or tHe Sorm Svusstances or tHe Human 
Bopy.—4 10. The blood is conveyed from the heart to 
all parts of the body. The heart propels it, by regular 
contractions, into the vessels, which have also a regular 
pulsation, and are called arteries, These ramify in 
smaller and smaller vessels, which at length, from their 
minute size, are called capillaries, and pervade in very 

+ number all the organs of our frame. By means of 
Sis arteries, every part of the body receives arterial 
blood. 

The dissolved substances of the blood pass everywhere 
through the walls of the capillaries, forming thus what 
is called the juice of nutrition. As the fluid from which 
crystals are precipitated is called mother-lye, so we may 

this juice of nutrition mother-juice of the solid con- 
stituents of the body; for all vesicles or cellules, fibres, 
and formless deposits, composing the several solid parts 
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or tissues, are formed from the substances dissolved in 
the juice of nutrition. This mother-juice, at the same 
time, owes its immediate origin to the blood. 

§ 11. As the transudation of the blood is dependent on 
its 789-thousandths of water, all solid parts of our body 
are, and most of them very abundantly, saturated with 
this liquid. But the water of the blood never passes 
fhrough the capillaries without salts. / 

A certain quantity of the inorganic constituents of the 
blood is therefore to be found in all tissues. Some of 
them are, however, remarkable for a very especial affinity 
to certain tissues. Thus, in the bones, basic phosphate 
of lime predominates not only above all other inorganic 
substances, but also above all their other components. 
The affinity of common salt to the cartilages is equally 
conspicuous, The muscles, on the other hand, contain 
an equally large portion of chloride of potassium, the 

nantity of common salt being but small. Thus, while 
the blood contains much more common salt than chloride 
of potassium, the muscles possess much more ofthe 
latter than of the former. : 

Fluoride of calcium is another inorganic constituent, 
which, whilst contained in the blood only in a small 
quantity, forms a necessary material for certain tissues. 
Bones and teeth regularly attract this substance from the 
blood. Herein, also, we may recognise one of those 
peculiar affinities of tissues for certain inorganic sub- 
stances of the blood, which are so frequently met with. 

Carbonate of lime, or chalk, which of itself is insoluble 
in water, has not yet been discovered in the blood ; but 
it is possible that it may pass as such through the cir- 
culation into the bones ; for the carbonic acid and chloride 
of potassium of the blood, have the power of keeping 
small quantities of carbonate of lime in a dissolved state ; 
and one of the carbonate of lime is formed out of 
the sulphate of lime, which reaches the blood with the 
water and other nutriments we take. This sulphate of 
lime is decomposed by carbonate of soda, so as to form 
sulphate of soda and carbonate of lime. This new com- 
pound is a characteristic constituent of the bones. 

§ 12. With a small quantity of most of the inorganic 
compounds in the juice of nutriment, a part also of the 
albumen of the blood passes into all tissues. 

But certain laws of affinity prevail also amongst the 
albuminous substances, which determine their appearance 
in a regular way. Thus the crystalline lens of the eye 
appropriates the globuline of the blood ; the walls of the 
blood-vessels, caseine ; and the muscular tissue, fibrine. 

It is true the latter is not entirely identical with the 
fibrine of the blood ; for it is not in the muscles in a dis- 
solved state, but forms fibres, which are characteristic of 
flesh. And yet this fibrine of the muscles is more easily 
dissolved in water containing a few drops of hydrochloric 
acid, than coagulated fibrine of the blood, Y 

The influence of these laws of affinity is still more 
extensive with regard to those tissues which contain 
modified albuminous substances. To these belong horn, 
gelatine, and the substance of the fibrous tissues, 

Horn is composed of nitrogen, carbon, hydrogen, and 
oxygen, in proportions altogether similar to those of the 
albuminous su ces. It covers the outward surfaces, 
it lines the walls of all cavities of the body; for the 
epidermis, nails, hair, the coating of the mucous mem- 
branes lining the cavities of the intestines, the windpipe, 
mouth, and other interior parts of our body, consist of 
horny substances. 

But though these parts, so different externally, are all 
called horny substances, on account of their affinity in 
composition with the horns of cattle, they are by no 
means identical ; for, apart from the differences of their 
qualities, which certainly are not very considerable, they 
| contain certain quantities of sulphur, which element, 
besides nitrogen, carbon, hydrogen, and oxygen, is to be 
found in all of them. The smallest quantity of sulphur 
is contained in the epidermis, and the coating of the 
mucous membranes; the nails contain more, the hair 
most. The two latter are with very great difficult 
soluble in acetic acid. All horny substances agree wit 
each other, and with the albuminous substances, in their 


solubility in potash, from which solution they are pre- 
cipitated by acids. 4 

We have to distinguish two kinds of gelatine : the one 
is prepared from the carti the other from the bones, 

ne-gelatine is obtained by boiling bones in water, 
A saturated hot solution, which has been thus prepared, 
coagulates, when cooling, into a thick gelatine, which 
swells by the addition of cold water, and is dissolved 
again when boiled, In short, this substance is the well- 
known glue, which plays such an important part in the 
ordinary affairs of life ; it is the same substance, better 
known as jelly, into which veal broth coagulates in 
cooling. But gelatine is not, as such, contained in the 
bones ; it is produced by a slight transmutation, which 
this organic basis of the bones undergoes in boiling, 
Therefore bones are called a gelatine-yielding tissue, 
which appellation is justly extended to many other com- 
ponent parts of our body; that is to say, to those fibres 
which, accumulated in bundles, invest most instruments 
of our body, and connect them with each other. For 
the last-mentioned property they are sometimes called 
binding tissues, seaee generally known as cellular. 
The stratum of the skin beneath the epidermis, the ex- 
terior covering of the lungs, intestines, muscles, nerves, 
bones, and of many other organs, consist, for the greatest 
part, of fibres, which, as well as the bones themselves, 
yield gelatine when boiled. The bones furnish a clear 
evidence of the aflinity of the gelatinous tissues for 
ae of lime. wads ‘a 1 
itrogen, carbon, hydrogen, and o: with av 
small quantity of sulphur, compose Oe Baegucen 
This is soluble in hot water; and has the important 
property of not being precipitated from this solution by 
1c fa the bo the cartilages yield, when 
imilarly to the bones, the i yield, 

boiled for a length of time, a peculiar gelatine, called 
gelatine of cartilage. ‘This contains the same elements 
as the bone-gelatine, only in other proportions. While 
it agrees with the latter in stiffening to a jelly when the 
hot solution cools, it is the distinctive character of 
gelatine of cartilage—that strong acetic acid produces a 
perpen from a solution of it in water. We refer 

ere again to the above-mentioned affinity of the tissue 
yielding gelatine of cartilage with common salt. 


Whilst horn and gelatine possess an essential simi-- 


larity in their composition to the albuminous substances 
of the blood, by containing sulphur, the elastic fibres 
are without this ingredient. But the latter still contain 
nitrogen, carbon, hydrogen, and oxy in such a pro- 
portion as to remind us directly of the albuminous sub- 
stances in spite of this difference. Their absolute in- 
solubility in water, as well as their resistance to acetic 
acid and potash, prove, however, that with respect to 
their properties they deviate the farthest from the albu- 
minous substances. In these dissolving media they 
keep for da: entirely undissolved. “ 

Elastic fibres are found in an abundant quantity in 
the ligaments, which unite together the different bones 
of the spine; besides being found in the lungs, the walls 
ll arteries, and isolated in many other parts of the 
That horn, gelatine, and the substance of the elastic 
fibres, are justly to be regarded as modified albuminous 
substances, is proved by the fact, that, with the excep- 
tion of a very small quantity of fat containing nitrogen 
and phosphorus, no other compounds of nitrogen are 
present in the blood than the albuminous matters, which 
also alone contain sulphur, Horny substances and gela- 
tine, both of which contain sulphur, can thus o ve 
their origin in the albuminous principles of the blood. 
Perhaps it might be suggested, that the fat of the b 
which contains nitrogen, may produce the substance 
the elastic fibres; but the quantity of this fat is much 
too small for the doudtseabia quantity of elastic fibres 
in our body to be derived from it. The conclusion that 
the albuminons compounds are the only originating 
source of the horny substances, gelatine and the elastic 
fibres, is rendered unquestionable by the fact, that none 
of these substances are found as such in the blood, 
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§ 13. In fresh tissues, fatty substances are only pre- 
sent in the form of neutral fats, as oleine and ine, 

There is scarcely any part of the pote, Spa wiieh 
these neutral fats are entirely absent. ere is, how- 
ever, very little fat in the lungs, and less in the teeth. 
Tt exists in great abundance under the skin; in the 
bones as marrow; in the mesentery, by which the intes- 
tines in the abdominal cavity are, as it were, suspended ; 
in the orbit of the eye; and in the female 
The smoothness and roundness of the forms of females 
and children are chiefly attributable to the layers of fat, 
which cause the soft convexities of their skin. This fat 
is much less abundant under the skin of men; and the 
forms, therefore, of their bones and muscles are much 


more saneaiy defined. 

Oleine are mingled in very different 
proportions in different parts of the body; and mar- 
garine coagulates more readily than oleine. It follows, 
that the greater the predominance of oleine and mar- 
garine in any part of our body, the greater also will be 
the lubricity and fluidity of the fat; as, for instance, 
in the marrow of the bones, and in the fat under the 
skin. The firmer fat again, which, for instance, sur- 
rounds the kidneys, contains more margarine than oleine. 

We find the bile-fat of the blood page a in the 
brain; but the latter contains, besides this, oleine, mar- 
garine, peeenaition, iad of, 504, i whiok carbon iit: 
gen, and oxygen, are combined with nitrogen and phos- 

ithout this peculiar fat the brain cannot 
exist, It is remarkable that this brain-fat has been 
not only in the blood, but also in the yolk 


14. Sugar is a regular constituent of the liver; 
the muscles contain also a peculiar kind of sugar, called 
sugar of the muscles. Lactic acid—a substance soluble 
water, and compounded of carbon, hydrogen, and 

same proportion as in sugar of 

a appt ta quan- 


i very small quantity. 
§ Organs of Secretion. — sum of the processes 
which we have described in a former section, in order to 
¢ in the origin of the solid constituents of our body, 
is designated by physiologists as nutrition in the strictest 
Nog all mai however, which transude through 
capillaries blood are to be considered as 
having a direct share in the origination of the solid con- 
stituents. A very great tare of the transuded 
matters does not contribute to the nutrition of the tissues, 
but remain as a liquid; which, having been attracted or 
by certain organs from the blood, is collected 

into receptacles, and out of these discharged into certain 
cavities of the body, or altogether out of it. These 


are often simply canals, called secretory ducts 
a y ry 
the reservoirs, called 


es 

; whilst the organs themselves are called 

thoy di other ig the pager ps ducts lead, before 
in 

hus A a seminal bladder, a gall 

bladder, and a urinary bladder, 


of a special 


ons, 
preserving species and the individual, are included 
under the general head of secretions. ‘ secretory 
fluids there is contained more or less water, which is a 
eeeeeeey connaee of transudation generally, 
_, §16. We begin with the ovum, not only on account of 
its importance in the ation of the species, but 
because, next to the tissues, it is the firmest of the 
ucts of secretion. It forms, therefore, a kind of 
tion from the tissues themselves to the secretions. 
As the human ovum, in the earliest state of its develop- 


ment, can only be perceived by a high magnifying power, 


its investigation has been incomplete. We know cer- 
tainly only this, that it consists of an albuminous sub- 
stance, combined with oleine, margarine, brain-fat con-. 
taining phosphorus, bile-fat, sugar, and the inorganic 
constituents of the blood. 

§ 17. The seminal fluid can also be subjected only to 
a very imperfect analysis; but its chief constituent, the 
seminal principle (spermatine), is, in its essential pro- 
perties, so nearly analogous to albuminous substances, 
that we may, without hesitation, classify it with them. 
Should future investigations confirm the slight distinc- 
tion already observed, the seminal principle will still be 
proved to be a compound very similar to the albuminous 
substances; but it is not real albumen, as it does not 
coagulate by boili The seminal fluid contains, more- 
over, some true albumen combined with soda. Some 
fat and inorganic substances are also found in it; but 
their properties and proportionate quantities have not 
been accurately investigated. 

§ 18. An albuminous compound, which as such is 
found in the blood, though in small quantity, is abun- 
dantly collected towards the end of pregnancy and after 
confinement, in the breast or lacteal gland of the female. 
It is the caseine, which, as contained in milk, forms an 
essential alimentary principle for the infant. 

Caseine is the substance which coagulates at the 
surface of boiling milk, in the form of folded, wrinkled 
membranes, which, as often as they are taken off, are 
succeeded by others. It is completely and rapidly sepa- 
rated in thick flakes, if milk, which when fresh is alka- 
line, is boiled with an acid—for instance, with acetic 
acid. In this way milk is separated into a firm part, 
which contains, besides easeine, a great quantity of fat ; 
and into a liquid, in which are sugar of milk, the rest of 
the milk-fat or butter, certain inorganic substances, and 
the acid which has been added ; this last liquid represents 
the well-known whey. 

The sugar of milk is a constituent of fat, like the 
sugar of grapes, into which the former can easily be 
frammhstided by acids Sugar of milk differs from the 
sugar of grapes in being incapable of vinous fermenta- 
tion by the addition of yeast. This fermentation con- 
sists in the of sugar of grapes into spirit of wine 
and carbonic acid; but as acids transform sugar of milk 


into of gra the former also is mediately fer- 
tanestanee: Su pot milk is soluble in water, and 
consists, like ic acid, of carbon, hydrogen, and 


oxygen, in the same erga as ee of grapes. 

t is peculiar to sugar of milk, that its sweet taste is 
very slight. Here also we see, as formerly, when speak- 
ing of acids and salts, that taste is a very deceptive test 
of chemical distinctions, As sugar of grapes is found in 
the chyle and blood, and corresponds in its composi- 
tion and properties very nearly with sugar of milk, the 
latter is therefore to be derived from the sugar of grapes, 
and also from the amylaceous substances of our nutri- 
ment, which are transformable into sugar. 

When we speak in ordinary life of butter, this has a 
much wider signification than chemists attach to the 
name of butter-fats, or butyrine, In the latter sense, 
we understand by it a neutral fat—fluid at ordinary 
temperatures—which, when combined with alkalies, pro- 
duces a soap, the acid of which, when free, is very vola- 
tile, and a strong acute smell and taste of 
butter. is acid is, therefore, called butyric; but in 
butter, butyriae is mixed with oleine and margarine; 
and by the saponification of butter, we not only obtain 
alkali-salts of oleic, merger’ and butyric acids, but also 
of three other fatty acids, which, like butyric acid, are 
remarkable for their volatility and pungent smell. We 
shall call them caseic, sudoric, and capric acids (capronie, 
caprylic, and caprinic acids of other authors) 

ile butyric acid, with other fatty acids found in 
our bodies compounded with glycerine or alkalies, con- 
tains, in proportion to oxygen, the least quantity of 
carbon and hydrogen, the two latter elements are more 
abundantly represented in the three other volatile acids 
of the butter—namely, caseic, sudoric, and capric acids; 
the first containing the smaller quantities, 
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As milk contains, among its inorganic constituents, 
common salt and chloride of potassium, which is similar 
to it, as well as the compounds of potash, lime, mag- 
nesia, and oxide of iron, with phosphoric acid, it is ap- 

rent that the most important , and the most 
important acids, together with the compounds of chlo- 
rine of the blood, are represented in milk; that is to 


say, all the inorganic substances to which different tis- 
sues possess a distinct and peculiar affinity, are there 
re ited. 


§ 19. Saliva, gastrio juice, bile, pancreatic and intes- 
tinal juice, have already been discussed, according to 
their several parts in the digestive process. We have 
briefly to review them here also, as they take an im- 

rtant place among the substances transuding from the 
flood, Foe the walls of the capillaries. An albu- 


minous compound, which, from its presence in saliva, 


has been called the saliva principle (ptyuline), oleic and 
margaric alkalies, bile-fat, a fat containing phosphorus, 
and all the inorganic substances which are contained ‘in 
the blood, clearly bespeak the origin of saliva, which 
appears in the mouth, mixed with mucus. 

the saliva, as it flows from the secretory canals of 
the salivary glands, alkali predominates. Why, at the 
same time, the fluids of the mouth are so seldom found 
acid, is not yet thoroughly known; as, according to the 
most recent researches, even pure mucus of the mouth, 
unmixed with saliva, appears to possess alkaline pro- 

rties. 

ee 20. Gastric juice, furnished by the small glands of 
the stomach, also contains an organic substance, which, 
like the albuminous matters, is neither alkaline nor 
acid, but consists of nitrogen, carbon, hydrogen, and 
oxygen; and is, at all events, closely allied with the 
albuminous matters, though it differs from them in some 
less essential properties. As it cannot be denied that 
this combination has a highly important influence in 
dissolving the albuminous substances, the digestion of 
which is one of the first conditions of the formation of 
blood—it has, therefore, not improperly been called, 
par excellence, the digestive principle, or pepsin. The 
digestive principle is, however, very vigorously sup- 
ported in its dissolving action by a free acid, to which 
the gastric juice owes the property of reddening litmus. 
This is to be considered, according to the most recent 
investigations, as hydrochloric acid. 

Among the inorganic substances of gastric juico, we 
have besides to mention the compounds of chlorine with 
sodium and potassium, calcium, magnesium, and iron, 
and with the phosphoric salts. 

§ 21. In the secretion of the liver, there are two 
peculiar organic acids, one of which, containing only 
nitrogen, carbon, hydrogen, and oxygen, is called cholic 
acid; the other, which, besides the four elements men- 
tioned, contains a very inconsiderable quantity of sul- 

hur, may be called sulphurised cholic acid. Apart 
Rae the liver, no trace of these acids is to be found in 
the blood. They are therefore not elaborated in the 
general circulation, but by the action of the liver. 

A sweetish-bitter taste is not only peculiar to these 
acids, but also to their combinations with sodium. In 
the latter form they are soluble in water, 

The combination of both these acids leaves no doubt 
that the albuminous substances of the blood are essential 
to their formation. Oleine, margarine, and gall-fat, 
accompany the combinations of potash with cholic acid 
and sulphuretted cholic acid. 

The bile owes its yellowish-green colour, sometimes 
inclining to brown and sometimes to green, to several 
organic colouring matters containing nitrogen; and its 
alkaline character to phosphate of soda, a salt in which 
the alkaline ingredient predominates. The other in- 
organic substances are common salt, chloride of potas- 
sium, carbonated alkalies, and the phosphorates of lime, 
magnesia, and oxide of iron. 

§ 22. The pancreatic juice is a fluid containing so much 
albumen, that it coagulates by heat almost as completely 
as the white of eggs itself. The alkaline property of 

* Soe ante, p. 317. 


this secretion, certainly, greatly contributes to its - 
ing with it so much albumen from the blood into 
cells of the pancreas, The albumen of the pancreatic 
juice, however, does not entirely correspond to that of 
the blood. Both are precipitated by alcohol from their 
solution in water; but if we dry the albumen of the 
blood which has been precipitated by the aleohol, we can- 
not dissolve it again in water ; while the albumen of the 
pancreatic juice is even then soluble, 

Besides margarine, and some other organic substances 
which have been very imperfectly examined, because of 
the difficulty of procuring pure pancreatic juice, we find 
in this liquid common salt, chloride of potassium, phos- 
phorates, carbonates, and sulphates of the alkalies, and 
lime combined with carbonic and phosphoric acids. 

§ 23. With all digestive fluids is mixed a certain 
quantity of mucus, which is alkaline in the mouth, and 
is said to be neither acid nor alkaline in the empty 
stomach. In the intestines this mucus is not only mixed 
with all the above-mentioned digestive fluids, saliva, 
gastric juice, bile and pancreatic juice, but contains also 
a peculiar secretion attracted from the blood by certain 
small glands in the walls of the intestines. These 
glands, however, are small, and the quantity of their 
secretion is scanty ; but the quantit: of the other diges- 
tive fluids mixed with it is abundant. Therefore we 
kuow of this intestinal juice nothing more than that it 
possesses alkaline properties. . 

Mucus contains, first, a peculiar element of which 
little is known, but from which it derives its property of 
cohering in threads ; secondly, a number of horny cel- 
lules, detached from the interior coating of the intestinal 
canal ; and finally, a combination of carbonate, phos- 
phate, and sulphate of soda, phosphate and carbonate of 
lime, and oxide of iron. 

§ 24. Decomposition and Transition—It is a funda- 
mental property of the organic substances of our body, 
that their combinations possess very little permanence, 
A perpetual process of transition from one state of being 
to another, constitutes a grand circle, of which the nou- 
rishment of man himself forms but one little segment. 
The life of plants and animals is not only a direct result 
of this constant change of matter, but all organic life is 
a continuous process of alternate combination and de- 
composition, to which higher and lower influences, co- 
operating in essential harmony, contribute. What plants 
absorb from the soil and the air, they transform into 
substances on which the herbivorous animals feed; and 
by the latter they are retransformed into animal food for 
the support of carnivorous classes, as well as for those 
which feed upon a mixed diet. To the latter class, man 
himself belongs. Then that which is given off in an un- 
interrupted series of various kinds of decomposition by 
men, animals, and plants, during life and after death, 
returns again into the air and soil as material for the 
growth of another generation of plants, Here again the 
process of transition recommences, and a perpetual and 
ceaseless revolution is pursued, 

‘It is during life itself that this decomposition takes 
place. In the very tissues, a regressive metamorphosis, 
so to , has already begun ; for the oxygen of the 
air, which we incessantly inhale, is conveyed to all 
of our body. And no element exerts a mightier influ- 
ence in the formation and dissolution of organic com- 
binations than oxygen.t Exposed to the continual 
action of this element, which all kinds of vegetation 
are unceasingly giving forth into the atmosphere,{ no: 
organic combination of our bodies can maintain its per- 
manence. Albumen, see and fat, fibrine and 
sugar, all are gradually rearranged into compounds, 
containing at every step an increased quantity of oxy- 
gen. These revert from the tissues into the blood, from 
which they are attracted by certain glands, collected into 
receptacles, and at last ejected externally. This ejection 
is called excretion. 

§ 25. Connection of Excrementitious Bodies with the 
Tissues.—Decomposition continually goes on in the 
tissues; for what physiologists of a former age had 

+ See ante, p. 313, + See ante, p, 315. 
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rather conjectured than proved, has been triumphantly 
demonstrated by more recent investigations ; and it is 
now known that the constituents of the tissues gra- 
dually deposit a sediment, which, being unfit for the 
functions of the organs in which it accumulates, is con- 
veyed back to the blood, in order to be excreted from it. 

The most important substances which are excreted, 
have, in the course of physiological science, been traced 
from the blood into the tissues. The blood contains 
urea; the vitreous humour of the eye does also; carbonic 
acid is present in a large portion in the blood, and is 
likewise to be found in every solid part of our bodies; 
and carbonic acid and urea are the principal products of 
decomposition, which the lungs and kidneys abstract 
from the blood, in order to remove them as waste mate- 
rial from the body.* 

A process which ceases not even for a second, and in 
which one development is continually following another 
without any cessation, can evidently be marked at cer- 
tain stages of the transformation only. Therefore we 
cannot make out, in an uninterrupted chain, the whole 
series of intermediate conditions through which the albu- 
minous and adipose substances pass, before being wholly 
decomposed into those simple products, urea, carbonic 
acid, and water. But since, through the ‘increasing 
number of investigators, aided by instruments of 

delicacy, more and more points of transitior 

ve been found in the series conducting from the con- 

stituents of the blood, through the tissues, to the excre- 

tions, we are able confidently to assert, that we are 
pursuing our investigations in the right direction. 

We cannot, at present, draw any distinct limit be- 
tween substances belonging to the development, and 
those belonging to the tissues. But no greater praise 
can be bestowed upon the physiologist, than that he 
breaks through the barrier by which it has too often 
been attempted to enclose certain parts of nature, and 
to blockade the understanding of man. The transitions 
of nature are numberless. The boundary-lines between 
the several classes of natural bodies lose their distinct- 
ness in proportion to the extent and depth of our 
scientific knowledge. 

To the substances transitional between development 
and regressive transformation, belongs a combination 
consisting of nitrogen, carbon, hydrogen, and oxygen, 
which is found in the juice of flesh, and which may be 
called the. inciple, or kreatine. It is not yet known 
what intermediate substances connect this principle with 
the albuminous compounds from which it originates ; 
we only know, that by the mere presence of acids, which 
are never absent from the flesh, kreatine is transformed 
into an alkaline substance, which is to be found, not 
only in the flesh, but also in the urine, This substance 
may be called the flesh-basis, or kreatinine, and con- 
sidered as decidedly an excrementitious body, which has 

assed into that stage in the tissues themselves ; being 
ormed from the albuminous matters, and having passed 
beyond the intermediate state of the kreatine. The acid 
peculiar to the flesh, technically called inosinic acid, 
which is to be found in the muscles, associated with 
lactic acid, most probably belongs also to the products 
of regressive transformation, although it has not hitherto 
been discovered in any excretion, but only in the flesh 


itself, 

Like the flesh-principle, so are the peculiar basis and 
acid of the fles compounded of nitrogen, carbon, 
pode and oxygen. The flesh-principle is trans- 
orm 


into flesh-basis by the subtraction of water only. 
Flesh-acid is remarkable for containing a high propor- 
tion of a7 es _ While the flesh-principle, as such, com- 
bines neither with bases nor acids, the Rech-basis unites, 
as its name indicates, with acids, and the flesh-acid with 
alkalies. Flesh-basis and flesh-acid are easily dissolved in 
cold water ; the flesh-principle with more difficulty, requir- 
boiling-water, which dissolves it in great abundance. 
These illustrative examples may be suflicient to es- 
tablish the general pepaion that the formation of 
the excrementitious 23 begins in the tissues them- 
* See ante, p, 326. 


selves, and that the function of the excretive glands is 
mainly to attract and elaborate these substances from 
the body; for the products of the regressive metamor- 
phosis pass from the tissues into the blood, and from 
the blood into the excretive organs. 

§ 26. Excreting Glands.—If among these glands the 
most important place is ascribed to the respiratory 
organs, the conviction is founded upon the fact, that 
the functions of the lungs can least of all bear inter- 
ruption without disturbing, or altogether destroying, 
the activities essential to life. That element in the 
surrounding atmosphere, therefore, which is absolutely 
necessary for respiration, may be called vital air. This 
vital air is the oxygen, which is the mightiest agent in 
producing the metamorphosis of tissues. 

The air we breathe is a combination of oxygen with a 
large proportion of nitrogen, a little aqueous vapour, 
and still less carbonic acid. While the oxygen at every 
inspiration enters the lungs in order to impart to the 
blood its proper composition, the carbonic acid of the 
atmosphere, on the other hand, originates from the 
breath given out at every expiration from the lungs of 
men and animals. . Valuable researches have shown that 
this carbonic acid penetrates from the air into the leaves 
of plants, in order to supply the principal nutriment to 
these numberless green and flowering products of nature, 
which form such an essential condition of animal life: 
not as nutriment alone, for it is the vegetation of the 
earth which gradually decomposes the carbonic acid 
which it has absorbed, and whilst it keeps the carbon 
for the formation of- its own tissues, es the greater 
part of the oxygen; the latter being called, as we have 
seen, and with the greatest propricty, the vital air of 
men and animals. + 

The carbonic acid which we breathe out is, as before 
mentioned, to be traced so far back as the tissues them- 
selves; from these it penetrates into the capillaries in 
order to pass into certain canals, in which the blood 
flows in a direction opposite to that of the arteries, 
These canals are called veins, and are distinguished from 
the latter by not possessing pulsation. 

The blood which the arteries have conveyed from the 
heart to the remotest organs of our body, haying been, 
changed by the substances which it has lost, and by 
others which it has taken up during its course, flows 
through the veins back again to the heart, thus forming 
a true cireulation. This circle is completed by the 
capillaries, which connect the arteries with the veins. 

The venous blood contains an abundant quantity of 
carbonic acid; but this product of decomposition does 
not originate exclusively from the tissues, and pass 
therefrom into the veins, inasmuch as the arterial blood 
itself is already impregnated with a certain quantity of 
carbonic acid, formed in this part of the circulation. 
The venous blood, however, contains more carbonic acid 
than the arterial, the former receiving an additional 
supply of this gas from the tissues. 

Besides the great circulation from the heart, through 
the tissues, and back again to the heart, there exisis 
also a small circulation of the blood ; for all the blood 
of the veins, which flows into a special compartment of 
the heart, is propelled therefrom into the lungs, and 
returns from these into the heart, after having been 
changed in a peculiar way. ‘The blood flowing from the 
heart to the lungs is dark-red, even brown-red, contain- 
ing but little oxygen and much carbonic acid; and this 
is the character of the venous blood in general. But in 
the lungs, to which an abundant quantity of oxygen is 
conveyed with the inhaled air, carbonic acid and aqueous 
vapour pass from the venous blood into this organ, and 
are compensated by the inhaled oxygen which transudes 
into these vessels. By this process the blood becomes 
light-red, containing less carbonic acid and water than 
that of the veins. The blood thus transformed, returning 
from the lungs, is now called arterial, as it corresponds 
with that of the arteries. It is the blood of the arteries 
themselves, because it is conveyed to them by the heart, in 
order to permeate all tissues again with nutritious juice. 

+ See ante, p. 815. 
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In its course from the heart through the tissues, the 
venous blood is therefore formed, which in the great 
circulation flows back again to the heart; and this 
blood, which in nourishing the tissues has undergone 
such important changes, is supplied again with oxygen 
while passing through the lungs, and thus adapted, in 
return, for the nutrition of the tissues; in short, it is 
transformed again into arterial blood. 

As the ovum represents, among the secretions, a 
transition stage between these and the tissues, the lungs 
may be considered as organs, holding, in respect of their 
functions, an intermediate position between reception 
and separation. Carbonic acid and water are the excre- 
tions which they give out, and in return they take in 
oxygen. Without oxygen, no arterial blood, and with- 
out arterial blood, no nutrition could be produced. If 
the nutrition be interrupted, the functions of all tissues 
are deranged. The muscles cannot contract themselves, 
the nerves lose their irritability, the reasoning facult 
of the brain is disturbed, if the blood cease to furnish 
these organs with their peculiar combinations; and this 
latter process is dependent on the supply of oxygen; for 
all organic constituents of the blood are gradually trans- 
formed by oxygen. The albuminous and fatty sub- 
stances have, without any exception, so great an affinity 
for oxygen, that they are gradually decomposed into 
combinations containing it. Oxygen passes also through 
the capillaries into the tissues themselves; therefore the 
venous blood contains less oxygen than the arterial, and 
the manifold decomposition becomes possible to which we 
have already stated the tissues are subjected. 

We recognise in the flesh-principle, the flesh-basis, and 
the flesh-acid, a few of the intermediate stages through 
which the albuminous substances pass by the influence of 
oxygen. The last results of this influence are the urine- 
=e or urea, carbonic acid, and water. The dif- 
erent fats are also transmuted into carbonic acid and 
water, with even greater readiness than albumen, as their 
greater amount of carbon and hydrogen facilitates their 
combustion with oxygen. Thus, we daily exhale through 
the lungs, in form of carbonic acid and water, about one- 


' third part in weight of the nutriment we have taken. 


As this combustion depends upon nothing else than a 
combination of oxygen with other elements, it follows 
clearly, that the inhaled oxygen, the affinity of which 
acts slowly but without interruption, burns down entirely 
all the organic substances of the blood.* For this pro- 
cess four or five days only are requisite. 

This act of combustion, in great part, explains why the 
temperature of the human body continually exceeds that 
of the surrounding atmosphere. The difference between 
the temperature of the latter and of our own body is, in 
scientific language, designated as proper heat. This 
proper heat varies according to the temperature of the 
external air, while the actual heat always remains the 
same, The ave amount of the latter is 98° F., with- 
out fluctuating a single degree during health. 

§ 27. Though a part of the albuminous matters of the 
blood is lost from the body with the exhaled air, in the 
form of carbonic acid and water, still the kidneys are the 

rincipal organs which withdraw the waste albuminous 
lies from the blood; for the urine, which is excreted 
by the kidneys, collected in the bladder, and voided ex- 
ternally by the urethra, is a solution in which urea, uric 
acid, flesh-basis, and flesh-principle are contained ; all 
Me nagar ps whose amount of nitrogen, carbon, 
y m, and oxygen, evinces their origin from the 
poe md substances, Sgt 

The flesh-basis and flesh-principle we have already de- 

resent in the urine, but in very 


small quantities. is excretion contains also, in a 


| somewhat greater quantity, uric acid—a substance 


scantily soluble in cold water, which, however, is dis- 
solved in the urine as a urate of soda, Urea is easily 
soluble in water, and is contained in the urine in the 
most abundant quantity. 

Besides the uric acid, the human urine sometimes also 

* Bee ante, p. 315. 

t It has been lately discovered, that an excess of fibrine, when taken as 


contains some lactic and butyric acids, with another acid 
nitrogenised, and peculiar to the urine of herbivorous 
animals, which chemists call uric acid of horses, or 
hippuric acid, as having been first detected in the urine 
of those animals. 

But none of these acids have been found in the urine 
in an uncombined state. The acid reaction, however, of 
this excretion, is produced by an inorganic salt, termed 
acid phosphate of soda, in which the acid predominates, 
The more important concomitants of this salt in the urine, 
are common salt and alkaline eo orem ; but chloride of 
potassium, and the phosphates of lime and magnesia, are 
also foundin the urine, which sometimes also contains 
traces of iron and of fluoride of calcium. 

The quantity of urine voided in twenty-four hours, 
amounts to about one-third of the weight of the nutri- 
ment taken in the same time. 

§28. Constituents of the Secretions,—It is a very general 
popular belief, that the excrements are only formed from 
the undissolved remains of food. Though these consti- 
tute a not inconsiderable portion, it is quite a mistake to 
suppose that this excretion is not essentially mixed with 
other constituents, owing their origin to the blood ; for 
how could we doubt that the capillaries, which exist in 
the intestinal walls in such abundance, would allow any 
substances to transude into the intestinal cavity, as this 
iransudation is the indispensable condition of any transi- 
tion of dissolved substances into these blood-vessels ? 
All animal membranes, which are moistened on each side 
by different fluids, permit substances to pass through in 
such a manner, that the matters transuding from one side 
are replaced by those which similarly fp rom the other. 
The excrements are also mixed with a proportion of 
digestive fluids, mucus, products of decomposition from 
the bile, horny cellules from the mucous coating of the 
intestines, and other substances, which, when once 
secreted, do not return again to the blood. 

The undissolved remains of our nutriment, which form 
the excrements with the substances just mentioned, are 
in part the insoluble, or hardly soluble constituents of 
the food, as the elastic fibres of animal food, and the 
cellular principles of vegetable nutriments, of which we 
shall treat in detail hereafter. There will also be found 
in the excrements such aliments as of themselves are 
soluble in the digestive fluids, if the quantity of the latter 
have been too small in proportion to the nutriment to effect 
its solution. Thus, a very great variety exists in the com- 
position of the organic constituents of the excrements. 

Of the inorganic constituents of our food, the rectum 
discharges, more peney the earths, the lime and 
magnesia salts, together with a considerable quantity of 
iron, on which, as well as on the constituents of the bile, 
the colour of the excretions is principally dependent. 
The soluble salts of the alkalies are also to be found in 
these excretions, partly transuded from the capillaries of _ 
i438, aon Powers of the Skin.—Besides the lu 

§ 29. Excreting Powers o cin. —Besides the lungs, 
the kidneys, and the rectum, the skin has to be men- 
tioned as another most important organ of excretion. 
Not only do the capillaries of the skin keep up an unin- 
terrupted discharge of carbonic acid, and take in oxygen 
in return ; but this o is also abundantly provi 
with small glands of two kind, excreting from the blood 
the perspiration and the sebaceous or greasy substance 
of the skin, which are therefore called sudoriferous and — 
sebiperous glands, 

The perspiration contains many y detached 
scales of the epidermis. Besides as quantity of fat, 
several volatile organic acids, consisting only of carbon, 
hydrogen, and oxy, are the Be ctwee a: constituents of 
the perspiration. The chemist these butyric, butyro 
acetic, and formic acids, and classes them in one group 
as being in their composition very similar to the fatty acids, 
to which butyric acid belongs; also with respect to their 
various properties. These acids occasion the sourness 
of the perspired fluid. Common salt, chloride of potas- 
sium, sulphates and phosphates of the alkalies, and traces 


_— is wave excreted from the body, by the rectum, in an unchanged 
state.—Ep, 
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of phosphates of lime and iron, are also dissolved in the 
perspiration. 

To the perspiration may be added the tears. These 
are continually secreted in a very small quantity by a 
gland situated in the external corner of the eye, under- 
neath the skin. From hence they flow over the surface 
of the eyeball to the internal corner, where they are re- 
absorbed by an aperture in each eyelid, leading by a 
minute canal into the nasal cavity, to be excreted with 
the nasal mucus. 

The tears are a very diluted solution of common salt, 
mixed with some detached cellules from the external 
coating of the eyeball. 

The sebaceous matter of the skin is also a mixture of 
detached epidermic cellules with some other substances, 
of which fat and some salts are the principal components. 
_ It has, however, a different composition in different 
parts of the skin. The ear-wax, for example, is remark- 
able for a bitter yellow substance, soluble in spirits of 
wine, and for a portion of gall-fat. 

§ 30. Peak Mociiliint <-Siek ah 0 piaWit tthe fe 
testinal mucus is voided as an excrementitious matter, 
so the mucus of the other of our body—of the nose, 
windpipe, lungs, urinary ducts, and the several organs 
principal. of women—is to be considered an excremen- 
titious su ce. 

As a considerab’ OS yp hielo bagtpmahba nted b 
horny substances which coat the mucous diecbtaden) wi 
o- ie which, may be are inc parts of the cs 
and nails whi ing cut off and growing again—as i 
the Founger pars pushed the older upwards—form 
a regular part of the expenditure of the body. It is the 
same with the epidermis, which is continually scaling off. 

The organic =F cag all these horny substances is to 
be derived from the albuminous compounds, which are, 

their transformation into the former, from 

blood ; one part of a tissue is thus directly lost with- 
eee ees en ree the blood from which it 
origina 
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$31. Principle of erie: hehe - 
in a previous section, one-third in weight of the 
we take during twenty-four hours is lost with the urine 


and another third with the air exhaled. Another thi 
Seg reeed aliments daily leaves wearin ee 
‘orm of excrements, perspiration, mucus, tears, 
detached horny matter. 

Tt is evident that this does not mean an immediate 
excretion of alimentary principles as such ; for, except- 
ing the undissolved remains of food which the rectum 
expels with the excrements, there is no substance in our 
excretions which had not passed from the month through 
the blood to the tissues, and from these back again through 
the blood to the of excretion. Thus, for ex- 
ample, the carbonic acid and water which we exhale, have 
once been fat or albumen, and the urea has nourished 
the tissues in the form of an albuminous constituent of 
the bi before the kidneys convey it as a useless sedi- 
ment of the body to the expelling bladder. 

This main result is not affected by the indirect mode 
Bo excretion of our sm ge hie weight of a 

Yy grown-up person does not undergo any sensible 
alteration from —eitnd to another ; fonds tad as is 
subtracted from the body by excretion, is conveyed to it 
again by the food which is di 

Thus experience teaches, 


—if it were true that, with a diminished quantity of food, 
a proportionate diminution of the secretions 
then we could learn the art of fasting, and the horse of 
oe well-known tale rsd ak helt vo the day before 
promised to crown the is parsimonious 
a Se ie ccs, 
is wever, thus, Even w' ining from 
all solid and liquid food, we exhale carbonic acid and 
water ; the excretion of urine and excrements continues 
you. L. . 


all the same, the hair and nails grow, and perspiration 
and mucus hourly subtract from the ais its most 
essential constituents ; and this abstinence, if continued, 
is only too soon followed by considerable diminution in 
the weight of our body. 

Food only is able to obviate this decrease of weight ; 
and as excretion takes place even if we take no food, it 
is less correct to say that we excrete again the aliments 
we have taken, than that the food restores what has been 
lost by the excretions. For carbonic acid, urea, salts, 
water; we take in exchange amylaceous and fatty 
matters, albumen, and inorganic substances. On this 
process of exchange, the metamorphosis of tissues hinges ; 
the alimentary principles are, therefore, very often, and 
quite correctly, denominated the matters of reparation. 

§ 32. Effects of Inadequate Aliment.—If the supply 
cease while the expenditure continues, the composition 
of the tissue is immediately changed; and the blood, 
which receives aliment not only for the tissues, but also 
for itself, fails in a few days, or at the longest, in a few 
weeks—for the o: we inhale wastes the blood when 
supplies are sto The constituents of the body con- 
tinue, as before, to succumb to the influence of that 
mighty agent in the decomposition of organic matters, 

The changes in composition produced in the blood and 
the tissues by a deficient supply, can only be distinctly 
observed after some time. en we first of all notice the 
fat wasting away—a proof that the fats are more 
accessible to the action of oxygen than the albuminous 
substances. Carbon and hy m are the elements 
which combine with oxygen the most readily ; and upon 
this depends their remarkable combuntibiiity. The 
emaciation is, therefore, explained by the fact, that the 
fat substances surpass the albuminous in their quantity 
of carbon and h: 

Next to the , those o lose the most rapidly 
in weight which are remarkable for their + amount 
of albuminous substances. The muscles, the heart, the 
spleen, and the liver thus waste away. 

From this speedy decomposition is excepted only one 
part of the human body, and that the part of which we 
should beleast of all —— to predicate a slow process 
of change ; for, although the brain and the nerves con- 
sist almost exclusively of fat and albumen, two of the 
most mutable substances of our body, we know from 
investigation in cases of animals which have died of 
starvation, and of men who have succumbed to pro- 
tracted diseases, that these’ organs have suffered the 
least loss of weight. The reason of this is an unresolved 
enigma. There is but one Zahara explanation for this 
strange circumstance—in the peculiar manner in which 
albumen and fat are combined in the brain and the 
nerves. If this combination, however, and its resistance 
to the influence of ers ond cannot be sufficiently ex- 
plained, we still find in this fact the best explanation of 
the late decay of the mental faculty, which we see so 
often flame up again with fallacious vivacity in the last 
moments of expiring life. 

Slower than the fat and the muscles, but faster than 
the brain and the nerves, the bones, the cartilages, the 
skin, and the lungs waste away ; including, in a word, 
all parts com of gelatine, horn, and elastic fibres, 
These tissues owe their greater tenacity of existence to 
the difficulty with which they dissolve, which gives them 
greater power to resist the action of oxygen ; for though 
the assertion of former chemists—that only dissolved 
bodies act upon each other—cannot be admitted without 
exceptions, yet there is scarcely any condition more 
favourable to chemical combination and decomposition 
than a state of solution. 

§ 33, Effects of Abstinence from Food.—From a con- 
sideration of the intimate reciprocal action by which the 
blood is combined with the tissues, secretions, and ex- 
cretions, the fact that, with a failing supply, the com- 
position of the tissues still changes and the excretions 
continue, necessarily indicates an altered composition 
and diminished quantity of the blood. But while 
science endeavours to find the laws upon which this 
alteration in the composition of the ge based, it 
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has alrendy ascertained a diminution of the colourless 
blood-globules in proportion to the coloured ; and the 
decrease of the secretions after a protracted abstinence is 
an admitted fact. The activity of the glands of diges- 
tion, however, does not cease entirely ; but the saliva, 
and the io and creatic juices, are decidedly 
dimini and altered; the saliva becomes viscid and 
saltish. Of the secretions, bile is present in the 
—— proportion, though it also is diminished. This 

deserves so much the more attention, inasmuch as 
we have to consider the bile partly as a secretion and 
as an excretion. 

It cannot surprise us that a diminution of the excre- 
tions should accompany the decay of the tissues, the 
impoverishment of the blood, an the impeded secre- 
tions. But although less and badly smelling air, scanty 
and stinking urine and perspiration, and a smaller 
quantity of excrements and mucus are voided, these ex- 
cretions are just sufficiently abundant to prove clearly 
that they effect the decay of the tissues as a necessary 
consequence. In a smaller quantity of urine, in propor- 
tion to its contents of water, a greater quantity of urea 
is excreted, which explains the considerable loss of 
albumen in the tissues. 

The proper-heat diminishes during fasting, and this 
completes the harmony existing between all these rela- 
tive combinations; for when we exhale less carbonic 
acid, less carbon of the tissues is consumed ; and by the 
smaller quantity of combustible substances which com- 
bine with oxygen, a decrease of the temperature pro- 
duced in our bodies takes place. 

A common tie unites matter, form, and function. 
The composition, the form, and the activity of the 
o of our body form a chain, of which no link can be 
affeoted without a simultaneous alteration of the other 
two. There can likewise be no activity without con- 
tinual transformation in the composition, without a per- 
petual becoming and ceasing tu be. 

During abstinence from solid and liquid food, as the 
composition is altered and the forms decay, the activity 
of all functions must necessarily deviate from that.of 
the organs of a well-fed body. In the formation of the 
blood, the nutrition, the secretion and excretion, this 
deviation is easily to be understood, and has been, as 
far as necessary, examined in preceding paragraphs. 

But the series of the sional functions is by no means 
thus closed. The muscle, lighter by having left its 
fat and albumen, appears a flabby flesh, which contracts 
slowly; the heart is inert ; the number of the pulsations 
in a minute is considerably diminished ; a sighing respi- 
ration takes place ; frequent yawning, a hoarse voice, and 
languid movements, are all, more or less, direct conse- 
quences of the deficient nutrition of the muscles. 

A bitter taste, often complained of by starving per- 
sons, comes from the bile, which is still pretty abun- 
dantly secreted, and passes from the intestines into the 
blood, by which it is carried to the nerves of the tongue. 
As the respiratory action is diminished, the combustion 
of that part of the bile transuding into the blood is less 
perfect than usual; so that a portion remains and acts 
upon the gustatory nerves. 

In this condition, slight stimulants exercise a great 
effect, The light is painful, a slightly elevated sound is 
insupportable, and a touch excites peevishness, Percep- 
tion is therefore distracted ; and as memory also refuses 
its service, both sources of our faculty of judgment are 
exhausted ; for what we have before met with, or now 
moet, induces the action of thought and judgment, But, 
in order to judge rightly, we must see clearly, hear dis- 
tinctly, and feel without disturbance. During sleepless 
nights, the starving person is tormented by eagerness, 
the powerful lever of so many passions. He who grasps 
at carrion and corpses, at the flesh of his friends, or of 
his own body, shows a wilder longing than the imagina- 
tion even of poets has ventured to conceive. 

There is another instinct by which the vigour of the 
mind is vanquished in a more melancholy way. Hunger 
desolates head and heart. Though the craving for nutri- 
ment may be lessened to a surprising degree during 


mental exertion, there exists nothing more hostile to the 
cheerfulness of an active, er mind, than the 
deprivation of liquid and solid food. To the starving 
man, every pressure becomes an intolerable burden ; for 
this reason, hunger has effected more revolutions than 
the ambition of disaffected yp ry It is not, then, 
the dictate of en pete! the claim of idleness, which 

rompts the belief in a natural human right to work and 
a ab motive to the force of which Christian charity 
itself must sooner or later give way. . 

All honour, indeed, to the charity which, in so many 
noble-minded people, anticipates and mitigates the 
sternness of law. We are, indeed, far from retaliating 
the contumacious censure with which the asserters of this 

ight are often met by their 2. It is the part 
of wisdom and comprehensive tolerance fairly to balance 
the merits of all opinions, and to do justice to their 
respective beneficial result, So much the more, however, 
do we consider it a duty to oppose the cogent power of 
convincing facts, to the rigorous sentence whi 
a human right dependent upon a human grace, 

Cold and rigid, the muscles quivering in the paralysed 
limbs; sighing, with troubled cloudy eyes, blunted sen- 
sation, and unsound judgment; the tortured wretch 
suffering the horrors of starvation struggles in aguny, 
which often closes in a swoon ; while sometimes a furious 
delirium will precede the final scene of death from 
exhaustion. 

§ 34. Effects of Hunger.—We have thought it useful to 
describe the very extreme consequences of a deficient 
supply of nutriment, in order to explain by them the 
sensations which in general remind us to counteract the 
impoverishment of the blood, by a proper supply of 
food. The description of these sensations is the real 
science of hunger and thirst. For, if the blood be 
deficient either in its composition, in quantity, in its 
constituent parts, or in the rapidity with which it 
circulates through the organs of our body, the tissues 
must be Pen a by other means; so likewise must 
the nerves, for their composition changes also with 
the combination of their mother-juices. But as the 
action, and therefore the sensation of a nerve is depen- 
dent on its composition, it follows that it must feel 
differently if deriving its nutriment from any other 
source, 

If abstinence have lasted only a short time, all 
the phenomena occur which most people observe in 
themselves when awaking in the morning. The tongue 
is parched—i.e., the coat of horny cellules lining the 
mucous membrane is thickened ; and this condensation 
goes as far as thestomach. ‘The saliva and mucus con- 
tain less water, and have often an unpleasant taste and 
a bad smell, as may be observed in fasting-people. Most 
persons, therefore, cannot eat anything in the morning 
until they have cleared their mouth and drunk some 
water, In feeble constitutions, and also in some baby. 
ones, after a longer fast than usual, the quantity o! 
blood present in the mucous membrane of the mouth 


stomach, is perceived by a vague, unpleasant sensation | | 
in the mouth and throat, or a pressure, tension, and — 


emptiness in the stomach ; rumbling in the belly, which 
is hollow and drawn in, Yawning, a sensation of com- 
pression of the forehead even to headache and weakness, 
are the general indications of more constituents havin 
been abstracted from the blood than is compatible wit 
a sufficient nutrition of the nerves. Irritable persons 
become then so sensitive, that the least resistance, un- 
expectedly touching their bodies, or even an innocent 
word, is sufficient to put them out of humour. The 
total of all raged Lacrp mer) which are Peers or less 
conspicuous in different people, represents hunger. 

If hunger remain for an aunty long time unallayed, 
the oppression of the stomach increases to pain and sick- 
ness, In autumn and winter the body es more 
sensible to cold; the general uneasiness disturbs the 
mental activity ; unsteady thoughts are wasted in unquiet 
observation ; and complete exhaustion is an 
eer which only too often impels to unjusti 
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§ 35. Effects of Thirst.—Many instexces prove that 
hunger can be borne for sev days before it causes 
daathe Tf the fasting person drink water, this time is 
considerably prol: While, on an av , man 
cannot live longer t a fortnight ther without 
food; there was, in 1831, an instance at Toulouse, of a 
convict who, preferring death by starvation to a public 
execution, survived for as many as sixty-three days on 
water alone. 

Similar cases prove,/that it is much more difficult to 
overcome thirst than huager; and this is confirmed vd 
daily experience. If it be alleged, on the other han 
that many people drink exceedingly seldom, and that 
females pesily can do without drinking for many da: 

, neither must we forget that all food, even t 
driest, contains a great proportionate quantity of water. 

U; this reception of water into the system all de- 
acces The blood and most of the tissues, with all 
secretions and excretions, contain an abundant quantity 
of water, as an indispensable condition of their right 
composition and proper action. 

In the excretions from the skin and lungs, more than 
one-third of the weight of our food is daily lost in the 
form of water. To this a considerable quantity of water 
must be added besides, which is voided in the urine. 

A deficient supply of water is, therefore, very soon 
felt; dry lips and cheeks, dryness of the tongue and 
throat, speedily betray the lack of that water of the 
mucus and saliva which ordinarily keeps the cavity of 
thé mouth in a moist state. On the increase of thirst, 
the mucous membrane reddens and swells, and, after 
awhile, the inflamed tongue cleaves to the roof of the 
mouth, and the glowing breath escapes in sighs; 
the skin burns, because the perspiration continually 
diminishes ; the. urine becomes acid, as it contains the 
usual salts and less water ; the slackened muscles move 
the limbs listlessly, and without power ; mere talking or 
deglutition becomes an effort; groaning and quick 
respirations accelerate the pulse. In the action of the 
brain and organs of the senses, there is the same irritation 
as in hunger. Restlessness and despair torment with 
the continual pegeecteion of water and other beverages, 
which would allay his craving. All liquids—sea-water, 
tincture for the teeth, even his own urine—are swallowed, 
or attempted to be swallowed, by thirst-distracted man, 
with passionate eagerness. If no relief be given, a violent 
inflammation of the mouth and throat supervenes, with all 
the symptoms of an acute fever ; sometimes the inflamma- 
tion causes even of the throat, a quick, sighing 
respiration, and a pulse i y more rapid; a 


Or Foop.—4 36. Definition of Alimentary Principles 
and Nutriment.—From the blood are fo the tissues 
and the constituents of the secretions ; to the blood the 
materials of the tissues return after having undergone a 
certain degree of decomposition, which renders them 
unfit for the iar functions of the different organs ; 
and these ucts of decomposition are abstracted from 
Ns blood by the excretory glands, which expel them from 


body. ’ 
The excretions diminish peachy, rh the body, and 
alter the nutrition of the tissues ; their function depends 
their composition ; and throughout a great division 
the nerves of our bodies this function consists in sen- 
sation. — ‘Sgn yeaa pg are the media for the 
in’ nd external impressions. In 

areal become conscious of these impressions. 
Hunger and thirst the sensations whi 


substance possesses the power of restoring to the blood 
the essential constituents which it has me and begins 
the circulation from the blood through the tissues, may 
be considered a nutriment in the widest sense, 


All the aliments which restore to the blood the com- 
pounds of chlorine, the salts, the fat, and the albumen. 
satisfy the sensation of hunger; that of thirst is quenched 
by the restoration to the blood of the deficient water. 

§ 37. Alimentary Principles.—All nutriment is com- 
posed of certain alimentary principles. Under the latter 
term we comprehend all those compounds which are 
either identical with the essential constituents of the 
blood, or sufficiently similar to be transformed into 
them by digestion. Essential constituents of the blood 
are all those which do not originate from the regressive 
transformation of the tissues. 

To this general definition we have to add, as a special 
one, the difference between alimentary principles and 
aliment. By ordinary dissolving media, like water, 
alcohol, and ether, simple constituents can be separated 
from the aliments, but not from the alimentary principles. 
These simpler constituents of the aliments, which cannot 
be separated by common dissolving media into any fur- 
ther parts, are the alimentary principles themselves. 

Though the alimentary principles are often denominated 
the elementary constituents of the aliments, they are by 
no means to confounded with the elements in a che- 
mical sense. The latter cannot be decomposed into other 
substances manifesting, abstracted from form and colour, 
any essential differences ; the alimentary principles can 
be decomposed, but only by agencies which act more 
powerfully than simple dissolving media, like water, 
alcohol, and ether. 

No alimentary principle is composed of fewer than 
two elements ; the simplest alimentary principles, like 
water and amp a salt, are combinations = two elements, 
A great many alimentary principles, as fat, sugar, and 
most of the tb wy acids, contain carbon, hydrogen, 
and oxygen ; the inorganic salts consist of oxygen com- 
bined in the basis, and the acid with two different 
elements. All these alimentary principles are formed of 
three elements. 

Four elements are found in the soars which, in addition 


to the carbon, hydrogen, and oxygen of these fatty acids 
contain a metal, forming with oxygen the basis “alkali ot 


the y 

Finally, those organic alimen principles, in which 
nitrogen and sulphur are associated with carbon, hydro- 
gen, and oxygen, are composed of five elements; and 
some others, containing phosphorus, of six. To the 
former belongs gelatine ; to the latter, albumen. 

§ 38. Digestive Principles.—Before discussing the pro- 
cess of digestion, we classified the alimentary Ypres» 
into inorganic, organic without nitrogen, and organic 
with nitrogen. ; 

To the inorganic alimentary principles belong the com- 
pounds of chlorine, as common salt, and the combinations 
of — acids and bases, which chemists, abandoning 
the ordinary use of language, designate by the name of 
salts. 

The starchy matters and fatty substances, with 
far the greater part of the acids of our aliments, are 
alimentary principles without nitrogen. 

Of the organic alimentary principles, the albuminous 
substances, the colouring matter of the blood, and the 
gelatine, all contain nitrogen. 

The aliments which are composed of various alimentary 
principles cannot be classified, in a similar way, on an 
chemical basis into different groups; for the same ali- 
mentary principles appear in the most different aliments, 
and their distinction depends either upon the quantitative 
proportion of the corresponding constituents, or upon 
some freshly supervening substances; but there is so 
great a variety, both in the proportion in which the 
ordinary alimentary substances are combined in the 
aliments, and in the nature and qualities of the super- 
added substances, that the aliments classified with respect 
to their chemical properties could be united into very 


small groups only—a circumstance which would render - 


difficult the review of the whole. 

We have not, therefore, departed from the classification 
which has hitherto been opuilarly employed, but shall 
treat in succession on solid and liquid food, and_ or 


; 


_ seldom met with In 
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condiments, None of these sections need any further 
definition. 
We must, however, against one error, not 


ard 
caene that solid food only 


_ satisfies the hunger, while liquids only quench the thirst, 


| stitutes more than half of their weight. Al 


we forget that there is only one alimentary principle— 
rote water—that affects that condition A the blood 
which brings on thirst, But water is contained in all 
aliments in such abundance, that, on an ee. it con- 
1 beverages, 
on the other hand, contain also some other alimentary 
inciples than water; for even in what we are accus- 
ed to call pure water, there are always some of the 
compounds of chlorine and salts ; while in milk, we have 
all classes of simple alimentary substances together, it 
being composed of water, compounds of chlorine, salts, 
caseine, fat, sugar, &c, 
The condiments are also, in the restricted sense in 
which we shall employ the word, principally composed of 
alimentary principles ; only a few of them contain sub- 


| stances which, although exciting the gustatory nerves, 


and stimulating the digestive organs toa greater activity, 


| may not also be considered as restoring some of the losses 
of the body. 


§ 39. As the:alimentary principles are not found in 


| nature in their simplest form, so also none of them is 


sufficient of itself to nourish the body. Not even a 
variety of these substances, if belonging only to one of 


| the three groups before-mentioned, is able, if exclusively 


eaten, to maintain life: we may go further, and add 


| that life cannot be sustained by two of these sections, if 
| the third be lacking. 


| Without p 


Not sugar, salts, nor albumen, if taken without any 
substances of the two other groups, are able to destroy 
the consequences which the change of matter effects, 
when the process of excretion goes on, without the 
one of nutrition. 
osphate of lime the bones cannot be formed, 
whatever quantity of albumen and fat we may consume ; 
no muscular tissue could grow without albumen, however 
we might overload the stomach with sugar and salts; and, 
finally, without fat, no brain could be formed. But the 
bones, the brain, and the muscles are the most essential 
o of the human body. 

o element can be transformed into another: this is 
the whole solution of the secret. Phosphorus does not 
turn into oxygen, nor oxygen into carbon, nor carbon 
into nitrogen, nor nitrogen into sulphur : no power short 
of the miraculous is able to effect an exception from 
this rule. As something cannot be created from nothing, 
no power of the body is able to transform iron into hydro- 
gen, or chlorine into calcium. 

The organic alimentary principles, destitute of nitrogen, 
cannot be changed into those containing nitrogen, nor 
the nitrogenised organic substances into inorganic salts, 
containing any other elements than nitrogen, carbon, 
hydrogen, oxygen, sulphur, and phosphorus. 

It might be supposed that albumen could be trans- 
formed into fat, because albumen, as well as fat, contains 
carbon, hydrogen, and oxygen; it could also be suggested 
that carbonates of alkalies and water, as containing 
carbon, hydrogen, and oxygen, could form sugar: but 
experience has shown that the animal body cannot ac- 
complish the former transformation in a sufficient quan- 
tity, nor the latter at all. 

Complete substitutes, therefore, for the nutriments 
which maintain the life constantly, can only be formed by 
a ee of all three groups of the alimentary prin- 
ciples. 

§ 40. Tests of Digestibility—The more easily these 
alimentary principles are dissolved in the digestive fluids, 
and changed into the constituents of the blood, the 

ter is their digestibility ; for digestion consists not 
in the solution of Codie only, but also in their trans- 
formation into the essential constituents of the blood. 

conditions are of equal importance. 

If two substances, therefore, are dissolved with equal 
ease, that will be the more digestible which has the 
greater similarity to some constituent of the blood. 


Stearine and margarine, for instance, are almost equally 
soluble in the digestive juices ; but as margarine is ed 
sent in the blood, and a is ae it follows that 
margarine surpasses stearine in digestibility. 

But if the conformity of two alimentary principles 
with the constituents of the blood be equal, the more 
soluble is the more digestible. Soluble albumen and 


fibrine stand equally near to the blood, both being con- 
tained in it. As the soluble albumen, however, is more 


readily dissolved in the digestive juices than fibrine, the — 


digestion of the latter is more difficult. 
ence it results, that the difficulty with which ali- 
mentary principles are dissolved, is, in many cases, com- 
penaeane y their conformity with the ingredients of the 
lood. Although gum, for example, is much more easily 
dissolved than fat the latter, if not taken in too great a 
quantity, is digested by a healthy stomach, under certain 
circumstances, more ily than gum ; for gum is not 
contained in the blood, while fat belongs to its essential 
constituents. Gum has first to be transformed into 
sugar, then into lactic acid, and finally into butyric acid 
and some other fatty substances ; while fat, on the other 
hand, as containing oleine and margarine, is represented 
in the blood itself. In the formation of fat from starch, 
the latter must first be changed into gum, then into 
sugar ; the sugar into lactic acid, and this no into 
butyric acid. It hence appears, that of all these sub- 
stances lactic acid is the most digestible, even if all were 
equally soluble in water ; sugar would be next to it, then 
gum, and finally starch. Lactic acid and sugar are, be- 
sides, more soluble than gum, and gum than starch. 
The latter is, therefore, for two reasons, the least diges- 
tible of the above-mentioned alimentary principles. It 
follows, again, from the same law, that a substance which 
is both more easily dissolved in water than another, and 
rt readil eenee ee the pocorn of the 
; greatly surpasses the latter in digestibility. —§_— 

Of the aliments, those are the most digestible which 
contain the greatest number of alimentary principles 
easily soluble, and easily turned into the constituents of 
the blood. , 

§ 41. Tests of Nutritiveness.—The nutritiveness of any 
kind of solid or liquid food depends upon three cireum- 
stances: its digestibility, the quantity, and the propor- 
tions of the alimentary principles contained in it. 

If an aliment contain many indigestible substances, 
which are voided again in an undissolved state with the 


excrements, it must lose as much of its nutritiveness ; | 


for only that which passes as an essential constituent into 
the blood, is to be considered as an alimentary principle. 
The more digestible an aliment is, therefore, other things 
being equal, the more nourishing it becomes. 

Tn testing the value of a nutriment with respect to the 
alimentary principles contained in it, no regard is paid 
to the amount of water contained. Water is, -in general, 
so easily to be procured, that we have not to take it into 
consideration, when judging of the value of solid or liquid 
food, with respect to its nutritious properties. In a dry 
arid desert, however, water would me the most im- 
portant nutriment; and an aliment containing much 
water would be the most nutritious food. Where no 
deficiency in water exists, that aliment is the most 
nutritious which contains the greatest proportion of ali- 
mentary principles, and conveys, therefore, to the blood 
the greatest quantity of its essential constituents. 

Besides the digestibility and the abundance of solid 
constituents, the combination of an aliment is also of the 
greatest importance. As the blood contains a greater 
proportion of albumen than of salts, and more salts than 
fat, the proportion of these alimentary principles will 
determine whether any particular food be nutritious 
or otherwise. Just as alimentary principles of equal 


solubility are the more digestible, the more completely | 


they correspond with the several constituents of the 
ood ; so an aliment is generally more nutritious, if the 
combination of its alimen principles 
more exactly with the composition of the blood. 
nutritious aliment is characterised by containing, 
nitrogenised substances, more organic than inorganic, 


— 


sill 


| of the globe, where, for instance, oysters 
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and of substances not ni 
organic matter. Lean meat is the food which most com- 
pletely answers these conditions. 
Substances from each of the other PS, 

as we have just mentioned, are equally indispensable, 
though requisite in different quantities. Compounds of 
chlorine, salt, fat, and constituents of fat, are as 
absolutely necessary as albumen or gelatine. It always 
betokens a narrowness of view, therefore, to speak of 
any aliment as innutritious. It is true, potatoes are 
less nutritious than meat, because the latter is very 


i more inorganic than 


similar to the blood; while potatoes contain very little 
albumen and a large rtion of starch: but in the 
unqualified assertion that potatoes do not nourish at all, 


we forget that starch is transformed into fat by the 
digestive and that this represents an essential 


- constituent of the blood. Potatoes, combined with a 


certain proportion of white of egg, become as nourishing 
as milk or meat. 

To distinguish, in one word, between digestibility and 
nutritiveness, we may say, that the former expresses the 
rapidity with which the alimentary principles of an ali- 
ment are transformed into constituents of the blood ; 
the latter, the quantity of pment | principles con- 
eg lr lenges om Pr itty vith cemenri 

we can speak of digesti with respect 
the alimentary principles as well as the compounded 
aliments, but of nutritiveness only with respect to the 


Oy Soutp Foop.—4 42. “Meat and Eggs.—In regarding 
the different kinds of food, tog whale-oil of 
the Greenlanders, and the bear’s-grease which forms 
an article of diet in a Mogul tribe, up to the refined 
cookery of the wealthy in the more Lda countries 

tre) 
@ tubular animal belonging to the class of the 
iata) are favourite dainties, we soon find out that 
there exists no class of animals which does not furnish 
some contribution to the food of man. By all civilised 
eee en tes Poe, Mee. Sk: hechtrenpen andakale, ts 


erred. 
In this t we may assert that the plants first 
sanethe foot of ax. Spapedin gape gersapeal oil 
that of Preparing excellent meals from very simple 
materials. It is true that those plants which prepare the 
most nutritious food, take also up some compounded 
organic aliments ; but it is also undeniable that plants 
can live exclusively on carbonic acid, ammonia, water, 
and some inorganic substances, and in every case derive 
from these simple alimentary principles the chief bulk of 
their body. carbonic acid, the ammonia (a very 
simple combination of nitrogen with hydrogen),* and the 


water, are all three constituents of the air. ‘* While the 
animal swallows bodies already formed,” says Forster, 
who, before all others, deserves to be the naturalist 


of the people, ‘ these fine tubular and cellular formations 
pe take up the simplest elements from the air. 

oven by sunshine and ethereal fire, such as formerly 
Se ere err be, Saeee Df, She. sotk, green, of the 
woods fields smiles upon our sight ; and, behold ! 
in the infinitely delicate network of the blooms and 
ripening fruits, glows the sevenfold beam, and adorns 
the vegetable world with the manifold brilliancy of 
its hues !” 
Speak ha petietcatits aput ens tations mosey, 
im a urity upon our fastidious senses, 
which are offended by the pa ps smell of the carnivorous 
Mammalia, and by the oily flavour of the birds of prey. 
Hence our predilection for the herbivorous animals ; and 
among these the Ruminants and the many-hoofed occupy 
the first place. Throughout the whole of Central Europe, 
nar eve is consumed in greater abundance than beef 
and por! 
_ § 43. Constituents of Beef.—The flesh of oxen, or beef, 
illustrates the composition of all other kinds of meat. 
We may take the composition of beef as the standard, 
with which, the varieties of the other most common 
animal aliments may be compared. 

® See ante, p. 323, 


In beef, as in all aliments which, when taken to the 
exclusion of all other food, are able to maintain human 
life, the three groups of simple alimentary principles are 
represented. A combination of albuminous and fatty 
ma of compounds of chlorine and of salts, abun- 
dantly diluted with water, is all that is necessary to 
sustain life. 

The albuminous substances of beef are the fibrine of 
the muscles and albumen proper. The former constitutes 
the finest fibres of flesh ; the latter is the essential body 
of the nutritious juice which occupies the space between 
the solid . The flesh owes its red colour to the 
blood which it contains in very numerous vessels ; and 
this blood comprises albumen, globuline, fibrine, and 
traces of caseine ; and in addition to these albuminous 
substances, some colouring matter containing iron. 

The albuminous substances which animal food thus con- 
tains, are not the only supply it affords, to compensate 
for the albuminous matters of the blood lost with the 
excretions ; for the finest muscular fibres are enclosed in 
the cellular or binding tissue which unites’ them into 
bundles. This ti when boiled; yields gelatine, which 
is soluble in water. the body, gelatine is again trans- 
formed into albumen. Convalescents very often regain 
their strength by the almost exclusive use of jelly from 
bones ; and gelatine is the only nitrogenised con- 
tained in any large amount in this jelly. As the blood of 
man, however, does not contain gelatine, as a necessary 
condition of its regular combination, but albuminous 
matter, we must infer that the gelatine is transformed 
into albuminous compounds, 

That the cellular tissue in the muscles is intermingled 
with elastic fibres, does not in any way affect the nutri- 
tious properties of animal food; for these elastic fibres 
are not dissolved in the digestive fluids. They constitute 
a part of those alimentary remnants which, united with 
certain excretory substances of the blood, compose the 
excrements. 

Like gelatine, the horny cells lining the wails of the 
muscular blood-vessels are entitled to the name of con- 
stituents of albumen. They are, however, of small 
importance ; for their quantity is so insignificant, that 
even if soluble in the alkaline secretions of some digestive 
glands, they are less digestive than the fibres yielding 

tine 


gelatine. 

Kreatine, flesh-basis, and flesh-acid, are regular nitro- 
genised constituents of beef. Are they to be considered 
as alimentary principles? There is scarcely any doubt 
that they pass into the blood, and from the blood into the 
muscles, But is mercury a nutriment because it passes 
through the blood into the cellular tissue of the bones, 
and is found there in the form of small globules? Against 
this opinion the judgment of even the unprofessional 
reader protests. And the kreatine, the flesh-basis, and 
the flesh-acids, we cannot consider to be, strictly speak- 
ing, alimentary principles, as they belong to the regres- 
sive transformation, which process, by the action of 
oxygen, conveys all organic matters of our tissues to the 
excretory glands. The. organic compounds without 
nitrogen, contained in beef, are much less various 
than the nitrogenised. The former consist of several 
fats, sugar, and lactic acid. We have often mentioned 
that the fat of the Ruminants owes its hardness to the 
stearine, This is associated with margarine and oleine ; 
whilst the peculiar fat containing phosphorus, as well as 
the gall-fat of the nerves and the bl scarcely deserve 
any consideration, on account of their small quantity. 

Chloride of potassium, and phosphate of potash, are 
the peculiar inorganic substances of the flesh. They 
alone would be sutfiicient to distinguish the flesh from the 
blood. While the blood contains seventeen times more 
soda than potash, there is in the flesh of the ox about 
three times more potash than soda, Phosphates of soda, 
lime, magnesia, and oxide of iron are contained in beef, 
in somewhat considerable quantities ; but there are only 
few traces of sulphates of the alkalies attributable to the 
blood of the muscles. The amount of water contained 
is so considerable, that, on an average, it amounts to 
more than three-quarters of the whole mass, 
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$44. Effects of Cooking.—The foregoing description 
refers to the bs flesh. What becomes of this when 
boiled or roasted? If we puta — of meat into boiling- 
water, and leave it long enough exposed to the boiling 
temperature, the soluble albuminous substances coagu- 
late ; the fibrine is transformed into two new compounds, 
each of which is richer in oxygen than the fibrine itself, 
and ‘only one of which resembles fibrine in its difficulty 
of solution. The other, which may also be obtained from 
albumen, is easily dissolved in water. 

The colouring matter of the blood turns brown from 
being decomposed at the boiling-point. By this process it 
apioiceds its solubility in water. 

The cellular tissues dissolve, as by boiling they are 
transmuted into gelatine. 

The fatty substances melt. Those of the inorganic 
compounds which are more easily soluble, are dissolved 
in the water. The same takes place with the sugar, the 
lactic acid, to which the flesh-juice owes its acidity, the 
kreatine, flesh-basis, and flesh-acid. 

The albumen being coagulated by the boiling-water in 
the external parts of the meat, forms around the internal 
part a cover or outside, penetrable only with difficulty. 
A large proportion of the soluble alimentary Spree is 
consequently retained, which the water would otherwise 
have abstracted from the meat. The heat, however, 
penetrates to the interior ; each flesh-bundle gets sur- 
rounded, as it were, by a sheath of coagulated albumen. 
This protects the gelatine and the salts, the lactic acid 
and the kreatine, but, most of all, the real flesh-fibre, 
which, by the direct action of the boiling-water, would 

ally become harder and more tenacious. Accord- 
ingly, the flesh yields only very little of its constituents 
to the water, by quick boiling, and preserves with the 
alimentary principles, not only its nutritiveness, but also 
its flavour. 

If, therefore, the cook wish to prepare a juicy, savoury, 
and rich food, she puts the meat into the water raw when 
the latter is in a state of ebullition ; but if a strong broth 
is to be prepared, she puts the meat into cold water, and 
heats it gradually. The soluble alimentary principles 
are, by this process, abstracted from the meat, and dis- 
solved by the water before the albumen can coagulate. 
It is true, that when the solution boils, a quantity of 
small albuminous scales are formed, which are skimmed 
off with the colouring matter of the blood, which has now 
turned brown, and other adhering substances. But 
when the water boils, another part of the albumen is 
transformed into a combination containing more oxygen, 
and soluble in water. The same takes place with the 
fibrine of the muscles, which comes into direct contact 
with the boiling-water. Thus, a solution is formed con- 
' sisting of transformed albuminous substances, kreatine, 
flesh- and flesh-acids, gelatine and lactic acid, 
besides some salts; while small scales of albumen and 
melted fats—the well-known fat-bubbles—float on the 
liquid in an undissolved state. The broth thus prepared 
is savoury, but the meat all the poorer and tougher, in 
cp ovina as the water has been more slowly heated. 

‘his explains why in Germany, in the households of 
the middle classes, where meat is put on the fire with 
cold water, boiled meat is seldom or never taken without 
broth; for the boiled meat, and its broth, contain the 
constituents of the raw meat. In other countries, the 
Netherlands for instance, boiled meat without broth is 
very common food. The Dutch cooks, therefore, put 
the meat which has not to furnish any soup, on the fire 
with boiling-water. 

roasting, as in the tormer case, a kind of sheath is 
formed around the meat. The albumen coagulates on 
the external surface, which becomes of a deep brown by 
the decomposition of the colouring matter; and after- 
wards by the formation of several empyreumatic-smelling 
substances. ‘This surface retains the proportion 
of the soluble substances in the meat, from which a thick 
substantial juice oozes out in a proportionately scanty 
quantity ; a part of the fatty substance is decomposed— 
stearic acid, for instance, being changed into margaric 
acid ; and finally, an important substance is produced— 


namely, acetic acid, which originates in the action of dry 
heat used in roasting, and facilitates the solution of the 
albuminous matters. 

Vinegar has the effect of rendering the meat more 
es nro. like common salt, by dissolving the albuminous 
substances, as has been mentioned in discussing the 
process of digestion. This is the explanation of an 
expression common in Germany—that vinegar makes the 
meat short ; short meat being easy of digestion. * 

Large pieces of meat, which after boiling or roasting 
contain liquid blood in the interior, are, in y, con- 
sidered not to be sufficiently done; whereas, in England, 
this is in many cases required as a proof of good cookin: 
What is the cause of the blood being thus retained? It 
is because the colouring matter of the blood is not de- 
composed, excepting where the temperature has been 
increased to more than 158° Fah. The internal 
which retain the crimson hue, have not attained thi 
temperature. 

§ 45. Difference of Taste.—Although the difference of 
taste in different kinds of meat would indicate material 
distinctions in their compositions, yet the ascertained 
differences are very trifling in the case of the flesh of the 
sheep and roe ; these belong, like the ox, to the class of 
Ruminants, and correspond most exactly with beef in the 
alimentary principles which they contain. The fat of 
sheep, however, is generally harder—that is to say, richer 
in stearine ; and the fat of the roe is more acid t! 
of beef. 

Pork is richer in fat, but poorer in albuminous sub- 
stances than beef, although even here the difference is 
not considerable. 

All wild Mammalia are remarkable beyond our domesti- 
cated animals for the quantity of kreatine which t 
contain ; the latter, however, surpass the former in th 
proportion of fat. The reason of thisis obvious. Whilst, 
in the ox fattening for food, its even and quiet existence 
promotes the formation of fat, and moderates the tissue 
change—the roe, leading in the woods a free and active 
life, takes in a greater quantity of oxygen, which trans- 
forms the nitrogenised basis of the tissues into kreatine. 
It is the same with birds ; their rapid flight, and their 
bones filled with air, augment their reception of oxygen. 
The higher temperature of the bird proves that it con- 
sumes oxygen faster than the reptiles crawling on the 
earth ; even faster than the Mammalia, the only class of 
animals with which it shares the appellation of warm- 
blooded. Hence the more rapid decomposition of its | 
albuminous matter, of which the proportion of soluble 
albumen is, besides, greater than in the other ia; 
ae also, the abundance of kreatine im the muscles of 

irds. 

While between the Mammalia and birds, no great 
difference has been observed in the amount of water 
they contain, the three-quarters in weight of water con- 
tained in the flesh of warm-blooded animals, is in 
to four-fifths and more in the flesh of the fishes. . Little 
blood, and therefore mostly a white colour; much less 
muscular fibrine; a r quantity of tissue yielding 
gelatine; and, above all, a fat containing phosphorus, 
which is not limited to the contents of the blood-vessels, 
are regular peculiarities in the flesh of fishes. And this 
phosphorous fat does not constitute the only difference in 
their properties; for the soluble albumen of the fish, 
which nearly corresponds in quantity with that of the 
flesh of bi coagulates be > more rapidly in a some- 
what higher temperature, than the soluble albumen of 
the warm-blooded animals. The soluble albumen differs 
also from the latter by not containing any phosphorus. 

§ 46. Comparative Qualities of F We have to take 
into consideration not alone the species of the animals 
whose muscles furnish our meat, but also numerous other 
A rang ag affecting the flesh, before it appears on the 
table. 


Thus the flesh of young animals is poorer in fibrine | 


than that of the mature, but richer in soluble albumen, 
latinous fibres, and water : it is therefore more tender. 
‘his preponderance of gelatine explains why the broth 
of veal and lamb sooner coagulates than that of beef and 
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mutton ; for it is the gelatine diffused through the broth 
which converts the whole, when cool, into a jelly. 
Salle so fala? ton to octtanry Bi, Wesealls fo 
so familiar to us in ordi ife, e 
certain differences in the composition of their food? The 
taste of fieldfares, for instance, after eating juniper- 
berries, and that of some ducks and other aquatic birds 
which feed on snails, crabs, and fish, and whose flesh 
resembles train-oil, evidently settles this question in the 
affirmative. In Tahiti the swine were fed on fruits only ; 
and while their fat had nothing of the rich taste of 
European pork, Forster compared their flesh to veal. 
Science, however, answers the question with special regard 
to the fats; by its exact comparisons, it correctly ex- 
plains the every-day experience of domestic life. ere 
can now be Hn Kev & any doubt that the substances with 
which we bai our oxen, sie pie bite and stuff our 
, turnips, sawdust, maize, rice, 
Sacer? callie ueade are Bo sodkareatie tik abundantly 
containing the constituents of fat ; for in these kinds of 
food, the substances contained BN ect quantities are 
starch and sugar, with other similar matters, which the 
animal body transforms into lactic and butyric acids, and 
some other fats. Game, again, owes its savoury taste 
in great part to its large proportion of kreatine. Fat- 
tening causes the quantity of kreatine to decrease. 
Partridges lose their taste if cooped-up and fed like 
domestic fowls, as is sometimes done in severe winters, 
to protect them fromcold. Tame ducks, if left at liberty, 
become lean, but acquire the agreeable flavour of game. 
Although it does not require a sentimental mind to 
the cramming of geese with a degree of aversion, 
man has not disdained much more cruel encroach- 
ments on animal life, with the intention of procuring a 


ope posers of cocks and hens by mutilation, but he has 
muti several 
manner, Chemical research has not ye 


ting, i 

existing in the form of hunting, liquefies the fibrin 
SUL ie tabicat sah setable ales 

flesh, and renders the meat more tender. 
ne: The intestines of ere scr Bcd Mpg in 
which sausages are made, the brain, ver, the kidney, 
the spleen, and the sweet-bread, are very similar to flesh 
in the properties of their constituents; the differences 
Jehu ly 


in their quantitative proportions. Liver, 
spleen, sweet-bread, brain, and kidn contain soluble 
Py ial in remarkable abundance. addition to this 


quantity of albumen, the sweet-bread contains much 
tinous tissue, and an extremely small proportion of 
 ; while in the brain and liver, a considerable quantity 
of phosphorus fat is intermingled with the ordinary 
eee aie, sig Wesabe Bitasighiy ristaRt 
n ni entary principles 
are almost exclusively represented by the Falcons 
tissues. Though there exists no doubt that gelatine is 
capable of being transformed into albumen, yet this 
transmutation takes place so slowly that the bones alone 
cannot yield a proper nutriment, Since gelatine, as 
such, is not present in the bl it has therefore to be 
transformed into albumen in order to become one of its 
constituents ; it is much more difficult of digestion than 
peti guae spite of its facile solubility in the gastric 
eats " neg cy a Mec an § and he more 
im ; but as only in ito the 
cakes made of the gelatine of tines for tid pe tion 
of broth, the use of these cakes as a principal suppl. 
of food is to be reprobated, In England, which exce 
all other countries in the preference of its people for a 
substantial nutriment, these cakes are prepared from the 
broth of meat inspissated be Mange | to a jelly. Some- 
times, indeed, bones and o ma; Mefuiad ta 
addition ; but fresh beef furnishes the essential constituent 
of the inspissated juice, which is ses into small cake- 
moulds. These cakes, when dissolved, closely correspond 


with real broth ; and they therefore justly claim for 
themselves the name of portable soups. What in France 
is sold under the name of bouillon-cakes, is nothing but 
gelatine ; a production difficult of digestion, only slightly 
nutritious, and therefore objectionable. No economy is 
so nearly related to extravagance, as that of preparing 
soups from such cakes in order to effect a saving in meat ; 
for this broth does not repair the expenditure of the 
bi and while impoverishing the purse, fails to enrich 
the blood. 

§ 48. Eggs of Birds as Food.—No other aliment unites 
so completely the advantages of meat, as the eggs of our 
domestic birds. The yolk and white consist chiefly of 
albuminous matters—the yolk, of caseine and albumen ; 
the white, of soluble albumen, containing more sulphur 
than blood—and of an albuminous body containing a 
large quantity of sulphur, scantily soluble, and forming 
cellules in the shape of small membranes, which include 
the soluble albumen. 

We have before explained why eggs coagulate when 
“boiled. The heat of the boiling-water being communi- 
cated through the shell to the thick albumen solution, 
the albumen becomes hard. ; 

The white of egg contains more water than the yolk ; 
somewhat more than one-half of the latter, but only 
four-fifths of the former, consisting of water. The yolk is 
also, in a nearly similar proportion, richer than the white 
in fat and in albuminous substances. The yellow oil of 
the yolk contains a large quantity of oleine, with a little 
m ine, less phosphorous fat, and still less gall-fat. 

+ further does the egg require to represent a com- 
plete nutriment? Nothing but the salts and chlorine 
compounds of the blood ; and all these are found in the 
a constituents both of the white and yolk. 

§ 49. Animal Food Considered.—*' Flesh makes flesh.” 
Thus says a Pee proverb. We readily agree with 
this view, and that so much the more when we regard 
diet in its direct relation to our body, since the view is 
much more correct than if it had been said—* Flesh 
makes blood.” It is not only the potash predominating 
in the flesh which distinguishes it from the blood, the 
latter containing soda in a greater Hg one ; for while 
in the blood more albumen than fibrine is to be found, 
ae Sa ee eae ve the ric the mus- 

, therefore, is much more capable of re 
the waste of our muscles than blood, Pret 

Is this discordant with the fact, that all nutriments 
find their way to the tissues only through the blood? 
The chyle, originating from meat, is, like all the rest, 
mingled with the blood, to which it is conveyed through 
the thoracic duct, But as our flesh in great part con- 
sists, not by chance, but according to a necessary law of 
attraction, of chloride of potassium, phosphate of potash, 
and fibrine, an abundance of these constituents in the 
blood must be to the benefit of our muscles, 

Onder a predominant, and still more under an exclu- 
sive animal diet, the fibrine does, in fact, pass in greater 
quantity into the blood. The natural result of this is 
great vigour of muscle, as may be illustrated by the 
strong muscular structure and fiery movements of the 
Indian tribes, in North and South erica, who snatch 
a livelihood from the chase. Has not breeding cattle 
the same influence upon the Calmucs and Tartars, the 

toral tribes of the Alps, and the mountaineers of the 
Keotch ighlands? Who does not know the superiority of 
an English labourer, who is strengthened by his roast 
beef, over an Italian lazarone, whose predominant vege- 
table diet explains in great measure his inclination to 
idleness? And, finally, the slighter strength of the 
Laplanders and Samoyedes, of the Greenlanders and 
Kamtschatdales, whose food consists almost wholly of 
fish, in which scarcely more than three-fourths of the 
fibring found in the birds and animals is to be traced, is 
an additional proof of the truth of the sentence—“ Flesh 
makes flesh,” 

The richer the meats are in soluble albumen, the poorer 
are they in fibrine and fat, the more easily digestible 
will they be, if other constituents do not neutralise this 


property. Thus the flesh of pigeons and fowls is more 


. 
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digestible than veal ; veal more digestible than the mus- 
cles of oxen, sheep, and deer, Horse-flesh is, doubtless, 


| very similar to the latter; and the Mongols and Pata- 


ians, and even some Christian nations of Europe in 
imes of famine, have proved its advantages as a nutri- 
ment ; while recent investigations of the French physicians 
have scientifically established them. Unjustly, therefore, 
was the eating of horse-flesh declared by the holy Boniface 
to be a heathen eee of appetite, interdicted by 
Pope Gregory III. and other authorities. The quantity 
of fat places the muscles of swine and geese among the 
most heavily digestible meats ; while, on the contrary, 
most of the different kinds of game owe their superiority 
to the small proportion of, fat they possess, which dis- 
tinguishes them from the meat of our high-fed domes- 
tic animals. : ; 
The flesh of fishes, according to their proportionately 
small quantity of fibrine and their abundance in soluble 
albumen, might be supposed easily digestible; but the 


} quantity of phosphorous fat renders them difficult of 


solution in the digestive juices—a remark which is ap- 
plicable, not only to fishes, but to the brain and liver of 
all vertebrate animals. Of the intestines, there is no 


| aliment more easily digestible than the sweet-bread of 


calves, which is remarkable for its slight quantity of fat 
and fibrine, as well as for its abundance of soluble 
albumen. 

On account of the formation of acetic acid in the ex- 
ternal parts, and of the less complete coagulation of the 
interior, roast meat, which does not contain too much 
fat, is easier of digestion than boiled. 

Soft-boiled eggs are, on the whole, dissolved in the 
stomach with greater facility than hard ones ; but as dis- 
solved albumen is coagulated by the acidity of the gastric 
juice, and is afterwards dissolved again, the process of 

iling the eggs hard, if not carried to excess, does not 
matenally interfere with their digestibility. 

As all Kinds of flesh contain a suflicient proportion of 
fat and salts to restore to the human body the inorganic 
constituents of the excretions and the transformed fats, 
that kind of flesh, however, which contains the albu- 
minous matters in the greatest abundance is to be con- 
sidered the most nutritious. Venison and beef are, 
therefore, more nutritious than veal, and veal more 
nutritious than fish. Pigeons and fowls, however, sur- 
pass beef in nutritiveness, being not inferior in their 
proportion of albuminous matters, but superior in diges- 
tibility. Pork, also, is less nutritious than beef, from 
the twofold reason of its possessing fewer albuminous 
compounds, and of being, on account of its preponderant 
quantity of fat, less digestible. 

When fibrine is abundant in the blood, the heart, being 
a tissue of muscular fibres, is more fully nourished ; the 
activity of the circulation is consequently increased. The 
excitation of this activity, observed after a copious meal 
of venison, is due not only to the abundance of albumi- 
nous matters contained in the venison, but also probably 
to its proportionately large quantity of kreatine. 

The formation of blood and the nutrition are increased 
by animal diet, as all these facts prove. Shall we there- 
fore be surprised to find that, after a hearty meal of 
meat and eggs, the secretions and excretions containing 
albuminous matters, or compounds derived from them, 
likewise increase in quantity, and especially in their pro- 
portion of nitrogenised matters ? That the milk flows 
more copiously, and the quantity of urea and uric acid, in 
twenty-four hours, is considerably increased ? Is it to be 
wondered at that the blood isoiahes more rapidly, that 
the muscles contract with greater vigour? Thus, it is 
true that an abundant formation of blood gives the first 
impulse to an active metamorphosis of tissue ; thus it is 
true that all increased activity has to be referred to a 
corresponding supply of new material. 

§ 50. Bread and Cakes.—All kinds of corn, including 
rice, maize, oats, barley, rye, and wheat, contain in their 
seeds a large quantity of undissolved vegetable albumen, 
combined with a little vegetable gelatine. The latter 
compound, belonging, like the former, to the albuminous 
matters, is a glutinous substance, which communicates 


its property to the whole combination ; from this cireum- 
stance it is called gluten. In addition to the gluten, 
formerly erroneously supposed to bea simple , mos 
kinds of corn contain a small quantity of soluble vege- 
table albumen. 
The constituents of fat are also abundantly represented 
in all kinds of flour, for all kinds of corn contain a 
| quantity of starch so considerable, as by far to surpass 
| their amount of albuminous substances. Besides the 
starch, a proportion of gum is always present. For- 
| merly, also, sugar was supposed to exist in these seeds ; 
recent investigations, however, have shown this supposi- 
tion to be incorrect, as far, at least, as regards wheaten 
flour in a fresh condition. 

A‘small proportion of ready-formed fat accompanies 
the constituents of fat; and, finally, all the inorganic 
constituents of the human body are present in the seeds 
of the cerealia—namely, soda and potash, magnesia and 
lime, iron and chlorine, fluorine, phosphoric and sul- 
phuric acids. The phosphates of the alkalies and earths 
predominate amongst the salts; and magnesia amongst 
the earths. . 

§ 51. Composition of the Cerealia.—The difference in 
composition which exists amongst the seeds of the cereali 
is much greater than one would expect from the sore 
affinity of their parent plants. 

Gluten and starch are the constituents of grain, in the 
proportion of which the greatest differences are found, 
the quantity of the one generally varying inversely as 
that of the other. Thus, wheat contains the greatest 
quantity of gluten and the smallest of starch; rye a 
medium proportion of both ; while in rice and barley, in 
oate and maize, the largest proportion of starch and the 
smallest of gluten are to be found. 

Potash considerably predominates over soda in the 
seeds of the cerealia ; this has been established by the 
most recent completed investigations on wheat and 
barley, oats and rice. 

Maize is remarkable for its considerable proportion of 
fattening matter. In the external covering of all kinds 
of grain, there are contained much more gluten and fat 
than in the interior. Peeled rice and pearled barley hav 
therefore, lost a — deal of their nutritiveness ; an 
bread containing the bran is much more nourishing than 
that prepared from sifted flour ; but, unfortunately, the 
former is rendered, by the hard cellular tissue which it 
contains, much more difficult of digestion than the latter, 
and excites an injurious irritation, poeeen een in 
weak digestive organs. Sifted flour is, 
general use, preferable to the unsifted. 

If we consider that the breeding of cattle, and agricul- 
ture, are among the most ancient pursuits of mankind, 
we must not be astonished that, in the methods of in- 
creasing the produce of both, experience had anticipated 
science by some thousands of years. In many cases, 
therefore, nothing was left to the latter, but correctly to 
interpret the results of the former, and explain its 
principles. Often, too, the scientific explanation of a 
customary practice has proved the safeguard against 
those errors, which would have been sure to arise in 
reasoning from solitary instances experimentally estab- 
lished, without the sure ground of a general principle. 
If the agriculturist were but ready to acknowledge the 
services of the chemist, and the latter willing to co- 
operate with the former, then the power of mind and that 
of the purse, which have, in fact, but one common object 
in view, would not divide their forces ; but to the obsti- 
nate pride of the theorist, who seeks to overthrow all 
that agricultural experience has established, there is o' 
too often opposed, the equally obstinate narrow-minded- 
ness of the agriculturist, who has no faith out of the 
circle of his experience, or beyond the limit of his fields ; 
the one forgetting that old customs have been confirmed 
by new reasons, at least as often as they have been setaside, 

This state of things is, however, happily disappearing : 
at least, in this country, agriculturists are now aware of 
the value of the chemical appliances to agriculture, and 
are not found to be backward in developing its resources. 
They are now aware, that what feeding accomplishes in 
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manure effects in the field ; and while with 
undant formation of fat is principally sou; ht, 
the chief endeavours of the agriculturist are directed to 
the production of gluten. greater the amount of 
nitrogen incorporated into the soil by means of manure 
in the form of ammonia, the more considerable is the 
yield_of gluten, which by means of the seeds of the 
cerealia renews the blood of man, 

Besides manure, the temperature exercises a most im- 

t influence upon the quantity of gluten produced 

the gramineous plants of the fields. summer, and 

in warm climates, more gluten is formed than in the corn 
of winter and of the north. 

§ 52. Constituents of Bread.—Although bread is made 
of different cereals in different countries—as of rice by 
the Hindoos, and of maize in Tyrol and at the Gold- 
coast—wheat and rye furnish the flour chiefly used in 
the preparation of bread in Europe, 

Our ordinary bread is prepared with leaven, and is, 
therefore, called leavened or fermented bread. Leaven 
is nothing else than a of the common dough pre- 
served until the next ing, during which time it has 
become sour. By the process of fermentation in this 

rved dough, lactic and acetic acids are formed. 


the stal 
cattle an 


the terment water, and salt, form the dough. 
In this a part of the starch has already been transformed 
into sugar ; and by the action of leayen or yeast, this 
is transmuted into alcohol and carbonic acid. The 
carbonic acid, which is prevented from escaping by the 
tenacity of the gluten, produces the vesicles which give 
to the bread its ordi lightness. By the process of 
baking, a portion of the starch in the external layer of 
the bread is transformed into gum and sugar. The 
soluble albumen coagulates the process; the alcohol 
evaporates. 
y exposure to heat, this crust becomes brown; a 
hee? aaa of an agreeable bitter taste is thus formed, 
x to that produced by the roneting. different other 
a compounds. This iar bitter principle is 
led ‘*roast-bitter,” or ‘ Ae Bread is so 
easily soluble in water, that it is liquefied even by the 
humidity of the air. 

Good wheaten bread is white; the real brown b 
bes for example, the well-known Westphalia rye b 

‘* Pumpernickel,” is from rye. As wheaten flour 
contains more gluten than rye flour, the same proportion 
is not found in white and brown bread; and as it is 
gluten which causes the to undergo fermentation 
and retain the carbonic acid. the reason is apparent why 
rye bread, which contains a smaller proportion of gluten, 
is less s than wheaten bread. Stale bread is 
scarcely drier than fresh. In tive days fresh bread loses 
one-hundredth only of its amount of water, and becomes 
stale even if it has cooled in an atmosphere saturated 
with moisture. But stale bread may be retransformed 
into fresh if put again into the oven, whereby a con- 
siderable amount of water is necessarily lost. Both high 
and low temperatures cause a change in the smallest 
a which has yet more closely to be investigated 

y science. It is, however, a fact, that stale bread is 
hard and firm, but not dry. 

§ 53. Pale sipeee tos pe of Bread.—Bread is not, on 
the whole, so nutritious as meat, so far as the albuminous 
substances are congerned ; for even the richest bread 
contains only about two-thirds of the quantity of albu- 
minous matters present in beef. 

The digestibility, moreover, of bread and flesh is not 
to be considered equal ; for gluten is more difficult of 
solution by our digestive juices than the fibres of the 
muscles, and corresponds intimately with the albu- 
minous substances of the blood ; therefore it is more 
slowly transformed into its constituents, 

vou, I. 


The starch, so abundant in bread, has to be trans- 
formed into fat. The inferior solubility peculiar to the 
ready-formed fat of the flesh is thus compensated. 

Of the fat which the excretions subtract from the 
blood, bread is a much more productive source than 
meat; for more than one-third of wheaten bread con- 
sists of starch ; while one-tenth in weight of gum, and a 
small quantity of sugar, is also contained in it. This 
pradgacinance of the constituents of fat, explains why 

read contains much more of solid substance than flesh. 
In the former, the Eenportion of water scarcely amounts 
to one-third of the whole. 
ee peaarinces of the ginsitinetis = fat does not at 
correspond in proportion to the small quantity of fat 
to be found in the blood ; and in comparing the nutri- 
tiveness of flesh with that of bread, we must, therefore, 
decide in fayour of the former. 

The nutritiveness of the different kinds of grain is de- 
pendent upon their comparative proportions of gluten; 
for in all of them the constituents of fat are present in 
abundance. Wheat, rye, oats, barley, rice, and maize, 
form a series, in which wheat takes the highest, and 
maize the lowest place with respect to nutritiveness. 
Thus in rice and maize there is scarcely to be found 
ppd of the amount of gluten contained in whee 

corresponding proportion of nutritiveness consequently 
exists in the bread pre of these different kends of 
grain. Chemical knowledge thus justifies the old usage 
oo prefers wheat and rye-b to all other kinds of 


§ 54. Indigestibility of Cakes.—Like stewed hare, or. 
any other composite preparation of meat, cakes belong 
more to a cookery-book than to a treatise on food, 
Eggs, fat, sugar, different condiments, almonds, dry 
or fresh fruit, are mixed with the dough of different 
kinds of flour ; and all these constituents will be spoken 
of in their meepemre laces. Why are cakes less con- 
ducive to health than bread? This question is so im- 
portant to that large class of housewives who are proud 
of their pastries, that I will not it without a reply. 

Sugar is the constituent considered, by most people, 
the most dangerous, while it is in reality the least so, 
Tf not added in too great a quantity to cakes and tarts, 
sugar is transformed into lactic acid, and assists the 
stomach in digesting. It is the fat, so abundantly mixed 
with many tarts in the form of butter, and as a consti- 
tuent of the and almonds, which renders many 
kinds of pastry so difficult of digestion. The more these 
fats are t ormed by heat into the products of their 
respective decomposition, the more will this be the case. 
For this reason, macaroons, almond-tarts, or chocolate- 
cakes, containing the fat of cocoa, are more indigestible 
than other fruit-cakes and pastry which contain neither 
almonds nor cocoa. 

The indigestibility of the latter, however, corresponds 
exactly to the quantity of butter and yolks of used 
in their preparation ; for in the yolk the fat of the eggs 
is 6 prtnetpsEy to be found. Cakes, therefore, containing 
only a small proportion of butter and eggs, are the most 
innoxious. 

The roast-bitter, produced by baking, in the crust of 
bread, originates in all farinaceous food in the same way. 
It is the substance which principally takes up water from 
the air, or the interior of the cakes, and causes the crust 
to be moist. 

But why are cakes preserved in a moister condition, 
when kept in tin boxes secluded from the air? Because 
in a closed place the water of the cake evaporates less, 
and the cake therefore is less desiccated, The sugar, 
with which the surface is usually sprinkled, and the 
roast-bitter principle, attract the water from the interior 
of the cake ; and after a time the sugar is found melted, 


and the crust humid, 

55. Peas, Beans, and Lintels.—Peas, beans, and 
lintels are comprised under the name of leguminous 
seeds, If we wished to divide all aliments into two 


rincl groups, the former containing those of a 

Peta autities "quality, we should in this class the 

leguminous seeds together with meat and Brent For 
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the legamin, which is a constituent of all legu- 
minous seeda, is contained in peas, beans, and lentils, 
in so abundant a quantity, that this albumipous sub- 
stance not seldom surpasses both the proportion of gluten 
in bread, and that of fibrino in meat. Legumin is 
soluble in water. Aootic acid precipitates a sediment in 
the solution, which does not dissolve again if a larger 
quantity of this acid be added. By mere boiling, the 
legumin does not coagulate ; but this effect is produced 
on the soluble vegetable albumen, which, as in cereal 
grains, is also found in the leguminous seeds in a small 
proportionate quantity. 

A considerable proportion of starch, accompanied by a 
good quantity of gum, and in the sugar-peas, for in- 
| stance, by sugar also, takes the place of the constituents 
| of fat, in the interior of the seeds of peas, beans, and 
| lentils. The husk of these seeds, as well as the shell of 
| those beans which are eaten whole, consist in great part 
| of a substance which forms in all plants the young 
| cellular walls, and is therefore called the cell principle, 
or cellulose. This belongs to the constituents of fat ; it 

is identical in composition with starch, and like this is 
| transformed into sugar by acids. But this process of 
| transformation is so slow, that the cellulose, which does 
| not dissolve in water, belongs to the alimentary sub- 
| stances, which are very difficult of digestion ; so much the 
more so, as even the alkali of our saliva, bile, pancreatic 
; and intestinal juices, is only able to dissolve avery small 
) quantity of cellulose. 
The ready-formed fat associated in the leguminous 
seeds with the constituents of fat, is present in so small 
_& quantity, that, without their nen vers proportion of 
| starch and gum, the peas, beans, and lentils would not 
be able to restore the fat of the body, which, after being 
| decomposed by combustion into carbonic acid and water, 

we constantly exhale. F 
All the compounds of chlorine and salts of the blood 
; 
| 


are [to be found in the leguminous seeds; the most 
abundant salts of the blood, the phosphates of the alkalies 
_ and earths, existing there in the test abundance. 
| §56. Alimentary Principlés.—Legumin owes its name 
| to the circumstance of its representing the most impor- 
tant alimentary principle of the leguminous seeds ; for 
it represents the albuminous substances in the peas, the 
| beans, and the lentils, which contain only a small pro- 
portion of soluble albumen besides, . 
| How is it that beans, and lentils, become hard by 
boiling, as the legumin does not coagulate under the in- 
| fluence of boiling-water, and the proportion of the 
coagulating soluble albumen is so small? Because the 
chemist and the cook a a water altogether different. 
| The chemist operates only with water free from all dis- 
| solved substances. He first causes the rain or spring- 
| water to evaporate by heat, and condenses again the 
| vapour so formed in a low temperature ; the water thus 
| distilled containing none of those compounds of lime 
| which are found in all the water used by thecook. But, 
| in boiling, the lime unites with the legumin, and trans- 
| forms it into a very hard substance; and as rain- 
| water contains a smaller quantity of limo than spring- 
| rae the peas remain in the former than in the 
iter, 


} By the process of boiling in rain-water, which contains 

| but a small proportion of limo, a considerable part of the 

| legumin is dissolved. It is better, therefore, both for 

| the blood and the purse, to eat peas, beans, and lentil 

_ not in a dry form, but prepared as soup. Just as boil 

| meat should be partaken together with its broth, in order 
to get the most digestible and nutritive part of the meat, 

80 in pea and lentil soups, the fluid part is better than 
the undissolved portion. A great part, therefore, of the 

| nutritious substance is thrown away if wo only eat the 
which have been boiled in water, and throw the 

mor away. 


ME 
§ 57. Digestibility of Leguninous Sceds,—In respect of 
| digestibility, the leguminous seeds, if taken without 
| husks or skins, hold an intermediate place between meat 
_ and bread ; for the fibrine and albumen have an advan- 
| tage over logumin in their greater conformity with the 


constituents of the blood, while legumin surpasses the 
gluten of the bread in solubility. ’ 

But if water which contains much lime, as is often the 
ease, renders the legumin hard, and if the seeds are 
rendered more difficult of solution by the presence of 
their husks, peas, beans, and lentils become dishes dif- 
fioult of digestion, and occasion flatulence. This shows 
the advantage of preparing the soups of the leguminous 
seeds in rain-water, and straining them through a hair- 
sieve after the bursting of the husks by boiling. Peas, 
beans, and lentils, with their husks, require very vigorous 
Ens tos enminons eods, though inferior to 

ut the leguminous s: ough inferior to meat in 
digestibility, are superior in the abeniancs of solid con- 
stituents which they contain; for the proportion of 
water in peas, beans, and lentils, is scarcely one-sixth of 
their weight ; and while the quantity of albuminous sub- 
stances may surpass that contained in meat by one-half, 
the constituents of fat and the salts are also present in 
the leguminous seeds in a greater abundance, 

Blood and flesh, and milk, are therefore abundantly 
formed by peas, beans, and lentils; and for this reason 
they are the comfort of poor people, to whom meat is so 
seldom and so sparingly allotted. 

We have already mentioned the considerable propor- 
tion of phosphorus contained in legumin ; but the brain 
cannot exist without the peculiar fat containing phos- 
phorus, which owes its origin to the albumen and fibrine 
of the blood. Phosphorus cannot be formed from any 
other element. It necessarily follows, therefore, that meat, 
bread, and leguminous as 3 are serviceable in Ney Seabs 
the nutrition to the brain ; and that aliments like fish an 
cuss, which contain a ready-formed phosphuretted fat, 

ill facilitate the conveyance of this peculiar constituent 
of the brain. The formation, and therefore the activity 
of the brain, also, is dependent on this fat containing 
phosphorus ; and it has been said, as a mere pleasantry, 
that a sagacious man has much phosphorus in his brain. 
The chemical combination of an organ is as much im- 
paired by containing too much of a constituent, as by 
possessing too little. There is no danger that the laws 
of regular attraction, upon which the nutrition of the 
tissues is dependent, should allow the excessive supply 
of a single constituent ; but the function suffers if this 
constituent be present in too small a proportion. We 
cannot, therefore, presume an abundance of phosphorus 
in great thinkers ; while yet it remains true, that with 
no phosphorus, there is no thought active in the brain. 

§ no dhe oer eho and Mh mee are om psa so 

merally together, as inevitably to suggest t : 
scope 1 that one is pBrctwscibicew: 4 by the other ; ie 
on investigating the composition of the different kinds of 
vegetables, such as cabbage, cauliflower, salad, spinach, 
sorrel, and asparagus, nine-tenths of their weight will be 
found to consist of water, with scarcely half-a-hundredth 
part of soluble albumen, Although the proportion of 
the constituents of fat, especially of cellulose and gum 
in addition to starch, wax, and the green nitrogeni 
matter of the plants, exceeds the albumen in quantity. 
yet it is evident, from the considerable abundance o! 
water, that the constituents of fat form only a very 
— proportionate part of the above-mentioned vege- 
tables, 

But the leaves and young shoots which are used as 
dishes of vegetables, contain several organic acids; 
asparagus, for instance, with all the cabbage tribe, pos- 
sesses acid of apples, or malic acid; the sorrel, oxalic 
acid; rhubarb contains both malic and oxalic acids. 
Malice acid consists of carbon, hydrogen, and a 
Ley args of oxyyen; while oxalic acid, like carbonic 
acid, is composed of carbon and oxygen only, but with 
a smaller proportion of oxygen than is contai in 
carbonic acid, Both these vegetable acids have the 
power of keeping the soluble albumen of meat in a dis- 
solved state. In ba teak there is associated with the 
malic acid another body, the asparagine, neither acid 
nor alkaline, but remarkable for its amount of nitrogen. 
Finally, the saurkrout, the dainty of a German citi 
and the relief of an English sailor, derives its name from 
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a sourish taste occasioned by lactic acid, produced by the 
following process :—The cabbage, which is cut into slices 
and placed in a barrel, intermingled with a certain 
quantity of common salt, is pressed down, and in this 
state it undergoes fermentation; lactic acid, together 
with a small quantity of butyric acid, is thus produced. 

The dissolving action of these acids—for they act 
also upon the fibrine of flesh—is assisted by their 
abundant proportion of compounds of chlorine and of 
salt. In cab and asparagus, lettuce and cabba 
sprouts, potash considerably predominates; in spinach, 
soda rig tash are nearly equal; while in rhubarb, a 
considerable amount of lime is contained. Cabbage 
sprouts are remarkable for their amounts of lime and 
magnesia; and in the stalks and leaves of lettuce, in 
as and cauliflower, traces of manganese, a metal 
very similar to iron, have been found. 

§ 59. Digestibility of Vegetables—Are we, then, to 
express surprise that those vegetables should be praised, 
and put in comparison with meat, as aliments which 
dilute the blood, when we know that their solid sub- 
stance often forms scarcely one-tenth in weight of the 
whole; and, moreover, that it contains more salts than 
albumen, without any undissolved albuminous substance 
at all, but merely a small proportion of organic acid? 
Whilst by themselves cony very little nutriment to 
the bl as may be seen in the feeble muscles of the 
inhabitants of the tropics, who live exclusively on herbs, 
vegetables are of service, first in the digestive canal, by 
dissolving the albuminous substances of the meat, and 
atieeart in the blood itself, by keeping the albumen 
ag fibrine in a liquefied state, but not as nutritious 


The celiuose, which in several kinds of cabbage, espe- 
cially in the stem, is present in a ter abundance, 
sty tee an alimentary principle difficult of digestion ; 
and this explains the flatulence which cabbages not un- 
usually occasion in weak digestive organs. all other 
kinds of ry the white cabbage used for saurkrout 
is remarkable for its amount of lactic acid, which renders 
it a readily digestible aliment. This useful vegetable is 
sometimes charged with indigestibility—a charge which 
should be brought against the pork and hard-boiled 
mashed so often taken with it. 

If it sag bene apparent that as vegetables alone 
furnish a very insufficient compensation for the excreted 
substances, the fact that an exclusively vegetable diet 
affords but a defective nutrition to the tissue, is at once 
explained. Not only do the muscles become powerless, 
but a smaller quantity of nutriment is conveyed to the 
brain. Hence results an irresolute will, and a cowardly 
Sie gor prea of independence, as illustrated in the 
timid and slavish Hindoos, and other inhabitants of the 
yr who feed almost exclusively on vegetables. 

ince, moreover, the alimentary principle of vegetables 
requires less oxygen than meat, bread, or the leguminous 
seeds, for the Deore of the same quantity of car- 
bonic acid and water; while, at the same time, the 
amount of oxygen we inhale remains undiminished, it 
becomes evident why we exhale more carbonic acid while 
living on v bles, than when cg by a more 
invigorating diet of meat, bread, and leguminous sceds, 
Precisely for this reason do we become satiated in a 
short time by an exclusively vegetable diet; for the 
blood and the tissues are only scantily supplied with 
albumen. But these tissues, containing a scanty amount 
_ of albumen, furnish fewer ee products of de- 
composition; and the excretion of urea and uric acid is, 
during the twenty-four hours, considerably diminished. 
The amount of urine, however, is mone | by the salts 
and acids of the vegetables; and everybody knows how 
> aged the constituents of the asparagus, conveyed to 
ood, and attracted therefrom by the kidneys, 
manifest themselves to the sense of smelling in the 
urine. 

By substituting vegetables which are poor in albumen 
for one part of the meat we take as a meal, the supply 
of albuminous bodies is diminis and the digestion of 
what we have taken facilitated, us a combination is 


performed intermediate between meat and vegetables; 
the blood contains more water than the meat, more 
solid substance than the vegetables; and, by adding 
together the amount of albuminous substances in the 


meat and vegetables, and dividing the total into two | 


equal parts, the average quantity of albumen in the 
composition may be found approximately corresponding 
with that in the blood. Thus the seeming chance be- 


comes an approved law; and, instead of an arbitrary | 


taste being left to dictate the choice of alitnents, the 
necessity of attending to the law is apparent, clear 
light being thus thrown upon the connection between 
nutriment and blood; and the night in which the 
realms of knowledge were peopled with nebulous spec- 
tres and conjectural dreams, tending to show that all 
things existed for a settled p e, is turned to day and 
conviction by the discoveries of science. 

§ 60. Potatoes and Edible Rovts.—Although in ordi- 
nary life we class the potato and other edible roots in 
the same category as the “vegetables,” we must not 
forget that these roots and tubers considerably surpass 
the latterin the quantity of solid substances which they 
contain ; on an average, the eee of water they 
contain does not greatly exceed that of meat. 

Are, then, potatoes and edible roots to be compared 
with meat in their nutritive qualities? Here it appears 
how important it is to compare the connection between 
the several groups of alimentary principles represented 
by the solid substances, with the composition of the 
blood, if we would accurately estimate their nutritive 
quality. By such comparison it will be found, that in 


potatoes, turnips, carrots, beetroot, parsnips, and Jeru- | 


salem artichokes, in leeks and celery, shallots, onions, 
and radishes, the constituents of fat surpass the albu- 
men in precisely that proportion in which the latter 
ought to have exceeded the former, had these edible 
roots been intended of themselves to sustain the com- 
position of the blood ; thus the soluble albumen, which 
alone represents the albuminous substances in these 
roots, often constitutes less than the one-hundredth, and 
sometimes only the two-hundredth parts in weight; while 
the constituents of fat fluctuate between one-fourth 
and one-fifth. 

In the several roots and tubers, the constituents of fat 
are very different in kind. Cellulose and gum are indeed 
found in all of them; but while the potato is remarkable 
for its amount of starch, we find in carrots, beetroot, 
and Jerusalem artichokes, an abundance of sugar also. 

The roots just mentioned as abundant in sugar, and 
also turnips, contain a new compound of carbon, hydro- 
gen, and oxygen ; which contains more oxygen, in pro- 
ae to its hydrogen, than the constituents of fat. 

his substance, in the unripe fruit, thickens the walls of 
the cells, consisting of cellular tissue, and is denominated 
vegetable jelly or pectose. By boiling, it is transformed 
into a tinous substance called pectic acid, which 
might, therefore, be called gelatine acid. But since this 
gelatine acid is not transmuted into sugar, either by our 
digestive juices or by any artificial means, the vegetable 
jelly and the gelatine acid cannot be classed with the 
constituents of fat. 

Fat is contained in potatoes and carrots in very small 
quantity ; while in artichokes, besides fat, a trace of wax 
has also been found. Rush-nuts contain, with a great 
amount of starch, a considerable proportion of fatty oil. 

The pungent taste of leeks and garlic, of radishes and 
horse-radish, of onions and parsley root, is produced by 
certain volatile oils ; for these oils, if extracted from the 
roots, will be found to possess exactly the same peculiar 

ungent smell and acid taste as the roots themselves. 

e garlic oil, which exceeds all other oils in pungency 
of taste and smell, is composed of carbon, hydrogen, and 
sulphur, and is imperfectly soluble in water. ; 

rganic acids, which were mentioned as characteristic 
of vegetubles, are also to be found in these roots : thus 
the malic acid in potatoes and carrots ; the citric acid, 
composed of the same ingredients as the former ; and 
tartaric acid, containing a greater proportion of oxygen 
than the former, are found in the Jerusalem artishoke, 
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Citric acid has been observed in several roots, which are 

remarkable for ic ee ap aga 4 
Asparagine is found in potatoes, which also remind us 

cepa asparagus, by their containing 
© ac 


paring potatoes and other edible roots with esculent 
coke fh a we find the latter inferior in digestibility and 
nutritiveness to the former; for, in the roots,. not only 
are the different constituents of fat—namely, s 
gum, and especially su, more readily soluble than the 
cellulose of the vegetables; but these constituents of 
fat and albumen, however small the proportion of the 
latter may be, are also much more abundantly present 
in roots than in leaves and stalks. 

But if we contrast the roots with the group of the 
more nutritious aliments, as meat, cereal grains, and 
leguminous seeds, we find even the least substantial 
aliment of this group morenutritious than any edible roots. 
Rice and maize are not only richer in albuminous sub- 
stances than roots, but exceed them nearly fourfold in 
the amount of starch which they contain, “ 

The edible roots, as well as vegetables and fruit, belong, 
therefore, to the less nutritious aliments, and pay be 
united into a second group, the first being formed of 
meat, bread, and leguminous seeds, 

In this second group, potatoes and carrots, it is true, 
are distinguished from the other members by their 
superior nutritiveness, as well as by their digestibility. 
But, notwithstanding ager in must we think of the 
value of a nutriment in which the albumen and the con- 
stituents of fat are contained in an exactly inverse pro- 

ion to that which exists in the blood? It may, 
indeed, overload the blood and the tissues with fat ; but 
inasmuch as it provides the blood only scantily with 
albumen, it conveys no fibrine, and, therefore, no strength 
to the muscles ; nor can it furnish any albumen or phos- 
phuretted fat to the brain, Now what would be the 
consequence if we were to accustom ourselves to eat such 
a quantity of potatoes as would suffice for providing the 
blood with the requisite rade! of albumen by their 
means alone? It is very obvious if, through this excessive 
supply, the process of digestion did not come to an entire 
stand-still, a superabundance of fat would be formed 
beyond the power of the oxygen to consume ; and this 
fat would successively absorb from the albuminous sub- 
stances a part of this vital element. A barrier would 
thus be raised against the endless change of matter 
in the tissues, against nutrition and ive transfor- 
mation ; and only a portion of the material, and that 
the less important one, would take a part in that course 
of decay and reparation, by which the will and the 
energy, the movements and the thoughts, are brought 

act. 


It is this which so immensely aggravates the weight 
of poverty, The ill-satisfied want may be tolerated for 
a time; the strength of the arm may by strenuous 
efforts, and with the hope of obtaining better food, for a 
time uphold the fainting courage ; but can a lazy potato- 
fed-blood confer on the muscle the power n for 
this labour ; or ou the brain'the ‘necemexy vivilving 
impulses of hope? 

¢ 62. Taste—It is not only the iar taste which is 

uced by the volatile oils existing, as above stated, 

in the several roots ; that taste is but the first link to a 
jong series of impressions effected by these oils upon the 
'y- The different kinds of leeks, onions, and radishes, 
accelerate the pulse; the oil is conveyed to the nerves 
with the bl and the irritability is increased; the 
smell of the oils is communicated to the breath ; and, 
apart from the flatulent risings caused by the radish 
and horse-radish, it may be perceived immediately, from 


the exhaled air, that onions, leeks, or garlic, have been 
eaten. Through the action of these oils the are 
abstract much water from the blood; for the di 
effect of these roots is well known. 

§ 63, Fruwit.—Vying in scent and colour with the 
flowers of the fields, fragrant fruits decorate our orchards ; 
and though the savoury mango, and other tropical fruits 
do not tempt the e in our climate, still the appli- 
ances of horti skill have given an exquisite 
delicacy to our apples and pears, and transplanted the 
cherry and m Asia Minor ; while active com- 
merce provides us with the orange, and the lemon, and 
pine-apple. 

The nutritive and refreshing qualities of so many 
noble fruits have not escaped the researches of chemists. 
The cause, however, of so many subtle varieties of taste 
and odour has not yet received a satisfactory chemical 
elucidation, It is true we know the yolatile oil which 
causes the peel of lemons and oranges to throw out afar 
their peculiar ce; if is true we know that some 
fine sorts of ether reside in raspberries and peaches, 
which are now abundantly produced by chemical sins 
and used for flavouring purposes. Yet if the causes 
variety are to be as lucid to our mind as the variety 
Sant See Me palate, much remains to be 
investiga 

Cellulose, gum, and i georgia of fat, there- 
fore, both of difficult and of easy digestion—are to be 
found in all fruits, as in applgn ta stone-fruit, in berries, 
in 0} and in melons. ese components are asso- 
ciated with but a small proportion of albumen ; it is 
even smaller here than in vegetables, though here and 
there, as in apricots, it is greater. The 
water contained in fruits, is intermediate 
contained in edible roots and vegetables. ~" 

Fruit-marrow, or pectose, a su we have already 
specified as found in several + b is abundantly presen 
in all unripe fruits. While the fruits are ripening, this 
is grad y transformed into the constituent of 
table ae (pectine), which, by boiling, becomes 
tine aci 

Several peculiar colouring matters, together with wax, 
produce the brilliancy of colour in the peel of cherries 
and apples. Like a film, they cover the skin ; a touch 
of the finger deprives the peach of that tender waxy 
bloom, which in ce surrounds the fruit with a 


beter adornmen 
ifferent acids, supported by several salts, cool and 
refresh our thirsty tongues ; as, for instance, malic aci 
present in almost every fruit, especially in apricots an 
peaches, in apples and pears, in gooseberries and cur- 
rants ; citric acid, present in lemons and eae] 
grapes and pine-apples ; and tartaric acid, in grapes an 
gs. The skin of grapes derives its astringent taste 
from the tannic acid, which, in many other fruits, as in 
acorns, produces a taste entirely gs ee 

Almonds and nuts, as well as the kernels of stone- 
fruit, contain an albuminous compound (emulsine), which 
we may call ferment of almonds. Ina temperature some- 
what raised, this ferment of almonds causes another 
nitrogenised substance, contained in bitter almonds and 
in kernels of peaches, and called the almond-principle 
(amygdaline), to undergo a fermentation, by which the 
Moa oil of bitter almonds and hydrocyanic acid are 

orm. 

As chestnuts are distinguished by their amount of 
starch, so almonds and nuts are characterised by their 
abundance of an oil consisting of oleine and margarine. 
It is only from arcane with custom that we place 
almonds, nuts, and chestnuts in the group of fruits, as 
their very slight proportionate amount of water decid 
eee them to the group of the more nutritive 

F CLD of Acidity.—Ripe and sweet, d 

64, Degrees o, idity.—Ripe ani sour an 
unripe, are, in popular language, words of the same sig- 
nification ;—wrongly, if we ascribe the degree of acidi 
to the proportionate abundance of sourness ; for in the 
ripe fruit, the proportion of acid is very often increased ; 
but the sugar, which has augmented in a still greater 
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aah moderates the sourness, which in the unripe 
it predominates over the sweet, though the quantity 
of acid is actually smaller. 

In ripe fruit the acid is enveloped in the sugar, just 
as in stewed fruit it is by the jelly; for the vegetable 
jelly of the raw fruit deserves this name ay when 
stewed, It is true, by this process, a new acid, the gela- 
tinous or pectic acid, is formed. The latter, however, 
in the form of a mucous jelly, weakens the other acids. 
Stewed fruits and fruit-jelly, prepared with sugar, are 
therefore less injurious than raw fruits, so far as con- 
cerns the irritating power of the acids and salts ; for the 
interior coating of the digestive tube is protected by the 
gelatinous acid. 

Apples and berries, cherries and plums, apricots and 
= melons and cucumbers, with all other similar 

its, dissélve the albuminous matters, and exercise a 
cooling influence upon the blood. While more nutritious 
than vegetables, and less so than potatoes, they have a 

+ advantage over the latter in not over-loading the 
lood with fat. A thinner blood circulates with much 
vivacity through the vessels of the inhabitants of the 
South Seas ; ‘‘ these blessed countries,” to use the words 
of Forster ; ‘‘the cradle of the younger human race, where, 
not yet condemned to slavery, it enjoyed all the rights 
of free men, without being compelled to purchase at too 
a price the happiness of existence in sweat and 
ustion.”” 

Oy Lrquip — 65. aor og life —— a 
metamorphosis 0 tissue, fluids are an indispensable 
condition of life’; for the combinations and decom- 
positions in its substance, ced by the activities 
of our body, cannot take p without the agency of 
water. The simplest bev is therefore, at the same 
time, the most necessary of 

It is true, the same combination of hydrogen with 
oxyeen, which constitutes the essential ingredient of all 

ble water, is contained in a small proportion even 

in the driest food ; but neither meat nor bread, still less 

the inous seeds, are so abundant in water as to be 

of maintaining the proper composition of the 

blood. And who is not aware, from his own experience, 

that the most nutritious aliments are isely those 
which most stimulate our thirst ? 

But it is impossible, in our climate, with our activity, 
with the vigour of our changing tissues, to live only on 
fruit and vegetables, meat and bread, and and 
beans. Our most important aliments must inter- 
mingled with a food abounding in water, if the water. 
which is abstracted from the body through the skin and 
lungs, the intestines and kidneys, is to be restored by a 
process of uninterrupted attraction. 

Our drinking-water is a nutriment which contains the 
greatest proportion of liquid ; for is that not a nutri- 
ment which conveys to the blood the substance that 
renders ible the motion of all other combinations ? 
Is not water to be considered a restorative sub- 
stance, inasmuch as the water, which constitutes three- 
fourths of the blood, is continually being withdrawn by 
all excretive without exception ? 

And yet deighingveatar is nutritious not alone because 
it contains water. The warmth of the earth indefati- 
gably raises water into the air. From brooks, rivers, 
and seas, from plants also, and animals, there arise unin- 
terruptedly, through the action of heat, vapours, which 
are condensed into clouds in the higher strata of the 


‘atmosphere. If that were true, which in a coward 


passion for has so often been imputed to nature. 
that its activity never deviates from the strictest method 
of quiet development; evaporating water, if falling 
down as rain, would provide us with water only. But 
the dashing of the sea, and the storms of the air sur- 
rounding the earth, the pressure of the atmosphere, and 
the power of fire, very often impel the vapour upwards 
with so furious a violence, that all substances dissolved 
in the water are carried with it. Hence, even the st 
water falling down from the clouds, is impregnated with 
salts. Common salt and chloride of potassium, lime and 
magnesia combined with sulphuric and carbonic acids, 


magnesium with chlorine, even iron and manganese, have 

been found in rain-water ; and however slight the pro- 

portionate amount of these fire-proof constituents may 

2 the regularity of their indications establishes the 
Ww 


In a greater abundance, however, than with these 
solid bodies, rain-water is impregnated with air. Oxygen 
and nitrogen, and the most important nutriments of the 
plants, carbonic acid and ammonia, are taken up by 
the falling rain watering the thirsty earth, and fertilising 
the fields ; and even the lightning renders its assistance 
in enriching the verdant clothing of the ground. Its 
spark unites nitrogen and oxygen into nitric acid, and 
the thunder-shower supplies to the plant the nitrate of 
ammonia, 

To ammonia especially, rain-water owes its softness ; 
while lime renders the water, containing a greater pro- 
portion of salts, hard, as we have it in our wells and 
springs. The carbonic acid of the water dissolves the 
chalk of the earth, and the water itself dissolves the 
gypsum, or sulphate of lime, which forms the deposit 
when, in the process of boiling, a considerable quantity 
of water is evaporated. This is well known as occurring 
in kettles, boilers, &. 

The quality of spring-water is as various as the earth 
through which it oozes. Harths and alkalies, combined 
with chlorine or sulphuric acid, with carbonic or nitric 
acid, with iron and manganese, are contained in the water 
of wells and springs in the most varying proportions. 
One or the other of these substances is often absent. 
Phosphoric acid rarely, if ever, forms a constituent of 
water, notwithstanding the predominance of the lime- 
salts in wells and fountains. 

That which causes the water of swamps and lakes, of 
rivers and seas, to be almost always unfit for drinking, 
is the admixture of putrefying organic substances, be- 
sides the common salt of the sea, which impart a putrid 
taste to it. Now it is the bottom of the sea, which, lik 
a retort, sends the water up into the air; from which, 
as if distilled into rain, it streams down again in a pota- 
ble condition : now it is the earth, forming, as it were, 
a strainer, through which the water, though not entirely 
purified, bubbles out of the wells. Even the skin of 
man possesses some of the properties of a filter. Cast 
upon a rock where not a drop of fresh water refreshes 
the languishing tongue, the shipwrecked man bathes in 
the sea in order to escape the most tormenting death 
from thirst ; and from the sea-water itself, a refreshing 
moisture, with a smaller proportion of salt, penetrates 
the thirsty body. 

§ 66. Water Essential to Digestion.—Since the last re- 
sult of the whole process of digestion is a liquefaction of 
the alimentary principles, the formation of blood is im- 
possible without water ; but not only the formation, but 
the continual exercise also of the organs, depends upon 
their receiving a due amount of water. Without it, no 
digestion or formation of blood, no nutrition or excretion 
can exist. Even this statement, however, by no means 
exhausts the importance of water ; forit is essential, not 
only as the medium for the movement of all dissolved 
substances, not only as the humidity necessary for the 
organs, of which the most active, the brain and the 
muscles, contain the greatest proportion of water ; but 
the hydrogen and oxygen which we take in water, enter 
into the composition of many alimentary principles by 
being changed into the constituents of the blood. When 
sade or gum becomes sugar, the transmutation is 
effected by the absorption of water ; for, with regard to 
their composition, a greater proportion only of water dis- 
tinguishes sugar from starch ; and separation of oxygen 
from sugar, causes the latter to be converted into fat, 

No alimentary principle is so easily removed from the 
body as water, if taken in excess ; for as no decomposi- 
tion is required in order to its being attracted by the 
lungs, the kidneys, the skin, and the sudoriferous glands, 
it is not even necessary for this process that a ter 
proportion of oxygen be taken in. Water, taken in 
abundance, increases, at a low temperature, the activity 
of the kidneys; at a high one,-the perspiration, He, 
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therefore, who takes more water than necessary for nutri- 
tion and excretion, produces, in winter-time, a propor- 
tionately greater quantity of urine ; in summer, an ex- 
cessive iration. ; ; 

§ 67. Milk.—A nutriment like milk, which during the 
whole period of life is of itself capable of sustaining the 
formation of blood, is, as it were, a ready answer of 
nature to the question—What alimentary principles are 

uired for the formation of a complete nutrition ? 

treating on digestion, we took milk as the wor 

of a perfect nutriment. It is at once a solid and a liquid 

food ; a source of albumen and of fatty substances, of 

sugar and the salts—in one word, it is the most perfect 
of nutriments. 

While more abundant in water than our blood, more 
abundant than bread and meat, milk possesses, in caseine, 
a representative of the albuminous substances, accom- 
panied by the ready-formed fat of the butter, by a con, 
stituent of fat in the sugar of milk, and by the most 
important salts of the blood. ¢ 

Contained in small cellules, which it dilates into 
glittering globules, the fat rises to the surface of the 
milk which stands undisturbed, forming the cream ; 
while the lower, and far more abundant part, contains 
the chief quantity of the caseine, the milk of sugar, and 
the salts. More than one-third of these salts consists of 
phosphate of lime, associated with the phosphates of 
potash and magnesia, with some traces of oxide of iron, 
chloride of sodium, and a large proportion of chloride of 
potassium. 

§ 68. Qualities of Mil.—Although the milk of goats 
and sheep may derive their peculiar smells from the un- 
combined state of one of the volatile fatty acids, which 
in the milk of the cow are united with glycerine into 
neutral fats, the more important difference between the 
milk of women and that of animals is exclusively depen- 
dent on the different proportion of caseine and sugar of 
milk, of butter and salts, to be found in these several 
sorts of milk. Thus, the quantity of caseine in human 
milk is only half as large as in that of the cow; and 
while, in the latter, butter and salts are likewise con- 
tained in greater proportion, human milk exceeds this 
in the amount of sugar of milk, by more than one-half. 
However slight the sweetening property of sugar of milk 
may be, if compared with cane-sugar, the babe does not 
fail to distinguish the milk of its mother, from that of 
the cow, by its sweeter taste. The peculiar butter-fat, 
or butyrine of the chemist, which, at ordinary tempeta- 
tures, is more fluid than margarine or oleine, must be 
contained in the human milk in a greater abundance 
than in that of the cow, as the butter of the latter is of 
a firmer consistence. 

Immediately after confinement, human milk contains 
a much greater proportion of solid substances, particularly 
of butter, than it does some days afterwards. After a 
striking diminution of these contents of the milk, which 


| has already become remarkable the fourth day after con- 


finement, the proportionate quantities of caseine and 
salts increase again. After weaning, the milk is again 
impoverished with equal rapidity. 

§ 69. Formation of Acids in Milk—By the influence 
of the caseine of the milk, its sugar is transformed into 
lactic acid, especially at a higher temperature, or in 
thunder-storms, As oxygen promotes the formation of 


lactic acid, boiling protects the milk for some time from - 


turning sour—the oxygen which is contained in the 
milk being expelled at the boiling-point. The produo- 
tion of this acid takes place so much the more easily, 
inasmuch as lactic acid is identical with sugar of milk 
in its composition, The sour milk becomes thick from 
the caseine being coagulated by the lactic acid which 
has been formed ; curdled milk is that in which caseine 
has been coagulated by the spontaneously transformed 
lactic acid. If from the curtied milk, the caseine, to 
which a great part of the butter adheres, 
the whey remains, which is a solution of lactic acid, 
salts, and sugar, with a much smaller proportion of 
caseine afd butter than is contained in pure milk. 

In butter-milk the proportionate quantity of butter 


be taken away, 


especially is diminished ; for it is the remaining part of 
the cream from which, by the process of churning, the 
fats have been taken off. It always contains, however, 
some traces of butter, almost all the sugar of milk, the 
salts, and the caseine, very little of which passes into 
the butter. 

§ 70. Digestibility of Mitk.—It is natural to suppose 
that the food of the infant must be readily digestible 
and nutritious; and both suppositions are veritied by 
experience ; for while caseine belongs to the most soluble 
of albuminous bodies, the more soluble fats are repre- 
sented in the butter. Next to cane-sugar, the sugar 
of milk is the most readily digestible of all constituents 
of fat, and its transformation into fat is facilitated by 
the butter and caseine associated with it. With the 
easy digestibility of the milk its nutritiveness is also 
proved ; nor need we be astonished at the abundance of 
water in an aliment which, at the same time, furnishes 
the infant with solid and liquid food. And if the weight 
of the caseine scarcely amounts to one-sixth of that of 
albuminous bodies in beef, we must not forget that we 
commonly take the latter diluted—as in the form of 
soups, or associated with vegetables or edible roots ; 
combinations by which the proportionate amount of 
albumen is considerably diminished. But the quantity 
of sugar of milk in the human milk is twice as great as 
bee of caseine, and the butter is intermediate between 

t 

The milk of cows is often assimilated with difficulty 
by weak digestive organs, from the large proportion of 
butter it contains ; but skimmed milk is in such cases 
usually readily di ted, and this we find in a natural 
state in asses’ milk. Poverty in fat, and abundance in 
sugar, make asses’ milk an invaluable nutriment, main- 
taining and cheering the life of many invalids. Several 
excellent rules are drawn from nature, and none more 
so than is to be found in the food which nature supplies 
for the nourishment of the infant. We may consider 
the Lagoa the ree to be the — ene ex- 
perience which enlightens us as to the right composition 
of solid and liquid food which man has to partake. This 
experience confirms the truth, that meat and bread 
cannot be taken without water; and that in the best 
nutriment’of mankind, the albuminous and fatty matters, 
the constituents of fat, the compounds of chlorine, and 
the salts, must be represented without exception. 

** Whether food a yet higher influence,” sa; 
Forster, in his dissertation on the utility of the bread- 
fruit tree—‘‘ whether mind and heart may directly or 
indirectly be tuned by it, will bo left to our P owen 
children for discussion. We only know that gentleness, 
love, and sensibility of heart, are the prominent traits 
of the people living on bread-fruit.” And if we con- 
sider that, even now, the —. tribes are the gentlest, 
that the character of the beasts of prey is softened 
getting accustomed to a mixed or a vegetable diet, why 
should it sound fabulous if we connect the noble tender- 
ness of heart and pacific meekness of those tribes with 
the milk and the fruits upon which they live ?* 

§ 71. Coffee, Tea, and Chocolate,—The general opinion 
that coffee, tea, and chocolate, are beverages which, to 
a certain degree may be substituted for each other, is 
based on a good chemical reason, for all three contain 
a nitrogenised basis, to which they owe some of their 
most important chemical roperties. Tea and coffee 
even contain the self-same basis, denominated therefore, _ 
indiscriminately, thein or caffein. The basis of choco- 
late we will call cocoa-principle, The cocoa-principle, 
or theobromin, is richer in nitrogen than the thein, 
which very nearly corresponds in its composition with 
flesh-basis. In cold water, thein is only with difficulty 
dissolved, while of cocoa-principle but a small proportion 
is soluble even in hot water, in which the former readily 
dissolves, 

While in tea the basis is combined with common 
tannic acid, in coffee it forms a salt with a i 
tannic acid containing a greater proportion of nitrogen, 

* Some curious researches have been made in reference to this by con- 


tinental chemists; and it has been established as a fact, that diet an 
essential connection with moral and mental development.—Ep 4 


Pam 


ZOFFEZE, TEA, ETC. ] 


CHEMISTRY. 


351 


which, together with tanno-caffeic acid, are united with 
potash into a so-called double salt. Tanno-caffeic acid, 
when roas' develops the agreeable smell of coffee, 

Not only the same basis, but also two similar organic 
acids—one contained in tea, the other in coffee—in- 
crease the conformity between the leaves of the former 
and the Leppl ps latter. e a aes 

Legumin, ose, gum, sugar, citric acid, in i- 
tion to oleine and to the peculiar palm-fat, which derives 
its name from being found in the fruit of several species 
of fete accompany the organic acids and the thein 
of the coffee-beans, 


But the tea-leaves, apart from the basis and the acids, 
are composed of albumen, cellulose, gum, and wax, 
the green pigment of the plant, and the volatile oil of 
tea. This peculiar oil is the principal source of the 
“aroma of tea, by which, in spite of the conformity be- 
tween tea and coffee, it essentially differs from the 
latter. 


over, different, While in coffee, chlorine, phosphoric 
aud sulphuric acids are combined with potash, lime, 
magnesia, and oxide of iron; tea contains another in- 
organic acid besides, consisting of manganese and a 
large proportion of oxygen. 

i. the kernels of cocoa, of which chocolate is pre- 


Siple, stearine and oleine, cellulose, gum, and starch, a 
colouring matter, and a small proportion of water. 

Chicory, so commonly used as a substitute or accom- 
paniment of coffee, contains neither caffein nor any 
other peculiar constituent of the latter. No albuminous 
substance ever has, up to this time, been found in 

icory. As albumen is not wholly wanting in an 
vegetable product, it must be present in chicory, thoug 
in a very small quantity. But the constituents of fat 
are no age in a larger proportion; for in addition 
to cellulose, sugar, and gum, it contains a pretty con- 
siderable quantity of a substance of the same composi- 
tion as starch, which, by simply boiling in water, is 
transformed into sugar. Chloride of sodium, a com- 
pound of chlorine with ammonia (the so-called sal- 
ammoniac), sulphate and nitrate of potash, are its in- 
organic constituents, 

As yet, therefore, no great importance as a nutriment 
can be attributed to chicory, nor any similarity with 
coffee. Unless a peculiar organic substance contained 
in it, but not yet exactly investigated, shall at a future 
time be proved to be peculiarly valuable, the infusion 
of chicory no advantage over sugared water, 
to which a brown colour and bitter taste have been im- 

; but we do not understand this bitter substance. 

Whilst, then, chicory cannot, on scientific grounds, be 

made out to be a true substitute for coffee, it has, on 

the other hand, been too partially investigated to justify 
an absolute condemnation. 

§ 72. Preparation of Teas.—Roasted coffee differs from 
raw by its lighter weight and greater bulk. Several 
empyreumatic substances, produced by roasting, occa- 
sion the reddish or dark-brown colour ; and the tanno- 
caffeic acid, altered by roasting, produces the aroma; the 
8 loses a partof its amount of hydrogen and oxygen, 
and is thus decom into burnt sugar or caramel. 
In the infusion, the caffein and the acids, the gum 
and caramel, the melted fat and the salts, with legumin 
in a very slight proportion, are to be found. 

Between green and black tea, erroneously so often 
supposed to be produced by different plants, a similar 
ditference exists to that between raw and roasted coffee. 
The leaves are turned black by being dried at a higher 
temperature than that to which the green tea has been 
subjected. The latter is first brought into a withered 
condition by vapour, and then dried in iron kettles; 
while black tea is prepared by heating over an open fire. 
As heat exercises a decomposing action, black contains 
less tea-oil, less tannic as Bap less green colouring 
matter than green tea. By the process of drying, how- 
ever, a dark product of decomposition is formed, few 
traces of which are found in green tea, but a consider- 


The inorganic constituents of tea and coffee are, more-_ 


pared, there are to be found, besides the cocoa-prin- |. 


able quantity in black. In China, tea is frequently 
coloured with curcume, and indigo or Prussian blue. 

By the effect of the open fire, in’ black tea the albumen 
is more completely coagulated than in green; by this 
coagulation the tea-oil becomes disengaged. Partly from 
this cause the black tea has lost a greater proportion of 
its tea-oil than green; and for the same reason, tea pos- 
sesses more flavour if infused with perfectly boiling- 
water, which coagulates all the soluble albumen, and 
therefore dissolves the tea-oil with greater ease. But 
the tannate of thein, also, is only sufficiently extracted 
by boiling-water : this compound is even separated at a 
low temperature ; and hence the turbid appearance of a 
well-prepared infusion of tea when cooling, which every- 
body knows who has ever taken his tea out of a tumbler, 
as the Russians generally do. Thein and tea-oil, how- 
ever, are the most important constituents of tea ; boiling- 
water is therefore an indispensable condition, if we wish 
to partake really of tea, and not of a brown solution of 
gum. The tea-leaves have only to be infused with boil- 
ing-water, and after this the process of boiling must not 
be continued, or the tea-oil escapes, and the formation 
of a bitter solution of tannic acid takes place, a decoction 
which could as well be prepared from oak-apples. The 
first infusion contains four to six times more of the pecu- 
liar constituent of tea than the second. 

Finally, the two principal kinds of chocolate are dis- 
tinguished similarly to green and black tea. It is true, 
the cocoa seeds, of which chocolate is prepared, are 
always roasted. Besides the yee Ate f fat, an aro- 
matic empyreumatic substance of dark colour is formed 
from the starch and gum; but the proportion of the 
latter substance is larger in the more strongly roasted, 
dark-brown Italian chocolate, than in the Spanish, which, 
being less roasted, holds more starch and butter of cocoa 
in an unaltered state. The colour of the Spanish choco- 
late is brown-red ; its taste not so bitter and aromatic as 
the Italian. 

§ 73. Nutritive Qualities.—From its very large pro- 
portion of albumen, chocolate is the most nutritious of 
these three beverages ; but, at the same time, the most 
difficult of digestion from its quantity of fat, But as 
its aromatic substances strengthen the eis, a cup 
of chocolate is an excellent restorative, and invigorating 
refreshment even for weak persons, provided their diges- 
tive organs are not too delicate. Cardinal Richelieu was 
indebted, in his later years, for his health and hilarity 
to chocolate. 

Tea and coffee do not afford this advantage. Albumen 
in tea-leaves, and legumin in coffee-berries, are repre- 
sented in very scanty proportions, and still more scantily 
in their infusions : for while in the former the albumen 
is coagulated by boiling-water, in the latter the | i 
is prevented from being dissolved by the lime with which 
it is combined, © . 

It is true that coffee and tea have been praised, even 
by chemists, as nutritious substances, at a time when 
* nitrogenised” and “ nutritious” were considered iden- 
tical terms. Since then, however, we have learned that, 
as restoratives for the body, not the elements but the 
alimentary A cio pee are to be taken into account. The 
latter appellation canuot be ascribed to thein, which is 
excreted again as urea with surprising rapidity, To this 
swift transformation tea and coffee owe their diuretic 
action, which is considerably assisted by the warm water 
of the infusion ; the kidneys attract the urea, with which 
the thein charges the blood. 

Tea and coffee, though of themselves not difficult of 
digestion, tend to disturb the digestion of albuminous 
substances by precipitating them from their dissolved 
state. Milk, therefore, if mixed with tea or coffee, is 
more difficult of digestion than if taken alone; and coffee 
alone, without cream, promotes digestion after dinner, by 
increasing the secretion of the dissolving juices. No 
Italian takes cream with his coffee after dinner. 

The volatile oil of coffee, and the empyreumatic and 
aromatic matters of chocolate, accelerate the circulation, 
which, on the other hand, is calmed by the tea-oil. 

Tea and coffee excite the activity of the brain and the 
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nerves. Tea increases the power of digesting tho ime | cane-sugar and sugar of milk, are only indirectly xo, 


pressions we have received : “‘we become disposed for 
thoughtful meditation, and, in spite of the movements of 
thonght, the attention can be more easily fixed upon a 
certain object ; a sensation of comfort and cheerfulness 
ensues, and the creative activity of the brain is set in 
motion: through the ter collectedness and the more 
closely confined attention, the thoughts are not so apt to 
degenerate into desultoriness, Educated persons will 
assemble to tea for the purpose of investigating a certain 
subject by a regular conversation ; and the higher spirits 
prokened by the tea, tend to secure with more facility. 
asuccessful result. If tea be taken in excess, an increased 
irritability of the nerves takes place, characterised by 
sleepiness, by a general feeling of restlessness, with trem- 
bling of the limbs. Spasmodic attacks even, in the 
cardiac region, may arise. The volatile oil of the tea 

roduces heayiness in the head ; and, in fact, a real tea- 
| intoxication, first manifesting itself in dizziness, and 
| finally in stupefaction, takes place. Green tea, which 

contains much more of the volatile oil than black, pro- 
duces these obnoxious effects in a far higher degree than 
the latter.” 

While tea principally revives the faculty of judgment, 
and adds to this activity a sensation of cheerfulness ; 
coffee acts also on the reasoning faculty, but communi- 
cates to the imagination a much higher degree of liveli- 
ness, Susceptibility to sensuous impressions is intensified 
by coffee ; the faculty of observation is therefore increased, 
while that of judgment is sharpened, and the enlivened 
imagination causes the perceptions more quickly to adopt 
certain forms ; an activity of thoughts and ideas is mani- 
fested ; a mobility and ardour of wishes and ideals, which 
are more favourable to the shaping and combination of 
already premeditated ideas, than to a calm examination 
of newly originated thoughts. 

*Ooffee, taken in excess, causes sleeplessness and a 
state of excitement similar to intoxication, in which 
images, thoughts, and wishes rapidly succeed each other. 
A sensation of restlessness and heat ensues, together 
with anxiety and dizziness, trembling of the limbs, and 
a strong desire to go into the open air. Fresh air is 
commonly the best means of throwing off this condition, 
which, whilst it continues, exercises a really consuming 
power over man.” 

In Constantinople, the first coffee-houses used. to be 
called schools of knowledge, Poets and philosophers 
assembled in these schools; their discussions and judg- 
ment alarmed eyen the ruling authorities ; 8 | the 
**schools of knowledge” were at last closed, In the 
seventeenth century, the coffee-houses in London had a 
similar fate ; but the habit grew too strong for the state. 

§ 74. Wine, Beer, and Spirits —The immense variety 
of intoxicating a forms a striking illustration of the 
pains which men have always taken to excite the brain. 
Alcohol is the magic name with which the action of all 
these liquors is associated. Alcohol, a volatile substance, 
composed of carbon, hydrogen, and oxygen, may be pro- 
duced from sugar ; and thus, wherever the chemist finds 
an abundance of sugar, this discovery is ever closely 
followed by the proposition to transform the saccharine 
substance into alcohol But long before the chemist 
could give his directions, palm-wine was in favour in 
Babylon ; the Phoenicians and Greeks drank their wine, 
which their poets celebrated in songs. The Tartar 
sought intoxication in his kumiss, and Ossian praised the 
inead as ‘the pou and glory of the shells”—the drink- 
ing-veasels of the Caledonians. In the juice of the palms 
and grapes, in milk and honey, in corn and potatoes, as 
well as in many fruits, this fermentable substance was 
found before ee of fermentation and the nature 
even been divined. 
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furnish Benes the starch has previonsly been converted 


being turned by the action of acids into grape-sugar, 
An albuminous body stimulates the fermentation : it is 
yeast, At a high temperature, s ferments under the 
influence of yeast. Air-bubbles rising in the juice, and 
a vinous smell, betoken that the effect of this agent has 
begun. The air is filled with carbonic acid, and the 
smell is occasioned by the spirit of wine, called by chemists 
alcohol, if free from water. The sugar is transformed 
into alcohol and carbonic acid, upon which the fermen- 
tation ceases. Diluted alcohol, or spirit of wine, is the 
intoxicating substance from which beer, wine, and brandy 
derive the name of spirituous beverages. Spirit of wine 
is contained in all fermented liquors, The proportionate 
quantity only is different; for while the lightest beer 
scarcely contains-more than one-hundredth part, and the 
strong English ale scarcely more than eight-hundredths 
of alcohol, in wine its proportion rises to from seven to 
twenty-six per cent.; and in the strongest brandy this 
quantity is surpassed twofold. In the latter the ‘aleohol 
of the fermented juice is concentrated. A high tempera- 
ture evaporates the spirit of wine, which is collected in 
the vessel of a still. The name of brandy (burnt wine) 
attests the assistance of fire, by which it was carried over 
into the vessel. 

First of all, therefore, beer, wine, and b are 
different in their respective strengths, which is due to 
their proportionate amount of alcohol, The several 
concomitants dissolved in spirit of wine explain the 
rest, 

§ 75. Alcohol in Wines and Beer,—The weak alcoholic 
solution of beer contains nearly the same proportion of 
albumen as is found in fruits, some sugar and gum, malic 
acid from the hop, sometimes also some lactic and acetic 
acid, products of decomposition of the sugar and alcohol; 
and in addition to these a peculiar constituent of the 
hops, soluble in water, and consisting of carbon, hydro- 
gen, and oxygen, which from its bitter taste is called the 
bitter principle of the hop (lupulin), ther with some 
essential volatile oil of hops. The combinations of pot- 
ash, lime, and eo ere with sulphuric and phosphoric 
acids, are associated with carbonic acid, which is contained 
in the beer the miore abundantly, as the quantity of sugar 
which had undergone fermentation was smaller when the 
beer was put into the barrel. A frothy beer is often 

repared by a certain addition of sugar in bottling, and 
ieee still by adding sweet fruits—raisins for instance— 
in which both the ferment and the principle which pro- 
motes fermentation, sugar and yeast, are present. High- 
dried malt gives to the beer a more or less brown colour; 
hence the difference of colour between ale and porter. 

In wine, more alcohol and less water than in beer, are 
combined with sugar and gum, with resin and colouring 
matter, acids and salts. Even the white wines contain 
a peculiar colouring matter, yellow-like oil, whitened by 
acids, browned by alkalies. The yellow tint of white 
wines, which after having been frozen have thawed 
is produced by the partial disengagement of the aci 
salts, which caused the lighter colour before the wine had 
frozen. The different kinds of grapes of a light or high 
yellow or copper colour, of a blue, red, or dark-brown 
tint, produce as many different colours in wine, The 
number of the peculiar oceans matters is probably 
smaller, as the acids and salts of the grapes alter the 
colour, By the action of acid salts, the blue colouring 
matter turns red, The particular colour distinguishing 
very old Rhine wines is occasioned by wax, which is 
united with the colouring matter, 

The acids of the wine are the acids of the grape. Tar- 
taric and malic acids—perhaps, too, citric acid—are some- 
times accompanied by the tannic acid of the husk and 
by grape acid, being of the same composition as 
aid, with which itis associated in several kinds of grapes. 
As the fermentation has not ceased when the wine is put 


into the casks, all wines contain a certain proportion of | 


carbonic acid ; and the strong effervescence of spark 
champagne, depends upon the intentionally inte 
fermentation, which continues in the bottl 
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The following are the salts contained in wine:;—Cream | 
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of tartar, or acid tartrate of potash; tartrate of alumina, 
combined with tartrate of lime into a double salt ; malate 
of lime ; lime combined with phosphoric and carbonic 
acids, in addition to magnesia, iron, and manganese. 
In red wine there is a greater proportion of salts than in 
white; in both of them, the alcohol, augmented by the 
fermentation which still goes on in the casks, separates 


trength of wine depends. 59 
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spirits. P irit contains the same constituents, 
with the exception of oil of grain and ic-ether. 
Brandy, or is a mixture of water and 1 with 


molasses which remain after the preparation of 
the juice of the cane, Paid tie deus ram. led 
or 
juniper-berries ; kumiss (as already stated 
mead from hon é . ‘ 


water ; and spiri 

t of nutritious matter, do not even 

i water. Is it, 

illusion that ye 

the poor? is the zeal, therefore, justifiable which 
g poison—a 

and well-being? Such ques- 

medical men, occupied with 

Fo study of human physiology, have sheiaied: them in 


It does not, therefore, effect any direct restitution, nor 
deserves the name of an alimentary principle. Still, it 
pone into the blood. By the oxygen we inhale, it is 
nt in the blood into acetic acid and water, and 
finally into water and carbonic acid. But the oxygen, 
: poses the alcohol, is withdrawn from the 
albuminous and fatty substances of the blood. Alcohol, 
from its greater combustibility, protects these con- 
stituents of the blood from being burnt. And, if in 


addition to this, both i & and ordinary 
experience prove that holic beverages diminish the 
quantity of carbonic acid we exhale—a tly from a 

combining with the 


great part of the inhaled oxygen 
ydrogen of the alcohol to produce water—there is a 
twofold argument for believing that alcohol moderates 
the combustion of the constituents of the blood, and 
See Sanahes ie Fak oT of the need of resti- 


eenee bees little, must spend little, if he wish 


to retain as much as another who unites abundance with 
liberality. Alcohol may be considered a savings-box of 
the tissues ; but let the reader understand this expression 
rightly. He who eats little, and drinks a moderate 
quantity of spirit, retains as much in the blood and 
tissues as a person who eats proportionally more 
without drinking any beer, wine, or spirits. Hence it 
follows that it would be cruelty to deprive the working 
man, who earns his frugal meal by the sweat of his 
brow, of those means by which he is enabled to prolong 
the nourishment yielded by his scanty food. Or are we 
to abolish a custom which renders abuse possible, to 
degrade man by demanding of him to renounce an 
enjoyment, in order that he may not succumb to a 
bestial instinct? The monk who requires the vow of 
chastity, does not ter violence to the true nature of 
man, than the physician who would eae spirits 
because some men are drunkards. Goéthe has given to 
the new contemplation of the world the noble watch- 
word—‘* Memento vivere.” He who preaches the renun- 
rep of spirits, transfers us to sth ees of the 
mi De, Aycan by its motto of ‘* Memento mori, 
has stifled the fairest eat of humanity. 

§ 77. Fermented Liquors.—Fermented zig taken 
in moderation, increase the secretion of the digestive 
juices, and promote the solution of the food. Taken in 
excess, they cause induration of the stomach; which 
destroys, together with the digestive powers, the forma- 
tion o' Blood. 

Beer, wine, and spirits accelerate the circulation, or, 
as people say, heat the blood. This acceleration is pro- 
duced in a higher degree by wine than by beer—more 
by spirits than by wine; not merely because wine con- 
tains a greater proportion of alcohol than beer; and 

irits still more than wine ;—but in wine and spirits, 
the different kinds of ether, the oil of grain and the 
potato-spirit oil, all tend to quicken the circulation of 
the blood. The glowing ch and glistening eyes are 

roduced by the capillaries of the cheeks aud eyeballs 
ing more filled, in consequence of the increased 
activity of the heart. 

Together with the blood, the alcohol passes into the 
brain, which beyond all other o! is affected by its 
action. Spirituous liquors stimulate the imagination in 

i . In consequence of this faculty, the asso- 
ciation of ideas is facilitated, and the memory sharpened. 
The susceptibility of the senses is also rendered more 
keen; the im ions are quickly and distinctly per- 
ceived, The judgment is formed with greater ease, as, 
from the lively idea and the excited memory, the facts 
from which it is derived are brought nearer together. 
Hence a frequent and surprising clearness and precision 
of judgment in matters not requiring a long and close 
examination, We speak foreign languages with more 
than usual adroitness. The facilitated movements of 
thought, the versatility of ideas, are associated with 
greater ease in the movement of all the voluntary 
muscles ; the voice becomes fuller and stronger; the 
weariness and relaxation following the exertions of the 
body vanish. Thus arises a feeling of comfort and 
delight, of increased strength and freshly-armed courage, 
scaring away ill-humour, sorrow, and fear. The affairs 
of others “end a greater sympathy and forbearance, 
which, in return, are likewise expected of those around 
us. We therefore talk with a ter self-confidence 
of ourselves; and not only of what has already been 
performed, but even future undertakings are spoken of 
with unreserved self-complacency. , 

‘When wine or other spirituous liquors are taken in 
excess, hallucinations of the senses ensue; objects 
appear to the intoxicated person obliterated, blurred, 
or double; dark spots resembling flies and sparks appear 
before the eyes; there is ringing in the ears; he cannot 
hear distinctly his own voice nor the voice of others; 
crying fated of speaking, and involuntarily singing out 
of tune. At the same time the imagination uces 
uncertain, variegated, unsteady images, combined without 
regularity ; the memory refuses its functions in the very 
act of speaking ; the intoxicated man a what he 
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intended to say, and thus the judgment is troubled and 
confused. follow the ebullitions of an unjust 


passion, and a sensibility to opposition, which is so 
neg oftener irritated | as the disturbed action of the 


in wine and all other spirituous 
liquors, causes sloop ; if increased to a complete intoxi- 
cation, the mental functions are distur to such a 
degree, that a condition of temporary insanity super- 
venes ; the senses become blunted ; the imagination pro- 
duces the most various and irregular images, which the 
judgment is unable to examine, distinguish, or combine ; 
all self-possession vanishes ; at length even consciousness 
is lost, the intoxicated man becomes giddy, and finally 
falls into a profound slumber. 

* But, before this, a sensation of lassitude and exhaus- 
tion arises ; the muscles lose their elasticity ; the features 
become flabby ; the angles of the mouth are depressed ; 
the pupils widen ; and urine and excrements are involun- 
tarily voided. The muscular coat of the stomach, urged 
at the same time by a pressure of the diaphragm and the 
abdominal muscles, often acts in an inverse direction ; 
violent vomiting is a common phenomenon. Even the 
respiratory muscles are weakened, and often act irre- 
gulacy, occasioning sighs or groans; the pulse becomes 

guid and slow. In addition to this, an increasing 
reluctance and uncertainty in all voluntary movements 
is observed; the tongue stammers, or speech entirely 
ceases; the head sinks, the arms hang down, the legs 
cross each other when walking; the aig man 
staggers—his paces cannot maintain a steady direction 
—he totters and falls.”* 

We hasten from this disgusting picture, to describe, in 
the words of Hettner, the condition of a more mode- 
rate inebriation, intermediate between the former and 
perfect sobriety. ‘‘A beautiful, vigorous, full body,” 
says Hettner, of an ancient work of art, “in the first 

of a still juvenile manhood, with great, firm, 
swelling limbs; there he lies at his ease, partly leaning 
against a rock, his limbs partly outstretched. In this 
state of happy inebriation he has chosen this place of 
rest ; now he has fallen asleep—arms and legs are hang- 
ing down ; in his features are the indescribable expres- 
sion of a half-intoxicated slumber. In a confused 
dream, the wakeful imagination is still dwelling with 
delight upon the past hours; but the weary, unnerved 
limbs cannot follow this sweet ecstasy. The eyes closed, 
the mouth widely open, this sleep is the state of that 
‘seedy’ half-slumber, in which the internal heat and a 
thirst panting for water urge to awake ; while the limbs, 
craving repose, desire to continue sleeping, and the 
mind is unconsciously apprehensive of the > un- 
refreshed awakening.” 

On Conpiments.—§ 78. Common Salt.—When Cook 
and Forster, in 1772, visited the island of Otaheite, 
the natives were astonished, on account of the crew at 
dinner dipping every piece into “a white powder.” At 
the same time they took their fishes and meat with a 
sauce of sea-water, containing common salt in abun- 
dance, It was a similar case to that of the Greeks and 
Romans, who were well ange with the alcohol in 
wine, but did not know the art of obtaining it pure 
and concentrated, by the process of distilation. 

The addition of common salt to the food, whether in 
the form of sea-water, as a product from this, or of 
rock-salt, as dug from the mines, is usual everywhere. 
We must not wonder at this, seeing that common salt 
is contained in our blood in as great a proportion as it is 
searce in the natural aliments; for in animal food the 
blood and cartilages are provided with the greatest pro- 
— of common salt, and these are just the parts of 

‘meat which are taken in the smallest comparative 
quantity. In our es sagen food, potash so generally 
predominates over soda, that only a few plants of the 
sea-shore form an exception by their large proportionate 
amount of soda, Some vegetable aliments, turnips for 
instance, often contain no soda at all, 

* Physiology of Food—~Moieschott. 


The addition, therefore, of common salt, consisting 
of chlorine and sodium, is usually an indi 
necessity ; and as the vegetable aliments contain a smaller 
proportion of common salt than animal, the latter is 
generally mixed with less salt than the former. Hence, 
it becomes possible to some nations, as the Samoyedes, 
the Kamtschatdales, and some Indian tribes of North 
America, to eat meat or fish without any addition of 
salt. e greater the —— of blood contained in 
meat, the more easily the addition of common salt may 
be dispensed with. 

The common salt, however, of our kitchens is not a 
pure chloride of sodium. Rock-salt is generally the 
purest, as containing only some traces of chloride of 
potassium and chloride of magnesium, in addition to a 
somewhat greater proportion of sulphate of lime. But 
with bay-salt, a much greater proportion of chloride of 
magnesium and sulphate of lime, with a not incon- 
siderable quantity, besides, of sulphate of magnesia, or 
Epsom salts, are mixed. In common salt prepared from 
sea-water, chloride of potassium is entirely absent, or 
only small traces of it are found, which sometimes co- 
exist with as small a proportion of iodine, ~ * 

Common salt is as digestible as nutritious ; for water 
dissolves it with great ease: and while no tissue of the 
human body can exist without common salt, the blood 
and the cartilages cannot keep up their re; composi- 
tion without a considerable A teense of it. 

If we also bear in mind that common salt promotes 
the digestion of the albuminous substances, and that 
the scantily soluble fats, when salted, become less difli- 
cult of digestion, the chloride of sodium be sage to be 
the most important addition to food, rightfully meriting 
to stand at the head of the series of condiments, On 
account of its greater proportionate quantity of chloride 
of magnesium, sea-salt dissolves the albuminous sub- 
stances more readily than rock-salt; for the tempera- 
ture of the body is of itself sufficient to transform the 
chloride of magnesium into hydrochloric acid and mag- 
nesia ; and every diluted mixture of hydrochloric acid 
and water is able to dissolve the albuminous substances. 

Common salt is very useful for the preservation of 
aliments, by attracting their water, which more than 
any other constituent occasions putrefaction ; yet it is 
important to know, that »neat, by being salted, loses a 
part of its best alimentary principles. Together with 
the water of the flesh, albumen and kreatine, the lactic 
acid and the salts are extracted by the common salt. 
The brine thus formed is thrown away, and with it a 
part of the most soluble and most important substances 
of the flesh. This loss is somewhat compensated Hr 
fibrine of salted meat being more soluble than 
muscular fibres, as well as by the use of bread and 
vegetables containing chloride of potassium and phos- 
phate of potash, which have been extracted from the 
meat, and substituted by the common salt. 

By the excretions, common salt is abstracted from 
the blood. In the same proportion as the urine and 
the excrements, the mucus and the ae 
tears and the horny substances, have deprived the blood 
of common salt—the blood nourishing the nerves of the 
tongue is poorer in this salt. This is the reason why 
unsalted food tastes insipid. And even here the neces- 
sity of a law governs the seeming play of arbitrariness, 
It is the strictest consequence of cause and effect which 
unites the taste of the nutriment with the reception of 
the right alimentary principles. In former times, it 
was conceived to be a result of wise ot just 
those aliments should have a better taste which contain 
the matters most requisite for the blood, and regarded 
as an inherent inclination in man to salt his aliments. 
‘“*Tf it be considered more edifying,” says Charles Snell, 
**to conceive of the Creator, so to speak, to be like a 
watchmaker who calculates exactly, than to regard Him 
as the organic, acting, productive reason of nature, we 
will not arcs any more.” But then we renounce all 
certainty of knowledge; for it can scarcely be proved 
that it is part of the original tendency of our being to 
supply our blood with common salt ; but the 
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between differently mixed blood and differently feeling 
nerves, is perspicuous and evident. 

§ 79. Butter and Olive Oil.—In milk left undisturbed 
for some time, cells containing butter rise to the surface. 
From the stratum thus produced, by beating or stirring at 
a higher temperature, butter is formed. The force of 
stirring, supported by a moderate heat, causes the cells 
in which the butter has been included to burst ; the dis- 
engaged fat collects into flakes, conglomerating into 
larger masses. 

This origin explains why butter cannot consist of 
pure fat; the proportion of the fat in it does not 
amount to more than from six-sevenths to four-fifths 
of the whole, one-seventh to one-fifth consisting of 
water combined with some caseine and sugar of milk. 
The fat of the butter, however, is for the greater part 
real butter-fat, or butyrine. By this name the chemist 
designates a fat iar to butter, which, for a long 
time, was sup to be the only one present in it; but 
at the most, this amounts to but two-hundredths of its 
weight. Butyrine becomes liquid at a very low tem- 
perature. It consists of glycerine and butyric acid, 
which is volatile in a free state, and esses strongly 
the characteristic odour of butter. Three fatty acids 
besides, all volatile in an uncombined state, are, like 
butyric acid, united with glycerine, and therefore with- 
out odour in the fresh butter—namely, the caseic, 
sudoric, and capric acids. 

The other fats of butter are oleine and arine, 
As oleine is more fluid than the oil of almonds, the 
solidity of butter depends exclusively upon the mar- 
garine. At a very low temperature the oleine coagu- 
lates, and accordingly the greater firmness of 
butter in winter ; which is also partly to be explained 
by the fact, that in the latter, oleine and margarine are 
contained in the proportion of one to three; while in 
the butter made in summer, the inverse proportion 
exists. Margarine melts at the temperature of 118° 
Fah., and therefore winter butter also liquefies at a 
higher temperature. But while melted butter is cooling 
again, the liquid fats yee from the coagulating mar- 
garine, and hence the butter assumes a taste disagree- 
able to most persons. But much more so is the decom- 
position of real butyrine, and the other neutral fats 
composed of the volatile acids and of glycerine; for if 
butyric, caseic, sudoric, and capric acids become dis- 
engaged, the butter assumes an offensive, pungent odour, 
and an acid taste, liked only by the Icelanders. The 
butter is then called rancid. 

This decomposition is produced by the caseine and 
the water of the butter. Common salt, intermingled 
with butter, has the advantage of attracting the water 
and causing the caseine to be ineffectual ; while by the 
process of melting, the caseine is skimmed off from the 
surface of the butter as a gray scum, and the water 
evaporates. For preservation, therefore, butter is gene- 
rally melted and salted. 

Olive-oil is commonly usea as a condiment with salad. 
It contains nearly three-fourths of oleine, and very little 
more than one-fourth of margarine. In the oil of 
almonds, the oleine is more than three-fourths, and the 
coed min rather less than a quarter, of the whole. 

Although these oils do not afford any neutral fat 
with volatile acids, yet they have the property of be- 
coming rancid like butter; for, by the process of de- 
roe tre both caseic and capric acids are formed out 
of oleic acid. This transformation, however, caused by 
the influence of oxygen, takes place only very slowly in 
olive-oil, as consisting entirely of mere fat; and olive- 
oil, as well as the oil of almonds, may be preserved for 
@ very long time without becoming in the least rancid. 

§ 80. Digestibility of the Fats.—Only that small 
portion of the fats which can be saponified by the i 
of the bile, the — and intestinal juices, is to be 
considered soluble in the digestive juices. By far the 
larger part is so pnos te wragenae by the pancreatic 
juice and the bile, as to be able to penetrate the walls of 
the lacteals and the veins. Moreover, with respect to 
this fact, the fats are to be considered as difficult of 


digestion; they are far inferior to the constituents of 
fat in the capability of being dissolved, but superior to 
them in the greater conformity with the actual consti- 
tuents of the blood. 

The observation, however, which was made a little 
time ago, that starch is much more easily transformed 
into fat if taken with some fat than if alone, proves 
butter, as well as olive-oil, to be particularly useful. In 
bread-and-butter, therefore, we have the satisfaction of 
discovering a fresh and striking illustration of the truth, 
that ancient experience often leaves to science nothing 
to do but to establish and explain its laws. 

Quite unjustly, therefore, are butter and oil said, 
without qualification, to be difficult of digestion ; and 
the poor man has adopted the best substitute when he 
tries to supply the want of butter by grease. Butter 
on bread is a necessity recognised by impartial science ; 
salad without oil is digestible only by herbivorous 


§ 81, Cheese.—Cream, milk, skimmed milk, and whey 
furnish severally cream-cheese, rich, meagre, and green 
cheese, In its abundance of fat, cream-cheese is the 
richest : while green cheese, prepared from whey, which 
contains only a very 8 proportion of fat, is the 
poorest of all. 

The principal constituent of cheese is the caseine of 
the milk; according to the means by which this caseine 
has been coagulated, whether by rennet or by the lactic 
acid formed in the milk itself, the cheese is called sweet 
or sour-milk cheese, The action of the rennet (i.e., the 
stomach of calves) is aided by a warm temperature ; a 
high temperature causes cheese to become hard, just 
as the abundance of fat makes cream-cheese soft. 

In milk, the fat closely adheres to the caseine; in 
cheese, therefore, the proportion of fat exactly cor- 
responds with the relative quantity of butter. In addi- 
tion to butter, the salts of the milk, and a part of the 
sugar of milk, are to be found in cheese. In real 
cheese the caseine and the butter are partly decomposed. 
Of the caseine is formed a nitrogenised substance, the 
‘* leacin,”’ which we will denominate ‘‘ some: whee, Ae 
it crystallises in glittering white threads, and as this 
word recalls the pola technical expression. Besides 
this substance, an oily acid is developed, not very readily 
soluble in water, which corresponds with the peculiar 
acid of the root of valerian, not only by its penetrating 
odour, and its strong, pungent taste, but also in its com- 
position and all other qualities; it is therefore called 
valerianic acid. Some butyric acid besides is formed 
of the caseine; and hence we find in cheese which is 
several months old, more butyric acid than in fresh, 

But the greatest proportion of the butyric acid ori- 
ginates from the decomposing butyrine; and the same 
is the case with the caseic, sudoric, and capric acids, 
associated in cheese with the valerianic acid. 

A part of the whey is very often retained in the 
cheese ; the sugar of milk of the whey is decomposed 
into butyric and carbonic acids, and the latter causes 
the holes to be observed in the Swiss and American 
cheese. 

The odour and taste of the cheese is produced by the 
fatty acids, as well as by the valerianic, which is similar 
to them. Common salt decisively checks the formation 
of these acids from caseine and butter. The taste of 
many Dutch, cheeses is less aromatic, from their being 
mixed with an abundant proportion of common salt ; 
and as the decomposition of caseine and butter increases 
with their age, the odour and taste of the cheese is 
much stronger the longer it has been kept. . 

Though butyric acid may originate from three dif- 
ferent substances of the milk—namely, from butter, 
sugar, and caseine—yet the butter contributes by far the 

test proportion of volatile acids. A rich cheese, 
fike that of Limburg, smells therefore much stronger 
than the poor Marzalino, or the still poorer green cheese, 

§ 82. Digestibility of .—In speaking of the fat 
contained in confectionery, we have already remarked, 
that the digestion of it is the more difficult in propor- 
tion as it has been transformed by a high temperature 
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into its products of decomposition. The abundance of 
these products of decomposition is the cause of the diffi- 
cult digestion which characterises cheese itself. But 
cheese impels the digestive glands to a greater activity ; 
& greater quantity of saliva and bile, of gastric and 
pancreatic juices, is secreted and carried into the diges- 
tive canal; and hence the cheese, notwithstanding its 
difficult solubility, may be considered, in a restricted 
degree, as promoting digestion. And not for this reason 
alone; for the caseine, while in a state of decomposi- 
tion, promotes also the conversion of starch and sugar 
into lactic acid and fat. Like butter, cheese increases 
the digestibility of the bread ; and dry bread is, there- 
fore. less nutritious than bread with butter or cheese. 

With regard to the inorganic alimentary principles, 
the cheese made from sweet milk is superior to that 
from sour: in the latter the earthy salts have been dis- 
solved ; while the phosphate of lime, contained in milk, 
is abundantly represented in the former. Only whére 
the breeding of cattle flourishes, and milk is produced 
in abundance, cheese is prepared ; where cheese is pre- 
pared, meat cannot be deficient ; a rich blood produces, 
together with the vigour of the muscles, the noble mind 
and the ardent courage of liberty. This is the asso- 
ciation of thoughts which made John von Miiller say, 
that liberty thrives where cheese is prepared. 

§ 83. Vinegar.—That which renders vinegar so fa- 
vourite an addition to food is a peculiar acid, consisting of 
carbon, hydrogen, and oxygen, formed from alcohol by 
the absorption of an additional quantity of oxygen. 
From acetum, the Latin name of vinegar, this acid 
is called the acetic, and is to be obtained from all 
spirituous beverages, But as alcohol yields, in addition 
to the acetic acid, a quantity of water, both malt and 
wine-vinegar contain, in proportion to the acetic acid, 
more water than is to be found in either beer or wine, 
in proportion to the quantity of alcohol. Of wine or 
French vinegar, about one-twentieth in weight consists 
of pure acetic acid. In an inferior vinegar this acid 
does not even amount to more than one-fiftieth to one 
five-and-twentieth in weight. 

Vinegar, therefore, is always a considerably diluted 
solution of acetic acid, containing in addition a small 
proportion of albumen and sugar, of gum, and of several 
other organic substances, especially of some colouring 
matters, which differ according to the liquor from which 
the vinegar has been prepar Thus, in wine-vinegar 
there is some acid tartrate and sulphate of potash to be 
found ; and in wine and fruit-vinegars, a proportion of 
tannic acid, to be attributed to the husks and skins of 
the fruits. Acetic-ether, as passing over into wine- 
vinegar from some kinds of wine, communicates a fine 


agreeable fragrance to the vinegar. 
If the acetous fermentation has not entirely ceased 


the vinegar still contains a small proportion o alcohol, 


which, by a further accession of oxygen, becomes decom- 
posed into water and acetic acid. 

In order to increase the sour taste of the vinegar, the 
admixture of one-thousandth part of sulphuric acid is 
permitted in England. If added in a larger quantity 
the sulphuric acid is injurious. 

§ 84. Dissolving Action of Vinegar.—The vinegar 
assists digestion. With the exception of legumin it 
dissolves the albuminous substances, transforming, in a 
short time, even the gluten and the fibrine into a gela- 
tinous mass. Hence, vinegar and butter are useful con- 
comitants of fish; and vinegar promotes, as we have 
before mentioned, the digestion of meat. 

As acids are capable of transforming cellulose and 
starch into sugar, the vinegar added to salad is likewise 
to be regarded as an admixture promoting digestion. 
Thus, in the majority of cases, the use of vinegar is a 
custom founded on reasons. Only in soups of 


od 
peas, beans, and lentils, vinegar is to be rejected, as‘by 


it, even if added in excess, the legumin is brought into 
an undissolved state. 

The dissolving action of the vinegar upon the other 
albuminous substances goes even fy 9 as to the blood. 
Beverages containing vinegar have a dissolving effect on 


blood, and are cooling ; and in milk, the proportion of 
caseine-cells, containing the butter, decreases if the 
mother take much vinegar. 7 

And because of this solution of the most important 
constituents of the blood, manifesting itself by a greater 
liquefaction, it would appear an unpardonable frivolity, 
or a lamentable ignorance, in young girls, to endeavour, 
from vanity, to produce by means of vinegar an artificial 
thinness; only too often, in attaining thei 


§ 85. Sugar.—Sugar has a similar history to that of 
alcohol and common salt. As many fermented bev 
were known before the art of distilling, and the salt 
taste of the sea-water before the art of inspissation by 
boiling or crystallising ; so honey and sweet juices were 
familiarly known before the sugar, which produces their 
sweet taste, was extracted. It was not until the 
fifteenth century that the inspissation of the cane- 
sugar was learned; and it was much later before this 
process was carried to perfection. 

Not only, moreover, has the method of preparing the 
sugar made advance in later days, but also the 
knowledge of the sources whence it is derived. The 
temperate zone possesses in the red-beet a substitute for 
sugar-cane, though far inferior to it ; and for the same 
purpose the os reer is used in North America. 
Although the red-beet, the sugar-maple, and many other 
plants possess the same description of s as the cane 
itself, no other plant has been found equal to the sugar- 
cane; and the denomination of cane-sugar will maintain 
itself as descriptive of the sweetest kind of sugar. Cane- 
sugar is sweeter, and poorer in hydrogen and oxygen, 
than grape-sugar, which is distinguished from the 
former, and from sugar of milk, by its direct capa- 
bility of fermenting. Acids, however, transform the 
sugar of milk, as well as cane-sugar, into sugar of grapes ; 
and hence, the two former can indirectly be brought 
into a state of fermentation. 

By boiling with lime, cane- is purified ; for the 
saccharine vegetable juice contains a portion of soluble 
albumen, which is coagulated by this process, and then 
skimmed off. A liquid is thus formed, containing un- 
crystallisable sugar, consisting, for the most part, of the 
brown syrup of commerce, called molasses or treacle. 
In addition to this liquid, crystals of sugar are obtained, 
which, while depositing themselves, become mixed with 
uncrystallisable sugar, and represent the brown, the raw- 
sugar, or Musschals: In a purer state of its crystalline 
grains, the cane-sugar is called ‘‘loaf” or ‘* lump-sugar;” 
while sugar-candy consists of regular and larger-sized | 
crystals, formed by a slower process. A part of the 
lime enters into combination with the sugar; and the 
Muscovado, particularly, is mixed with some phosphate 
of lime, and a viscous substance, probably gum. 

In honey we find grape-sugar, an uncrystallisable kind 
of sugar, and ‘‘ mannite,” or manna-sugar, The latter 
is distinguished from the other kinds aon ne) by not 
being fermentable, and by containing a er propor- 
tion of oxygen than hydrogen; these two elements are 
present in the other sorts of sugar just in the same propor- 
tion as that in which they are contained in water. ith 
these different kinds of sugar there is, in honey, some 
lactic acid most probably associated, which is formed by 
the decomposition of the grapo-sugar, and some wax 
possessing a great similarity to the fatty substances, 

§ 86. Nutritive Qualities of Sugar.—As by salts and 
acids, so likewise by sugar and honey, is the quantity of 
the digestive juices increased, and the digestion promoted. 
And the sugar, while bei digested, enriches the gastric 
juice with a substance which assists in dissolving the 
aliments ; for the sugar, on coming into contact with the 
saliva, has been partly converted into lactic acid, which 
acts upon the alimentary principles in the same manner 
as the hydrochloric acid of the gastric juice. 

For this reason, sugar at once appears infinitely better 
than its reputation. Since the composition of the milk 
has been recognised, the sugar ought to have been ac- 
quitted of the bad repute which to it for many 
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centuries. A slander always leaves something behind ; 
and even to the present time, the popular belief that 
sugar injures the teeth, is as widely spread as, on the 
counter-testimony of both ience and science, the 
opposite doctrine ought to be: for the teeth of the negroes 
in the West Indian colonies are of a bright white ; and 
that which is thus proved by a whole community, remark- 
able for the abundance of consumed among them, 
the example of many individuals nearer home amply 
confirms. Phosphate of lime is the chief constituent of 
the bones and teeth, but not before adult age ; and an 
increase of the phosphate of lime is the essential charac- 
teristic of the development of the bones of children. 
~ Lactic acid dissolves the phosphate of lime of the food ; 
and as sugar indirectly su; this solution, it facili- 
tates the conveyance of the lime to the teeth. To this 
it must not be objected that sugar causes pain in a hollow 
tooth. Like sugar, a thousand other substances irritate the 
nerve; but who seriously believes that that is necessarily 
injurious to the healthy, which gives pain to the diseased ? 
The prohibition of sugar to chi therefore, is 
indefensible. Sugar is not dangerous to the teeth, but, 
on the contrary. i 


a pro- 
yellonk 
is soluble 


of stearic acid and two other fatty 
acids ; which last are likewise to be found in white mus- 
bes but without stearic acid. 

e oils of the different spices above enumerated are 
to be found, ready formed, in the vegetable substances ; 
rather aromatic acid, they consist partly of carbon 
and hydrogen, and ages 4 a combination of these two 
elements with oxy; ith fatty oils, the volatile are 
by no means to be confounded. The latter, though 
scantily soluble in water, are not entirely insoluble in it; 
cannot be saponified with alkalies; and are especially 
remarkable for their disposition to turn into resins by 
the absorption of oxygen. There exists no fat without 
cmp ; while several of the volatile oils contain nothing 
of a element. Perey) 

oves are furnished wi test proportion of 
volatile oil; while its relative Geen in the more acrid 
nu scarcely amounts to one-third; in the very acrid 
Spanish pepper not even to one-fourth ; in the hot French 
cinnamon to one five-and-twentieth only of the proportion 
contained inden Hence pv follows, Preecsd at these 
spices, taste is t, not 
on the quantity of the ile oil, but on its quality. 

§ 88. Heating Effects of Spices.—In the first instance, 
it was, perhaps, only the pungent taste of the aromatic 
oils to which the heating effect of spices was ascribed ; but 
the excitement and palpitation produced by their use, 
show that they accelerate the circulation. Not only, 
moreover, are the palate and stomach heated rate 
irritation, but the cheeks also become tinged with a rosy 
glow under their influence. 

are also 


These spices, by irritating the digestive 
capable of pooticllig, tn eeicin aren toe ution of 


the aliments. Hence, the blood is not only provided 
with a heating oil, but also with an abundant supply of 
restorative substances; and the nutrition is increased at 
the same time. 

Thus _ also is prevented, and the passions are 
aroused, nutriments causing sleeplessness irritate 
the brain, and accelerate the movements of thought. It 
is, therefore, not a mere fiction, that mustard for the 
moment quickens the action of the memory : just like 
the movement of the muscles, memory is an action of 
the brain; it is capable of being called into exercise like 
every other manifestation of bodily power. But the 
action, as an attribute of matter, is confounded with the 
instrument itself, if we say that mustard produces a good 
memory. It is true the instrument cannot exist without 
matter ; moreover, it is not the bulk of the substance, 
but the celerity and force of its motion, which is to be 
considered the essence of increased action. The motion 
ceases with the matter which excites it. When, there- 
fore, the volatile oil has poe oo from the blood, the 
excitement produced in the brain is over likewise ; the 
mustard cannot, therefore, be an instrument of the 
memory. We repeat it—memory is a form in which the 
action of the brain manifests itself. But to call the 
brain an instrument of memory would lead to a greater 
confusion of terms, than if we were to denominate the 
muscle the instrument of speed. The brain thinks just 
as the muscle moves; sensation and will, recollection and 
judgment, are different forms of thinking, just as stretch- 
ing and shrugging, trilling and grasping, are different 
forms of motion. 

art gpa cannot be called restoratives, as their most 
essential substance does not convey to the blood an 
essential constituent ; they are stim its ; and whatever 
stimulates, renders over-excitement possible. An excess 
of stimulants, in the strictest sense, is therefore much 
more than a superabundance of nutriments. 
Sugar common salt, butter and cheese, oil and 
vinegar, are far superior to the spices with regard to the 
service they afford to the body. en we consider the 
restless passion, the choler and insidious jealousy of 
those inhabitants of the tropics who take so great an 
abundance of spices with their food, we find it impossible 
to forgive the cruelty with which the Europeans of a 
former day sought to enrich their own of the world 
with pepper and cinnamon, cloves and nutmegs. Had 
they never possessed any of these spices, the people of 
Europe would have one superfluous and often obnoxious 
addition to their food the less ; and the Spaniards, Portu- 

ese, and Dutch would be able to erase a bloody page 

m their history. ~ 


In the preceding pages, we have given so much of Pro- 
fessor Moleschott’s remarks as exhibit the astonishing 
variety of combinations and their uses, of which oxygen, 
chlorine, fluorine, nitrogen, hydrogen, and carbon, are 
the subjects in the ani economy. Our readers will 
have learned how numerous are the changes of chemical 
compounds and products which a few elements are 
capable of producing; and how rapid and unceasing those 
changes occur in connection with vitality. In future 
pages we shall extend our observations to similar results 
observed in connection with vegetable chemistry ; which, 
although haying less direct connection with the chemical 
laws of our own existence, are only second to them in 

hilosophical and practical interest. It would, however, 
unjust were we to withhold that ion of the pro- 
fessor’s paper which shows the application of the prin- 
ciples already laid down. It will assist to popularise the 
subject of chemistry with those of our readers who simply 
ate the science as a branch of a literal education, or as 
a subject of general interest and importance. After 
introducing Dr. Moleschott’s remarks on Diet, we shall 
then proceed to give the natural history of the remainder 
of the elements; the relationship of which generally 
exists in connection with the mineral kingdom, with the 
exception of instances referred to in our previous pages. 
Dr. Moleschott continues as follows :— 
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Real equality is shown in differences, We all are equal, 
only because even the slightest difference of circumstance 
produces a difference in the composition and functions of 
our bodies : another mode of life, another kind of f 
another climate and soil, produce a different blood an 
brain. And, indeed, when from the icy north, up to the 
pure glowing sky of the tropics, so rich in flowers, we 
pursue the manifold gradations which act upon man by 
the boldness of contrast, as well as by the abundance of 
varying transitions—heat and cold—mountain and 
yalley—sea and land—forest and steppes—animals 
and plants—we are no longer astonished that many 
refuse to ise, in the changeful and multiform 
human species, the children of one ancestor, seeing that 
form and colour, as well as mind and morals, multiply 
distinctions in such prodigal abundance, as to render 
the very conception difficult. 

Whatever, in their numberless shades of form and 
composition, the earth and the water produce, exercises 
its influence upon the food of man. We no longer fear 
to give offence by designating food itself as one of the 
most important sources of differences in our species ;— 
so much the stronger emphasis, however, must we give 
to the assertion, that no influence exists, as an isolated 
one, in the history of our eternally progressing life. 

Goéthe, with reference to the important axiom of 
Haman—that everything isolated is objectionable—says, 
in a manner at once so true and consolatory in all the 
incompleteness of human intelligence and expression— 
“In every communication of thought, if not a poetical 
one, there exists one great difficulty ; for the word must 
detach itself, must become isolated, in order to say or to 
signify something. By speaking, man necessarily for 
the moment becomes one-sided ; there exists no com- 
munication, no doctrine without separation.” On the 
pot of this necessity, it is to be explained why we 

ve left in the background the equally powerful in- 
fluences of the air and the soil; of Nature as it surrounds 
us in the solitary forest, in the undulating mountain- 
region, in the wearisome monotony of vast plains, or in 
the awe-inspiring boundlessness of the tossing sea ; why 
we have omitted to mention the intimate relation be- 
tween plants and animals, the effect of the inte>zourse of 
man with man—now elevating, now degrading, often the 
source of the highest pleasures, but often, also, of the 
keenest wounds ; why we have not specified the power of 
oral instruction, the magic of song—in order that we 
might speak with a greater emphasis of the far-reachin 
influence of food. Under the united influence of 
these agencies, man becomes of necessity the being he 
is, comprehending the external world in just so many 
various aspects as the modes in which the latter acts 
upon him. 

We have treated one part only of this series of food ; 
but certainly not with the intention to remove a single 
link from the chain. The sea bordering the earth, and 
the earth the sea, both alfect the condition of plants and 
animals ; and these, again, occasion infinite diversities in 
the aliments of man, according to the climate. The 
effects produced by food upon man determine the com- 
meree and the character of the people, as well as the 
individual But commerce again alters man, man the 
food, and food the fields; everywhere action and re- 
action. 

And to this reaction, the power of which is the surest 
and most concise expression of the heaven-storming 
reason of the race of Prometheus, man owes the plia- 
bility, so tenacious and yet so flexible, by which he 
becomes Se 5 in every climate of the vast domain 
of nature, If he approach the north pole he contents 
himself with fish; while in the tropics he enjoys the 
fragrant fruit in addition to the savoury game ; and if in 
the plains of North America, the huntsman lives on the 
flesh of the buffalo alone; while the New Hollanders, 
possessing on their vast island no edible fruit, not even 
the size of a cherry, take animal food exclusively ; in the 
wo where meat taken in abundance is injurious to 

th, a vegetable diet prevails, to which, indeed, the 


motives, restrict themselves. 

Our blood is intermediate in its properties between 
that of the carnivorous and the herbivorous animals ; 
but it is not in the blood that the difference begins, in 
the first instance, which distinguishes us from the animals 
that live on an exclusive diet. In our digestive organs 
themselves, a compromise has already been effected; and 
those differences present themselves, which are so sharp 
marked in the formation of these o1 in the anima’ 
feeding exclusively on animal or vegetable food. If the 
wee od both, be enabled, oT een on 
riously-formed teeth, to gnaw and grind, and by a 
digestive canal and large salivary glands, to digest sub- 
stances which could not be sufficiently comminuted by 
the less-developed and sharper teeth of the beast of prey, 
nor dissolved by their smaller salivary glands and shorter 
intestinal canal; in man we observe, in the structure of 
the teeth and of the jawbone, of the stomach and of the 
intestinal canal, of the salivary glands and the muscles 
of mastication, a proportion intermediate between the 
two. 

Man, therefore, is able to digest both animal and 
vegetable food; and as there exist vegetable as well as 
animal aliments in which all three groups of the simple 
alimentary principles are to be found—as both bread 
and meat are able to convey to the blood its requisite 
elements—the native of Pegu gets accustomed to an 
exclusive vegetable diet, just as many North Americans 
live rh animal food, and the Greenlanders almost entirely 
on fish. 

Where both these products of nature—the gifts of the 
field and the gifts of the wood—exist in abundance, the 
taste selects from both sections some important repre- 
sentatives of nutriment; and if we denominate cattle 
and swine the domestic animals of man, corn and legu- 
minous plants ought, with equal justice, to be designated 
his domestic fruits. 

The more civilised that nations are, the more perfectly 
is the cultivation of domestic animals and fruits deve- 
loped among them. Where agriculture as well as the 
breeding of cattle flourishes—or, to speak more cor- 
rectly, where a thriving flock increases the fertility of the 
fields, and a productive agriculture the opulence of the 
stables—man takes for his nourishment meat and bread, 
milk and fruits. While digesting both with ease, the 
composition of his blood conforms to the digestion, just 
as digestion depends upon the structure of its a ev : 
and if in man the digestion and formation of lood 
corresponds with his mixed food from plants and animals, 
will not a nutrition afforded by this mixed diet, just as 
it produces muscles and bones peculiar to man, develop 
also the brain, which, as really human, thinks and feels? 

Equally remote from the savage hunting-tribes, kin- 
dred with that of beasts of prey; and the y le- 
eating Hindoos, with their greater mental indolence— 
not digesting in order to live, but living almost in order 
to digest—stands the cultivated European, who anes 
his mixed diet with ease, and from whose blood is evolved 
a brain, the action of which we admire in those forms 
where human beauty and wisdom are embodied. 

This circulating mutual action, which on all sides 
unites man with nature, is ey the 
difference produced by the degrees of mutual action 
causes the peculiarity of the individual, After a brief 
description of the change of matter in the tissues, as it 
generally takes place in the human species, we passed to 
the description, in general outlines, of the action of the 
several aliments. As sex and age, position and mode of 
life, habit and climate, exert various influences, we know 
but one-half of the science of food, so long as our ac- 

uaintance is limited to the metamorphosis of tissue in 
the species, and to the general action only of the aliment. 
The remaining half consists in describing the manner in 
which the tissue-c , a8 modified in the individual, 
determines the selection of the aliments. This selection 
constitutes diet ; and hence there remains, in this boo! 
for us the task of determining the diet in the princi 
circumstances of individual life. , 
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90. Breakfast, Dinner, and Supper.—Although during 
aie the metamorphosis of tissue is less rapid, yet the 
eight or ten hours which commonly elapse between supper 
and breakfast, are sufficient to produce all those pheno- 
mena of sanguineous impoverishment comprised under 
the name of hunger. Hence, the meal breaking this 
state of fasting is called breakfast. 

To the breakfast succeed the anxieties and labours of 
the day. Bread, therefore, or bread-and-butter, in the 
morning is a very proper food, as it is digested with 
sufficient ease, and yet so slowly as not too suddenly to 
overload the blood and brain with alimentary principles, 
Tea or coffee suitably prepares for the attention and exer- 
cise of judgment, and is more or less required by the labour 
of all classes. And from the consideration that tea more 
especiall otes the combination and the development 
of thought, while coffee excites the imagination likewise, 
a rational explanation is obtained for the fact, that in 
some countries, as for instance in Holland, those classes 
of society whose labour is chiefly that of the intellect, 
take tea for their breakfast, while those which employ 
both pens and imagination take coffee. 

§ 91. Combination of Meat with Vegetables.—Soup, 
vegetables, and meat, are the regular constituents of a 
European citizen’s dinner. We have already explained 
how the daily taking of ra together with the meat, 
is necessitated by the gen custom of preparing soup 
from the same meat which is eaten when boiled. In 
the same section we showed the combination of meat 
with vegetables or edible roots to be a custom founded 


upon reason. Meat furnishes what is wanting in vege- 
tables, and the v les dilute what meat contains in 
too + an abundance. 


Tt is therefore an unfortunate custom, or a still more 
unfortunate necessity, that by so many poor families, 
potatoes, exclusively, should be eaten fordinner. When 
circumstances render it impossible to eat any meat with 
vegetables, the dinner ought to consist, as often as 

icable, of leguminous seeds, the best of soups being 

F neg beans, or lentils. Hence it follows again, 
that the distress of the poor might be essentially alle- 
viated by the cultivation of the leguminous plants on 
so many acres of soil, where potatoes now grow or 
perish by a destructive disease. 

In those families, however, which have meat on their 
table some days of the week at least, the meat ought 
on such occasions to be dished up together with potatoes 
or vegetables; while on the other days, the nutritious 
soups of peas, beans, or lentils, shoul be used. “Such 
an alternation ought to be laid down as a general rule; 
for however correct the taste of certain housewives may 
be, in the selection of viands, it happens very often, in 
the more opulent households of the middle es, that 
the meals are very improperly com How often 
does it occur that a meagre soup is followed by nothin 
but fish and potatoes! Or, how often is some kind o 
soup, ther with a farinaceous dish, eaten without 
any addition of meat! Or a soup from some of the 
leguminous seeds is taken, and leguminous seeds or fari- 
naceous dishes follow. 

Whenever ponte, meat ought not to be absent from 
the dinner-table; or if the less readily digestible and 
less nutritious fish be substituted, an anally digestible 
and substantial broth, or a nutritious soup of or 
lentils, onght to bo, ey for the defect. Feat if 
beans and farinaceous dishes, or soups of the leguminous 

; constitute the whole meal, these most nutritious 
aliments will, by their difficulty of digestion, oppress the 
stomach, overload the blood, heat the head, and render 
it less fit for the ensuing work. 

Pea-soup, therefore, with fish and potatoes, or fish 
followed by farinaceous dishes, or meat and vegetables, 
or broth, leguminous seeds and potatoes, or roast meat 
and salad, are suitable combinations for a meal. 
In short, the more easily digestible alb ous sub- 
stances ought cay to predominate ; and when aliments 
which are more difficult of digestion form the chief con- 
stituent of a meal—when beans, or farinaceous 
dishes are taken—then sovps containing vegetables or 


fruit, ought at least to be added, in order to promote 
digestion by their admixture of acids or salts, 

But not alone are the right representation and com- 
bination of alimentary principles to be considered in our 
meals. Whatever impels our body to a new activity is 
a stimulant ; and hence, in a wider sense, not only the 
heating spices, but solid and liquid food in general, are 
to be ed as stimulants. It is characteristic of a 
stimulant, that its effect ceases when its use is repeated 
at too frequent intervals; and the slighter the irritation, 
the more readily will its effect become blunted, if the 

ity of its influence render the peculiar effect less 
perceptible; a diminished susceptibility to the irritation, 
im consequence of repeated use, establishes the habit ; 
while, with many kinds of solid and liquid food—for 
instance, with bread, meat, potatoes, water, milk—our 
insensibility to the stimulus does not attain a higher 
degree than that of becoming accustomed to it; and 
while even stronger stimulants, like tea and coffee, beer 
and wine, are overcome by habit; with other aliments, 
the insensibility overpowers the habit, and almost pro- 
duces disgust. 

While soup and meat, if taken day after day in the 
same form, at length become repugnant, it is equally 
impossible to eat every day the same kind of vegetables, 
the same farinaceous seeds ; if carrots or saurkrout have 
to be partaken of even for two or three days in succes- 
sion, the housewife may expect to meet with dissatisfied 
faces. This does not proceed perhaps from any bad 
state of the organs of taste ; but taste is a very appro- 
priate index of the irritation which the brain and nerves 
receive from the blood. We know accurately, that meat 
taken in abundance, conveys more fibrine to the blood, 
and the starch aliments more § ; and that the 
volatile oils of the superior kinds of fruit and of spices, 
the organic acids and the several combinations of the 
different salts of the vegetables, pass into the mother- 
juice of the tissues. And if in animals the monotonous 
manifestations of strength correspond with their uni- 
form food; if even in plants the want of sensation 
harmonises with the simple composition of their not 
very numerous alimentary principles; must not the 
strictest logical sequence of cause and effect trace the 

itated life of man, with his actions and passions, and 
all ‘the numberless shades of sensation and thought 
in great part to his variety of solid and liquid food an 
condiments? That there exists individualism in cha- 
racter, becomes possible only through the co-operation 
of the various aliments, together with the numberless 
moral and sensible influences which the surrounding 
material world exercises upon him. 

And as the uniformity of the stimulant, even if re- 
peated at longer intervals, is prejudicial to its effect, a 

ement of dishes, repeated certain days 
every week, is a custom not to be commended. a 
stiff regularity only too clearly betray a commonplace 
narrowness of mind, such a regular repetition becomes a 
source of petty formalism; insensibly, but all the more 
dangerously, repressing the free movements of the mind, 
Whoever has watched himself with attention, will often 
enough have experienced how the refreshing and stimu- 
lating effect of a walk is evidently lost if taken for a 
long time daily at the same hour. It is the same with 
uniformity ih viands; and while the ancient physicians 
used actually to assert it to be useful sometimes to 
throw the body out of order, in accordance with this 
doctrine it is perfectly true, that an inflexible regularity 
of life is by no means compatible with a genial freedom. 

Not seldom do we hear the opinion advanced, that 
drinking during a meal is an obnoxious habit ; but quite 
wrongfully ; for the gastric juice may be diluted with a 
considerable quantity of water without losing its dis- 
solving power in the slightest degree. Only a super- 
abundance of water would diminish or arrest the peculi 
action of the matters contained in the digestive fluids, 

Large draughts of water, therefore, would be the 
most injurious with aliments difficult of digestion, like 
the fats; and hence, drinking of too much water after 
fat pork, for instance, is properly avoided; but, in 


— 


| take food 
| 80, as such \ : 
| acceleration of the metamorphosis of the tissues, which 
| beer and wine efficiently obviate. 
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countries where soup does not constitute a regular part of 
the meal, drinking water is positively to be recom- 


mended. 
_ Beer and wine at dinner are also hurtful only if taken 


in excess ; for, in the latter case, the alcohol coagulates 
the albuminous substances not only of the food, but 
also of the digestive fluids, and thus disturbs digestion. 


| If taken in a moderate quantity, such beverages are 


calculated to cause the meal to hold out longer; for the 
fact that we are not so soon hungry again after taking a 
meal with wine, than if we have taken only water with it, 
is to be accounted for by the slower combustion of the 
constituents of our body, because the alcohol we have 
imbibed, takes possession of the inhaled oxy; Hence, 
wine with a meal is extremely useful when a long 
journey, or work in hand, renders it impossible to 

in at the usual time ; so much the more 
etention from food itself usually causes an 


The general preference of warm food at dinner is 
based on rational grounds; for a low temperature co- 


agulates tine, and the fats te, which are much 
more ily digested in a liquid state. But when the 
food is much cooler than the liquids of the stomach and 


intestines—that is to say, much lower than 98° Fah,—it 
subtracts from the latter a part of their warmth, and 
the colder combination effects the solution less readily. 
Ice, therefore, as well as cold water, are injurious, 
particularly if the nutriments contain a large proportion 
of fat or gelatine. As great changes of temperature in 
our body in general are not easily endured, a sudden 
transition from warm food to cold, or vice versd, is 
injurious. By the sudden refrigeration of the heated 
cavity of the mouth, the enamel of the teeth is said 
sometimes to have actually cracked. 

From the different hour at which the principal meal 
is taken by different individuals and classes, it suffi- 
ciently follows that no absolute rule can be given for 
it. is time is of little consequence to the classes 
having an occupation chiefly mental, and of none to 
those who do not work at all, provided, at least, they do 
not so utterly subvert the natural order of life, that night 
becomes day, and day night: Those classes, however, 
which are engaged in fatiguing,' bodily exercise, expend, 
during the first six hours of the day, so great a quantity 
of material, that almost everywhere they observe the 
custom of taking at noon, or at least not much later, 
their largest portion of restoratives. 

§ 92. Suppers.—The German custom of taking supper 
two or three hours, or even longer, before going to Ped, 
has this great advantage—that digestion is almost at 
an end before going to sleep; for digestion disturbs 
sleep, and sleep digestion. Hence, supper should con- 
sist, as much as ible, of easily digestible aliments, 
as soups, salad with little meat, and not of fish or legu- 
minous seeds. It is only when supper is taken very 
early, that the less digestible bread, or, still better, 
bread-and-butter, and meat, are proper food. When 
tea is taken in addition, those who are accustomed to 
perform close mental labour after supper, are agreeably 
excited. Intemperance is, most of all, to be avoided in 
the evening; for, a from the sleep being disturbed 
7 digestion as well as by hunger, an overloaded state 
of the blood is less easily adjusted during the night. 
In the night, less carbonic acid is exhaled, and the 
tissue-change in general retracted. Hence, an overladen 
state of the tissues, and especially of the brain, is very 
often manifested in the night by heavy dreams and night- 
mare, and in the morning by headache and a general 
state of ill-humour. 

§ 93. Diet of Childhood.—In the form of a general 
apenas and with application to special cases, we 

ve repeatedly insisted i Me ae the principle, that the 
amount of restoratives needed by the system, depends 
upon the extent of the expenditure. An abundant 
supply, accompanied by considerable expenditure, occa- 
sions an active metamorphosis of tissues. 

Although the differences in human beings, as modi- 


fied and sex, generally confirm this proposition, 
80 rie fing ws sen the sclivity of tha temon haus 
may be estimated by the quantity of the outgoings, 
still it is precisely here that we find, at the first glance, 
the most important exceptions. In the adult, the weight 


loss of the excretitious parts. ' 

Not so with the child: for that the infant grows be a 
boy, the boy to a youth, is entirely and solely effected 
by the receipt surpassing the expenditure, The balance 
is not even in the exchange of the body. We have not 
to deal with a simple ti Growth consists 
in nothing else but in the proportion in which the for- 
mation of tissue exceeds the products of regressive trans- 
formation. The supers activity, however, of nutrition 
over excretion is the cause only of growth. 
milation of the body in a 


Strictly speaking, this ter priation of alimen- 
tary principles is ‘growth itself. But its cause has to be 
more profoundly pana The blood and the tissues of 
the infant are of a different composition from those of 
the adult. When treating of animal food, we mentioned 
that the muscles of young animals contain a greater pro- 
portion of albumen, but less of fibrine, than those of 
the full-grown, The real skin, in the adult consisting 
fibres yielding gelatine, is formed in the infant from an 
albuminous su! ce, which, however, is not entirely 
absent from the skin of the adult. The bones of the 
or 


<5 


- 
. 


and the o: asi by agease changed into the 
tissue yielding gelatine of bones, or ‘‘ collagen.” Thus, 
while in youth, the solid parts contain a ter propor- 


grea 
tion of water, but less in weight of the Ceagies aa 
stance deposited by the mother-juice; the tissues of the 
adult are, on the contrary, remarkable for their abun- 
Soy Near Seu Wells's lt pam eT 
mostly heavier water, their augmentation during 
the pad a, growth, explains the increase of the body 
in weight. ) 

But if the body of the child have another composition 
than that of the youth, we must not be satisfied with the 
fact that the quantity by which the receipts ya oe 
expenditure, effects the growth. Tissues of a di 
ry eg 2 likewise possess a different kind of attraction 
for the matters conveying the nutriment to the blood. 

The muscles of the child attract fibrine from the blood, 
and their albuminous substances decompose into kreatine 
and urea; and the important consequence of their com- 
position differing from the muscles of the adult is, that 
the fibrine attracted, surpasess in quantity the prodncts 
of decomposition taken from them by the retransfor- 
mative process. The same change takes place with the 
skin, as its albuminous substance is decomposed and lost 
with the urine and the exhaled air ; while, with a superior 
attractive power, it forms from the blood, and assimilates 
the organic matter of its gelatinous fibres. But the 
remark is chiefly applicable to the bones; for just as 
these, more than any other tissue, cause the increase in 
weight of the whole body, so do they a in return 
for the wasting matter (ke wn by yielding, when boiled, 
gelatine of cartilage instead of bone-gelatine), such an 
abundance of the true bone-constituents, that in ove 
pac’ Er} their composition entirely = : 

atine of cartilage possesses a strong aflinity for com- 
mon salt, the tissue yielding bone-gelatine has the 
greatest tendency to combine with the phosphate and 
carbonate of lime, With the growing Ri 
therefore, of the bone-gelatine over the gelatine 
cartilage, the lime-salts are continually increasing, and 
that during the whole life. The bones readily collect 
the lime-salts and the fluoride of calcium from the blood, 
a function shared in equal degree by the teeth only. 

This strong attractive power, peculiar to the infant 
and child, is more than the condition—it is the real 
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" cause of its growth. It shows how the nutrition is in 


proportion to the excretions ; a circumstance which we 
x before shown to be the condition of growth and 
increase of weight. 

In the infant, therefore, change of matter only follows 
the same law observed in the adult. In both, the attrac- 
tive power of the tissues towards the constituents of the 

induces nutrition. If, from the peculiarity of their 
composition, the tissues attract and detain a greater 
pveurera et Me blood than is lost by excretion, the 
lood, in order to maintain its composition, has to receive 
a larger quantity of the alimentary principle than would 
have been necessary if the activity of the nutrition had 
been simply equal to that of the excretion. 

The direct expenditure of the blood upon the tissues, 
therefore, determines its supply ; only the different com- 
position confers upon the freshly-formed constituents of 
the tissues a greater constancy ; and for this reason the 
bar riates more than it eliminates. 

is explains why children take proportionally more 
food, and especially why they take it oftener than adults, 
although the latter discharge a greater quantity of car- 
bonic acid and urea than the former ; and thus the regu- 
larity of the phenomena establishes the law—as it can be 
rag that the exception was only apparent. A law 
its full validity only when the exception which with- 
stands its authority merges in the law, as soon as the 
conditions of bay seewing anomaly have been more ex- 


ascertai 
wPlocophically, we come to the conclusion that the 
re sa is regulated by the expenditure, and that in the 
i as in the adult, the exchange of the constituents 
of the blood is rightly denominated the change of matter. 
Practically, it results that the child’s frequently recurring 
desire eae does not a agg ae yr ode 
from processes going on in the interior of 
Hence the rule that the infant should not be 
trained by the of habit to a diminished and less 
frequently manifested desire for food, but that its in- 
eee =o po vested : for such is the general and 
natural expression of a law lating the peculiar chan 
of matter, which causes ihe iodiciineas of the child “ 
differ from those of the adult. 

It is, therefore, quite proper that, at first, the mother 
should give the breast to the nursling as often as it 
awakes. Gradually the child desires milk less frequently; 
and in the distribution of the meals for her child, the 
wakeful eye of the loving parent may trust to her own 
observation. On an average, the child, after being 

can wait three to four hours until the next 


does not require any food at 
night; and the same holds good for boyhood. 
During healthy sleep, the change of matter in children 
is moderate. is explains why even those whose want 
of food is generally so great, can easily wait from supper 
to breakfast without eating anything ; while, during the 
day, the desire of food has to be frequently satisfied. 
Re eee rea ery wo een aren 6 slight 
repast between breakfast and dinner, and another 

tween dinner and supper—nothing, indeed, tends better 
to temperate habits ; for, in order to thrive, they have 
to convey to the blood the same quantity of nutriment, 
whether they take it at three or five times. In the latter 
case, the stomach is less at any one time; digestion 
and the formation of b on with greater ease ; and 
in the process of nutrition p Messed danger that too 


great a quantity of nutriment should be conveyed to the | 


bay res. might have an injurious effect, especially 
Gn, thacokuer baat elidooa terially injured 
are very ma‘ inj 
by bei gratified whonover their excitable palaio as 
for food or dainties ; for, as the formation of all secre- 
tions requires due time, just as the development of the 
ovum, &c., and the accumulation of milk, are bound to 
certain periods, so the digestive fluids—the saliva, for 
instance, the gastric juice, the bilé and pansrestio juice 
0 


—are only secreted in a sufficient quantity for the usual 
meals. We must, therefore, allow the digestive glands 
the needful time to prepare and collect them, between 
one meal and another. If not, the requisite power of 
digestive action is deficient, just at the time when the 
most nutritious aliments, soup and meat, are taken. At 
table, if children complain of want of appetite, and if, 
accordingly, they do not eat, the blood becomes deficient 
in the best alimentary principles ; if compelled to eat, 
on the other hand, imperfect digestion makes them lan- 
guid and thin. 

§ 94. Milk as Food for Children.—That milk is the 
most ee food for children is so generally recog- 
nised, that science Silacalleds adie he aban and 
interpret the fact. 

Combining in a due proportion solid and liquid food, 
milk contains not only in the caseine an albuminous 
substance, which is transformed into albumen and fibrine, 
afterwards into gelatine, horn, and elastic fibre ; but it 
has also, in its peculiar sugar, one of the most easily 
digestible constituents of fat; and in butter there are 
the ready-formed fats, which assist in forming the soft 
cushion of round limbs and full cheeks in children. 

But it is the phosphate of lime, so abundantly contained ~ 
in milk, which particularly constitutes this the most 
fitting nutriment of the babe. In milk, more than in 
any other food, the conditions are furnished for the con- 
version of the cartilages of the infant into bones, The 
phosphate of lime, so constantly associated with the 
caseine, is easily dissolved by the lactic acid, into which 
the sugar of the milk has been transformed by the 
bile ; and thus the dissolved lime-salt passes from the 
digestive canal through the blood into the bones. The 
phosphate of potash performs the same office for the 

wing muscles. 

In the milk of animals we find the same constituents 
as in human milk. Can, therefore, the latter be sub- 
stituted for the former? 

A direct comparison of the milk of the woman with 
that of the Mammalia, decides the question in the nega- 
tive; that of woman contains a much smaller er 
of caseine, a smaller proportion of butter and of salts, 
but a greater quantity of sugar of milk and of water 
than is found in the milk of cows. 

But whoever has attentively followed us in the de- 
scription we have given of the change of matter, will not 
see anything fortuitous in this difference of composition. 
Here, as in many other cases, the manifold links are 
wanting, which enable us, step by step, to prove the 
differences of power to be nothing but differences of 
matter : occasionally we have a better knowledge of the 
matter than of the force, and sometimes the reverse. In 
a thousand instances, however, the power has been so 
distinctly proved to be a necessary quality of the matter, 
that, like all other qualities, it is an inseparable charac- 
teristic of the body, conditioned by the peculiar compo- 
sition of its substance. 

It is no empty prejudice to state, nay, it is a real belief 
in the general prevalence of a demonstrated natural law, 
thatthe nature of the mother is communicated by the 
milk to the child. And there is no thought more natural 
than the belief, that on the breast of its mother the 
infant may imbibe, together with the milk, her nobleness 
of mind, with the love which devotes that food to the 
most sacred purpose, and fastens still more strongly 
around the feeble child and the tender mother, the ties 
of their endeared relationship. 

There are certain differences, though slight, between 
the milk of one woman and that of another; and as in 


successive months after confinement the milk alters in 
composition, the difference is so much the greater, as the 
| children of the mother and those of the wet-nurse differ 

from each other in age. Since, in any case, the milk of 

the wet-nurse will be dissimilar to that of the mother, 
| the closest possible conformity ought to be secured, 
where a wet-nurse is sought, between the age of the two 
children. Under any circumstances, however, the milk 
of a wet-nurse more resembles that of the mother than 
cows’ milk; and therefore the milk of a roe is to 
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be pref to bottle-feeding. It is true that, in large 
a wet-nurses are scarce; and still rarer, 
ven that devel love which nourishes a stranger's 

iid as carefully as is desirable ; for the effort is, indeed, 
not slight, by which a woman has to restrain her own 
will inclination to such a degree, as to prevent indis- 

ition of body or any bewildering passion from becom- 
fog hurtful to the babe; the easily excitable nature of 
woman is often influenced to the great disadvantage 
of the child. Out of the manifold inconveniences arising 
from these circumstances, mixed food produces a more 

uent uneasiness of body, than where uniformity of 
food is observed. : 

Hence, in many cases of difficulty, bottle-feeding will 
be preferable to the employment of a wet-nurse. By 
diluting cows’ milk with one-third of water, and adding 
to five-and-twenty parts of milk about one of sugar, 
a sufficient similarity with the milk of the mother is 
obtained. If asses’ milk can be got, which is seldom the 
ease on account of its high price, the dilution of the 
whole, and the increase of the proportionate amount of 
sugar, are very simply effected by mixing about two parts 
of asses’ milk, which is remarkable for its abundance of 
water and sugar, with one part of cows’ milk. As the 
milk in the first days after confinement contains more 
solid constituents than it. does from about the fourth 
day afterwards, the cows’ milk should for the first days 
be diluted with a smaller proportion of water; but after 
the fourth day, more than one-third of water is to be 
added to good cows’ milk—a proportion which must gra- 
dually be diminished again, as the milk of the mother, 
after having become considerably thinner on the fourth 
or fifth day, increases again by de; in the amount 
it contains of caseine and salts, Like all liquids of the 
body, the milk in the mother’s breast has a temperature 
of 98° Fah. At this temperature, all aliments are most 
easily transformed by the digestive fluids. In bottle- 
feeding, therefore, the mixture employed ought always 
to be warmed as nearly as possible to 98°. 

A time before the period for weaning arrives, and 
earlier if the mother have not sufficient milk, more 
solid food may be gradually given. From rasks, fine 
wheaten flour, potato-starch, or arrowroot, first com- 
bined with water, milk, and sugar, and afterwards with 
broth of different kinds, a spoon-meat is Lado 
usually much relished by infants. While in rusks an 
wheaten flour the albuminous substances themselves are 
present, in the mixture prepared of potato-starch or 
arrowroot, these are only contained in the milk, or in 
the juice of meat; for it is to be taken into consideration 
that arrowroot differs from potato-starch only in bein 
com of smaller granules, and by its forming with 
boiling-water a thinner paste. Arrowroot, in fact, is 
nothitig but starch; but starch represents only the group 
of organic alimentary principles destitute of nitrogen; 
and among these the constituents of fat: now as the 
constituents of fat alone are not able to maintain life 
arrowroot boiled with water only, cannot restore and 
wey the various essential constituents of the blood. 

ith a paste of arrowroot and water, children may be 
fed to death, but they cannot be nourished ; and many 
a child has succumbed to this diet, an unhappy victim 


| of the lamentable error that the highly-commended 


arrowroot was of itself a complete nutriment. 

Even after weaning, soft mixtures of a good bread, 
with milk and sugar, or with the juices of meat; also, 
the more readily-digestible roots and vegetables, to- 
gether with soups — from the meat of young 
animals, may be considered the best food. After the 
teeth are cut, meat and bread, in their simple form, 
may als» be given. Aliments difficult of digestion, fat 
meat, heavy bread, rich pastry, unripe wheaten grains, 
leguminous seeds, and heating condiments, are carefully 
to be avoided for children; and of beverages, water, 
milk, and a light beer only deserve commendation. 

§ 95. Diet of Youth, Maturity, awd Old Age.—While 
the boy is growing into the youth, the composition of 


_ his blood and tissues gradually approaches that of the 


mature body. As the muscles acquire more fibrine, the 


skin and bones become richer in gelatinous substances; 
in the bones and teeth, the lime-salts increasingly pre- 
dominate over the common salt ; and the whole activity 
of the change of matter Aare on 

As at other times, so during this period, expen- 
diture of the body furnishes the best means of estimating 
the extent of these rege aR The proportion of car- 
bonic acid excreted by the lungs, and that of urea 
voided by the kidneys, increases up to maturity, attain- 
ing its height at about the thirtieth year; but at about 
the fortieth year, the activity of the tissue-change 


already begins to d and the most important 
alterations gtiiinally take plas of which’ those ale of 
the tissues of the bones have been investigated with any 


d of accuracy. 

Of the solid parts, it is known in general, that in old 
age the proportions of water and fat decrease. Hence, 
the tissues of the eye become drier, and the light is less 
refracted through the crystalline lens, which becomes 
poorer in water; hence, also, the shrivelled hands and 
the wrinkled brow. That the hair is altered in its 
material composition is proved by its Ey colour, the 
venerable decoration of old age; but e bones, we 
know that they become more and more brittle, because, 
in proportion to their organic basis, the quantity of salts 
astonishingly increases, and it is particularly phos- 
phate of lime which more and more predominates; for 
although the salts, on the whole, increase so consi 7 
the carbonate of lime decreases relatively to the phos- 
phate of lime; which latter, therefore, in a stricter 
sense, is so often denominated the bon 

Nor is the organ of thought without its share in 
alterations so important. In advanced age, the propor- 
tionate amount of fat in the brain diminishes ; while, 
unlike all other organs, its amount of water augments. 

Is it, therefore, to be wondered at, if the excretions 
undergo essential alterations? or, should the tissues, 
exposed to the same influences as before, alth 
themselves differently composed, yield equal quanti 
of the same products of decomposition? We t, 
that in difference only lies the Seat of men; only oy 
the variety of circumstances, affecting both the matter 
and the force of our organs, can we be different ; we are 
all equally dependent on air and soil, on men and 
animals, on plants and minerals; we could not have 
been primitively all equal, could we maintain equalit: 
under the different influences to which we are expanal 
it is upon the difference of circumstances that our own 
differences are based. 

Age is an essential element worthy of notice in this 
difference. The tissues have now another composition ; 
in old age, less carbonic acid is breathed out, less urea 
formed. The drier tissues, containing a greater pro- 
portion of salts, undergo their normal transformations 
more slowly; the diminished decomposition proves a 
diminished activity; that renewal of matter, which is 
ot) erseage me Bon = vl by the ep nn) action of 
oxygen, is ually w ; a smaller proportion 
is decom and a still smaller portion formed. 

Thus the susceptibility to all sensible and mental im- 
pressions gradually becomes enfeebled; that which for- 
merly would have made a powerful impression, scarcely 
now leaves any trace in the form of memory. Buta 
rich life lies behind the old man. Though now receiving 
less, the crown of a maturer experience adorns him. 
Ripe fruit which he has collected for himself and others, 
gladden the last of his life, and increase the 
cordial and elevating sense of gratitude, with which we 
render homage to the venerableness of old age. ‘‘In 
the late evening of a much-agitated life,” 
von Humboldt, whose very naine illustrates the idea, 
lays before the world his os, ‘‘the idea of which, 
for almost half a century, had been floating in uncertain 
outlines before his mind ;’ and with it he eukindles the 
spirit of every one, whose view is not narrowed by those 
Siam regurding. ee wnlversal, trai ta ila; Societal 
siasm ing the unive m 
tively sterile, assiduity which stolidly confines itself to 
mere details. 
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Not in every case, and not for very long ther, can 
such a noble picture of man be oohibied With the 
diminishing vigour of the change of matter, the torch 
of life gradually sinks. More and more slowly the 
matter moves from the digestive organs to the blood, 
from the blood to the brain and muscles. At length 
these activities wholly cease; for all that lives, bears in 
itself the germ of death. Those laws of gravitation 
which alter at every stage of life in a necessary succes- 
ion, lead through growth to perfection, and from the 
ing prime, by a regressive transformation, to 

ot only do fat and water disappear, the bones 
also lose in circumference. While the latter become 
richer in lime, harder and more brittle, the wrinkling 
skin shrivels up, the-cartilages ossify, and the watery 
brain loses more and more of its essential fat. Men- 
tally, as the retrograde course continues in unbroken 
progress even to death, a kind of revolution is usually 
completed. The memory becomes dull, even for youth- 
ful recollections ; and to the other infirmities of old age, 
a hebetation of the senses finally supervenes, which 
distorts the judgment, and destroys the memory. The 
old man who was before so venerable in his unbroken 
strength, bringing out the results of the experience of 
his former life, gradually becomes the image of a hel 
less child. Dissolution then becomes a blessing, and, 
with respectful awe, we drop the veil over that last proof 
of feebleness from which no mortal being can escape. 

Matter, however, is immortal. Into the grave we let 
fall the noblest seed, with the certain knowledge that 
the transiency of one form ‘‘ which has been bleached by 
the abundance of ” will yield to flowering and 
fragrant plants of the fields, to rise again, after number- 
less transfortnations, in fresh and youthful vigour, and 
still co-operate in the task, in which the spirit of all 
human works continues to live amongst us, visible to 
our senses. For the spirit is eternal, as manifesting 
itself in matter; while the terrestrial constantly changes, 
the earth and its inhabitants are as constantly renewed. 
_§ 96. Requirements of Youth and Age.—As growth con- 
tinues during the time of youth, so the young not only 
alk pi satisfy their tite oftener adults, but 


s1on, 
bloo: 
deca: 


; and if 
then be sufficiently occupied, and he take 
abundant exercise in the see air, the tissue-change 
will harmoniously promote proportionate develop- 
ment of every part, and youth will enjoy the pleasures 


of pow 
mature age a fixed diet is the least needful ; the 
full-grown man discharges as much carbonic acid and 
water, urea and uric acid, with other excretitious matters, 
as he takes up of food and inhaled oxygen. His wants 
he can measure by his appetite; the latter recurs less 
requently, and is sooner satisfied than in youth. Every 
kind of excess, however, must be avoided ; and this is 
infallibly secured by always leaving off before appetite 
has disappeared. Without this precaution excess is 
easily possible, because the limited size of our lungs, 
and the definite power of our movements, restrict the 
wer of the c of matter. If man eat more than 
excretes, the tissues become overloaded, which en- 
—_ their activity as much as the impoverishment of 
the blood aud the consequent defective nutrition could 
do; fat is collected which the oxygen does not consume, 


and the albuminous substances, with the salts, assume 
a fixity which at once enfeebles the intellect, and de- 
stroys the pleasure of thinking ; while it diminishes both 
the strength of the muscles and the inclination for 
movement. Thus do gluttons gradually grow lazy, im- 
pavent of thought, anxious only for repose, and unfitted, 

y their unwieldy frames, to embody the moral and 
intellectual greatness which characterises noble-minded 


men, 

Apart from the mode of life and the degree of tem- 
stead ie of the surrounding air, the influence of which 
atter we shall afterwards describe more in detail, the 
peculiar constitution of the individual deserves a special 
consideration. It is true that here the grades of difler- 
ence are as numerous as the population of the globe. 
The natural disposition, with a certain tendency to firm- 
ness in the functions of the brain, gradually produced 
by the school of life, form the character. The greater 
this firmness is, and the higher the courage with which 
it is displayed, the more naturally do we call the man 
a ‘‘character’ in the good sense of the word; but, 
inasmuch as every individual holds a necessarily defined 
position in his relations to the external won every 
one has more or less of distinctive character. On 
account of the innumerable degrees of transition, how- 
ever, this rule can only be applied to the extreme repre- 
sentatives of one class or another. 

The more vivacious the disposition, the more easil 
the man is excited by stimulants ; the ter, also, wi 
be the tissue-change. Generally speaking, such indi- 
viduals will need food more frequently than those of a 
less excitable nature. With individuals of this habit, 
too nutritious or exciting food is to be avoided, because, 
asa sig 8 stimulant, it increases their nervous irrita- 
bility. Vehement, passionate natures become still more 
ardent from partaking of game, heavy bread, legu- 
minous seeds, or any considerable quantity of beer, 
wine, or spirits, coffee or tea. By these more stimu- 


-lating aliments the circulation is accelerated ; the tissues, 


especially the brain, are overladen with blood ; and the 
skin, which in such persons is very easily filled with 
blood, turns red, especially in the cheeks. This heat is 
moderated by cooling aliments and beverages. Fruit 
and vegetables, therefore, with lemonade and similar 
drinks, are more advantageous for irritable constitutions 
than spirituous and aromatic beverages. 

The latter are more appropriate to persons whose 
activity of the brain is disproportionately t; while 
their weak digestive organs, their slow foanation of 
blood and nutrition, occasion a disposition to melan- 
choly. Such persons require a stimulating diet. On 
account of their slow digestion, they have to select such 
nutritious aliments as are easily digestible ; such, for 
instance, as the flesh of fowls and pigeons, veal, mutton, 
and veal-broth, in conjunction witha small quantity of 
light, well-baked eh or of vegetables. As heating 
spices, wines taken in moderate quantity, as well as 
strong tea and coffee, accelerate digestion, and with this, 
indirectly, the tissue-change ; they produce a greater 
uniformity in the functions of the different organs, and 
thus exercise a beneficial influence upon disposition and 
character. 

And, finally, where a slow tissue-change characterises 
also the main of the nervous system, the brain, 
and spinal cord—where slight irritability is united with 
flabby muscles, a pale, flaccid, puffy skin, au inert diges- 
tion, and a deficient formation of blood, as in phleg- 
matic persons—a nutritious animal diet is to be com- 
bined with strong spices, strong beer, and wine. Vege- 
table aliments, especially roots containing much starch 
and sugar, must be avoided by all such ; and for this 
reason, that in such persons there commonly exists 
already an excessive disposition to deposit fat, which, 
being itself the consequence of a less vigorous respi- 
ration, becomes a check to the tissue-change. ‘The large 
quantity of fat withdraws from the other con- 
stituents of the blood, the oxygen necessary to trans- 
formation. 

With the last-named characteristics, those of old age 
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are chiefly to be classed ; for here, also, the enfeebled 
activity of the digestive organs is the salient fact. If 
the diminished activity of the tissue-change be mani- 
fested by a languid appetite, it is so much the more 
necessary for the aged man to choose the most easily- 
digestible food. Lean meat, venison, strong broths, 
young vegetables, and roots, as carrots, containing 
os sugar, deserve the preference ; while stimu- 
lating condiments, coffee, tea, a good old wine, a strong 
bitter beer, taken in small quantities, serviceably pro- 
mote digestion. 

$97. Diet of Woman.—The general laws of the change 
of matter are fulfilled in the case of women through 
another circle of developments than in man; for at the 
moment when sexual maturity begins to manifest itself, 
that continual augmentation in the exhaled carbonic 
acid, which in the female, as in the other sex, lasts as 
long as the child is growing into the maiden, ceases. 
Till the of about forty-five years a uniformity is 
art ate. which yields to a slight increase only after 
that period ; and in old age, as in males, gradually 
declines. At every age, however, the quantity, not 
only of the exhaled carbonic acid, but also of the urea 
daily voided, is much smaller in the female than in the 
male sex. 

While woman, therefore, is remarkable for a less active 
tissue-change, a slighter muscular power, and a calm, 
contemplative activity of the brain, which is less easily 
aroused to greater exertion of thought, she is also less 
subject to wild passion : self-control appears to be the 
necessary consequence of material conditions; although 
the whole position of woman in life, and particularly the 
relation of the mother to her child, combine to ingrain 
these mental peculiarities into the true feminine nature. 
The material basis of the female body is the best proof 
that neither an arbitrary conventionalism, nor the un- 
utterable longings of the youth indulging in sweet hopes, 
have evoked the attention and the cheerful support 
which everywhere men have devoted to the fairer sex: 
Although, in many uncivilised tribes, the strength which 
women gain from endurance encourages the men to 
burden them with correspondingly heavy work; still 
the woman enjoys everywhere the assistance which she 
necessarily wants. And when, with a higher civilisation, 
the consciousness of the dependence of woman inc 
together with that of the dignity of motherhood, the 
superior power of man affords protection, his assistance 
becomes homage. The maiden’s loveliness, added to the 
dignity of the wife and mother, helps to adorn the life 
of more rugged and ambitious man, her gentleness of 
manner producing that love of art which so often repre- 
sents the wife in a noble ideal. This is the enjoyment 
which indemnifies the wife for great sacrifices ; owing to 
a less direct contact with the rough storms of external 
life, she is able to cultivate a purer humanity, out of 
which the characteristic of womanhood is born. 

The secluded life usually led by woman produces that 
perfect symmetry of nature—that fascinating serenity of 
manner, * which the matron is distinguished and 
adorned. But inasmuch as her life is less agitated, her 
manners more subdued, and her whole nature more ac- 
customed to self-denial ; so are the contrasts less marked 
between one woman and another. Their characteristics 
are less distinctive, and their peculiarities manifested in 
more delicate and minute distinctions —distinctions only 
to be accurately discriminated by the most acute obser- 
vers. Even their features partake of this delicacy ; and 
the painter finds it especially difficult to catch the more 
delicate peculiarities of expression in the female face, or 
infnse the characteristic expression into the less strongly- 
inarked features. In woman only is found that charming 
harmony in which it is difficult to point out any salient 
part, because the equable and cultivated tone does not 

rmit any particular point to be prominent. The least 

vourable as of this harmony lies in the greater 
monotony which distinguishes the sex from man. Of 
this peculiarity, the greater equability of the change of 
matter is at once the consequence and the cause, The 
variations in the quantity of the exhaled carbonic acid, 


so great in man, disappear almost entirely if we compare 
woman with woman. With the excretions, moreover, 
all the corporeal activities are moderated to a greater 
uniformity, as, on the other hand, the narrower sphere 
in which the life of the woman moves, reduces the 

of matter also to a more equable course. 

With this fact, the greater nervous irritability of the 
female sex in general is fs aes consistent, for the slighter 
vivacity of the change of matter produces a diminished 
demand for nutriment ; but nutriment, as well as the 
mental impressions, sega ir) the stimulants, in the 
wider sense of the word. the more sparingly the 
stimulants are used, the stronger in proportion is their 
effect, and the more quickly also: does that effect again 
cease, As the change of matter specifically stamps its 
impression upon all the functions of the body, so most 
women are easily excited, but soon regain their self-com- 
mand; in man, on the contrary, the stronger impression 
usually produces more lasting effect. 

§ 98. Appetite of Women.—From this description of 
the change of matter in the female sex, it follows that 
the restorative substances are required in a smaller 
quantity than in man. It accords with a general result 
of experience, that a less nutritious diet, or nutritious 
food in smaller quantities, suffices to satisfy the want of 
women; it is, therefore, no prudish or ae i 
but a natural abstemiousness, which 1 girls 
women to partake sparingly of food. f 

On account of the greater irritability peculiar to women, 
they commonly have a disinclination to strong eondi- 
ments and any 3 beverages. To coffee and tea only 
do they accustom themselves, and that to such a degree, 
that they do not suffer any injurious effect from them. 
Both beverages are much relished, especially by aged 
women. In general, however, neither tea, coffee, wine, 
nor any of the heating condiments, are wholesome for 
the female sex; of these aliments, tea and coffee 
ought to be taken, and that in great moderation, dilu 
with a large proportion of milk. 

§ 99. Diet of the Artisan.—An active change of mat- 
ter increases the muscular power; but, on the other 
hand, the exertions of the muscles augment the activity 
of the excretions. He who digs the soil with the spade, 
or wields the hammer, who breaks-in horses, or wanders 
in the open field—not only ires more, but also 
breathes ont a greater pager of carbonic acid, and 
voids more urea, than the man who, by luxurious and 
indolent tranquillity, encourages the fat of his body, and 
an increase of the albuminous substances. 


A real development of strength is eam IS bound 
up with an active change of matter. But change of 


matter consists of excretion and restitution; for he who 
exchanges, receives while he gives. The permanence of 
the substance does not contribute to the increase of 
activity. We have already several times expressly 
mentioned, that, though the presence of matter is the 
condition of all activity, yet the rapid movement of this 
matter only intensifies the manifestation of power. The 
limbs, therefore, if kept at rest, relax; andin return, the 
whole advantage of exercise consists in the excretion of 
the muscles being augmented by their exertion—the 
nutrition of the tissue being increased by that augmented 
excretion, and the appetite being roused, correspondently 
with the necessity of forming new blood occasioned by 
the accelerated excretion and nutrition. The rapid 
change of matter increases the power of the organs, just 
as the exertion of the limbs promotes the change of 
matter, and the increase of muscular power. — 

But to attain this, an abundant restitution is an indis- 
pensable condition. It is, therefore, equally consistent 
with economy as humanity, for those who employ labourers 
on heavy work, to satisfy the more ip 2 and strongly 
recurring appetite of their workmen; for it is hen 
the workman thrives, that the work can prosp 
sufficient food causes feebleness and inertness; a 
master who scantily feeds his workmen, loses more in the 
decreased strength of their arms, than the aliments would 
cost him which would raise at once the value of their 
achievements, and the dignity of their nature. 


——— 
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By every one engaged in heavy bodily labour, a nu- 
tritious diet is required; and as, in a rapid change of 
matter, the digestion participates in the activity of the 
other functions, the appropriate aliments here are meat 
with bread, containing a large proportion of gluten and 
leguminous seeds; while the preferable meat is beef, 
containing a Re quantity of fibrine: in a word, the 
most serviceable aliments here are those which are also 
the most difficult of digestion. And these more especially 
deserve preference, if circumstances or the kind of em- 
ployment render it impossible immediately to satisfy the 


' want of food recurring at short intervals; the aliments 


in this case are rendered more difficult of digestion, 
through their being more slowly transformed into the 
constituents of the blood and tissues; they also undergo 
less rapidly that decomposition which transmutes them 
into the excretitious substances. By this strong food, 
the labourer is enabled to resist the calls of hunger for a 
longer period ; and this—in spite of the obstinate denial 
of mock-philosophers, who are deluded by their own 
luxurious life into a contrary belief—is the lurking 
enemy whose attacks continually irritate the anxious 
the leguminous seeds are an essential alleviation to 
sufferings arising from hunger. 
exertion increases not only the expenditure 
of carbonic acid and urea, the voidance of water as well 
+ sheer hedane oa artes sae cae he 
penditure by the ski - sudoriparous is 
; The loss of water, particularly, is increased 
by those actions which directly produce a more abun- 
dant evaporation from the mucous membrane of the 
otigiie, threes, and lungs; as, for instance, by talking 
and reading, by singing and blowing. Hence, teachers 
and lecturers, singers and trumpeters, glass-blowers and 
public criers, are subject to extreme thirst; so also are 
all workmen who from their avocations are exposed to a 
high ° are stimulates or of the 
skin ; in a hi legree augments perspiration. 
This excites in glass-blowers the desire for drinking, and 
is the main cause of the often-returning thirst in smiths 
and iron-melters, -boilers and cooks, bakers, and 
gardeners working in hot-houses. On the contrary, 
thirst is at a minimwm in fishermen and sailors, who 
ordinarily live in a moist atmosphere, into which a 
smaller quantity of water escapes from the human skin 
and lungs. That sailors are partial to brandy and other 
irits, arises from another cause; for, on the one hand, 
t the alcohol, which demands the inhaled oxygen 
for its own consumption, the food of these labourers, 
which may be limited to a scanty meal, enables them to 
hold out for a longer time; and, on other, the fat, 
which the alcohol assists to preserve, frequently protects 
ie teeta the mariner in the rough weather to which 
A good beer partakes in all the advantage of the 
alcoholic beverages, and at the same time usefully 
quenches the thirst by its more abundant amount of 
water. Hence, this beverage is particularly adapted to 
satisfy the frequent thirst caused by bodily exertion; it 
is, therefore, a laudable custom to refresh artisans, who 
have to bom adhe the morning and afternoon with a 
glass of ale; this beverage, by its proportionate amount 
of albumen, which is to that of fruit, supplies even 
a direct substitute for food. 

§ 100. Diet of the Artist and Literary Man.—If the 
brain, like any other part of the human body, be subject 
to the processes of tisstie-change, it is evident that a 
greater activity of this main organ of the nervous system 
will augment sox center of decomposition, Thus all 
the sensations passions which increase the mental 
action—as hope and joy, anger and ambition, suspended 
: on re the instinct for food. 

'y vigorous exertions ill, active imagination. 
sustained thought, the change of matter is likewise acce- 
lerated. It is true, this does not prevent one sensation 
from being able, as it were, to neutralise another. How 
often do we observe, that from joy or love, anger or sus- 
pense, a person cannot eat—or, in other words, the sen- 


sation of hunger is not perceived—while the intellectual 
power of the brain is over-exerted. But the desire for 
eating and drinking is only momentarily blunted ; and 
after some time, hunger and thirst reassert their claims 
with a double force. 

The far-spread error, that mental activity does not 
increase the consumption of matter, originates in our 
repugnance to admit the fact, so strongly forced upon 
our observation—that the power is inseparable from the 
matter; for how many, even of those who have exclu- 
sively devoted themselves to the observation of nature, 
frequently engage in vain speculations, about an essence 
of bodies, external to or hovering over them. And how 
few have a clear insight into the position which, since 
Spinosa, can no more be banished from science—that the 
total of all qualities makes the essence of a body. Only 
too often we may observe, that in an unguarded moment, 
intelligent men freely, and without prejudice, assert in 
some single instance the doctrine, that their mental 
actions are conditioned by the matter which by the nu- 
triment is conveyed to the brain. But as soon as this 
seeming casualty is raised to a general law, they are ter- 
rified by their own significant presentiments, and fly from 
the clearness of conviction, in which only they could find 
satisfaction. This vague separation, however, of matter 
from power, which, pursued to the extreme, would lead 
us to ascribe an immaterial spirit to steel and amber, 
and other material substances, is not the only cause of 
the Srequents but false doctrine, that the matter is not 
wasted by the pictures of the imagination and combina- 
tions of thought. Commonly the artist or literary man 
is compared, not with persons who live quietly and in 
indolence as regards their thoughts and sensations, but 
with the corporally active artisans. In this case it is too 
readily forgotten, that while in the intelligent workman 
the brain is not inactive, the change of matter excited by 
mental exertion in most artists and literary men, is mo- 
derated by their sedentary lives ; and yet an increase of 
the temperature of the body and of desire for food 
does actually take place in consequence of wental effort, 
Artists and literary men, as well as the artisan, have to 
compensate, by a greater supply of nutriment, for the 
increased consumption, which transforms the essential 
constituents of their brain into the decomposed ingre- 
dients of their excretions. It is well known, that, not- 
withstanding their sedentary life, artists and literary men 
rarely suffer from corpulence; and no one expects to 
find that store of the more constant constituents of the 
tissues, so remarkable in good living and in active =: 
sons as rising men of mental activity, excelling 
by their accomplishments in art or science. A large 
body and fleshy face may be suitable for monks and 
gluttons longing for repose, but it is not adapted for 
men of intellect. Abundance of fat in the blood of the 
brain paralyses thought, and hangs lead upon the wings 
of the imagination. 

As a sedentary life renders digestion and the formation 
of blood difficult, and moderates the secretion preceding 
decomposition, which is increased by the activity of the 
brain, the artist and literary men have to choose, within 
the limits of a nutritious diet, the more easily digestible 
aliments. A well-baked bread and lean meat, combined 
with young vegetables, and such roots as are easy of 

i nm, and contain a considerable proportion of sugar, 
form a wholesome diet for thinkers and poets. 

Well-seasoned aliments and stimulating beverages, if 
not taken in excess, are to be recommended to all men 
whose toil is principally mental, for a twofold reason. 
Spices, beer and wine, tea and cotfee,if moderately taken, 
stimulate the different digestive glands to an abundant 
secretion, and therefore promote digestion, which, in a 
sedentary life, is so apt to become sluggish: this is one 
aspect of their usefulness, The other aspect bears di- 
rectly on the brain: as the activity of this organ pre- 
dominates in poets and thinkers, it'requires a constantly- 
renewed stimulus; hence the heating spices, with wine, 
coffee, and tea, are appropriate and useful, imparting a 
bolder sweep to the mental activity, which creates images 
and combines thoughts into judgments. The oftener the 


—— 
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stimulant is used, the groater is the quantity required 


on every subsequent occasion, in order to produce the 
sane de of excitation. This continually augmenting 
waste origi a habit, and impairs sensibility ; for the 


frequent repetition of the excitement produces exhaus- 

tion, and the exhausted organ is only able to perform its 
| peculiar function when the stimulant acts again; this 
would indicate that a frequent change in the mode of 
living is necessary, There are many literary men who 
cannot write successfully until they have increased the 
activity of their brain by tea and coffee, and in some 
rarer cases by wine, We say in rarer cases by wine ; for 
while, from its action upon the judgment, tea is Me ae d 
proper for the literary man; and while coffee, by ani- 
| mating simultaneously both the judgment and the imagi- 
| nation, belongs alike to the literary man and the artist ; 
wine is the most appropriate beverage for the latter, 
who demands, above all, that his diet may stimulate the 
imagination, sharpen the senses and the memory, and 
facilitate the combination of ideas. 

Provided only that a certain limit be observed, there 
results no disadvantage from the use of stimulants ; but 
if they are taken to such a degree that exhaustion sinks 
into a complete numbness, the greatest quantity of the 
strongest stimulant becomes at length ineffective. When 
by habit, however, the stimulant has become a necessity, 
an enervating relaxation infallibly follows, as sometimes 
mournfully illustrated by less prudent. literary men. 
The stimulant ceases to excite—the debilitated organs 
have already been indebted to it for all the activity it 
can give. In this case the victim continues to seek his 
refuge, until dangerous diseases of the stomach cripple 
the digestive powers; with the decay of the digestive 
organs the formation of blood and nutrition are dis- 
turbed; and with the digestion vanish clearness of 
thought, acut of the , and the elasticity of 
the muscles. 

$101. Diet in Summer and Winter.—In considering 
the wide diversity between the modes of life of the in- 
habitants of the tropics and the temperate and frigid 
we are induced to suppose that temperature must 
exercise an essential influence upon the change of matter. 
This supposition has become a certainty. It has long 
been known, that in a high temperature, the evaporation 
from the skin predominates; while in cold weather a 
greater B imi is excreted by the urine. This in- 
crease urine, which in health is maintained during 
the whole winter, is accompanied by an abundant forma- 
tion of urea. From these observations, it would appear 
that a higher temperature diminishes the quantity of 
| earbonic acid exhaled in a certain time, and consequently 
that, by warmth, the two most important products of 
decomposition are diminished; it becomes indubitable 
that in summer the excretion is weakened, and in winter 
increased. To the excretions correspond the nutrition, 
the formation of blood, and the digestion; hence results 
| the necessary conclusion, confirmed by daily experience, 
that in summer we digest a smaller quantity, and that 
more slowly. 

The relaxation caused by frequent and abundant res- 

iration renders digestion more inactive. Inasmuch as 

© formation of blood and the nutrition of the tissues 
progress more slowly in summer, we are then less fit for 
any kind of exertion than in winter; and since we observe 
this difference the most strikingly when a rapid change 
_ has produced a great alteration in our excretions, it is 
apparent why a walk or any violent movement so readily 
mera when the rough, damp, and cold weather, amid 
| which the winter so often takes its leave, has suddenly 
were to a sunny spring day. It is only when we have 
me gradually accustomed to the less active change of 
| matter, that the expanding life of the vegetable world, 
awakening in the freshness of its verdure, delights us— 
that the alluring strains of the songsters of the grove 
exert their full influence upon our nature ; but, with the 
retarded movements of the change, these impressions, 
etlective as they are, invite us rather to tranquil enjoy- 
ment than to a vigorous activity. If the “‘dolce far 
| niente” first exhibited itself under Italy’s warm and 


serene sky, with us the sweet delight of calm sensations, 
the intensity of which is seldom disturbed by energy, is — 
the privilege of spring: May is the month of love and | 
enjoyment. 

ut if in autumn, when the oppressive summer days 
have passed, there suddenly appear much cooler but 
more genial weather, we feel impelled to a cheerful 
assiduity. The quicker movement of matter carries us 
along, as it were, with the flowing stream ; and we often 
see achieved in a few days what had lain in our mind for 
weeks without our having been able to find the right 
disposition to attempt its accomplishment. 

hese differences, however, are most observable in 
labourers with the brain. Those who rely on their 
bodily exertions, and are never out of exercise, are as. 
active in spring as at other times. And ly 80; 
for in the restless circle of cause and effect, which the 
change of matter embraces, they increase by their energy 
the movement of the matter. While the artisan conti- | 
nues, with an industrious hand, to labour for a living for 
himself and his family—while the farmer looks forward 
to the encouraging reward of his labour in a rich harvest, 
which he extorts from the soil by his activity, and for 
this shuns neither heat nor labour—the chan, matter 
of his system remains equable and well balanced. 

No influence, however, passes without some effect. 
While, therefore, in summer, as at other times, occupa- 
tion and age, habitude and sex, unite with temperature 
in determining the choice of food, certain rules may be 
clearly established, if in this series of combined and 
anne reactive influences we separately consider heat 
and cold, 

In summer the desire for food is diminished, because 
the consumption of the tissues is less ; a smaller quantity 
of nutritious food, or less nutritious but easily digestible 
aliments, are to be taken. The meat of young animals, 

oung —ae edible roots containing abundant sugar, 
fruits and salad, are also much relished in summer. The 
predilection for cooling beverages at this season has a 
perfectly rational basis, as the heat frequently produces | 
palpitation ; while the less rapid decomposition of the , 
tissues, which is peculiar to the warm season, retards the 
transformation of the blood. Cooling and diluting beve- 
rages containing vinegar, currant-juice, raspberry-vinegar, 
and water, operate against this retardation; but the 
palpitations are only increased by heating beverages and 
spices. An abundance of spirituous liquors is, there- 
fore, doubly injurious in summer ; for the alcohol deprives 
the constituents of the body of the inhaled oxygen which 
is necessary for this decomposition, and also for the ani- 
mation of the corporeal functions. For this reason, in 
summer, the lighter sorts only of beer and wine, which 
contain a small proportion of alcohol, ought to be chosen. 
It is also important to be moderate in the use of heati 
— or to allow them only where a certain excitemen' 
of the digestive activity, within the limits of health, is 
wished for. 

The greater expenditure which distinguishes the winter, 
necessarily uires greater supplies. In this season, 
therefore, the increased wetncol: the appetite have to be 
satisfied, and the more nutritious aliments, with those 
which are more diflicult of digestion, are with good reason 
selected. The latter are easily mastered by the aug- 
mented digestive power ; while the greater proportion of 
alimentary principles, contained in the former class, is 
gradually transformed into the constituents of the blood, 
and slowly conveyed into the circulation. Farinaceous 
food, containing a large proportion of gluten, legu- — 
minous seeds, and fatty pork, are in winter much more 
easily digested than in summer. In winter, the fat is 
much more easily burnt into carbonic acid and water, as 
is proved by the increase of the carbonic acid which we 
breathe out during that season. The oxygen which is 
taken in also acts more vigorously, Although the ints, ; 
on account of their abundantly proportionate amoun’ 
of carbon and hydrogen, are easily combustible, yet they 
differ from the albuminous substances, as well as from _ 
the constituents of fat, in requiring a greater propor- 
tion of oxygen in order to be really burnt. [n summer, 
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therefore, and in hot climates, where the oxygen is less 
efficient, the fat of the food is digested with much greater 
difficulty ; hence the preference given in the tropics to 
the constituents of fat over the fats themselves, is a 
circumstance arising from natural laws. So long back 
us the times of Herodotus, we know that in hot climates 
people lived chiefly upon a vegetable diet. The inhabi- 
tants of the islands of the Pacific Ocean very seldom 
eat fish of any kind, and pork and fowl only at festivals. 
The food of the negro is rice, millet-seeds, maize, and 
roots containing a great quantity of starch. The chief 
meal of all inhabitants of the tropics, consists of rice. 
Here we meet also with an illustration of the not un- 
frequent fact, that a custom, apparently traceable to 
superstition, is really founded on a deeper and more 
rational foundation; for inasmuch as at a high tem- 
perature fat is less easily decomposed through the dimi- 
nished activity of our lungs, a correct interpretation of 
natural phenomena has led to the entire prohibition of 
during summer to the inhabitants of Southern 
taly, aed sidcgetae to the Jews in Palestine. Obedi- 
ence becomes ition only when it continues to 
exist after the reason for the law has ceased. 

If in summer everything must be avoided which 
absorbs the oxygen so necessary for the organic con- 
stituents of the y; so, on the other hand, aliments 
may be taken in winter, which moderate the decomposi- 
tion of our tissues, produced by the oxygen ; hence we 
can bear in the winter not only a ri diet than in 
summer, but those beve' are also relished which by 
their abundance of retard the consumption of 
the constituents of our body. It is inconceivable how 
physiologists can preach the renunciation of brandy, 
when we consider the simple that the further north 
the greater its consumption. ile the inhabitant of 
the south of Germany is satisfied with the proportion of 
ps nace ga ad SK et eon in Loe per 

ermany, Holland, an oy 'y, gin, and other 
spirits are taken; but the ussians, Sw and Nor- 
wegians consume a still greater abundance of spirits. 
In a very instructive public lecture at Mayence, Von 
Do ae ear 7 be Kamtschatdales, who are gene- 

remarkable for their great respect ponet.2en 
steal brandy ; but afterwards, with child-like simplicity, 
confess their theft, avowing that they could not 
otherwise : bog Mad steal what they consider a neces- 
sary of life. i lar increase in the consumption 
vf alcohol, corresponding to the nature of the climate, 
| eannot but suggest the existence of some valid reason 
| for this ular custom, which has been compietel 

Sonfiemed lyr scientific investigation. The plecban which 
has been taken, is a new source of the development of 
warmth, by which, on one hand, the food is more slowly 
consumed ; and, on the other, the cushion of fat under 
the ge which te a bad conductor of ney ot oe. 
ciently protects system against external cold, is ke 
from wasting. Travellers who have visited the Paine 
Seas, assert, that in such voyages Europeans could not 
exist without spirituous beverages. In low, cold, and 
damp countries, ea has always proved spirit- 
uous beverages, in moderate quantity, to be 


It is true, science, as well as experience, warns against 

excess. When spirituous beverages have been taken in 
the venous and arterial blood have been 

found alike in composition; and in animals even fits of 
suffocation have been observed. It is 2 bag the 
oxygen which alcohol takes up in o to trans- 
formed into acetic acid and water, and then into car- 
bonic acid and water, is withheld from the constituents 
of the blood ; while it is upon the combination of these 
matters with oxygen, one of the most important con- 
ditions on which a healthy change of matter depends, 
that the transmutation the venous blood into the 
arterial takes place, 

This circumstance ought always to be kept in mind; 

. 
Fo Ty age ae bpelo feaeke 
in high latitudes.— Ev. 


for then only do we restrain our fellow-creatures from 
intemperance, when we distinctly inform them that its 
injurious consequences are founded upon a necessary 
natural law, and one therefore infallible. A rational in- 
telligence is the sole basis of all real morality. By total 
abstinence, and under the form of a solemn under- 

ing, we create slaves of an irrational promise, and 
treat men no better than animals, which we shut up in a 
stable that they may not stray too far away. 

Inasmuch as man is formed by all the circumstances 
conjointly, the influence of which upon diet we have 
endeavoured to describe in this treatise, the rules given 
must be separately considered. The nature of man is 
the product, or rather the sum of all those effects of 
parentage and country, age and sex, position and habits, 
and even of the time of the day and year, which we 
have referred to. It is for the reader to determine the 
choice of food, according to the individual influences— 
bearing in mind that other circumstances to which we 
have not alluded still remain for consideration. These 
combinations of circumstances are nearly as numerous 
as the men themselves; and it must left to the 
judgment of the individual to accommodate his diet to 

is own particular case. 

All that we have written bears exclusively on man ina 
healthy state. ‘‘ But in disease?’ we hear you ask. It 
is just when the activity of the bodily functions deviates 
from the ordinary state of gee that the question of 
diet is the most important; and should not the book 
contain some instruction bearing upon this condition ? 

As truly as we are Sania: of the usefulness to the 
people of a treatise on food for the healthy, so certainly 
do we know that we should only do mischief by givin 
here rules for the selection of food, of beverages an 
condiments, in disease. One point only is of the 
highest value in daily life; intemperance may become 
the source of the various diseases. This affirmation, in 
its widest sense, bears on the use of aliments of every 
description. And this general statement renders super- 
fluous any attempt to explain why in autumn, for 
instance, the abuse of fruit will cause diarrhoea or 
dysentery ; why meat immoderately taken may occasion 
the formation of calculus; why from an excessive use of 
spirits, gout or cancer of the stomach may originate, 
Such an attempt would be without any bearing in prac- 
tical life, neither could it be justified on scientific 
grounds; for in the present state of our knowledge, it is 
aeeasiag J impossible popularly to describe, with a 
proper chain of deduction, intemperance as cause, and 
the various diseases as effect. Such a description would 
require so thorough a scrutiny of each particular 
with so detailed a consideration of the condition of the 
body, that either superficiality would annihilate its value, 
or profundity destroy its clearness. The doctrine of the 
causes of disease, pre-sup’ a thorough pairs 
of disease itself; and this requires a considerable 
familiarity with ull the more important laws of 
wit this be the regards the knowledge of di 

case as ow. of disease, 
it is much more so with vig oe to diet when under its 
power. Only the man who devoted his whole life, 
with all his powers of sense and thought, to the investi- 
gation of the condition of man in health and disease, can 
unite with the necessary knowledge the more subtilely 
iscriminating judgment under such circumstances ; and 
that only after the most accurate account of country 
and training, of climate and weather, of age and sex, of 
habits, occupation, and of parents. No one would re- 
quire this if he consider that every action has its neces- 
sary consequences; that the widest experience only, 
purified by the clearest judgment, and after careful per- 
sonal examination, is able to secure in the individual 
case the desired effect with any degree of certainty. 
Render, therefore, to the medical man that which is 
his, yet without neglecting, for the healthy state, the 
study of those rational rules of life which are given by 
science; for man is only obedient to such laws as he 
understands, 
While solid and liquid food furnish the matter which 
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is decom in our body and circulated through it, 
and by which we think and feel, nature and mankind 


exercise so continuous an influence on our senses, that 
the material of our body is never for a moment at rest. 
In ne ing motion, sensation and thought, will 
and action, are hurrying on ; and if all this activity be 

sustained by matter, all effects being but the result 
of forces of matter acting u matter, nevertheless 
the less material impressions of sound which elude our 


geasp, with those of light and colour which are alto- 
gether intangible, are no less important, and to many — 
persons, indeed, much greater, than the alterations 
which food so infallibly produces in us. It becomes the 
wise man to recognise this dependence ; and it is true 

iety heartily to feel this connection with the mighty 

reator of all. Justly has Schleiermacher designated 
the sense of dependence in the individual, the true 
essence of all religion. 


CHAPTER III. 
SULPHUR—SELENIUM—PHOSPHORUS. 


Svrrnvr, as an element, partakes to some extent of the 
characteristics of others we have already described. 
Like chlorine, iodine, &c., it has the power of unitin 

with other bodies, and of so forming compounds, whic 

are termed sulphides. Its external appearance and 
general properties are exceedingly varied ; generally 
speaking, it is sold in commerce in rolls; under-the name 
of brimstone. It is found in a crystallised state ; and the 
neighbourhood of volcanoes, such as Vesuvius, Etna, 
pr Hecla, are the sources whence we derive our supply 


of this article. Sulphur, however, is very generally 


| diffused throughout the animal, vegetable, and mineral 


kingdom. As we liave already shown, it is a constituent 

of our bodies ; in many vegetables it forms a component 

part ; and in the mineral kingdom, we find it associated 

with iron and copper, in the form of pyrites, with lead 

as galeua; and in combination with oxygen as sulphuric 

acid, it is exceedingly abundant throughout nature. Its 
is 8; the equivalent being 16. 

Sulphur is readily melted and sublimed. At a mode- 
rate heat, a little beyond that of boiling water, it is con- 
verted into a fluid state. Beyond that temperature, it 
assumes a more solid state, and a darker colour ; and in 
this form it is employed as a moulding substance, for 
the purpose of taking what are known as sulphur moulds. 
It is also much employed for the poe of bleaching 
animal and vegetable substances. The following experi- 
ments will illustrate some of its qualities and appli- 
cations. 

Experiment 64.—Place a little brimstone in a Flo- 
rence flask, and apply a gentle heat to it by means of the 
spirit lamp. The sulphur will sublime, or rise to the top 
or cool side of the glass, in a yellow-coloured powder, 
formed of very minute crystals. 

iment 55.—To obtain Crystals of Sulphur.— 
Melt some pieces of roll brimstone in an iron ladle, ata 
very gentle heat. When the whole is melted, remove 
the from the fire, and allow it to cool until a crust 
is formed on the top. Make a hole in the crust, and let 
the melted sulphur inside run out. When cool, the mass 
in the ladle will present some beautiful crystals of a 
needle shape, if broken in half. 

Experiment 56.—To make Moulds from Coins.—Melt 
some sulphur in a ladle, taking care not to overheat it. 
Pour this over any coin (except silver, which would be 
spoiled), first fixing the coin in a paper rim, such as a 
pill-box, to prevent the sulphur running away. The 
coin should be slightly oiled, to avoid the sulphur 
adhering to its surface. 

Experiment 57.—To Bleach by means of Sulphur— 
Wool, hair, straw, &c., may easily be bleached ; and this 
plan is adopted by wool-scourers, and straw bonnet 
manufacturers. Take a jar open at both ends, and in 
the upper part fix the article to be bleached by means of 
a — tied to a cork ; as, for instance, a flower or a 
piece of straw bonnet, first moistened with water. Then 
ce on a piece of hot iron a little sulphur, which must 

set on fire, the jar being placed over the fumes. The 
jar should be slightly raised on one side, to allow a little 
air to in. In a short time the colour of the 
flower will be completely destroyed by the sulphurous 
= ~ 32 formed. The arrangement is represented in 

ig. 57. 


As an article of commerce, 
sulphur is largely imported for 
the manufacture of gunpowder, 
lucifer-matches, sulphuric acid, 
and as a medicinal agent. In 
its ordinary commercial condi- 
tion, it contains numerous im- 
panes) from which it is freed 

y sublimation or distillation, 
by means of which the non- 
volatilisable portion is retained, 
and the sulphur obtained as in 
Experiment 54. , 

op petite: acid is a compound containing one equiva- 

lent of sulphur united with two of oxygen. Symbol SOs ; 
equivalent = 32. It is at once produced when sulphur 
is ignited in the open air, and is the cause of the pene- 
trating smell of the ordinary sulphur-match whilst 
burning. It may be produced as in Experiment 57 ; or, 
still better, by boiling sulphuric acid in a retort, with 
charcoal, mercury, &c., by means of which the acid is 
decomposed, forming an oxide of the substance, and 
setting sulphurous acid free. In this way sulphurous 
acid is produced in a gaseous form ; and by extreme cold it 
may be obtained as a liquid, which, from its high vola- 
tility, produces great cold during evaporation. Sul- 
phurous acid is readily absorbed by water; and, united 
with various bases, forms the substances called sulphi 

It is owing to the production of sulphurous acid during 
the combustion of sulphur, that its bleaching powers are 
manifested, as shown in Experiment 57. 

Sutpuvrie Actrp is a liquid well known in the arts and 
commerce. It is a compound of one equivalent of sul- 
phur with three of oxygen; and in the anhydrous or 
perfectly dry state, its symbol would be SOs, and the 
equivalent = 40. In its ordinary condition, and at a 
specific gravity of 1-850, sulphuric acid is combined with 
one equivalent of water; hence its symbol will be SOs, 
HO, and the equivalent 49. The manufacture of this 
acid has become of the highest importance in this country, 
as it is largely employed in producing the soda of com- | 
merce, and in bleaching and calico-printing. Its source 
is the combustion of sulphur, which may be in the ordi- 
nary state, or as produced from iron and copper pyrites, 
The latter source of the sulphur is much in Glasgow, 
where the acid is produced in large quantities by Messrs. 
Tennant and other manufacturers. process depends 
on the mutual action of sulphurous acid, the vapour of 
nitric acid, and the steam from water. The sulphurous 
acid, produced by the slow combustion of the sulphur, is 
allowed, together with the vapour of water, to meet that 
of nitric acid, produced from nitre in the usual manner, 
and being allowed to pass in at the same time. By these 
means the nitric acid Ld aad decomposed, and binoxide 
of nitrogen is produced. The latter seizes oxygen 
from the air, and so the sulphurous ocid is gradually oxi- 
dised ; and by its —- another equivalent of oxygen, 
sulphuric acid is produced. The process is carried on in 
large leaden chambers, at the bottom of which water is 
placed, which condenses the acid fumes. The dilute acid 
thus afforded is afterwards concentrated by boiling ; and 
if anes purer and freer from lead, it is subsequently 
distilled in platina stills, whence it issues as gn oil-like 
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fluid, having considerable gravity. From this appearance, 
sulphuric acid often is termed oil of vitriol. 
Fig. 58. 


SN SSS 


Our ee, Fig. 58, represents a section of a sul- 
phuricacid chamber. On the left is the furnace supplying 
the vapours of sulphur and nitric acid; in the centre, 
we have the large leaden chambers in which the two 


va combine together with steam produced from a 
boiler, ted on the right of the diagram. In 
practice, a larger number of leaden chambers is employed ; 


and the following engraving represents an arrangement 
often used on the large scale for the manufacture of 
sulphuric acid. ; 

Fig. 59. 


bove, ts the place in which the 
sulphur is first burned, which, at the same time, pro- 
duces steam from water ; this passing, by means of pipes, 
to chambers 1 and 3, The sulphurous acid proceeds b 
M to a, where it is exposed to some nitric acid - 
ing from N, which passes over sheets of | placed 
slantingly in a. These vapours, d&c., then pass on to 
chambers 1, 2, and 3; when they come in contact with 
a jet of steam, and so the chemical already de- 
scribed take place, which result in the production of 
sulphuric acid. In the remainder of the chambers, the 
une sulphurous acid is acted on by arrangements 
at B and O, corresponding with those already described 
at N and a at the right of the engraving. By such an 
ent all the materials are utilised; none are 
suffered to g° to waste ; and the manufacture of the acid 
goes on without intermission, so long as a supply of the 


materials is kept up. 
The student may easily master the details of the pro- 
cess by means of the following plan :—Put some mercury 


Fig. 60. 


and a little sulphuric acid into a glass flask, and connect 
this, by means of a bent tubé, with a larger flask, as seen 
Vou. 1. 


in Fig. 60, in which A is the vessel receiving the vapours 
of sulphurous acid, produced by boiling the sulphuric acid 
and mercury in B. Pass some binoxide of nitrogen 
from another vessel, C, containing some copper 

ings and nitric acid, into the large flask, A, which 
should be moistened internally with water. As, 
the sulphurous acid vapour comes in contact with 
the binoxide of nitrogen and air in vessel A, the , 
decomposition, dc., already described, proceed 
just as they take place on the large scale in the 
eaden chambers, and sulphuric acid is accordingly 
produced. The preceding engraving illustrates 
this arrangement. 

Sulphuric acid, ina concentrated state, is highly 


-corrosive, acting with great vigour on all organised bodies, 


chiefly by the great attraction it has for water, which it 
will seize wherever it can be found. It unites readily 
with bases forming sulphates. It requires great heat to 
evaporate it; and the operation should only be con- 
ducted in platina vessels, on the large scale, because the | 
vapour is disengaged so irregularly in glass vessels as to 
be almost explosive in its action. It may, however, be 
effected in small glass retorts, if a few pieces of platina 
foil be cast therein to facilitate the disengagement of the 


vapour. The following experiments 
x will illustrate some of the properties 
= of the acid. 


2 Experiment 58,—Pour some strong 
wm sulphuric acid suddenly into a vessel 
containing an equal bulk of cold 
water. Great heat will be dise 

which will sometimes rise so high as 
a) 300° Fah. 

Experiment 59.—Into a strong so- 
lution of s pour some concen- 
trated perm ca acid, which will 
have so great an attraction for the 
water as to set free the charcoal of 
the sugar as a black spongy mass, 
= Caaae In a similar manner, if the strong 

rh acid be dropped on wood, &ec., a 
black spot is produced, owing to the liberation of its 
chasendl Sulphuric acid of commerce is thus often 
discoloured by oe of straw, &c., falling into it, and 
so suffers partial decomposition. 

Experiment 60.—Into an oily Florence flask pour 
some strong sulphuric acid, and run it about over the 
interior of the vessel. The oil will be decomposed, and 
the acid will turn black. By these means Florence 
flasks may be easily cleansed from the oil they usually 
contain. 

There are other combinations of sulphur with oxygen, 
which, with the exception of Seyyhtehslitiernis acid, are 
of no importance. The only combination of this acid 
worthy of notice, is the hyposulphite of soda, which 
is so ly employed as a ‘‘ fixing” agent in photo- 
graphy, and is produced by boiling soda with sulphur in 
excess. 

Hydrosulphuric Acid.—This is generally termed, in 
chemical works, sulphuretted rr ane and it is a 
compound of one equivalent each of sulphur and hydro- 

nm; symbol, HS; equivalent =17. This gas is well 

own as being the cause of the offensive smell of 
house-draifis, and arises therefrom, owing to the putre- 
factive decomposition of matter containing sulphur and 
hydrogen. It is a gaseous body, easily condensed by 
water, and is readily procured by pouring dilute hydro- 
chlorice acid on any metallic sulphide, such as the sul- 
phide of iron or antimony. Its solution in water is much 
employed in the laboratory as a test for the presence of 
metals ; and the following plan may be adopted for thus 
procuring it. 

Into a glass jar fit a cork, through which pass two 
tubes, one of which should reach to the bottom of 
the vessel, whilst the other just passes within its 
neck. Attach this tube to another vessel, by means 
of india-rubber connections, so that it may be con- 
tinued to the bottom of the second vessel: from this 
another pipe should pass to act as a es 

B 
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The arrangement is represented in the following en- 
vin, . 61, 
oo * In the annexed 
arepresents 
the vessel in which 
the gas is manu- 
factured; b is a 
funnel, by means 
of which more acid 
can be continuall 
added to the sul- 
phide; ¢ is the 
pipe tecugints 
e 
the Nema in 
which water is 
placed, which ab- 
sorbs and forms a 
watery solution of 
the gas; ¢ is a 
bent tube, which 
allows of the 
J escape of uncon- 
Ne densible gas. We 
need scarcely remark, that the cork in each vessel 


Me setae 61.—To detect Sulphuretted Hydrogen.— 
issolve a little sugar of lead in water; into this dip 
some white blotting-paper. On holding a strip of this 

per in the jar of gas, or over a foul drain, it will turn 

EB. eoharer 62. Into f th trod: 

rperiment 62.— a jar of the introduce a 
little chlorine. The sulphur will be fnmnediateky sepa- 
rated, and all smell will vanish. 

Experiment 63.—Magic Writing.—On a piece of 
paper write anything, using as ink a little solution of 
sugar of lead, and a quill pen. Let it dry, and the 
writing will be invisible. On moistening it with water, 
and holding it in a jar of sulphuretted hydrogen or 
over a drain, the writing will at once be evident, oa in 
black characters, 


Sulphur unites with many substances, forming what 
are termed sulphides. Of these aro. the sulphide of 
antimony, iron and copper pyrites, the sulphide of lead, 
common! y called galena, &c. The combination of iron 
and sulphur is readily produced by holding a roll of 
brimstone against a red-hot iron rod, when the latter 
will fall down in globules of the sulphide of the metal. 
Many metallic besides those we have named, con- 
tain the metal united with sulphur. The combination 
of sulphur and carbon, known as the bisulphide of 
carbon, will be further noticed as a solvent of phosphorus, 
when we describe that element. 


SELENIUM. 


We shall here call attention to an element which is 
rarely met with. It chiefly resembles sulphur in its 
relations ; symbol, Se ; equivalent, 39:5. ith oxygen 
it forms selenic acid ; and, combined with h it 
affords seleniuretted hydrogen ey It may be oned 
only as a chemical curiosity, for as yet it has had no 
application of any value whatever; and, indeed, its 
scarcity renders such, for the present, impossible. 


PHOSPHORUS. 
Burt a few years ago phosphorus was merely a chemical 


curiosity, or an object for the amusement of per- 
sous, by its peculiar properties, It has, howsyar taiey 
become an important article of commerce; and in the 
manufacture of lucifer-matches thousands of persons 
find employment. : 

Phosphorus is obtained chiefly from bones, which con- 
tain a large amount pre a of lime.* The bones 
are first calcined, and sulphuric acid added thereto. This 
decomposes the phosphate of lime. The liquid is evapo- 
rated to the consistence of a syrup, and mixed with 
evtors, by wit ibe psephoris wad is tomeposat a0 
retort, by whi e phosphoric acid is decom > ay 
the phon hort distilled over as a wax-like substance, 
It is received in vessels containing cold water. Its 
symbol is P, and the equivalent 32. 

At ordi temperatures phosphorus undergoes a 
slow combustion if exposed to the air; and hence it 
should always be kept in bottles containing water, so 
that no of the substance be above the surface of 
the liquid. We would gs ony this precaution strongly 
on our readers, as we have witnessed some serious 
results arising from its neglect: in one instance, an 
extensive laboratory was nearly destroyed by fire, 
through a stick of phosphorus having been left care- 
lessly on a wooden table. It should never be cut except 
under water, nor touched by the finger, as the burn it 
produces is very serious, and difficult to cure. It takes fire 
at atemperature of about 150°. It has, however, the power 
of assuming what is termed an allotropic condition ; for 
after having been heated till it obtain a red ap 
it loses its power of spontaneous doiiasaap its “add 
becomes entirely in many of its properties. In 
this respect it much resembles sulphur, which has also 
the power of becoming allotropic. It combines with 
oxygen, hy: en, &c,, in a manner of which we shall 
presently s: The following experiments will illus- 
trate some of its ordinary properties, 

Experiment 64.—Rub a small piece, by means of a 
pair of iron nippers, inst a wall in a dark room; 
every mark will appear of a beautiful white light. This 
effect is called phosphorescence, 

Experiment 65.—Boil a few small pieces of phos- 
phorus in a flask, with some water; sparks will rise in 
all directions through the liquid ; and if, at the conclusion 
of the experiment, you throw out the water into the open 
air on the ground, a splendid flash of light will be shown. 

Experiment 66. ae, a test-tube pour half an ounce 
of olive oil, and add one small piece of phosphorus; 
heat gently over the spirit-lamp. A small quantity of 
the phosphorus will dissolve ; and by rubbing the oil over 
the hands and face they will become quite luminous. 
This is a harmless experiment, and the oil can be easily 
removed by soap and water. 

It is owing to the presence of phosphorus that many 
animal bodies afford a lambent light at ordinary tem- 
peratures. This is often noticed at sea, and during 
summer evenings: the wake of a steam-vessel, and the 
back-water cast from the paddles or screw, frequently 
present a most beautiful appearance, owing to the 
millions of small insects emitting a phosphorescent light. 
Crabs, lobsters, and other animal substances, the glow- 
worm, and fire-fly, owe their luminosity to the same 
cause. ter and other shells often afford a phospho- 
rescent light after having been heated. 

A very curious application of phosphorus may be 
made 7 its solution in the bisulphide of carbon, to 
which a little wax may be added. If the liquid so pro- 
duced be poured upon paper, cloth, &c., after a short time 
such will burst into flame. Captain Norton has proposed 
to employ the liquid for the p of warfare. He 
encloses it in shells, which may be fired in the usual 
bral of ship, Sey srl af bce bevnk o Seeullag ae 

of a ship, ti ill at once 5 8 i 
liquid on all sides, cause the destruction of the vessel. 

e cannot too strongly caution our readers as to the use 
of this liquid, as whatever combustible substance it 
touches it at once inflames, Even pouring water over it 
will not ensure subsequent safety. 

* See ante, p. 360, et seg. 
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By means of a mixture of phosphorus, sulphur, and 
chlorate of potass, the ordinary lucifer-match is made, 
which, by mere friction, affords, as is well known, our 
chief source of artificial light and heat. The following 
experiment illustrates the production of light and heat 
beneath water, by those materials. 

Experiment 67. 


Fig. 62. 

—Into a wine-glass 
put a few grains of 
chlorate of 5 
fill up with cold 
water, andthen add 
afew pieces of phos- 
phorus. Througha 

lass tube pour a 
ittle sulphuric 
acid; when this 
reaches the bottom 
of the glass, flame 
will burst out. a 
experiment requires caution, as sometimes the phos- 
phorus flies out of the glass, and might injure the eye. 

The most important combination of phosphorus with 
oxygen is that known as phosphoric at : symbol, POs ; 

valent, 72. This is produced by the combustion of 
p vy ene igloo Nag pear ly “tare pana 
animal Combined with lime, it forms the 
phosphate of that substance which, as we have already 
shown, is an important constituent of the bones of 
animals. Phosphoric acid combines with other bases 
forming phosphates, such as those of soda, silver, dc. 
The Ares of lime are found in the excrements 
and urine 
together 
manure 
P 
valent = 


i! 


of animals ; and to their presence in guano, 
with ni the value of that substance as a 
is due. Sueschcoer arc oreial A oxygen, 
jhosphorus forms phosphorous ; sym) 35 equi- 
56. This is produced when phosphorus under- 
goes slow combustion in a limited amount of air. 
Phosphorus combines also with chlorine and iodine, 
forming definite compounds; which, however, do not 
possess any special interest. 


Phosphoretted h is pound of 
Sait vdlenh ot ghaaphense to Sereaol hydsigen > nymaiol, 


PH:;; equivalent = 35; and has the singular pro- 
perty of spontaneous combustion. It may Fig. 63. 
be readily prepared from the phosphideq@=> 
of calcium, the latter being produced by heat- 
ing together fresh-slaked lime with phos- @ 
phorus, in a crucible or test-tube. Ifa piece © 
of the phosphide be put into a little 
warm water, beautiful rings of smoke are 
ene as represented in the annexed 

re. 

Phosphoretted hydrogen may also be pro- 

duced by boiling a solution of potass and phosphorus 
together in a Florence flask, to which a bent tube is’ 
attached. The end of Fig. 64. 
the tube should dip 
below the surface of 
water; and as the 
smoke arises there: 
from in rings, it will 
catch fire. An ar- 


rangement suitable 
for this 1 haere is 
shown in annexed 
engraving. 


BORON. 


Boron is an element of which little is known, in 
a free state. Its symbol is B; equivalent equals 10-9 
Combined with oxygen, however, it assumes consi- 
derable commercial importance as boracic acid ; its com- 
bination with soda forming the well-known borax. 
Boron is prepared by heating boracic with potassium in 
a test-tube, and, as such, is a green powder, which on 
combustion again produces boracic acid. This acid may 
also be procured by decomposing borax, by means of 
sulphuric acid, which unites with the soda, setting the 
boracic acid free. When this substance is dissolved in 
spirits of wine, it affords a n colour during com- 
bustion. Borax is ly employed by metallurgists and 
chemists as a flux, and is particularly useful in Rowpine 
a Boron unites with chlorine to form the 
oride of boron, and, with fluorine, it forms the fluoride. 
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entirely in their 
known. Thus, for instance, potassium and sodium have 
very low specific gravities compared with lead, iron, dc. ; 
they have very little tenacity; cannot be drawn out 
into a wire, or beaten into sheets ; and yet, from their 
various qualities, no doubt can be entertained as to their 
i 2 Pan aging ee The same may be re- 
in reference to 


form the basis of the 


become tarnished by oxidation. The ogee’ f of metals 
silver may 


be drawn into wire finer than a human hair; lead, tin, 
&c., can scarcely be drawn out at all. ; 

‘Che uses of metals are so numerous and so well known 
that we need scarcely refer to them; but, perhaps, 
amongst all, iron is of the greatest value to mankind. 
Without it nearly every implement of manufacture 
would be wanting; and, strange to say, it is the most 
abundant metal. It is a constituent of our bodies, 
affording the colouring matter of our blood: it abounds 
in eae and minerals; and the colour of the earth and 
rocks is ee due. to its presence, Within the last 
few years a valuable addition been made to our list 
of useful metals, in the production of aluminum, which 
is a constituent of common clay. For years its exist- 


ence was ised by chemists; but to M. St. Claire 
Deville, of Paris, and to the liberal patronage and aid of 
the Emperor the French, we are indebted for the 


means of producing this metal in quantities. It is 
highly probable that other metals, such as calcium, mag- 
nesium, &c., which at the present time are mere chemical 
curiosities, will eventually, like aluminum, become of 
use in the arts and manufactures. 

Considerable difficulty arises in properly classifying 
metals for the purposes of describing them in groups. 
This will be evident from the remarks we have already 
made on their individual properties. In the following 
pages we shall divide them into three classes; namely, 
metals proper, kaligeneous. and terrigeneous. Amongst 
the first are such as goll, plaiina, silver, &c, ; in the 


with 


but yet they are required in the present state of scientific 
<a because although we may properly —— 
e 


oxide of barium, or of calcium, is perfectly analogous to 
that of zinc or silver; yet we designate the latter as 
ores, whilst the two former are termed earths. Hence 
arises what we may term a conventionalism of science, in 
which its principles are i but not absolutely 
insisted on. We admit the general laws, but also make 
exceptions as to their details. In this consists the 
humility of philosophy ; for we must admit our ignorance, 
whilst we use the facts of which we are In 


ore us, In the following pages 
we shall first treat on what are termed metals proper ; 
we shall then describe those which by oxidation produce 
are termed alkalies; and, lastly, we shall deal 

metals which, in combination with oxygen, 
us the well-known substances called eartlis, in- 
as we have already stated, the substance called 


| silicon, and its oxide, silica, or flint. 


PLATINA., 
Is many works on chemical and metallurgical science, 
the term “‘ noble” is applied to platina, gold, and silver, 


Platina is, comparatively speaking, a rare metal, and is 
generally found 


regia, and afterwards it is precipitated asa yellow powder, 
by means of chloride of potassium. It is then heated with 


strongly 
ts, by being 
rammed into iron moulds, and hea in a wind- 
furnace, This process Ee the mass, which, 
vhen cool, is hammered. Platina has the property of 
welding at a white heat, like iron; and it may afterwards 
be rolled out into sheets, foil, &c., or drawn out into 
wire. 
It resists the action of the most intense heat of our 
2 being only melted by the oxy-hydrogen blow- 
pipe, or by means of voltaic cloatricity, t has a colour 
somewhat resembling, but darker than, silver, and is sus- 
ceptible of a high polish, which it long retains. When 
in a spongy state, as already mentioned, it has 
the power of igniting a — of ox and hydro- 
gen gases, causing their combinations. For this purpose 
ane is used in the Dobereiner lamp, and pad wl tr 
the laboratory. a isp in a similar manner wit! 
alcohol, it maintains a slow combustion, which results in 
the conversion of the spirit into acetic acid : even in the 
form of wire it may be made to maintain combustion 
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sccond class we have potassium and sodium; and in the | without the aid of a wick ; and is so used in con- 
third. cor those which an oxides produce the vartha, we structed to diffuse perfumes in an apartment, piece 
have barium, strontium, &c. Amongst these we shall | of platina foil, twisted in Fig. 65. tri 
include silicon, or siliclum, w although not properly | the manner shown in the 
a metal, will be more convenien' idered with the | annexed engraving, and 
earths than apart by itself. surrounding the wick of 
With respect to the oxides of metals, we ey ee, the spirit-lamp, will con- 
that although, properly speaking, all the oxides may be | tinue red-hot, if the wick 
considered to be earths, the latter term is confined to | be first ignited, and then 
those oxides which produce the constituents of rocks, &c., gently extinguished by 
in reference to mineralogical and geological doctrines. | blowing on it. 
Thus, oxide of iron is a component part of nearly every The ,chemical symbol , ‘ 
earth, yet it is not reckoned of itself to be an earth. of platina is Pt; its equivalent 98°7; and its 
Such distinctions may be considered to be unnecessary, | gravit: vache igo 31 10 33; ee ee re 


In this country the uses of platina are almost 
confined to chemical vessels for laboratory purposes, 
for the distillation of sulphuric acid. Russia it is 
used as coin; and occasionally it is fashioned into snuff- 
boxes, &e. Spread in a state of fine powder on silver 
plate, it forms ers negative plate of a prc ber 

ttery. Its solution in aqua regia is em: 
vanes in silver, &c., to produce a dark bronze-like 
appearance, From the difficulty with which it is acted 
on by chemical agents, its combinations are not so 
numerous as those of some other metals. It combines 
with oxygen to form an oxide and binoxide, mee 
toxide is produced when a solution of potass is 
to one of the bichloride of le yony ome is a black powder, 
which is readily decomposed by heat. The binoxide is 
similarly produced from the bichloride. 

The chief combinations of platina are the two chlorides. 
The bichloride is obtained by dissolving the pure metal 
in nitro-hydrochloric acid, wheu a deep yellow pio 
coloured liquid is produced; and the chloride may 
obtained from this by heating the bichloride to a tem- 
Tendily dstinguiahable; the bichloride affording a yellow: 

le; the oride affo a yellow- 
ian solution in water, whilst the chloride is in- 
soluble. With ammonia, the bichloride of platina affords 
a double salt, which is obtained by the addition of a 
solution of sal-ammoniac to that of the metallic salt, 
This double salt is often produced in the course of 
organic analysis, and affords a ready means of estimating 
the amount of nitrogen present in the substance under- 
going examination. For this purpose the ammonia is 
converted, by means of Rptnabinele acid, into the hydro- 
chlorate, which is subsequently Lig xp by means of 
the chloride of platina, asa yellow-coloured powder ; and 
the constitution of the salt so produced, leaves the cal- 
culation of the ammonia an easy matter. 


GOLD. 


Tats metal is so well known, and so extensively em- 
ployed for numerous purposes, that it requires but little 
description. It has a specific gravity 
its symbol is Au; and its equivalent is 197. Like 
renee gold undergoes no change with the most intense 

eat of our furnaces; it is simply melted, being quite 
unvolatilisable. 

Although so precious a metal, it is widely diffused 
throughout nature, and is discovered in those rocks of 
which the mineral quartz is a component part. It is 
also found in grains or nuggets, of sizes varying from a 
grain to some hundred ounces in weight, in the beds of 
me cally Spesliiies it be expected in lace 

enerally it may be ex 

where the primitive rocks abound, and in the prenite, 
and allied formations ; it has been discovered in many 
of eg oer which we may mention the 
le of Arran. the south-west of England, as in 
Cornwall, gold has often been met with; but so far as 
our experience at the present time there is no 
source in Great Brisnin which would repay the expense 

of obtaining the metal. 

In Russia, Germany, Africa, and P. gold mines 
are worked to a profit ; but we need scarcely state, that 
Australia and California are the chief places from which 
Europe obtains a supply of the metal, 


about 19°25; 


| hereafter. 
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the gold down, 
in the metallic state: it may be distinguished from brass 


gold is never used for commercial purposes, 
ee Se ape yeetee eran nth ged eR : 

proportion of twenty-two parts to two o' 
copper. By these means it Nee dipit wmthe Deets 
to withstand the wear and tear to which it is exposed. 


canker ygen 
precipitating the sub-chloride, by 
Auric acid, or the per- 


oxide, is a compound of gold and oxygen ; and is obtained 
from the perchloride by digesting with ia, and 
ing the resulting mixture in nitric acid ; which affords 


boiling 
a yellow-coloured powder. 
The most important compounds of gold are the chlo- 
rides and ides, The chloride is obtained by dissolving 
ld in nitro-hydrochloric acid ; and the dichloride by 
ing the chloride so obtained to a temperature of 500° 


| Fah. The cyanide is chiefly employed for the purposes 


of electrotyping ; and for its description, manufacture, 
and uses, we refer our readers to the section on Elec- 
a Metallurgy); in which a full account may 


substance. 


have already 
by precipitating a solution of chloride of 


roduced 


gold uecameed 


of the chloride of tin, is employed for the purpose of 
colouring china ware. It is termed in the arts, the 
**purple powder of Cassius.” 

As it is often desired to distinguish gold readily from 
the baser metals resembling it in colour, we may men- 
tion that this may be done by rubbing the suspected 
article on a rough hard stone, for which the ‘* blood- 
stone” is usually employed. A very minute portion 
of the metal is thus removed to the stone; and, on 
the streak, a little nitric acid is to be dropped. If the 
metallic appearance be lost, it is evident that gold is not 
— because that metal will not dissolve in nitric 


Steel articles may be easily gilded by dipping them 
into a liquid, made by adding ether to the solution of 
the chloride of gold. The ether takes up a portion of 
the metal, from which the steel article removes it to its 
own surface. Care should be taken that the metal does 
not touch the acid solution resting beneath the ether. 


SILVER. 


Sriver, as we have previousl ng sae belongs = 
aaet on by ordinary reagents ; 
escribed, 


Ina 
re state it has a white colour, and is susceptible of a 
Sigh poleh jit, however, is readily acted on by air con- 
taining sulphur, and hence soon mes tarnished in 
herein -gas is burned, It is readily soluble 


amalgam with mercury. e latter mixture is much 
employed for the purposes of plating, which, however, has 
been now almost entirely eapersrens by electro-plating 
processes, which we have fully dennis in the section 
on Electricity ; article Metallurgy. 

Our remarks in reference to the uses of gold are 
equally applicable to silver, which, to a considerable 
extent, possesses the same qualities. For the purposes 
of coin, silver is alloyed with copper; one pound of 
standard silver being coined into sixty-six shillings. It 
is largely employed for making various domestic utensils 
and ornaments. 

It may be beaten into leaves of a thickness not exceed- 
ing pyes#eth of an inch each. It is also easily drawn 
into fine wire ; and in this state is, like gold, much used 
for embroidering drapery, &c. From being unacted 
upon by many chemical substances, it has been employed 
to line cylinders in which coffee is roasted, and also in 


‘vessels used in the manufacture of lemonade and soda- 


water. 

Pure silver may be obtained by dissolving common 
silyer coin in nitric acid. ‘To this solntion, common salt 
is to be added as long as the chloride falls down. The 
precipitate is then to be dried and mixed with carbonate 
of soda, and a small portion of powdered charcoal. It 
is then to be heated in a crucible, in a wind-furnace, 
which the silver will be reduced from the chloride to a 
metallic state, Other methods for obtaining the same 
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result in an economical manner, have already been re- 
ferred to in the article on eee eee. 
The oe Bs of silver, Shy emeg ine Aer a 
In fact, at present time, they have me an exten- 
sive article of commerce, for the of photography. 
Their uses in this respect have y been fully de- 
scribed under the head of Photography, in the section on 
Light; to which we must direct our ers for infor- 
mation on that interesting application of optical and 
chemical science. 
| Silver combines with o: 
| The sub-oxide, Ag? 0, is of little importance, 


to form three oxides. 
The 4a 
toxide, Ag O, is base of the salts of the metal, and is 
eadeaed Ww adling a solution of potass or lime to the 
solution of the nitrate of silver ; when a brown-coloured 
| powder is produced. The peroxide, Ag O,, is the result 
of electric action in bad-conducting solutions of the 
nitrate : its production often interferes with the regu- 
larity of electro-plating processes. The chloride, Ag Cl, 
has do frequently referred to in our previous pages ; 
both under the head of cioggs ged and as an illus- 
tration of chemical changes. e cyanide of silver has 
also been fully described, as employed in electro-plating, 
and with respect to its constitution and manufacture. 
| The iodide and bromide of silver have no interest except 
in connection with photography ; and their uses and 
nature in that respect have been described in connection 
| with that subject. ' 
The nitrate of silver, as we have already remarked, is 
a substance of great importance. Besides its uses in 
photography, it is employed in medicine in a fused state, 
| as the “lunar caustic” of the shops ; and most kinds of 
ink, used for marking linen, have this salt as their basis. 
Nitrate of silver is produced by dissolving pure silver, 
| by heat, in dilute nitric acid ; from this solution it may 
| be readily ised. Its solutions a black os ex- 
} ure to light, if they contain any ani matter ; hence 
corsets ated wey vant ret The sulphate of silver 
| is produced by boiling silver with strong sulphuric acid. 
| The carbonate results from a mixture of carbonate of 
| soda with nitrate of silver, both being in solution. The 
| acetate may be similarly produced 4 substituting the 
| acetate of soda. We have mention that polished sil- 
| ver readily tarnishes when exposed to the action of 
sulphur; hence plate, spoons, &ec., soon lose their 
polish ; and for a similar reason, silver spoons, if not 
| gilded, become black on being used with 
tard ; each of which contains sulphur as one of their con- 
| stituents. 

| Fulminating silver is a compound of the metal with 
nitrogen and hydrogen ; and it is produced by adding 
| alcohol to silver dissolved in — nitric acid, when 
| a powder is produced, which explodes violently on the 
| slightest friction. We shall describe the process more 
when speaking of the fulminate of mercury. An 
explosive compound of silver is produced by adding 
| liquid ammonia to the oxide of silver ; forming what is 
| termed the ammoniuretted oxide. This, however, is not 

a fulminate of the metal. 


- 


MERCURY. 


Tats well-known metal forms an exception to the general 
rule that such bodies are solid, inasmuch, as at ordinary 
temperatures, it is in a fluid condition. In the Arctic 
regions, however, it is frequently observed in the solid 
state, owing to the abstraction of its latent heat by 
mans of the intense cold prevalent in those latitudes. 
From the readiness with which this metal moves 
about, it has acquired the name of ‘ quicksilver,” by 
which it is generally known in the arts and in commerce, 
Its specific gravity is about 13:5; its symbol, Hg; and 
the equivalent = 100, 

Our chief sources of mercury are South America and 
Spain, from which countries it is imported in wrought- 
iron bottles, It is obtained from its ores by the process 
of distillation, just as spirits or water are distilled over 
by the application of heat. The oxides of mercury are, 
in fact, readily decomposel by heat, the attraction be- 


or mus-. 


tween the metal and the oxygen being comparatively 
slight. It boils at a temperature of about Fah, and 
its vapour has a highly expansive power. 
circumstance affords a ready means of a 
it from various impurities with which it is con- 
taminated. The mercury is introduced into a retort, 
and a moderate heat is applied. The quicksilver is by 
this plan volatilised, and condenses into small globules, 
which run intoa receiver. The impurities, such as 
tin, and bismuth, are left behind in the body of the 
retort, and are so separated from the mercury. 

The uses of the metal are very numerous, In Brazil, 
California, Australia, and other countries in which gold- 
sands abound, mercury is used to dissolve out the fine 

ins, which are too small to be seen by the naked eye. 

e amalgam of the gold so formed is then introduced 
into a retort, and heat is applied. The mercury distils 


mines in several 
se valueless but for this singular property of quick- 
Sliver, 


We may here caution our readers to be careful lest 


to place them on a piece of iron over a common 
which the mercury will be at once driven off, and the 
srtiole rested ie ot ae fa 
icksilver is largely employed for ‘‘silvering” look- 
ing-glasses. A sheet of plate-glass, previously. well 
iwht incli 


tion. A piece of tin-foil is then to the face 
of the g ana over this some quicksilver is 
by means of a hare’s foot. A sheet of stout is 


put for the of driving off su 
meroury. Aner s day or twos sine’ 4 


The metal to be plated is coated wi 


gam, and afterwards to hea which the 
ae acy ia driven GO eal aay Gain relhouee 
surface. This process is called water-gilding 

me much out of use since the intro- 


i 


It has, however, 

duction of the electrotype process. An of 

silver is re by dentists for the purpose of filling | 

hollow teet 
The metal is also much used in making barometers 


and thermometers. im is - great value for the former 
urpose, owing to its fluidity an pyocey © gravity. 
ates a column of mercury of a — of shiney 

eet high. In 


expansio! 
other liquid with which we are acquainted, : | 
The combinations of mercury are both numerous and 


oxygen. The sub, or black oxide, is produced by adding 
asolution of h or soda to those of the sub-nitrate 
or sub-chloride of the metal, and is so obtained as a 
dark-brown or black powder. The protoxide is 

duced by adding the solutions of the alkalies or i 
earths to those of chloride of mercury, or corrosive 
sublimate, as it is frequently termed. it is of a red 
colour; and the oxygen may be separated from the 
metal by distillation, when the latter passes over in a 
free state. Mercury resembles the metals we have pre- — 
viously described in this respect. The sausgen ss 


_— 
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also be obtained by heating the nitrate. The sulphate is 
readily produced by boiling mercury with concentrated 
sulphurie acid ; during which process large quantities of 
sulphurous acid, in a gaseous state, are evolved. Nitric 
acid dissolves mercury, by which the proto-nitrate is pro- 
duced. On diluting the concentrated solution, a sub- 
nitrate falls down in the form of a white precipitate. 
The solution of the nitrate is often sold by unprincipled 

rsons in the streets of our large towns, as a polishing 
Tiquid. If applied to a silver or copper surface, it at 
once produces a brilliant polish; but penetrating into 
the pores of those metals, and forming an 


| their tenacity is at once destroyed, and the article rep- 


sulphide, is readily 


dered useless. : 

The chlorides of mercury are of great importance as 
Seige, pe well-known substances used in medicine. 
The sub-chloride is the well-known calomel. It is a 
white substance, and, when closely examined, has a 

ine structure. It may be produced by adding a 
ution of common salt to one of the sub-nitrate of 
mercury, or by rubbi ether, in a mortar, metallic 
mercury, paras ait a corrosive sublimate. The 
product is then sublimed, and the sub-chloride, or 
calomel, is so obtained in a pure form. It is but 
sparingly soluble in water, and may be so distinguished 
from the other chloride. Corrosive sublimate is well 
known as a deadly poison to animals. In minute quan- 
pope is, however, employed in medicine; and both it 
and su loride have the property of producing a 
_ flow of saliva, and for this even moderate 
or hegpasncag eo aac poo gba reff 
preservative agent for i Vv su 
stances, It may be by burning m ina 
jar of chlorine gas, or subliming common salt and 
the hate of mercury together. We may here re- 
mark, in case of accidental poisoning, or of suicide, 
the best antidote which can be administered is the white 
of eggs, which, by tion with the salt, prevents 
any action on the intestines. 
The sub-iodide is 


ere are two iodides of mercury. 
powder, which may easily be procured by 

ing a little iodide of potassium in solution, to one of 
pea pra ey aga! gee i gry Mage tag dorik 
powder is produced, whi the proto-iodide ; i 
however, too much of the iodide solution be employed 
the iodide of mercury will be dissolved, and the liquid 


will become We have frequently uced 


transparent. 
mee. iodine in powder on metallic 
mercury, and inserting the poles of a powerful voltaic bat- 
tery in the metal: one is then to be withdrawn, so as to 
produce the disruptive disc’ A combination of 
the metal and the iodine will take place, and the 
two iodides are produced. In many chemical works 
these iodides are respectively termed the proto, and 
biniodide. It has been p to use these substances 
as be ean but they are li to decomposition, and 
so defeat that ; Bors sp 

There are two sulphides of mercury. e, the su’ 
roduced by ing sulphuretted 
hy mn gas a solution of the sub nitrate, by 
which a black powder is produced. The sulphide proper 
is well known in the substances termed cinnabar and 
vermilion ; the latter of which has a beautiful red colour, 
rowthe cea Sg mpi Bae gpa Cinnabar is a 
common ore of metal. sulphide, produced by 
passing sulphuretted hydrogen through the nitrate of 
mercury, is of a deep black colour; but on being heaceu, 
it becomes reddish wn; and the substance, if heated 
with a solution of sulphide of potassium, produces the 
: Ae f = nd with 

orms a compound with cyanogen as the 
eyanide of the metal, which is'the usual source of cyanogen 


io a hier 


for ex The cyanide may be pro- 


One of the most interesting and useful compounds of 
the metal is that termed fulminating mercucy, which is 


extensively employed in the manufacture of percussion- 


875 


caps; an invention which has*completely changed the | 


construction of muskets, fowling-pieces, &c., and has 
made them infinitely more serviceable for the purpose 
they are intended for. In the old form of such guns, the 
powder was ignited by means of a flint and steel placed 
over the barrel, and the fracture of the dint rendered the 
musket useless. It was necessary to pour a little powder 
into the pan, which communicated, by means of a small 
hole, with the charge in the interior of the barrel; and it 
uently happened that a gust of wind ora shower of rain 
rendered it impossible to ignite the charge. By means of 
the percussion-cap, the ‘‘nipple” is kept quite covered 
and protected, and, at the instant the hammer is allowed 
to the powder in the cap explodes, and the charge is 
inflamed. following method is that usually adopted 
in manufacturing the inating mercury, which is a 
combination of fulminic acid with the metal. Into a tall 
glass or porcelain vessel introduce one ounce of mercury, 
and on this pour gradually four ounces, by measure, of 
nitric acid, of a specific gravity of 1°45 to 150. Con- 
siderable heat will be evolved during the solution of the 
metal; and when all is dissolved, and the mixture still 
hot, it must be poured into six ounces of strong alcohol. 
As the mixture instantly froths up toa degree, and 
abundance of ie me is given off, this should be done in 
a vessel of considerable height and capacity, to prevent 
the loss of its contents. A der will soon be produced, 
which is the fulminate. is may be allowed to settle, 
and as much as ible of the clear liquid is then to be 
poured away. vessel is to be tilled up with cold 
water, and the contents are then to be gradually poured 
on to filtering-paper, on which the powder will be re- 
tained. This is to be well washed with cold water until 
all trace of acid is removed. 
always be kept wetted until req for use, as, if dry, 
the slightest friction would cause it to explode violently. 
It is best to remove the filtering-paper whilst wet, and to 
place it in a dish kept full of water; and when any 
portion of the fulminate is wanted, such should be re- 
moved in as small a quantity as possible, by means of a 
paper scoop, and allowed to dry by evaporation in the open 
air. We cannot too strongly caution our readers in 
to the manufacture of this dangerous compound. e 
nee we have given are such as would be employed 
or making it on a large scale ; but if the student desire to 
acquaint himself with the properties of fulminating mer- 
cury, he should use but a few grains of the metal, and 
the acid and alcohol in the relative proportions already 
indicated. To impress the necessity of caution, we may 
observe, that a few years ago, an able and experienced 
chemist, employed in manufacturing the article at the 
Apothecaries’ Hall, ope a ae shattered to pieces, and 
the fragments of his body blown to an astonishing dis- 
tance, by an explosion of but a moderate quantity of this 
dangerous substance. The ba in chemical science 
should never attempt to make it at all. We have 
already named the fulminates of gold and silver, 
which are producible by a similar process to that just 
described. 

Some of the salts of mercury are extensively used for 
the purpose of amalgamating the zinc plates of voltaic 
batteries ; and for this pu the nitrate is the most 
convenient. The same end is also obtained by brushin 
metallic mercury over the zine, the latter being immer 
in dilute sulphuric acid. 

The detection of mercury, in a combined state, is 
generally very easy. The sulphate, nitrate, &c., readily 
part with the metal, if they are moistened with water, 
and placed on a sheet of zinc. A gold or copper wire is 
then made to touch the metal, the wire being passed 
through the moistened salt. The latter is at once decom- 
posed ; and metallic mercury, if present, will turn the 
end of the wire to a white colour. If a gold wire be 
employed, the mercury is at once removed by the heat of 
a spirit-lamp. Mercury has a uliar effect on the 
human system; and persons employed in the mines, or 
in working with the metal, are generally afflicted with 


paralysis. 


paca pn itself should | 
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COPPER. 


Tuts metal was well known to the ancients, and is men- 
tioned in the works of biblical and history. Its 
rece is 8°78; its symbol, Cu; and the equiva- 
t= 31-7. 
Co is found in the rocky districts of most parts of 
varld metallic state or combined with 


pper 
that beautiful su 
source of copper in this country is in the mines in Corn- 
wall. Austalia, New Zealand, America, Western Africa; 
Russia, and Sweden also produce it in large quantities, 
A very ingenious use of old iron pots and is effected 
in the water running from the copper mines. The old 
iron is collected in London, and shipped to Cornwall, and 
being thrown into water containing copper in solution, 
the iron is dissolved, and the copper is thrown down in 
of a brown powder. It is afterwards melted 
i is plan is easily illustrated by 
any iron article into a solution of blue vitriol 


any are first 
to drive off the sulphur; and after ing, tole- 


son hymen arbre | in quantities proportional 
_ to the richness of the ore. 


In the metallic state, copper is recognised by its red- 
colour. It can be highly polished, but soon 
It fs eclable; fu uuiny’ aekia; and tay be de- 


_ (carbonate of ammonia), which produces a blue co 


| tected in solution, by the addition of alittle smelling-salts 
As a 


ee ee ee ways. 


metal, it is bight ee Sibap envger cone 
are, however, hi gerous i are not coa 
cnaplctshy with tho, Geonames portion: Gf tho smnotel die: 


| 


solves and forms a poisonous salt. In the manufacture 
of pickles and es, this often occurs ; but copper 

the means already named. In the 
absence of medi 


advice, abundance of sugar or the 

ee ee eee 
Alloyed with zinc, the well-known metal brass is pro- 
duced. Bronze and gun-metal are a mixture of mere 
is 


combinations of copper are numerous, and many 
of them are extensively employed in the arts and manu- 
factures, It combines with oxygen in various proportions, 
Two equivalents of the metal with one of ox: (Cu,, O) 
produce the sub-oxide, which may be procured by heating 
the chloride with _ of soda ae oer The 
compound so produced by fusion, is to be plunged 
in cold water, when the sub-oxide separates. It is chiefly 
used to colour glass, and a sin; property exists in 
reference to it. If it be in at a comparatively 
low tem and for a short period, but a slight red 
tint is afforded. If the heat be increased, and the period 
of burning extended, the colour is deepened. Ta"sa 
instance which came under our notice some years ago, 
resulting from the destruction of the Glasgow Polytechnic 
by fire, a piece of cut-glass of about four cubic inchws’ 
capacity, which had previously been of but a light ruby 
tint, was converted into so dark a colour by heat, 
that when chi into the thinnest pieces, it appeared of 
the deepest ruby red. 

The protoxide of copper (Cu O), which is extensively 
employed in organic analysis, may be readily obtained 
heating strongly the nitrate in a crucible, when a blac 
powder will So) pape Full directions for its use for 
that purpose will be subsequently given. A binoxide of 


aay Opp See ee ee 
pi hn per filings in a crucible. 


ing. 

he most im salt of copper is the sulphate, 
which may be obtained by boiling copper in sulphuric 
acid. It is a product of many copper mines ; and when 
crystallised, affords large blue which are known 


in commerce as blue vitriol. is salt has become of | 


great importance since the discovery of the electrotype 
process; and by means of this ingenious application of 
science, copies of expensive works of art, 
engraved plates, dc., are easily obtained, at a trifling 
cost compared with that of the original. 

The nitrate of copper is readily procured by dissolving 
the metal in nitric acid. Its chief use is that of i 
the oxide of copper used in organic analysis, to whi 
we have already referred. 

The native carbonate of copper, called malachite, has 
been named previously. It is often fashioned into various 


ornamental articles, owing to the beautiful nees 
which it presents. A ret my of carbonic copper, 
and water is readily produced on adding carbonate of 


soda to the sulphate of the metal, both being in solution, 
when a light-green powder is precipitated. Native car- 
bonates are very common in the specimens of ores 
obtained from the copper mines. 

On adding ammonia to a solution of a cupreous salt, a 
deep-blue colour is produced, which is a combination of 
the metal with the alkali, often termed by old writers the 
ammoniuret of copper. 

One of the most valuable salts of the metal is the 
acetate, which is familiarly known as ‘ verdigris,” and 
extensively employed as a pigment. The pure acetate 
is ag Seger raie by dissolving oxide of copper in acetic 
acid. e ordinary commercial product is obtained by 
means of the waste of the vineyards and metallic copper, 
the external surface of the metal being converted into 

impure acetate, This is removed, and the process 
is repeated until the plate is completely used up. 


TRON. 


Tuts metal is so well known, and used in such a variety 
of ways in civilised life, as to require no description on 
our part. It is universally distributed, and is one of 
the most abundant substances in nature. Its specific 
gravity is 7°5 ; bol, Fe ; and the equivalent = 28. 
Its ores are chiefly the carbonate, oxide, and sulphide; 
the latter being a compound of the metal with ur, 
is called iron pyrites : this, with the copper pyrites, has 
been used by sulphuric acid-makers as a source of 
sulphur.* 
he iron district of this country embraces a very ex- 
tended area. In Scotland, a band of ironstone is found, 
* See ante, p. 368. 


as statues, — 
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which reaches from the German Ocean to the west coast ; 
and the whole of the country from Ayr to Edinburgh is 
dotted with iron furnaces, producing thousands of tons of 
the metal annually. 

In England, Staffordshire and the neighbouring 
countics produce immense quantities of the ore; and in 
most cases abundance of coal is obtained from mines or 
seams, above and below those of the mineral. 

The ore, on being brought to the surface, is mixed with 
small coal and roasted for many hours ; the mass is then 
broken up and taken to the smelting furnace, which is 
generally about thirty feet high; mixtures of the ore, 
coal, and limestone, which acts as a flux, are thrown into 
the top of the furnace, and an intense heat is maintained 
by means of powerful air-engines propelled by steam 
power. Every twelve hours the bottom of the furnace 
is tapped, and the melted metal is run into long furrows 
called ‘‘sows,” adjacent to which are smaller ones called 
‘* pigs ;” when cool these are sent to market as pig-iron. 
The following engraving represents the ordinary kind of 


smelting furnace, 
Fig. 66. 


——<—— 
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But the metal in this form is very brittle, and would 
be almost useless unless further processes were brought 
to bear on it. Being broken up into small pieces, the 
pig-iron is then cast into a puddling furnace, in which it 
is continually stirred about by means of a rake. 
a time it acquires a iar appearance, becomes soft 
and agglutinated, and is then removed to a block, on 
which it is hammered by steam hammers until all the 
impurities are driven out. It has now become fit for 
rolling, and is thus fashioned at a white heat into sheet, 
bar, or rod-iron. : 

Iron may be protected from rust by either tinning its 
surface or by covering it with a thin coating of zinc—a 
segs which has been termed “galvanising.” It may 

drawn into very fine wire, being very tenacious. It 
has the singular property of welding; that is, two pieces 
at a red heat may be united together if well hammered. 
This property is only by iron and platina. 

Tron may be cast into moulds of any form, and thus 
castings of any size may be obtained. Cast-iron is of 
inferior strength to bar or rod-iron, owing to its con- 

vou. L 


After 


taining several impurities. Mr. Bessemer has introduced 
an ingenious process for the purpose of making 
“wrought” iron from the ore. This he effects by driving 
air into the furnace whilst the iron is in a melted state. 
By these means its impurities are burnt away. 

The most important combination of iron is that with 
carbon; and, as a late writer has remarked, most probably 
nitrogen is also present in minute quantities, inasmuch 
as a direct combination of carbon alone with iron does 
not afford a substance corresponding in all its properties 
with that known as steel. In many of their qualities 
cast-iron and steel are similar; but the latter has an 
elasticity, ductility, &c., which, as physical charac- 
teristics, constitute an enormous difference. Iron and 
steel may be easily distinguished by dropping on each a 
little nitric acid, when the pure-iron will present only a 
white appearance, whilst the steel will afford a black 
mark, indicating the presence of carbon. 

The qualities and value of wrought-iron and steel 
vary exceedingly, owing to the admixture of various 
substances, such as phosphorus, silica, &c. In England, 
the best is that produced in Staffordshire ; but 
this is exceeded by that obtained from Sweden. 
Iron produced by the cold and hot blast also 
varies in its characteristics. By the latter mode, 
the iron has induced in it greater tenacity, 
the air being heated to a temperature of 600 
to 700 degrees before it is admitted into the 
smelting furnace. Iron produced by charcoal 
is far better, in all respects, than that produced 
by coke or coal. 

Of late years, the uses of iron and steel 
have been enormously extended. With respect 
to steel, we may remark, that steam-ships are 
now entirely constructed of it; even boilers and 
the masts of vessels have been made from 
it: some pieces of ordnance have been also 
manufactured from steel; and their extra- 
ordinary tenacity, we need not state, presents a 
great advantage. 

Iron combines with oxygen in four propor- 
tions, the symbols and properties of which are 
as follows :—The protoxide (Fe O) is produced 
by adding a solution of potash to one of the 
protoxide of iron, when a green precipitate is 
produced. When this is boiled, a black powder 
is the result. The peroxide (Fe,, O,) is readily 
obtained by adding an alkaline solution to the 
nitrate of iron, and is a red-coloured substance. 
The presence of this in nature gives the rich 
red tint to the rocks of the old red sandstone, 
and is the cause of the colour of blood, &e, 
The black oxide (Fe,, O,) has, like the metal, 
decided magnetic properties: it is familiarly 
known in the scales so often seen when wrought- 
iron has been heated to redness, and is a 
common product of the blacksmith’s shop. 
Ferric acid (Fe O,) is the state in which iron 
is found combined with the largest proportion of oxygen. 

Chlorine unites with iron in two proportions, forming 
a proto-chloride (Fe Cl) when iron is dissolved in hydro- 
chloric acid; and a sesqui-chloride (Fe,, Cl,) when 
chlorine is passed over iron filings at a red heat. There 
exist two sulphides of iron. That which is best known 
constitutes the iron pyrites (Fe 8,), so common as an 
ore of the metal. The proto-sulphide is readily produced 
by bringing a roll of sulphur in contact with a bar of 
iron heated to redness. The metal will immediately be 
seen to melt away ; and the dross which falls down, and 
which should be received in dry sand, forms the sub- 
stance required. 

Tron and sulphuric acid readily combine to form the 
sulphates, of which there are two; one being produced 
as a proto, and the other asa per-salt. The proto-sul- 
phate is obtained by dissolving iron in dilute sulphuric 
acid: during the process, water is decomposed, and 
abundance of hydrogen is evolved. The proto is easily 
converted into the per-sulphate by exposure to the air, 
or by the addition of nitrous or nitric acid, when the 
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| pyrites, which are continually undergo 


| The nitrate of iron is also similarly —— 
produced when iron is dissolved in nitric aci 
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oxide enters into the state of protoxide. Green cop- | 
peras is a proto-sulphate of iron in an impure state. It) 
abounds in many kinds of coal, &c., after exposure to 
the air, by which means the sulphide is nally con- 
verted into the sulphate, In the Isle of Sheppy, at the 
mouth of the Thames, the process on at an enor- 
mous rate; for the soil abounds in nodulds of iron 
i ing decomposi- 
Sulphate of iron is also found in many mineral 
springs ; and frequently the oxygen it absorbs from the 
atmosp’ is the cause of the reddish-brown powder | 
observed w such waters are allowed to remain still 
foratime. A solution of proto-sulphate of iron, from 
its great attraction for oxygen, is often employed with 
the nitric oxides, in the estimation of the presence of 
oxygen in air, &e. The proto and per-st phates are 
largely used as fixing agents in photographic Eager 
is 


(the am gg ~ — Ror gpctre as a 
dyei t for ucing, wil -nuts, 
Me . aide shades of slate “4 black colours ; 
and, for the same reason, it is used by calico-printers : 
but for these purposes the acetate is generally preferred, 
as it is more readily decomposed by the gallic acid found 
in the vegetable substances we have named. The acetate 
may be prepared by decomposing the sulphate by means 
of acetate of lead, when sulphate of lead is precipitated, 
and acetate of iron held insolution. Acetic acid and com- 
mon vi , or sour beer, d&c., may be left todigest on old 
iron hoops or other articles ; which is, of course, a more 
—— although slower, process for forming the 
acetate. and many other salts of iron, such as 
the citrate, succinate, &c., to which we might direct 
attention, are not, from their comparative rarity, of 
general emer The citrate is employed in medi- 

ine, and the succinate as a chemical test. 

combination of iron with cyanogen, however, de- 
serves by no means a passing notice, as the prussiate 
salts are extensively used as a dyeing agent, and are 
constantly employed in the laboratory as tests, &c. The 
anide of iron is obtained by adding cyanide of potas- 
sium to a solution of proto-sulphate of iron ; and is, at 
first, a white powder. As, however, every salt of iron, 
unless in a peroxidised state, has a great attraction for 
oxygen; the cyanide, if exposed freely to the air, be- 
comes of a blue colour. The most important c anide of 
iron is that generally known by the term of ow prus- 

siate of It consists of lemon-coloured 
of a form. This substance is produced on a 
large scale in this country for the use of dyes. Animal 
matter, such as hoofs, horns, old leather, blood, &c., is 
proj into a e iron pot heated red-hot, potash 
and old iron being added ; a general decomposition 
ensues; and when perfect fusion is effected, the mass is 
raked out, and, after being cooled, is dissolved in water, | 
and, subsequently, crystallisation produces the yellow 
ssiate. Daring the process, a combination is etfected 
een the carbon, nitrogen, iron, and potass. A new 
substance is thereby termed ferro-cyanogen, 
which, with hydrogen, forms hydro-ferrocyanic acid ; 
in some respects, to hydrocyanic acid. But 
aa ar com, : ition of the yellow prussiate is that of 
equivalent of ferro-cyanogen ; 2 equivalents of cyanide 
of potassium ; and 3 of water: baile it is termed ferro- 

cyanide of potassium. 

Many years ago we had occasion to notice the acci- 
dental uction of Prussian blue—which we shall pre- 
sently describe—whilst visiting some gas-works, Now 
coal contains carbon, nitrogen, iron, &c.; and at the 
present time, the prussiate is produced by the union of 
a, in a similar way to that whi “Hot vend 
as accidentally occurring ; charcoal, air, oxide of iro 
and carbonate of potash being heated together in suit. 
able arran, nts, 

The yellow prussiate of potass is converted into the 
red, or ferri-cyanide—so called in contradistinction to 


the ferro-cyanide, which we have just described—by 
ing chlorine gas through an aqueous solution of the 


latter salt, by which means one equivalent of chloride of 
potassium,is removed. It is chiefly used as a test for 
iron, giving a distinctive character as to the oxidation of 
the iron in the solution tested. The uses of pest | yon 
and red prussiates, in this will be 

under the head of Chemical Analysis. 

By adding solutions of the yellow prussiate of potass 
to per-sulphate of iron, or to a solution of the proto- 
sulphate, to which nitric acid has been added, a rich, 
blue precipitate is produced, termed Prussian blue. It 
is the formation of this substance in woollen and cotton 
stuffs, by the successive use of the salts named, that such 

of a blue colour for many purposes, in of 
by indigo. The colour is, however, pres cen and 
eventually destroyed ies, and is ‘ore not of 
a permanent nature. ian blue is largely used as a 
pigment. If a solution of sulpho-cyanide of potass, pro- 
uced by heating sulphur, carbonate, and prussiate of 
potash together to redness, and dissolving the fused 
mass in water when cold, be added to those of the salts 
of iron, a deep, blood-red colour is produced. It is 
highly ible that some such combination as this is the 
cause of the colour of our blood, as all the necessary ele- 
ments are present in that fluid. 

hy eae hitherto confined our attention exclusively to 
the chemical character of the metal iron and its salts. 
We must now speak of others, which are of considerable 
interest, before concluding these remarks. It is well- 
known that iron has the er of becoming attractive 
by the loadstone, and steel is subject to the mag- 
netic influence to such an extent, as to be able to retain 
all the characteristics of the magnetic force. This fact 
adds to the value of iron as a metal; for by means of it 
we are enabled to construct the mariner’s compass, so 
essential to hy rg in the present day. This sub- 
ject has already fully discussed, however, in the 
section on Magnetism ; to which we must, therefore, refer 
our readers for information on the matter. 


LEAD. 


Tuts metal is one which has long been employed for 
various uses by mankind, and, like those previously 
described, it was well-known to the yes bol 
specifio vity, on an ay is 11°45; its 

DT pil de asiralad Pen 5 es , 

Lead is almost always found in nature in combination 
with sulphur ; in this state it is called galena ; and it is 
very generally distributed over most of Great 
Britain, ially in Yor! and Nor- 
thumberland. It is obtained by rooming ore with 
coal, and subsequently smelting it: the metal is then run 
into long bars called ‘ pigs,” in which state it is sent 
into the market. 

It has a bluish colour, and may be polished ; but soon 
tarnishes, owing to the formation of an oxide on its sur- 
face; its oe in solution may be detected by sul- 
phuretted hydrogen ne This gas, which is the cause of 
the offensive smell o ins, immediately turns any so- 
lution of lead to a dark-brown colour ; hence the reason 
that white — is so often discoloured, containing as it 
does the carbonate of lead. 

Lead is easily melted, bent, and rolled, and is there- 


‘fore valuable in forming piping, cisterns, and other 


vessels. It, however, Yoon a deadly poison when in 
a state of solution (as the carbonate in water), which fre- 
quently occnrs from the use of lead cisterns, &c., if the 
water in them be nearly pure. This, at first sight, 
would seem paradoxical, but is easily explained. At the 
part where the lead, water, and air are in contact, the 
carbonate of lead is formed. The carbonic acid, yradu- 
ally absorbed by the water, facilitates the solution of the 
salt, and so imp tes the liquid with lead. Now this 
does not happen if the water be hard, because the sul- 
phates contained therein form an insoluble coating of the 
sulphate of lead, which prevents further action on the 
metal. Considerable opposition on this account was 
made, a few years ago, to the introduction of the water 
of Loch Katrine into Glasgow, as it was considered that 


[rnon—txap. | 


LEAD—ZINC. ] 


CHEMISTRY. 


379 | 


the exceedingly soft nature of the water, owing to its | 
freedom trearatia; would induce the solution of the 


lead in the cisterns and pipes of the ci Whilst we 
fully admit the prudence and good ing of those who 
raised the objections, we are equally to find that the 


at the time, but assigned to other sources for an origin. 

The ednbinasinels of lead are of considerable impor- 
tance. An oxide is at once produced when lead is 
heated to the melting point. Its surface gradually 
coated with a varied-coloured powder, through 
the oxidation of the metal; and thus red lead—a pig- 
ment in so much use—is produced. The protoxide of 
lead may be obtained by ing the carbonate of the 
metal to redness. Massicot and litharge are oxides of 
lead ; the latter being boiled with linseed oil, 


Send. There, however, remains an insoluble brown 
powder at the bottom of the vessel, which resists the 
the acid, and is the peroxide. The sulphate of 
be produced by adding sulphate of soda to the 
the metal, both being in solution. It will fall 
down as a white powder. The same result is obtained 

digesting galena (the sulphide) with nitric acid, by 

ich the sulphur is oxidised, and peers aang OS ghee 
with some unchanged chlo- 
ride is also a white i 


only is dissolved, and a nitrate of lead is pro- 


action 0 


late years, a compound 


: h, ; 

and are little beyond the range of chemical 
weg tase ges, 
cream of tartar to acetate of lead in solution, i 
and introduced into a tube, which must then be ex 
to a red heat and sealed, a finely divided form 
will be uced. If the tube be broken, and its con- 
tents en out, they will catch fire, affording what is 
called pyrophorus, 


E 


ZINC, 


Durie the last few years, the metal zinc has been 


applied to so many useful purposes, as to have superseded 
lead to a very large extent. It is produced from two 
kinds of ores, known as calamine and blende; the former 
being a carbonate, and the latter a sulphide of the metal. 
As is usual with most metallic ores, those of zinc are first 
roasted. By this the oxide is produced ; and the reduc- 
tion of the metal is effected by heating with pulverised 
coke. Being volatile, it distils over from the crucible 
in which it is reduced ; these being placed in a peculiarly 
constructed furnace. It is afterwards cast into flat 
awe and sold in that form as ‘“‘spelter,” in commerce. 

one of these plates be broken, a beautiful crystalline 
appearance is presented. The facets, however, soon be- 
come oxidised, and lose their brilliancy. Zine can be 
readily rolled out into sheets; but for that purpose it 
must be heated to 300° Fah., because both above and 
below that temperature the metal is brittle, and may 
even be pulverised. 

Zine may be drawn into a wire, which, however, has 
no great amount of tenacity. It is manufactured into 
nails, and has been extensively employed for coating 
iron, instead of tin. This process is termed, most er- 
roneously, ‘‘galvanising,” for no voltaic current has 
anything to do with the process. The effect of covering 
iron with zine is simply that of enclosing a readily oxi- 
disable metal within one Pasa less attraction for oxygen, 
and thus of protecting the interior plate from the action 
of air and moisture. The tenacity of the iron plate is 
diminished ; and nails over-‘‘ galvanised” become so rot- 
ten as to be easily broken by the os even when they 
are of considerable substance.—Whilst referring to the 
properties of lead, and its application to domestic pur- 
poses, we stated that considerable dan exists when it 
is employed to line water-cisterns for domestic use, Of 
late, zinc has been advantageously employed for that 
purpose. Its surface only becomes superficially coated 
with oxide, which is insoluble in water, in all ordinary 
cases ; and hence no danger can arise from its use. Zinc 
is largely employed in the construction of voltaic batteries; 
and was most Senet qyereers to be attached to the 
copper sheathing of vessels, so as to prevent the cor- 
rosive action of sea-water on them. The plan failed 
through a secondary result taking place ; for shells of 
molluses, &c., attached themselves to the copper, and so 
im the speed of the vessel. 

ine, in combination with copper, produces wrass: it 
forms alloys with other metals ; and so its uses have been 
greatly extended. 

Zinc, like iron, is a very combustible metal ; for in the 
form of thin shavings it will burn with ease, affording a 
beautiful blue flame. If zinc be melted in a ladle, and, 
when red-hot, a portion be cast into the fire, the same 
result will be produced. A ladle may be filled with melted 
zinc, and small portions of nitre or chlorate of potass 
being cast on the surface, a splendid combustion results. 
A jet of oxygen directed on shavings of zine which have 
been previously ignited, affords a beautiful s le. 
The combustion of zinc, as poles of the voltaic battery, 
produces a blue light fringed with red. 

From the above ar A a white powder is always 
produced, which is oxide of the metal. A hydrate 
of the oxide is obtained by adding a solution of potass 
to one of sulphate of zinc. The oxide has been exten- 
sively employed as a substitute for white lead ; and it is 
to this substance we referred in our remarks on the car- 
bonate of lead. 

Chloride of zinc is obtained by dissolving the metal mn 
hydrochloric acid. This compound has been recom- 
mended as an excellent disinfectant; and its value in 
this respect has been well tested by the medical boards 
of health throughout the kingdom. A small quantity of 
the solution is to be sprinkled over any offensive object ; 
or in applying it in hospitals, &c., towels wetted with it 
may be —_ in different parts of the wards or rooms. 
A remarkable instance of its eflicacy came under our 
notice some years ago (1849). A metal manufacturer in 
the neighbourhood of London, employing a large number 
of hands, was in the habit of using chloride of zine for 
soldering purposes ; and considerable quantities of the 
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prevalent to an alarming extent ; as did the inhabitants, 
whose drains were connected with the 4 
the same period, we observed a similar result from chlo- 
ride of lime ; the waste ap nia spay eo 
of gallons, dail ing down a drain in centre of a 
street situate in Lock’s Fields, Walworth. Although on 
all sides deaths were occurring hourly from cholera, 
yet the whole of the inhabitants of the street escaped ; 
as did the workmen in the adjacent factory. — 

poten ore teak or zine blende, to which we have 
already as an ore of the metal, may be obtained 
by heating the agthecgsirer rie ae an iron ladle. It 
has no specific uses as an artificial production. : 

The sulphate of zinc is readily procured by dissolving 
the metal in dilute sulphuric acid ; and this is often done 
to procure hy’ which is afforded in abundance. 
It is largely pk He the use of Smee’s batteries; 
employed for electro-plating. A dilute solution, say 
twenty-grains, to a pint of distilled water, forms an ex- 
cellent eye-wash. As an application in cases of burns 
Sad beads: onal Setar enter, it may be used in place of 
**Goulard water,” which is a weak solution of acetate of 
The equivalent of zinc is 32°6 ; its symbol, Zn ; 
and its specific gravity averages about 70. 


TIN. 


long been known as a metal capable of a variety 
; aud the British tin mines are spoken of by 
and Roman writers, The sources of this 
the mines in Cornwall and Devonshire, in 
; but considerable quantities are imported from 
It has a whitish colour ; produces a peculiar 
rubbed, and a crackling noise on being bent. 
ith lead, it forms pewter, solder, &c.; with 
fords bronze, gun and bell-metal, and bearings 
, &e. It is also largely employed for tin- 
ning iron and gd we thpoen yr? for domestic use ; preserv- 
ing the former oxidation, and preventing the 
poisonous effects of the latter throtgh its protecti 
coat. Tin also forms a constituent of the material 
1g telescopes. 
symbol, Su; and its specific 
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protoxide is obtained by adding alkaline solutions to the 

joride, when a white powder is precipitated, 
which is a hydrate. The binoxide, or, as it is termed, 
stannic acid, is produced when tin is digested with nitric 
It behaves as an acid, by forming salts with 


£ 


rochloric 
This liquor is used as a mordaunt with vegetable 
colours, such as Sapan, Brazil wood, &c., in dyein 
woollen and other yarns, The ‘purple of Cassius, 
which we have named in connection with gold, is pro- 
duced by adding together the chlorides of the two metals; 

ing in solution. The per-chloride is produced 
when powdered tin is combined with chlorine which 
should be passed over the metal in a porcelain tube. 
The product is a liquid which used to be known by the 
name of the faming liquid of Libavius. 


NICKEL. 


Nicxen is chiéfly known as a constituent of German 
silver, and is, comparatively speaking, a new metal, It 
hasa greyish-white colour ; and, like iron, possesses mag- 
netic erties. Its equivalent is 205; symbol, Ni; 
/ and it has a specific gravity of 87. It derives its name 


from the German term given to its ore, It is obtained 
from its combinations with arsenic, either by the moist 
or dry way. By dissolving the ore in nitric and sul- 
huric acids, the arsenic and nickel are separated ; and 
y means of carbonate pes roa a double salt of nickel 
and potash is produced. From this the oxalate is pro- 
ead which affords nickel on being reduced by heat. 
_ aggre i of oe is —_ by eee alkaline 
solution to the sulphate, and heating the precipi 
which is a hydrated oxide. The sulphate of ate pee | 


other salts have a rich green colour.. They have, how- 
ever, no speci ication. We have already remarked 
that nickel forms a chief constituent of German silver, 


in which it is united with zine and copper. The pro- 
portions of these metals vary according to the views or 
requirements of the manufacturer. Its use in connection 
with electro-metallurgy has already been fully dealt 
with, under that head, in the section on Electrici:y. 

It is somewhat remarkable that nickel is generally 
found associated with iron in meteoric stones. The 
two metals have many qualities resembling each other. 
As we have seen, they are both subject to i 
action ; their equivalents and. specific gravity do not 
greatly vary ; the colour and ‘tics of several 
of their combinations are occasionally almost identical 
in Some respects, 


BISMUTH. 


Tuts metal is found in Cornwall, Germany, and other 
countries in Europe. Ithasa white crystalline appearance: 
it is obtained from an ore containing sulphur and arsenic; 
and is occasionally met with in an impure metallic state. 
It is distilled from its ores in iron tubes ; and forms 
beautiful crystals on being melted and cooled. Its sym- 
bol is Bi ; its equivalent, 213 ; and its specific gravity, 
98. Alloyed with tin, it affords a material which has 
sonorous properties. Eight parts of bismuth, five of 
lead, and three of tin, form an alloy which fuses ata 
temperature a little less than that of boiling-water ; and 
two parts of bismuth, one of lead, and one of tin, fuse 
at a temperature of 200°, For the amusement of young 
persons, such alloys are occasionally made into the form 
of spoons, which at once melt on being immersed in hot 
tea. It forms several oxides ; the ter-oxide, Bi O,, 
pared from the ter-nitrate, Bi O,, 3NO,, is a A al 
coloured powder, which is used in the in mauu- 
facture. The nitrates are the chief salts of the metal ; 
and the one to which we have referred is prepared by 
digesting the metal with nitric acid, diluted with an 
equal quantity of water. The ‘sub, or basic nitrate, 
forms the ‘pearl powder,” used by ladies as a cosmetic ; 
and is employed in medicine as an astringent and tonic, 
Bismuth, as a metal, is rarely used in the arts or 
manufactures. It is employed in constructing thermo- 
electric piles in combination with antimony. : 


ANTIMONY. 


Antimony, so ‘valuable as a material in prh.ting-types, 
and as a medicinal agent, is obtained both in a native 
state, and in combination with sulphur, asa ter-sulphide. 
Its ores are obtained from Singapore and Borneo. It is 
also found at Linz,in Germany, The sulphide is heated 
with charcoal, when it fuses; the mass so obtained 
is reduced to a course powder, and roasted with charcoal 
moistened with a solution of carbonate of soda. The 
mixture is then raised to a red heat, by which the metal 
is afforded in a tolerably pure state. It is very brittle 
and crystalline ; has a bluish-white colour ; and volatilises 
at a high temperature. It has the singular property of 
expanding as it cools. The latter circumstance He 
it of great value for casting types, as the moulds in 
which they are formed are thereby more accurately filled, 
and the casting becomes more perfect. Its other alloys 
are also valuable. It forms a constituent of Britannia- 
metal ; specula, for reflecting telescopes ; bell-metal ; and, 
associated with bismuth, it has the singular property 
of affording a current of electricity on the application 
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"of heat in the form of the thermo-electric pile. (See 


Bismuth). Its symbol is Sb; its equivalent = 129°; 
and the specific gravity, 6°8. Oxide of antimony is pre- 
one by mixing the chloride with a hot solution of car- 
mate of soda, by which a grey powder is produced. 
This oxide, combined’ with tartaric acid and potash, 
forms the “tartar emetic,” used as a medicinal agent. 
Antimonious acid, Sb O,, is a constituent of James’ 
powder, a well-known substance, ecaployed in medicine. 
Antimonic acid, Sb O,, is produced by acting on the 
metal by means of strong nitric acid ; and forms salts 
with bases. Sulphur and antimony, united as sulphides, 
differ in appearance, in the native condition, from those 
poscesed pager’ The natural sulphide is a dense 
lack powder ; and is much used by firework-makers to 
ive coloured flames. Its peculiarity in this respect may 
noticed by burning the following composition :-— 
Nitre, four parts; sulphur, two parts; sulphide of 
antimony, one 
Each ient is to be separately pounded, and 
the whole is then to be intimately mixed in a mortar. 
During combustion, the above produces an intense 
light, and is used for the manufacture of Bengal lights 
and i 


We have uently ome ae it for 
the purpose of taking photographs at night. arti- 
ficial, sulphide has a rich red colour, and may be pre- 


pared by passing sulphuretted hydrogen through a 


soiution of tartar emetic. . 

Kermes’ mineral is produced by boiling the sulphide 
with or its carbonate, and has a reddish-brown 
eolour. A sulphide of antimony, containing five equi- 
abt aehilvacetiod Sovoves tanec seckciaon tke 

ing s' uret n a solution e 
perchloride in Ryarochloric noid, wien it falls as a yellow 


er. 

lf a ie press antimony be heated and dro 
into a jar of chlorine gas, it will take fire, producing a 
chloride of the metal. If the black sulphide be boiled 
with ric acid, the terchloride is formed (Sb Cl,), 
which been called the “ butter of antimony.” This, 
with olive oil, is used as a bronzing composition. 

Antimony, like arsenic, has the singular property of 
combining with prdroge, Sonning what is called anti- 
moniuretted hydrogen. is may be procured by pass- 
ing hydrogen through eny solution of the metal. IEf a 
SEN slate’ be bald against the flame of this compound, 
metallic antimony will be deposited, which will not vola- 
tilise on the application of heat—a point of importance 
as distingui it from arseniuretted hydrogen, of 
which we shall have to speak hereafter. 

ARSENIC, 

Tue ores of this metal are very widely diffused in com- 
bination with those of other metals; and one of its 
oxides is the well-known poison, commonly called white 
arsenic. The importance of the subject of poisoning by 
this substance, will require, on our part, a somewhat 
extended notice of this element and its compounds ; and 
we shall enter into a general description of the various 
methods which have been pro or their detection, 

The metal itself is obtain..ble from any of its combi- 
nations by ‘first applying. heat—say to the arseniurets of 
iron, copper, &c, White arsenic, or arsenious acid, 
sublimes ; and if this be heated with charcoal in a test- 
tube, the metal can be readily procured as a crystalline 
substance having a metallic lustre. Its equivalent is 
75; symbol, As; and the specific gravity about 6. 
When heated and in of volatilisation, arsenic 
affords a smell resembling that of onions, We ma 
here warn our readers to be exceedingly cautious wit 
respect to inhaling the vapour, as it produces extreme 
inconvenience by acting on the membranes of the eyes 
and nose, even in minute quantities, and may prove 
highly dangerous if incautiously inhaled. 

Arsenious acid is the most important combination of 
the metal. It contains one equivalent of arsenic to 
three of oxygen; and, as we have sta is the poison 
known by the name of white arsenic, It is surprising 


that so deadly a poison should be so extensively em- 
ployed.. It has been stated, on good authority, that 
the inhabitants of some parts of Germany are accus- 
tomed to eat arsenious acid, and that it has the effect of 
making them plump in body, and sustains their power 
of ascending steep places, so far as the act of breathing 
is concerned. It has also been remarked, that so-long as 
the habit is maintained, no inconvenience of any kind is 
produced ; but if it be left off, then all the symptoms of 
arsenical poisoning present themselves. White arsenic is 
often given to horses, and produces a sleekness of skin 
not obtainable by any other means. As a sheep-wash, 
and to steep wheat, it is often employed; and it is no 
uncommon matter to find farmers purchasing the article 
fashans ag’ Thy market-days, for the purposes we have 
named. e need feel surprise, not that cases of arse- 
nical poisoning so rarely occur, but rather that they are 
not more frequent, when we take into account the cha- 
racter of. the individuals with whom it is entrusted. 
Arsenic with copper forms a pigment largely used for 
the purpose of printing a rich green colour on paper- 
hangings. This fact, in the opinion of many, has given 
rise to instances of poisoning in households, owing to 
the arsenical powder being brushed off from the walls, 
and being inhaled afterw Such an occurrence may 
take place, undoubtedly, in extraordinary circumstances ; 
but we are strongly inclined to the opinion, that an 
accident only, and not a constant tendency, must exist 
to produce harm from such a source. ies’ dresses 
have often their green tint heightened by means of 
Scheele’s green ; and persons employed in making such, 
and in the manufacture of wax and other artificial 
flowers, suffer seriously from the inhalation of arsenical 
powder thus used in their business. It is much to be 
mE that the personal charms of the belle must be 
by her poorer sisters paying the cost with the 
sacrifice of their health, and, possibly, their lives. 

In the early attempts to manufacture candles from 
stearine, considerable difficulty was experienced in the 
tendency towards crystallising, which that substance 
always exhibited whilst cooling. White arsenic was 
used for the purpose of preventing this, and it was suc- 
cessful; but great danger arose to persons sitting in 
rooms wherein such candles were burned. Hence the 
use of arsenic was given up, and, by mechanical means, 
the difficulties we have named have been overcome. 
Another source of danger to a family, is the use of 
arsenic (by which term we shall in future call the 
arsenious acid, for the sake of simplicity) as a poison 
for rats and mice. To the ordinary observer, little 
difference exists between flour and that substance ; and 
to prevent the danger arising from this source, an act 
of parliament has been passed, in which it is insisted 
that the white arsenic shall not be sold in its ordinary 
state, but mixed with other substances to give it a dis- 
tinctive character. Another and extraordinary use of 
this poison is that of a cosmetic. For this purpose, a 
little of the white arsenic is put into the water in which 
the person is washing, and the face and hands are 
bathed with the solution. Independent of the certainty 
that the dissolved matter will be absorbed by the pores 
of the skin, small particles are likely to be introduced 
into the mouth, nose, and eyes; the least inconvenience 
from which would be that of causing inflammation of 
the membranes, But as the pores of the skin commu- 
nicate with the blood-vessels, the poison is gradually 
absorbed by the system, and the consequences of its use 
soon become apparent by symptoms of arsenical poison- 
Ge whieh siipervene. 

e may suggest a very simple way by means of which 
arsenic may readily be distinguished from any other 
substance usually found in our houses. Let a small 
pinch of the suspected powder be placed at the end of a 
pe and introduced into the flame of a candle. 
f it be white arsenic, it will soon pass off as vapour ; 
or a small portion may be placed on some red-hot. coal, 
when, if arsenic be present, it will volatilise, affording a 
smell exactly like that of onions. 
We shall now proceed to familiarise the minds of our 
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now held against it, 


| less, This precaution, the 
— always attends to ; and is at all times scrupulously 
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cing 
parativel experiments, and then giving those 
Freed waked whith the moclytical chemist adopts in 
eases which form the subject of SM ayeer=$ investigation. 
If the student successively with each, he may 
soon acquire skill in the detection of the poison. 
(a) Introd 


uce a few grains of white arsenic into a 
test-tube, and apply the heat of a spirit-lamp to the 
powder, It will volatilise and condense on the ovol part 


of the tube as a white crystalline substance. 
(b.) Mix a little white arsenic with some powdered 


charcoal, and ly heat as before. The oxide will be 
reduced, and mutallic arsenic will be produced in dark 


(c.) Apey heat to these crystals, when they will 
immediately volatilise, recondensing in some cooler part 


‘oregoing experiments will illustrate the cha- 
racteristics of arsenic and arsenious acid, and the method 
Ry cieses of which te mel ay Se uced., hid 

Arsenic has, like antimony, the power of combining 
with hydrogen, and of forming what is termed arsen- 
n. This fact has been taken advan- 

of by Mr. Marsh, to afford a most ingenious and 
ective means for discovering the presence of arsenic 


in minute quantities, ‘The best mode of illustrating 


this is as follows :-— 4 3 
Into the bottle represented in the ia atbee | figure, in- 
troduce some water, zinc-shavi and a little sulphuric 
acid ; just as is done in i rogen Refit the 
Fig. 67. tube and cork ; and after having allowed 
the mixture of air and hydrogen to escape, 
so as to prevent any danger of explosion, 
ignite the gas, and hold against the flame a 
white porcelain plate. If the zinc and acid 
be pure, nothing will be deposited on the 
plate except a little water. Dissolve a 
small portion of arsenious acid in hydro- 
chloric acid, heating the mixture. When 
the solution is effected, pour a few drops 
into the bottle produ hydrogen, and 
instantly replace the tu After a few 
seconds, rot ange te Dope al when it will be noticed 
that the has a blue colour; and if a cold plate be 
crystals of arsenious acid will be at 
once produced ; in the centre of which will be a black 
mark. Instead of the plate, let the flame play inside 
of a tube. The arsenious acid and arsenic in a 
metallic state will both be deposited. These may then 
be again volatilised in the manner already referred to in 
experiments a and c, above. We need scarcely state, that 
in accurate analysis, it is of the utmost importance that 
all the materials emp! should be pure. Zinc and 
sulphuric acid frequently contain arsenic ; hence, if the 
commercial articles be used, they may possibly afford 
arsenic, which would render all results obtained value- 
experienced chemist, of 


as to the purity of his tests. 

If a ar pe thd Sie core! be dipped into the hot 
solution of arsenious acid just mentioned, and boiled 
therein, the will become coated, arsenic being re- 
per slip may then be 
washed in water and dried, the 
from its if it be intro- 


removed ; and after bei 
arsenic may be subli 


, duced into a test-tube, and heated by means of a spirit- 
| lamp. This plan is Reinsch’s test ; but unless quite pure 


| saved 


wane be oiecten baw Ege are vitiated and value- 
less ; for copper uently contains a portion of arsenic, 
obtained from its ores. in’ a lai Gon of sus 
poisoning, the accidental discovery of the impurity of 
the copper, a the a eg had beers aay alone 
condemnation execution of the 
individual. a 
Arsenic in solution may also be detected by liquid 
teste. That of nitrate of silver with ammonia, when 
the alkali is not in excess, affords a yellow precipitate ; of 
sulphate of copper and ammonia, a rich green one ; and 


a stream of sulphuretted hydrogen produces a ow 
sulphide, These tests, however, are never relied on in 
accurate investigations. 

The foregoing remarks and ts will give our 
readers a general idea of the various methods employed 
to on gpeheione We % now direct attention to the 
usual us i post-mortem investigations, 
when death has been suspected to have arisen from the 
use or administration of arsenic as a poison. 

Arsenic is aries taken in comparatively small 
quantities—i. ¢,, of afew grains only. It is not very 
soluble in water of the temperature of the stomach ; but 
it must be borne in mind that the acids in the stomach 
greatly facilitate its solution. When taken in large 

oses, it produces vomiting, which relieves the stomach 
of a portion of the poison. An instance of this kind 
occurred in Glasgow some years ago, when not less than 
a quarter of an ounce of the poison was discovered in 
the stomach of the deceased person, who had been vio- 
lently sick for some time before death. The symptoms 
of arsenical poisoning are, violent retching, heat in the 
throat and te, a metallic taste in the mouth, and 
great irritability of the pray 8 hr gg ; bach wears 
an anxious ce; and, in most of the symp- 
toms prodwesd by’ lexisails poisons are manifested. ths 
of the utmost importance that medical aid should at 
once be secured; but in the absence of this, the only 
antidote which can be readily obtained, is that of the 
peroxide of iron. To obtain it, add carbonate of am- 
monia to the ordinary tincture of steel, as long as a 
powder is thrown down ; and to save time, pour off the 
clear liquid, adding water to the powder ; again off 
the liquid, and sufficient water to allow of the pow- 
der being readily suspended in it. Stir it up, and 
administer a wine-glass full continually, taking care 
that as much as possible of the oxide be swallowed at 
each dose. Meanwhile medical aid may have been 
obtained, and the patient so left in experienced hands. 
When the remedy cannot be arrived at, every attempt 
should be made to make the patient vomit, so as to 
clear the stomach as mach as possible of the poison. If 
such precautions be taken before inflammation com- 
mences, considerable chance exists of preventing a fatal 
termination, because, as we before remarked, the com- 
parative insolubility of arsenic favours the chance of 
recovery. 

When any suspicion of foul play exists, every drop 
thrown up : Ben The stomach shold be carefully pre- 
served, and be left untouched until pat in competent 
hands for analysis. Many a life been ed 
through the over-cunning of criminals. A small dose of 
arsenic is far more likely to prove fatal than a large one, 
for reasons we have already assigned ; but the non-suc- 
cess of one attempt by no means leads to the supposition 
that it will not be repeated. Therefore, if oe tee 
such as we have described have been noticed, and any 
suspicion exist, then the analysis of the ejected matter 
may, if it do not lead to detection, terrify by the dis- 
covery it affords. 

In post-mortem examinations, much chemical skill is 
required ; and we cannot but remark on the careless and 
loose manner with which such delicate operations are 
ory to what we oes safely call unpractised 
and ignorant persons. e ordinary medical prac- 
titioner in often one whose education has been generall, 
on each branch of the knowl of his profession ; be | 
those of us who are acquainted with the course of che- 
mistry through which most students pass in our hospitals 
and colleges, previously to passing their examination, 
would not trust to such the analysis of a piece of chalk. 
Chemical analysis requires, for its successful pursuit, a 
most extensive knowledge, a careful manipulation, and 
a delicately-balanced judgment—which nothing but 
years of practice can afford—when detection, in cases 
of poisoning, is eee Other’ qualifications are also 
requisite ; for if a chemist be merely informed that death 
has been caused by an irritant poison—unless he have 
sufficient medical knowledge to enable him to anticipate 
his progress by an acquaintance with tne symptoms, &e., 


ea 
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he may grope long enough, and not only not succeed, but 
waste the preserved matter, and so prevent discovery or 
accurate analysis impossible. Two instances of this 
nature came under our notice some few rago. . In 
one case, it was suspected that wine, which had been 
— of by several persons, had accidentally been 

ept in a bottle which had contained poison. The 
analyst was a clever chemist, but no physiologist ; he 
never asked ote the symptoms which had exhibited 
themselves. quantity of poison, whatever it was, 
was exceedingly minute; and, for want of a proper 
clue, he examined for antimony, corrosive sublimate, 
ec. We happened to suggest, that as it was wine, it was 
highly ible arsenic might have been communicated 
to the bottle by its having been cleaned with shot. We 
also learned that the usual symptoms of arsenical poison- 
ing had been noticed, but in a mild form. On using 
Marsh’s test, a minute quantity of arsenic was actually 
discovered. In this case, had the chemist possessed 
medical knowledge, he might have gone straight to his 
work. 

The second instance “e which we a oe ee that 
of suspected poisoni y arsenic ; in which the medical 
man was utterly deficient of all the capabilities of a 


chemical anal In attempting the analysis, the entire 
contents of the stomach, with itself, were put into an 
evaporating dish ; heat was applied; and, for want of 


care and experience, the dish was cracked, and 
The whole of its contents lost, The fragments, however, 
were collected ; and, in more experienced hands, afforded 
the evidence sought for. 

We may, therefore, be permitted to on coroners 
and juries the necessity, in every case in which suspicion 
lurks, that all available material should be placed in 
rs aed sear eae lest that eed} value may 
oe or crude and indigested opinions be expressed, to 
Trbtielis edt wnaperted Ons, or the defeat of the 
ends of justice. 

The directions we are about to give, are simply in- 
tended to enable the tyro in chemical science gh 
his knowledge in gaining an insight into the us 
operandi. he be desirous of repeating the experi- 
rents on animals, he will do best to choose rabbits for 
his purpose, because he will not have to experience that 
disgust which the analysis of the stomach of cats, dogs, 
&c., is apt to excite. An anatomist soon gots over all 
squeamishness in the matter, whilst a tyro to over- 


come ~~ offensive details. 
The ae eee it an toe 
by means a sharp knife, or lancet ; and the 
whole of the stomach, from = throat to the gut, re- 
moved, unopened—j as is done in trussing fowls. 
We shall be Scand 6 fessional fri if we 
use unprofessional and plain . The stomac 
Soutwetee by linet ett ar icicents dish, and divid 
wise means of t cet, soas to ex the 
whole interior. This may be then carefully <cemioad 
by means of a Stanhope to detect the presence of 
any white powder. If such be present, remove all of it 
carefully with a bone se or spatula, and wash it off 
carefully into a test-tube ; put this aside for a time. 


Supposing no powder to be seen—which will depend 
on quantity of arsenic given, and the length of 
time which has elapsed from its administration—put the 
whole of the contents of the dish into an evaporating 
dish containing a little distilled water ; and turning the 
stomach and gut inside out, wash them carefully for 
some time, is will wash or dissolve out all the un- 
observed ler, and that which has been dissolved or 
suspended in the food. Add to the mixture some strong 
acetic acid ; and then cautiously evaporate the whole to 
dryness, taking care not to do so beyond what is abso- 
lutely necessary to ensure that all vapour is driven off. 
Allow the contents of the dish to cool, and then add 
some ectly pure hydrochloric acid : great care must 
be Te oe rent a) commenan atid 
contains arsenic, which would vitiate the result. Heat the 
acid with the contents of the dish for some time, addin 

more as evaporation proceeds; and after the lapse o 


half-an-hour, pour the liquid into a clean glass. By 
these means all the arsenious acid will have been con- 
verted into the chloride, and the solution will be free 
from organic matter. The rest of the process is very 
simple. Part of the solution may be boiled with some 
pure copper, according to Reinsch’s plan, and the rest 
introduced into the hydrogen bottle, according to the 
method of Marsh. By means of either process, both of 
which we have already described, any arsenic present 
will be at once detected. 

The powder previously removed into the test-tube 
may be Toate with hydrochloric acid, and the 
same tests applied as above, when the results afforded 
will, of course, be the same, although more distinct in 
their indications. 

We have thus endeavoured to put the student into 
possession of what we consider to be the best mode of 
conducting an elementary analysis for the detection of 
arsenic, e need only add, that in this, as in all other 
chemical investigations, care and keen observation are 
eminently required. In analysing vomited matter, the 

itioner must follow the same course ; if, however, 
h’s test be adopted, care is required that the animal 
matter do not cause so much frothing up as to cast the 
contents out of the hydrogen bottle. is may partly 
be prevented by pouring a few drops of almond oil on 
the surface of the liquid in the bottle. It is an excellent 


lan to heat the tube through which the gas issues 

‘ore reaching the jet. This is easily done by bending |_ 

the tube in the manner shown in the following engraving 
Fig. 68. 


The flame may be received in a bent tu 
sented below, when the adap had of me 
and the white arsenic, will be ily noticed. 


Fig. 69. 


as repre- 
ic arsenic, 


We have already frequently noticed the combination 
of arsenie with copper, forming the pigment termed 
Scheele’s green. The chloride has also been often men- 
tioned in our previous remarks, The chief other com- 
peunds of the metal are those with sulphur; one of 
which, realgar, is an ore of the metal, of a red colour, 
containing one equivalent of arsenic to two of sulphur. 
The other is known by the name of orpiment; and it 
has a yellow colour. 

Arsenic, like copper and iron, produces an acid bearin 
its name; its symbol is As O,. It forms salts wit 
bases; is a white substance; and yields a red precipitate 
with nitrate of silver alone; whilst arsenious acid requires 
the addition of ammonia. By this difference, with the 
colour of the precipitate, the two may be distinguished, 
Before concluding these remarks, we refer our readers 
to what we have stated in reference to the combination 
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of antimony with hydrogen, as distinguishing it from 
that of arsenic with the same gas. * 


MANGANESE. 


Turs metal is never found in a native state; and its 
‘attraction for oxygen is so great, that it almost inme- 
diately intoa state of oxide after its preparation. 
Tt may be obtained from its protoxide by fusing, on ex- 
ing the latter, with charcoal and borax, to an inténse 
vite beat. Metallic manganese, cal gr gy peers 
similar appearance to cast-iron, which it resem 
many other respects, Its symbol is Mn ; the equivalent, 
27-5; and its specific gravity about 8. Z ; 
As we have already stated, manganese readily unites 
with oxygen. The pretoxide is to be obtained by passing 
hydrogen gas over the binoxide ; and it forms salts with 
acids, of which the sulphate is best known, The most 
important oxide is that sp emegt by the symbol 
Mn Q,, which is largely employed in various ways. In 
the laboratory it is a as a source of oxygen gas ; and 
| chlorine is produced, by its aid, from common salt. In 
Glasgow, chester, and Newcastle, immense quan- 
tities of the xide are employed in the manufacture 
of chloride of lime ; and it is also used in calico-printing, 
for the purpose of producing brown and black colours. 
Some of the salts of manganese have had similar appli- 
cations to useful purposes; and common writing-inks 
have been made from them—the advantage in their use 
consisting in the fact, that the marks produced cannot 
be setae, but are rather deepened by age. Some proto- 
salts of manganese have been used as a test for the pre- 
sence ofozone. For this purpose, manganic acid, Mn O,, 
in combination with potash, as the manganate of potash, 
has been proposed, which — to a nee gr as 
the permanganate, on exposure to air containing free 
ozone. The Shiet uses of the oxide of the metal, beyond 
those already indicated, are in connection with the 
manufacture of If heated with oxide of iron 
during the melting of glass, it deoxidises that metal, and 
so diminishes the tint which oxide of iron affords. If 
heated in quantities, it atfords a blue or amethyst tint ; 
and for a similar object it has been employed in the pro- 
duction of artificial gems. The chief source of proto-salts 
is the carbonate, and in the manufacture of chloride of 
lime: this is produced by converting the sulphate into 
that salt, and thence obtaining the metal again in a state 
of peroxide. We have observed this process adopted only 
at the works of Messrs. Tennant, of Glasgow. 


COBALT. 


Tus metal is, except in its state of combination, little 
more than a chemical curiosity. It may be obtained 
by heating the oxalate with charcoal: when fused, 
it resembles a mass of cast-iron in many respects ; and, 
amongst others, in that of being magnetic. Its equi- 
valent is 295. Specific gravity a little over 8; and its 
symbol, Co. 

In union with one equivalent of oxygen, it affords a 
protoxide, which may be obtained by adding a solution 
of potash to the sulphate, by which a hydrate is afforded 
of a fine ans | a f one be transmitted 
through water holding the protoxide in suspension, the 

sPonide (Cos, Os) is afforded. _ 

tho roto-chloride of cobalt has been employed as a 
aympathetio ink. Words written by means of a quill 
pen with this ink are almost invisible, or of avery slight 
pink colour, if the solution be dilute. If, however, the 
paper on which they are written be held near the fire 
the writing will appear of a fine blue colour, which will 
vanish on the paper becoming cool. Landscapes painted 
with this and the chloride of copper, have a very pretty 
and interesting effect. 

Nitrate of cobalt is chiefly used as a blow-pipe test, 
in which respect we shall have to speak hereafter of it. 

The most important combination of cobalt, in a com- 
mercial point of view, is that with siliceous matter, 

* See ante, p. 381, 


which produces the substance called “‘smalts.” This is 
obtained by roasting the ore, and subsequent fusion 
with sand and potash, by means of which a kind of 
lass is formed. ‘This, in the state of fine powder, 
is employed fe paper pertain Spee b — and 
othe: or the purpose ving a blue ti their 
goods. Oxide of cobalt is aoe employed in the manu- 
acture of artificial gems, to which it imparts a blue 


colour. 


CHROMIUM. 


Iy its metallic state chromium is.of no importance; 
but in combination with potash as a chromate, it is 
largely used for various purposes. The metal is obtained 
from its oxide by heating it with charcoal powder and 
oil, with which it is made into a paste. An intense heat 
reduces the metal, which then presents several of the cha- 
racters of cast-iron. Its ore is a chromate of iron, found 
in many parts of Europe. Chromium has an equiva- 
petal Lg Its specific gravity is nearly 6; and its 
sym r 

Chromium readily unites with oxygen, producing oxide 
and an acid. The protoxide is an unstable comments 
passing rapidly to a greater state of oxidation, ses- 
qui-oxide has a green colour, and may be produced by 
heating chromate of potash, and ing over it a stream 
of chlorine gas, by which chloride of potassium and the 
sesqui-oxide are afforded. This substance, in union with 
iron, forms the chromate of that metal, and consequently 
the ore called chrome iron. 

Chromic acid is the most important of the oxygen 
combinations. It results from a union of one equivalent 
of the metal with three of oxygen, Cr Os ; may be 
obtained from the bichromate of potash by means of 
sulphuric acid, The latter unites with the potash, 
setting the acid free, which has, like some of its salts, a 
rich ruby-red colour. Combined with potash it forms 
both the chromate and bichromate—the former affordi 
lemon-coloured ¢ ls, and the latter having a ri 
orange or red colour. e bichromate of potass is used 
by calico-printers and dyers; and chromate of lead 
atfords the well-known pigment—chrome yellow. <A 
higher state of oxidation affords perchromic acid, which, 
however, has not been completely investigated. 

Chromium combines with chlorine, forming two chlo- 
rides. With oxygen and chlorine, ro-chromic acid is 
produced. This may be obtained by fusing together 
common salt and bichromate of ; and, by subse- 
quently adding sulphuric acid, met distilling the mixture 
in a retort, the chloro-chromic acid passes over aS a deep 
red-coloured liquid. The other compounds of chromium 
are of no special importance. © oxides are used 
to produce coloured glass; and by the union with 
potash and other alkalies, a kind of alum is produced, 
analogous to those afforded by alumina and the alkalies. 


CADMIUM. 


Our readers will have noticed that we have described 
each metal in the order of its comparative value and 
general importance ; and this course has been chosen in 
the belief, that the general reader and the student would 
have their interest in our subject best maintained. We 
are now approaching that limit beyond which the natural 
history of the elements becomes a matter of importance 
to the experienced chemist only. 

Cadmium generally occurs in combination with zine, 
and, like that metal, is volatile. It is dissociated from 
zinc through its ter volatility ; and its presence 
during the distillation of that metal, is evidenced by the 
production of a brown-coloured flame ; that of zinc having 
a blue tint. Cadmium is somewhat like silver in appear- 
— but much softer, and is cod ia Tis equi- 
valent is 56; specific gravity, 8°6; and its is 
Cd. Its combinations with oxygen and the calts pro- 
duced from its protoxide, have no special application in 
the arts, &c., and are only of interest as the productions 
of an individual element. 
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OSMIUM, PALLADIUM, IRIDIUM, RHODIUM, 
AND RUTHENIUM. 


Tues metals are found associated with platina. Osmium 
has a specific gravity of about 10: its equivalent is 99°6 ; 
and the symbol, Os. It “agretri prem platina in 
appearance ; with it forms several compounds, 
nsstingalghisie'te the enn atid. This forms salts with 

bases, termed osmiates. > 
Palladium—symbol, Pd; equivalent, 53:3 ; ic 
gravity, 11'8—also resembles platina, but is soluble in 
nitrie acid. Its other- 
analogous to those of platina. Its chief uses have been 
for purposes in which a freedom from ready oxidation 
is required ; and it has lately beém largely employed as 
p Reet eadloby masigy axtl- 


“&e., for which purpose its extreme hardness renders it 
platina in their properties. Rhodium: has had a 
Sains application to that’we hive tamed in respect 
Seiridian, aabas ar ad 


7 ie © - 
VANADIUM, TUN , MOLYBDENUM, 
URANIUM, "Ere. 


Tuxse metals are all so rare as to scarcel ever come 
under the observation of the chemist. anadium is 


ree raptors cy Pine ar the 
tungstate of soda, been as 
sp saelendal: tep-smoune' 08 ede cotton and other 


ever valuable its properties may be. vi i: 

Molybdenum is a white metal, forming oxides and the 
molybdie acid. This produces salts with bases. «The 
metal is obtained from the native sulphide—a somewhat 

Uranium is obtained from a mineral called> 
blende. It forms oxides, the chiéf use’of which is that of 
colouring glass. The substance so formed has peculiar 
optical properties in reference to epipolic dispersion of 
ight. 


Titanium is obtained from a mineral called rutile. 
It combines with oxygen, producing oxides and the 
titanic acid. In some of its combinations it resembles 
the earth silica. 

Tellurium may be termed a quasi metal. It resembles 
silver in colour, and with oxygen forms the telluric 
con Some analogy exists betwixt this element and 

enium, 


Our readers will find, in our list of the elements, many r 


other substances belonging to the family of metals proper. 
Their properties are, however, so uncertain, and their 
interest so slight, as not to require any detailed notice. 
The two most interesting metallic elements lately dis- 
covered by means of the spectrum analysis of Messrs. Bun- 
sen and Kirchoff, have been named czesium and rubidium ; 
but the quantities of these yet produced are so small as 
not to warrant any de: mce on the characteristics 


they present, 


KALIGENEOUS METALS, OR THOSE PRO- 
DUCING ALKALIES.—POTASSIUM. 


From the barren waste of information presented by our 

limited knowledge of many of the elements we have just 

referred to, we turn with pleasure to the description of 

the alkaline metals, in which every interest of a scientific 
vou 1 


inations “are extremely 


and social nature is involved. There are few substances 
more completely identified with our daily life, manufac- 
tures, domestic matters, &c., than the alkalies, potass 
and soda. All our cleansing, bleaching, and numerous 
other processes depend on their use. The production of. 
soaps, candles, the purification of oils, the constitution 
of common salt, a many other products, are identified 
with them. And we therefore feel it necessary to 
give an extended notice both of their elements and their 
humerous combinations. 
Perhaps no discovery ever made in chemical science, 
ave.rise to such general excitement as that by which 
ir Humphry Davy demonstrated that potash and soda 
contained metals as a constituent. We learn that all 
ranks crowded daily'in the laboratory of the Royal Insti- 
tution, to witness the new.productions. Indeed, by 
means of these metals, our knowledge of the constitution 
of numerous other*bodies has been largely extended. 
‘ vely examined ; and as potassium 
and sodium have so great an affinity for oxygen, it is a 
matter of no rise sre em Aa employed as a 
means of analysis, and that,*t6o, with successful results. 
Perhaps the most surprising practical application of the 
discovery, has been that of an abundant production of a 
valuable and, useful» metal, in large quantities, from 
common clay, or other compounds of alumina, Chemistry 
is ever affording us surprising and unlooked-for results ; 
and ists, whilst constantly hoping for new disco- 
veries, do not forget their duty. to ind at large, in 
applying for the benefit of mankind, in a useful form, 
which, seen by the light of scientific research, is 
regarded by them with philosophical interest only. With 
these we shall now proceed to describe 


_ Porasstum, as its name would ae obtained from 
on some 


free. 5 
yy this mode of producing potassium, the voltaic 
current is employed to rate the oxygen from tlie 
metal; the: oxide of potassium is thus decomposed, and 


| the-metal obtaiied in minute quantities. 


_ Potassium, however, is ily procured in any quan- 
tity by means of the following process, The oxide of 
potassium, or potass, is first fused, and then allowed to 


run over iron-turnings heated to whiteness. These seize 

the oxygen of the potass, and the metal potassium is 

thus set free. The following engraving illustrates an 
Fig. 70. 


= —— << 
arrangement by means of which potassium can be manu- 
factured on the small scale.’ In the centre is a furnace, 
3D 
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iron 
is another tube, 
by a small furnace hung : 
potass runs on to the iron-turnings, when, 
decomposed, the potassium is produced. This 
isti and falls into basin holding naphtha free 
from ox The tube, on the left-hand side, 
asa ind of safety-valve for the escape of vapour, 
vents any risk of accident in case the iron tube 
dd become up. ‘ 
There are other modes of a on the large 
scale; but that we have descri will acquaint our 
readers with the general principles of its manufacture. — 

Potassium has a se gravity of ‘86; its symbol is 
K (kalium); and its equivalent, 39-2. In its ordinary 
form, as sold at the shops, it is in the shape of peas, 
having, externally, a b appearance, owing to the de- 
composition of the naphtha in which it is Mpeg for 
the purpose of preventing its oxidation. If one of these 
globules be cut open, a shining metallic appearance is 
presented, which, however, is soon lost, owing to the 
action of the oxygen in the atmosphere. If a piece of 

jum be cast on to = that getty at one 
mposed, and the libera drogen combining wi 
@ portion of potassium in the saree of potassiuretted 
hydrogen, catches fire. This fact was applied by Mr. 
intosh to the construction of a new kind of shell for 
warlike purposes, An ordinary bomb-shell was to be 
filled with any inflammable liquid, and at the opening a 
few small pieces of potassium were fixed. This shell, on 
bei fired from a mortar and striking an object, would 
, and its contents falling out, the potassium would 
imflame the liquid. A simple experiment, illustrating 
the principle, may be easily tried by filling a thin glass 
with ether, and dropping into mid egal potassium. 
the glass be then thrown into av of water, so that 
it Roan broken at its sides, the shell will break, and 
the potassium, coming in contact with the water, will at 
once inflame the ether. However ingenious this plan 
may be, the practical difficulties existing in its application 
have prevented its adoption. We need scarcely add that 
ether and ium are articles scarcely fit to be en- 
trusted in the hands of our sailors. Potassium fuses at a 
temperature of 150°, and may be distilled over like 
water, if out of contact with the atmosphere. It may 
also be, in one sense, welded together at common tem- 
peratures, as it has a kind of paste-like consistency. 

Potass, potash, or pearlash, is an oxide of potassium 
(Ko); the two latter names being applied to the article as 
ound in commerce. It is produced as a hydrate when 

tassium is exposed to the action of the atmosphere. 

ercially, it is obtained L4 burning various plants ; 
hence its name of potash. e salts set free are then 
dissolved out by water, when the carbonate of potash, 
one of the. products, is decomposed by boiling with lime. 
The latter seizes the carbonic acid, forming chalk, and 
the liquor is then concehtrated in iron vessels, until a 
nearly solid substance is produced. The temperature 
being raised, the potass becomes fused, and is poured 
into moulds. In the ordinary state it is a rough mass ; 
but as sold by the chemists, it is generally in the shaj 
of small sti which, from their action on ani 
are used as a caustic. Potash readily absorbs, in this 
state, both moisture and carbonic acid. As a liquid, 
Spe Se. 

is ly emp! ‘or various 

With oils it forms soft soaps. Its detergent enecties 
make it of great value to the bleacher, the laundress, 
and others. A peroxide of potassium is produced when 
the metal is burned in oxygen gas. 

Sulphur and potassium unite to form a sulphide, on 
potass being fused, together with sulphur. The various 
salts uced by the union of potass with acids require 
an individual notice, from their general importance. 

There are two sulphates of potass. sulphate is 
produced when sulphuric acid and potass, or almost any 
of its salts, are added together. It is a ine sub- 
stance, and affords no acid reaction. The bisulphate is 
produced by heating the sulphate with sulphuric acid; 


npowder. It is imported in large quantities from 
fonda; which, in fact, is the chief source of its suj 3 


being employed in the gunpowder and 
this is effected by ismactel elation end orgies 
lisation. its form, nitre is found in beautiful 


process of em > 
Chlorate of Potash.—We shall describe this salt next 
to nitre, because in almost e respect it resembles 
that substance. It is prod by ing chlorine 
through a solution of potass, by which the chloric acid 
resulting unites with the base. The liquid is then 
pacherorsngse x the chlorate is afforded in small flat 
crystals. is salt has become of importance in 
connection with the manufacture of lucifer-matches ; and 
from being only a chemical curiosity, it is now an 
article of extensive manufacture. On being heated it 
affords 7 oxygen Carbonaceous matter mixed 
with it deflagrates with great violence. It was proposed 
to use it in place of nitre; but it so readily with 
its oxygen, and forms with sulphur so explosive a com- 
pound, as to present the danger in such an 
attempt. A few grains of te of potash in powder, 
mixed with sulphur, and rubbed in a mortar, or struck 
with a hammer, explode with great violence. If a little 
sugar and chlorate of potass be mixed bss mean. the 
may be inflamed by means of a drop of amar Best 
And so readily does this salt promote combustion, that 
pieces of phospho- Fig. 71. 
rus in a glass of 


periment is best 

accomplished by 

pouring on to 

the crystals and 

phosphorus some \ 

strong sulphuric 

acid through a k H 

funnel, in the : 

manner represented in the above | ving. 
Perchlorate of potash may be produced by adding sul- 

phuric acid to the chlorate, when a portion of the base is 

removed. The operation is attended with great danger, ~ 


and should, therefore, not be attempted at all by the 
car- 


student. 

Carbonate of Potash.—The i is a 
bonate in an impure form. eign ral ase abs i 
produced by passing a stream of carbonic acid through a 
solution of the carbonate. Both of these salts are used 
in medicine, and for other purposes. 

The combinations of potash, besides those we have 
named, are veryrumerous, The chloride ot pene is 
afforded when the chlorate of potass is h until all 
its oxygen is driven off, when a white crystalline mass 
is left, which is very soluble in water—produces great 
cold during its solution, and is analogous to common 
salt. The iodide of potassium has, aed frequently 
named in our previous especially in connection 
with pho phy ; in whi i 


used. With tartaric acid, pote prone aaa . 


= Sm 
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bitartrate, or cream of tartar. With chromic acid, the 
chromate and bichromate are formed, of which we fully 
spoke under the head of Chromium. The acetate, oxa- 
late, citrate, malate, prussiate, and numerous other salts, 
are produced by the union of potash with the ive 
acids. Were we to attempt to give a list of all the salts 
ucible by the union of potass with acids, we should 
ve to include the whole of the latter. the combi- 
nations of potash are soluble in water; and hence they 
become of great value as tests in the laboratory. The 
carbonate is often employed as a flux, both for blow-pipe 
investigations, and for the analysis of siliceous matters. 
Potassium itself is largely employed as a deoxidising 
agent, owing to its powerful attraction for oxygen. 


SODIUM. 


In many respects sodium resembles the metal potassium. 
It is prepared in an exactly similar ence: he car- 
bonate of soda, however, being used. Its specific gravity 
nearly equals that of water ; its symbol is Na, and the 
equivalent 23. Sodium will not inflame if cast in ccld 
water. If, however, perch be poet the metal be 
placed on a piece of we' otting or filtering-paper, it 
will decompose water, and afford a w flame. The 
production of this colour by salts of soda in flame, is 
a general characteristic of their 

> is the lpyper of sodium ; ar as an sere 
mannfacture, itis of great importance. e ordinary 
of commerce is a sub-carbonate, from which the hydrate 
may be obtained by boiling a solution of the salt with 
lime. The earth combines with the carbonic acid, and 
80 leaves the soda itself in its caustic state, 

Common. salt is the source whence soda is manu- 
factured. “The salt is mixed with dilute sulphuric acid, 
which so forms the sulphate ; the hydrochloric acid 
ing off in a gaseous’state. The sulphate is then mixed 
with sawdust or small and roasted for some time. 
By this the ag 2 is deoxidised, and the sulphuric acid 
decomposed. impure carbonate of soda is produced, 
which is purified by solution and tallisation. Soda 
ash, as it is termed, is the same su ce in the form 


of a aoe It, epertg generally contains a less 
proportion of carbonic acid ; approaching more nearly to 
Gmstadtivints ¥ 


is largely employed for numerous purposes. 
With oils, it forms pe heed soap—uniting with the 
stearine of the fat, and so producing a stearate of soda. 
The common yellow soap of commerce often contains 
resinous matter, which is used for the sake of cheapness. 
Mottled soap is produced by adding a small portion of 
copperas (sulphate of iron), by which the veins, noticed 
in that article, are obtained. The better kind of soaps, 
such as curd, &c., are made from mutton fat ; and brown 
Windsor, and other scented preparations, are manu- 
factured therefrom. In bleaching, soda is used to re- 
move and resinous matters from the yarn and 
cloth ; but of late years, lime has been substituted for 
it, as being acheaper material. The domestic uses of soda 
we need not refer to. 

Soda unites to form soluble salts with most of the 
acids; and the following are amongst the chief of its 
salts :—Sulphate of soda, formerly known as Glauber’s 
salts, is easily epee by Cage ag agli acid to any 
salt of soda. It is extremely soluble in water ; and may 
be employed by the student in initiatory experiments on 
crystallisation. 1f this salt be dissolved in Cnitne-waier 
to saturation, and the solution be put away to cool in a 

lass flask carefully corked up, it will not crystallise if 

pt quite still. instant the cork is removed or a 
small piece of sand be dropped in, the whole liquid will 
shoot out into beautiful crystals, and be converted into 
a solid mass. If the external of the vessel be held 
in the palm of the hand, a considerable evolution of heat 
will be also noticed. 

Soda and sulphur unite to form sulphites and the hypo- 


sulphite. The latter salt has been extensively employed | 


asa ‘‘ fixing” agent by photographers ; and is produced 
by heating the sulphate with sulphur. Itisa Seteralline 


body ; and in a solution with water, readily dissolves 
oxide of silver—hence its employment in the way we have 
named. Nitrate of sodais prepared by adding nitric acid 
to any of the soda salts, with the exception of the sul- 
phate. In its properties it greatly resembles nitre ;* 
and, in fact, is sometimes employed as a substitute for 
that material, in the manufacture of gunpowder and fire- 
works, for which purpose it is largely imported into this 
country from India. Its natural production is due to 
the presence of decomposing animal matter, which affords 
the nitric acid of the salt. 

Chloride of sodium is the well-known common salt. 
This substance abounds in nature ; and is a constituent 
of sea and river water, in variable proportions. It is 
obtained from various sources—as the evaporation of sea- 
water. Our supplies for domestic use are drawn from 
the salt mines, uf which the most notable are those of 
Cheshire, in England, and Cracow, on the continent. 
The rock-salt has a yellow or brownish colour, owing 
to the presence of oxide of iron. On being dissolved, 
however, this oxide falls down in an insoluble form. 
The liquor is then evaporated, and left to crystallise, 
when white salt, such as is used at our tables, is afforded. 
Pure chloride of sodium is obtained by adding hydro- 
chloric acid to a solution of carbonate of soda. 

Common salt seems to be essential to animal ex- 
istence ; for not only is it used as a condiment by man, 
but it is a great favourite with almost all animals, form- 
ing a constituent of their bodies. We may refer our 
readers for further information on this subject, to the 
remarks of Dr. Moleschott, at a previous page. t 

We have already described the carbonate of soda, as 
obtained from common salt. In an impure form it is 

roduced from the ashes of sea-plants ; and, as such, is 
own as barilla in commerce. At one time, the only 
source of soda was that of burning sea-weed ; and in 
many parts of the English and Scottish coasts, the 
names of small villages are derived from the ‘‘ pans” in 
which the barilla, or kelp, was produced. If a stream 
of carbonic acid be through a solution of the car- 
bonate, a bicarbonate is afforded, which is largely used 
as an antacid in medicine, A natural carbonate, con- 
taining two equivalents of soda to three of carbonic acid, 
is found in some places ; but not in quantities to make 
it of much value as an article of commerce. 

Borax, which is a biborate of soda, is largely imported 
from Tuscany, which affords a natural supply of boracic 
acid. This salt is much used by metallurgists and 
others, as a flux ; and with many oxides it affords a glass. 
It is much used in the producticn of artificial gems. 

With acetic, oxalic, and other vegetable acids, soda 
unites to form salts ; but as these are of no special im- 
portance, we shall not further allude to them, 


LITHIUM. 
Tats metal, like potassium and rane may be obtained 
from its oxide by means of a powerful voltaic battery ; 


and in its general characteristics it is much like them. 
Its equivalent is 6°5; the symbol, L; and its specific 
gravity much less than either of the alkaline metals. 
Its oxide, lithia, is analogous to soda and potass ; and, 
like the alkaline properties. It is a con- 
stituent of e tourmaline and other minerals ; and forms 
a link between the alkalies and earths. As, however, 
it is of great rarity, we shall not occupy any space in 
its consideration. We may observe, that Messrs. 
Bunsen and Kirchoff have discovered, by means of their 
spectrum analysis, a new element, which has been 
termed cesium, in some of the compounds of lithia, 


TERRIGENEOUS METALS, OR THOSE 
PRODUCING EARTHS. ‘ 


Havine described the properties of the metals proper, 
and of those producing alkalies, we shall now turn to a 
very interesting branch of chemical science, and proceed 
| to describe those metals which, by oxidation, produce 
* See ante, p. 386. t Ante, p. 354. 


| abound in 
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earths, Although the face of nature presents a most 


diversified from the barren rocks to the 
cultivated soll still the number of earths is very limited ; 
and taking the average of the soil, &c., of this kingdom, 
we do not find its essential ingredients to exceed three 
or four in number, of which silex, lime, and alumina are 
the chief. Of course, in minute quantities, many other 
substances are t, which are essential to the growth 
Gel catohooen at ts. Common clay is a mixture of 
alumina and oxide of iron. The of our hills and 
the sea-shore is composed of silicious matter, or pounded 
flint. Gravel is mostly composed of silex and oxide of 
iron, which gives it its colour. The chalk rocks, which 
t and other places, are nearly pure .car- 


bonate of lime. Granite, felspar, quartz, &c., which 


| form the primitive rocks, are chiefly composed of silex 


whilst those of the secondary and other formations 
have alumina, silex, magnesia, and lime, in constantly 
varying proportions. The earths have been divided into 
classes ; namely, earths proper, and alkaline earths ; of 
the latter, are lime, magnesia, and strontia. To 
the observer of nature, as well as to the geologist 
and chemist, the disintegration of the rocks, and the 
productions of soil, are matters of deep interest. The 
action of air and water gradually crumbling down the 
most solid mass ; the first evidence of vegetable existence, 
as seen in the humble moss, which, whilst robbing the 
rock to supply itself with food, converts that rock from 
a barren waste to a fruitful soil; the liberation of the 
constituents of the rock, which afterwards afford nourish- 
ment to the —_— -— tree nee and ripe gy ae 
changes, ly but constantly taking p inves 
the “ert Oe the earths with the deepest interest. But 
we must reserve our remarks on this subject for that of 
Agricultural Chemistry, in which we may more properly 
dilate on the variety of changes which occur in the 
production of soil, plants, &c.; and we shall at once pro- 
ceed to describe the cortier the metals, and compounds, 
together with their varied uses in commerce, medicine, 
and manufactures. 


ALUMINIUM. 


One of the curiosities of modern times, is the 
production of a valuable metal from common clay, which, 
in its pure form, is simply an oxide of the metal alumi- 
nium, or, as it is also called, aluminum. Its discovery 
has resulted from those of Sir Humphry Davy, who, as 
we have already remarked, was the first to prove that 
the alkalies, potass, and soda are the oxides of metals. 
Aluminium has a specific gravity of 25 ; and is there- 
fore of about the same as that of glass; its symbol is 
Al ; and the equivalent=13-7. 

It is best produced by the process of M. St. Claire 
Deville, of Paris, to whom we are indebted for the com- 
mercial importance of the metal. A mineral called 
** cryolite” is its most convenient source ; but the follow- 
ing plan may be adopted to procure it from clay :—This 
material, with sugar and charcoal, is to be made into a 
ey which is then to be placed in a platina tube. 

tube is to be heated in a convenient furnace toa 


| red heat; and chlorine gas is passed over the paste. 


| through the followi 


By these means the chloride of aluminium is produced 
chemical change which takes place. 
The oxygen leaves the aluminium of the clay, and the 
chlorine takes its place; so that we find the chloride 
formed in place of the oxide. Now, as the chloride of 
the metal is very easily sublimated or removed by heat, 
speedily passes away from the platina tube, and col- 
lects in a receiver placed at the other end of the tube, 
in the form of a primrose-coloured powder, * Great care 
must be taken that the atmosphere has no access to the 
receiver, because the moisture it naturally contains 
would be absorbed the salt-like substance, and such 
would be thereby ered unfit for the purpose of ob- 
bao 4 the metal. The chloride thus produced is then 

«i with the metal sodium, by means of which the 
chlorine is taken from the aluminium, and combines 
with the sodium, forming common salt. The metal 


= 


aluminium is then found at the bottom of the crucible, 
of a white colour, and having the ap 


and in many of its qualities it is similar to that metal. 


The first bar of aluminium which was exhibited in 


this country, was sent by the present Emperor of the 
French to the Polytechnic Institution, t-street, 
London ; and it excited, at the time, the deepest interest 
in scientific circles, On the occasion of its first exhibition, 
many of the ating eee celebrities of the as 
were present ; and Messrs. Hunt and Roskell, of 

street (her majesty’s jewellers), kindly lent numerous 
specimens of emeralds, and other precious stones; for the 
purpose of elucidating the rationale of the process. We 
may here remark, that emeralds, rubies, — and the 
corundum, with other gems, are largely composed of 
aluminium in the state of oxide—such as the pure 
alumina, of which we have been speaking. : 

Aluminium is susceptible of a high polish. It has 
naturally a whiter colour than pure silver ; and whilst 
that metal soon tarnishes, or loses its polish when ex- 
posed to air berry d sulphur, which invariably occurs 
in places wherein -gas is b aluminium retains 


its polish, because its affinity for sulphur is very slight. . 


It is very ductile, and may therefore be drawn into a 
wire. It may also be easily beaten out into sheets or 
plates, and in that form ry Sh employed for a vast 
variety of purposes. It has made into brooches, 
spectacle-frames, helmets, spoons, chemical apparatus, 
and various other utensils ; and, so far as we can judge, 
it promises to be of extreme value, generally speaking, 
in its employment for all purposes w: freedom from 
action by chemical agents is required. 

The sulphuric, nitric, and hydrochloric acids have but 
a slight, if any action on it. Indeed, in our own ex- 
periments we have found that its chief enemy (if we may 
so call it) is any kind of alkali, such as potass anc 


If a bar of the metal be immersed in either of these 
prea the pee go which they are oe is L — 

ecomposed, and hydrogen gas is given off. A jelly-like 
substance forms on the surface of the metal; and on 
chemical examination, such is found to be the hydrate 
of alumina. This, however, only occurs when the alkaline 
solution is very strong—a circumstance rarely, if ever, 
occurring in daily life. 

It will thus be observed, that modern chemistry, al- 
though it does not turn whatever it touches literally into 

ld, yet it has the power of eee: - from the very 
Fast which we shake off our feet, a metal valuable to 
us in the highest degree. It may be safely said of 
experimental science— 


“Wh it t 


4 
Give the chemist the refuse of our manufactures, and 
he will, by the potent aid of his art, almost create that 
which is truly valuable from that which ap, next 
akin to nothing. He calls out of the chaos of nature its 
most valued elements ; and by the intelligence which he 
exercises, he invests with interest that which had been 
a matter of offence and repu, ce. 

Alumina is the only oxide of the metal ; and it may 
be produced by adding a solution of carbonate of am- 
monia to one of common alum. The precipitate, when 
dried, affords a white powder, which is the earth alumina. 

This substance, as found in the form of clay, is of great 
importance; and as such, is the material from which 
China, pottery, bricks, &c., are produced, The colour 
of clay varies considerably ; the pores or ‘ kaolin,” 
being nearly white. London clay has a slate or 
blue colour ; whilst that from which the lower kinds of 
pots, pans, bricks, and tiles are produced, is of a brown 
tint before being heated, and attains a red colour after 
undergoing the process of baking. 

The quality of whiteness, comparative transparency, 
&c., found in the — kinds of porcelain, are due to 
the nature of the clay employed in the manufacture, 
blog Ss a specie of 7 ss to an im- 
pa e powder, is mixed, so that an homogeneous 
paste is produced. This then undergoes the epee of 


hes it adorns.” 


of silver: 


| 


= 
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sour of manufacture, the potter’s wheel seems to 
ve undergone the least alteration by the lapse of time ; 


the 
shelves, on whic 


common 
kiln, and by means of an intense heat the surface is 
fused, and a glaze formed thereon. On cooling, the 
pottery is then ready for sale. If patterns such as we 
observe in china and plates, &c., be required, such are 
inted on before glazing; and in that process they are 
ee ne ee tye 
receding remarks afford a gen insight in 

the sada iaihers of all kinds of ceramic ware. Our 
limits proscribe us from entering into minute details. 
Those of our readers who may be desirous of full infor- 
mation on the subject, and yet have not the opportunity 
of visiti over hag: chr ete ser ether Rt 
in the brick-field, which is a rough but accurate 


- 


sulphuric acid, gives rise to a series of compounds 

wn in commerce as alums, The manufacture of 
alum is always carried on in close proximity to the place 
where the slate or suitable clay is found; and at Camp- 
sie and Hurlet, near Glasgow, immense quantities of the 
article are produced. The slate is first roasted, by which 
it is reduced into powder. Exposed to the atmosphere, 
a chemical decomposition ensues. Sulphuric acid is 
produced by the oxidation of the sulphide of iron, and 
so a sulphate of alumina is formed. Potash being added 
thereto, a double salt results, forming a smalpite of 
potash and alumina, which is the ordinary alum of com- 
merce, Instead of potash, soda or ammonia may be 
substituted with a similar result. 

The chief uses of alum are those in dyeing; for the 
alumina which it contains has the power of attracting 
the colouring matter of vegetable bodies. For this 
reason it has been termed a mordaunt. The principle 
of its employment for this purpose may be readily under- 
stood by adding an infusion of many vegetable colouring 
substances to one of alum, and on precipitating the alu- 
mina by means of an e carbonate, a coloured pre- 
cipitate will be produced. In the process of dyeing, the 
yarn or cloth is first steeped in a solution of alum, 


_ and subsequently boiled in one of the colouring matter, 


by means of which the colour is precipitated in a solid 
form, and fills up the minute tubes of which the fibres 
of cotton and wool are composed. Alum is also em- 
loyed in medicine as an astringent. The other com- 
Pinati ions of alumina do not require special notice. 


SILICON. 


We have placed this substance amongst those ae 
ducing earths, rather as a matter of convenience—silica, 
its oxide, being one of the most common constituents of 


rocks and soils. It may be obtained from pure: silex, 
which is a combination of silicon with oxygen, by heat- 
ing the silex with the potassium. It is a powder of a 
dark-brown colour,-and, in some respects, is more analo- 
gous to carbon than to the metals. Its symbol is Si, 
and its equivalent 21:3. 

Silica, silex, or silicic acid, is found in its purest state 
as rock tal; it is also the chief constituent of common 
flints, and of the sand of the sea-shore, &e. It is com- 
a of one equivalent of silicon with three of oxygen, 

i O,. It may be prepared artificially by fusing sand 
with four times its weight of carbonate of soda: the 

roduct is afterwards to be dissolved in water and 
ydrochloric acid, and the solution is evaporated to dry- 
ness, when a white insoluble powder is afforded, which is 
the silica. It has a gritty fecling in the mouth, and is hard 
to the touch, Silica, in a crystallised state, is often to 
be noticed on the outside of some kinds of grasses. A 
chloride of silicon may be produced by similar means 
mentioned for obtaining chloride of aluminium, silicon 
being substituted for silica in the process. Silicie acid 
unites with soda, &c., to form silicates; and, by such 
means, a soluble glass is formed, which has been much 
used as a preparation for coating stone liable to decay 
by atmospheric influences. The application of silica 
promises to be of great importance; and it has been 
proposed to arrest the p of decomposition now 
going on in the stone wu in building the Houses of 

arliament, which is rapidly being disintegrated by a 
variety of causes. 

The most important use of silica, in a commercial 

int of view, is that of the manufacture of glass of all 

inds, of which it is. an essential ingredient. For this 
Pp , sand is fused with soda, together with a little 
oxide of lead, to give it fusibility. The ‘‘ metal,” as it 
is called, is kept in a state of fusion for some hours, 
until all the ingredients are completely mixed. The 
colour of glass varies, and has a greenish tint if oxide 
of iron be present. Coloured glass is produced by burn- 
ing various metallic oxides into ordi glass at a 
high temperature. The oxides used for this purpose 
have already been named in our previous pages, under 


the heads of their individual metals. (See Iron, 
Copper, Cobalt, Chromiu Manganese, ec.) If a 
proper proportion of alkali be employed, ordi ass 


is unacted on by air and moisture. The lapse of time, 
however, indicates that a very slight action takes place 
on most kinds of glass, although the progress is very 
slow. Artificial gems are produced by melting together 
metallic oxides, silica, and alkalies; and to so great a 

ection has this art arrived, that some-productious 
of this kind almost equal the true stone in their beauty 
of colour and other qualities. Hydro-fluoric acid is the 
only one in which silica is soluble, and it is accordingly 
employed in etching on glass surfaces. 


CALCIUM. 


Tuts metal, which is at present very rarely obtained, 
may be produced by heating lime with potassium or 
sodium, Its —— is 20, and the symbol Ca. It 
is ‘highly possible that if the attention of chemists 
were turned to its production in quantities, another 
valuable addition would be made to our stock of useful 
metals. The general properties of calcium are but little 
known. ; 

The well-known earth, lime, is an oxide of the metal, 
Ca O; and it may be obtained by heating chalk (its 
carbonate) to redness in an open vessel. By this, the 
carbonic acid is driven off : access of air is required, be- 
cause the gas is liable to form a heavy superstratum if 
the operation be carried on in a closed vessel. On the 
large scale; lime is produced by burning chalk or lime- 
stone in a kiln. Soft and hard lime are respectively 
produced by the use of these two materials. 

Lime is used for a great variety of pu With: 
sand, it forms mortar, after being laked ; during which 
process, a great amount of heat is set free ; sufficient, in- 
deed, to set fire to wood. It frequently happens that 
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| makers employ it to saponify tallow in the process of 
| the stearine manufacture. It is an essential constituent 
of all soils ; and is found in almost every vegetable and 
animal, in the form of either sulphate, carbonate, or 
phos In the process of tanning, it is used to re- 
mo ins ; and in solution as lime-water, 
is a useful depiliatory for removing superfluous hairs 
the head and face. ; 
Chloride of lime, so called, is produced by passing 
chlorine gas over slaked lime, by means of which the 
| gas unites with the earth, to form what is termed a hy- 
_ pochlorite, The manufacture of this substance is carried 
on to a large extent for the use of bleachers ; and per 
haps no chemical product is of more value to us, in a 
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oxide of iron usually present. It is then immersed in a 
tepid solution of chloride of lime; and havi 
out and drained, it is dipped into a trough containing 
acid and water, which sets free the chlorine. After 
re Seema abundance of water, the yarn is then 
ied ; and will have acquired a perfectly white colour 
during the process. Chloride of lime is much used also 
as a clisinfectant, for which it is extremely valuable. 
Lime unites with chlorine, forming the chloride of 
calcium. This substance is much used in chemical 
laboratories to absorb moisture. It is prepared by 
saturating hydrochloric acid with lime ; and after evapo- 
rating the water as far as ible, the crystals are fused 
in a crucible. The chloride must be preserved from con- 
tact with the atmosphere, or it will speedily become 


— from the absorption of water. 
uorine and lime unite to form a fluoride, of which a 
well-known mineral, fluor sper, is composed. This is the 


chief source of fluorine and hydro-fluoric acid. The phos- 
phide of lime has been datady described, under the head 
of Phosphorus. * 


Sulphate of lime forms the well-known plaster of Paris. 
It may be prepared by adding sulphuric acid to the car- 
bonate ; but, on the large scale, it is produced by burning 
the crystallised form of the salt, called gypsum. Its 
uses are numerous ; amongst which, the most important 
are that of producing a cement, and for making 
statues, &c. It has a great attraction for water, an 
80 becomes solid on being mixed with that liquid ; hence 
its employment for the purposes we have referred to. 

of the sulphate abound in London clay, wherein 
they may be readily distinguished by their glistening 


ce, 

*PBarbonicacid and lime unite to form the carbonate, which 
abounds in some parts of the world as chalk and lime- 
stone. Chalk is the source whence lime is obtained ; and 
both are much used as a dressing for land. Carbonate 
of lime is found in both the vegetable and animal king- 
doms in abundance. Although insoluble in pure water, 
it is readily dissolved by water holding carbonic acid in 
solution. It is the chief cause of the hardness of 
water; but it may be removed by adding lime-water, 
which ipitates the lime in solution as bicarbonate, 
| by seizing ite ne acid. “A Svs of Aberdeen, 
¥ ingeniously proposed to apply this process for ren- 

cane alae soft ; and it “Hips gone in use at 
| Charlton, near Woolwich, where, owing to the water 
being obtained from the chalk hills, the water is very 
| hard. On boiling water containing chalk in solution, the 
| latter is deposited ; hence the cause of the fur in tea-kettles 
| and steam-boilers, Stalactites are formed by the drip- 
* See ante, p. 371. 


ping of water charged with the bicarbonate of lime, 
through crevices in caves, éc,, of which there are nume- 
rous instances in Derbyshire. The doubly refracting 
Iceland spar, and the beautiful mineral ite, are 
both carbonates of lime, These may be generally found 
in the crevices of limestone rocks ; and are produced by 
crystallisation of the soluble carbonate, as it trickles 
down their surface. Marble is a carbonate of lime which 
has undergone fusion. If chalk be rammed into a gun- 
sen — hen ints a heat in pend 
orge, it will present, on ing, appearance of mar- 
ble. When that substance is of a white i 

texture ; and the black or colovred veins in it are pro- 
o— by the presence of metallic oxides, especially that 

mn. 
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Some of the most important salts of lime are the phos- 
phates. They form, as we have frequently remarked, 
an essential constituent of bone. The supe rhea 
so called in commerce, is produced by adding uric 
acid to calcined bones, when sulphate of lime is also 
afforded. This is a valuable manure, and as such, is 
highly prized by farmers. Guano, and all animal excre- 
mentitious substances contain it in considerable quan- 
tities. A phosphate may be readily produced by addi 
phosphate of soda to the chloride of calcium in solution. 

In medicine, lime, as a carbonate, the creta preparata 
of the shops, is used as an antacid, which is also an ex- 
cellent dentifrice. It is an essential ingredient in sea- 
water ; hence the large quantities of chalk contained in 
rab peo The of all birds are rege composed of 
it an umen ; it is asingular + pod-bearing 
vegetables. bear no fruit in its absence; Pit in the 
animal kingdom, birds will lay eggs without shells if 
deprived of its use, 


MAGNESIUM. 


Tuts metal forms the basis of the well-known earth 
magnesia. It is obtained by heating potassium and 
the chloride of magnesium ther, in a test-tube or 
crucible. At the moment that decomposition takes 
place, both light and heat are evolved, and the metal 
magnesium is set free. 1t has an ap ce similar to 
silver ; its symbol is Mg, and its “ree 12-2. Mag- 
a is = ae of the metal ; - isa ae abun- 
nt earth. It is a constituent of many i 
of the magnesian limestone. Sea-shells also pis armed 
and as a chloride it is found in the water of the ocean, 
In its pure state it is a white powder, soluble in 


scarcely : i 
water, and belongs to the alkaline earths, Its chief | 


salts are the sulphate and carbonate. 


The sulphate is the well-known Epsom salts, so largely 


employed in medicine. It is a constituent of my @ 
a waters, and derives its name from the town 
pso 
tained y digesting sulphuric acid with 
stone; the solution being afterwards crystalli 
The carbonate of magnesia, also used in medicine as 
an antacid, is found abundantly in a native state, com- 
bined with lime. The rocks formed of these materials 
are termed dolomite ; and they are extensively used for 
building purposes ; the new Houses of Parliament, and 
many other public buildings in London, &c., being con- 
structed of it. When first precipitated, the carbonate is 
a bulky white powder, which, on being heated, contracts 
considerably. The two kinds are sold in the noms as 
light and heavy magnesia. It is soluble in excess of car- 
bonic acid ; and in that way can be obtained in crystals. 
Murray’s fluid magnesia is prepared by dissolving the 
carbonate in water containing carbonic acid in solution. 
The chloride is produced by adding hydrochloric acid 
to the carbonate ; or, still better, by the addition of sal- 
ammoniac to this solution ; when, after evaporation, it 
is to be fused. It must be preserved from access to air, 
as it is highly deliquescent. As we before mentioned, 
the metal is obtained from this substance, 
Magnesia combines with nitric acid, forming a nitrate; 
and with ammonia and phosphoric acid, it produces a 
double salt, scarcely soluble in water. 


in the wells near which it is found. It is ob- | | 
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Neither magnesia nor its salts have any application to 
the arts or manufactures; and their uses are almost 
entirely confined to medicinal purposes. 


BARIUM. 


Tuts metal is obtained by the action of potassium on 
its oxide, and presents a similar ap ce to 
those obtained from other earths, Its symbol is Ba, and 
the equivalent equals 68°5. 
derives its name from its great specific gravity, 
being the heaviest of the earths. It is the a of 
the metal, and may be obtained by heating tie carbonate 
to redness, when a grayish-white powder is produced, 
much resembling lime in its leading properties. In the 
state of a hydrate, baryta may be crystallised ; it has an 
alkaline reaction on test-papers, and is highly poisonous. 
The sulphate of baryta, or heavy spar, is found in 
artificially, by adding 


work-makers as an ingredient in gree 

ride, which is also a useful test, is readily produced by 

the solution of the carbonate in hydrochloric acid, from 

which the salt, in a crystallised state, is readily obtained. 
A : 7 : 

the 


neo egelaener a Ce lr a 
crystalline hydrate. ative te strontia is 
termed celestine, and is found in totion of the northern 
counties of England and Scotland in a crystalline state, 
some of the specimens presenting a beautiful appear- 
ance. The nitrate is produced by dissolving the car- 
bonate in nitric acid. This salt atfords a fine deep-red 
flame when burned with spirits of wine, and is used in 
the manufacture of fireworks to produce coloured fire, 
&c., which affords a splendid deep-red colour. The car- 
bonate, as we have remarked, is found in a natural state. 
It may be produced artificially, for laboratory uses, b 
Sere st hydrate to the action of carbonic aci 
The ide and other salts are producible by means 
similar to those for making barytic salts. 


It only remains for us to mention, that there are four 
earths very rarely met with, which complete the list of 
that class of bodies, They are Thorina, Yttria, Glucina, 
and Zirconia. Thorina is obtained from the mineral 
called Thorite. Yttria from Gadolonite, &e. Zirconia 
from-Zircons; and Glicina from a few minerals, amongst 
which the emerald is the chief. The properties of these 


earths already described; but as — been scarcely 


investigated, any bee ea of 7 gg a 
is almost impossib! 
etal bases analogous to miadet sess oomenl i iy. 


TESTS FOR METALS, Ero. 
Ix our previous pages we have described the leading 


properties of metals proper, alkaline, and earth-pro- 
ducing metals ; and we shall presume that our readers | 
have become well acquainted with their individual cha- 
racteristics. We shall now proceed to mention the) 
usual mode of detecting the presence of the leading | 
metals and their compounds. This will serve the double | 
purpose of teaching the art of testing and of giving | 
exercises, by means of which the student may become | 
cp aay acquainted with the various states and con- 
itions in which metals and their oxides are met with 
in nature, or in the course of laboratory practice. We | 
shall resume the plan of experiments, and point out the | 
various tests, and the mode of using them in the 
manner adopted by analytical chemists. Our readers, 
by trying following experiments, will thus obtain 
an insight into the methods of in ic at organic 
analysis, on which we shall have to dilate hereafter. 

The object of a test is to discover, by the addition of 
one body to another, the presence of that which is being 
sought for; and our article on Arsenic illustrates one 
application of this fact. To apply part dy ont test in 
any ease requires that we should be ly acquainted 
with the properties of the test, and also of the substance 
tested ; and nearly every substance so employed has 
already been fully described. If our readers, therefore, 
have any difficulty in this ig they need only refer 
to the substances named under the heads of the re- 
spective metals, when they will at once obtain the re- 
quired information. 

The state of solution, if not always necessary, is, at all 
events, the most convenient for the eed eee of testing. 
The icles of a body are then in the most favourab 
condition to obey the laws of chemical affinity. Being 
suspended ina fluid, they are easily moved ; and so, 
whether remaining in solution or precipitated as a 

wder, they are at once under our command. For the 
ollowing experiments a number of test-tubes, Florence 
flasks, some filtering paper, a funnel, stirrers, &c., are 
required, We may notice, that in many cases slips 
of window-glass, or white plates, will answer every 
purpose ; for on either of these the peculiar and distinc- 
tive colour, &c., produced by a test, are readily observed. 

bo Bina Gets tingenis Bd shall give a list of a few 
tests which will be ed; and shall also refer to the 


solved in distilled water, and kept in oetydretionis 
ochlorie 


ulphuric acid . « Beep. 370. 
Hydro-sulphate of ammonia . . jg POTS 
Caustic potass .. . 7% 3, 386. 
Carbonate of potass . . » « 3, +386. 
Prussiate ,, 55, © « « * 6 a7 ade 
Caustic soda . 1. 2 4 2 e « jy 307. 
Carbonate of soda . . « « + elie C 
Chloride of sodium . «4 . . « 99, Oatn 
Sulphate ofiron . «4... + ere fin iy 
Liquid ammonia rh ath 33 ee 
Carbonate ofammonia. . . . ee. 5 
Chloride of barium . Diet 3 O9d. 
Nitrate of baryta . . «ss sei areas 

- »», Silver i re a ree 
Sulphate of soda. . «6 « « «+ bor Oats 
Chloride of Proce ra ie a5) ee 
Chromate of potass . « « «+ « 99 «884, 
Nitrate of cobalt . . « « - 9» 9394, 
Todide of potassium : 386. 


ge, % : 

Besides the above, a few slips of copper, zinc, and iron, 
and some litmus and turmeric paper should be provided. 

We shall now show how these tests are employed ; 
first giving some introductory experiments to initiate 
our readers, before we proceed to give separate tests for 
each metal. 

Experiment 68.—Dissolve a crystal of the proto-sul- 
phate of iron in distilled water ; and divide the solution 
into three test-tubes. Into one pour a few drops of a 
solution of the prussiate of potass; a blue precipitate 
will be produced, 
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i 69.—Into another of the test-tubes pour a 
few drops of tincture of galls, which is sold by all chemists 
and druggists ; a black colour will be afforded. 

Experiment 70.—Into another test-tube drop some 
sol of carbonate of soda ; a dark-green precipitate 
will fall down, which, on being ex to the air, will 
turn to a red colour. 

It follows, from the above experiments, that the pre- 
sence of iron may be detecte by three methods’; each 
test employed affording a different result. We have 

iron as the subject of our illustration, because 
the characteristics of its presence are so easily noticed. 

But such is not the case with many other subst»nces. 
For instance, white powders or B peg were are thrown 
down from many solutions ; and to distinguish between 
them is by no means easy. Each precipitate, however, 
has a distinctive character, as the following experiments 

Experiment 71.—Add together, in a test-tube, solutions 
of common salt and nitrate of silver. It will be noticed 
that the white precipitate has a peculiar appearance, 
like curdled milk. ‘ 

Experiment 72.—Add a little solution of chloride of 
barium to one of sulphate of soda. A white precipitate 
will be produced in a pulverulent form. : 

Now these two precipitates, although both white, are 
readily distinguished by their physical ap ce ; and 
may be still more so by the action of light; for if that 
of the silver be see to the rays of the sun, it will 
turn black, whilst the precipitate of eer of baryta, 
in the last experiment, will maintain its white appearance. 

In precipitates which are coloured, very little difficulty 
exists, as the colours vary so considerably. But in some 
cases great caution is required in the amount of test 
which is used ; because an excess will not only re-dissolve 
a precipitate, but will even prevent its production. Of 
this the following are two instances :— 

Experi 73.—Add a little soda-water to some lime- 
water. Carbonate of lime will be thrown down. After- 
wards add soda-water in abundance, when the excess 
of carbonic acid will at once re-dissolve the precipitate. * 

Experiment 74.—To a solution of corrosive sublimate, 
add a few drops of one of iodide of potassium. A yellow 
precipitate will be afforded. Add still more of the iodide, 
when the biniodide of mercury, which has a red colour, 
will be produced. Afterwards add the iodide of —. 
sium in excess, and the precipitate will be entire bal 
solved. A few drops AY the corrosive sublimate being 
added to the liquid, will first produce a red, and then a 
yellow iodide, which would be again dissolved by an 
excess of the iodide of potassium. 

These experiments will impress on the mind of the 
student the necessity of caution and care in testing ; 
and will, we trust, correct the almost invariable practice 
of the tyro in using large quantities of any test. 

We may now show how accidental circumstances will 
often cause considerable difficulty to the careless or 


ignorant * igese ; and even experienced chemists may, 

through neglect of proper precautions, be led into 

error. Not only is it required that ew a: tests be em- 

ployed, but that they should also be perfectly pure, and 
from all foreign matter. 

Ret tae 75.—Dissolve a little nitrate of silver in 
distilled water, so as to obtain a perfectly transparent 
solution. Fill a test-tube with distilled, and another 
with river-water; and to each add a.few drops of the 
solution of the silver salt. The distilled water will afford 
no change, but the river-water will give an opal-coloured 
precipitate, owing to the presence of common salt and 
other chlorides. - 

We mat here remark on the necessity of great cleanli- 
ness in all vessels used for testing purposes. In long 
laboratory experience, we have noticed numerous failures 
occurring to young analysts through neglect in this re- 
& _in very accurate experiments, test-glasses, dc., 

invariably be washed by distilled water, lest some 
of the salts contained in common water should remain 
on the surface after washing, 
* Bee ante, p. 39. 


Occasionally precipitates do not readily exhibit them- 
selves, as may be seen in the following experiment :— 

Experiment 76.—Add a little tartaric acid toa solution 
of carbonate of potass, in a test-tube perfectly free from 
scratches, &c,, on the glass surface. No precipitate will 
be noticed. Now rub the surface of the glass by means 
of a stirrer, or ie & substance of any kind. A preci- 

itate, composed of minute crystals, will soon be pro- 
lubed owing to an angular surface, which is favourable 
to crystallisation bring carried on. 

Occasionally chemical changes soon take place in sub- 
stances kept as tests. An instance of this may be found 
in the solution of iron; for if the proto-sniphate, in a 

ure state, be tested hy means of prussiate of a 
ight greyish-blue precipitate will be produced. If, how- 
ever, the solution of the iron-salt has been on for any 
length of time in a_ bottle pic AB teed it, the 
oxygen of the air in the bottle wi ve converted the 
protoxide into the peroxide ; and the precipi by 
— of the prussiate of potash, will have a dark-blue 
our, 

Many metallic oxides, &vc., maybe readily distinguished 
by the colour which they afford to flame; of which the 
following are instances :— 

Experiment 77.—Dissolve common salt in spirits of 
wine, and ignite the solution; a yellow flame will be 
yea 78.—Dissol th tel 

«periment 78.—Dissolve in the same way, ly, 
the nitrates of baryta and strontia. These will afford, 
respectively, a green and red flame. 

n using the blow-pipe, these indications are of ex- 
treme importance, and are relied on by the chemist when 
a senate of re peryen gost be Seiten pe 

ydro-sulphuric acid, and hydro-sulphate of ammonia, 
are much employed as tests for metals. Hither may be 
produced by the methods described at a previous page ;+ 
and the study of their indications will be of the utmost 
importance to the student, and earecy | necessary 
before he commences a course of analytical chemistry. 

The solution of many metals may be decomposed, and 
the metal set free by immersing slips of other metals; of 
which the following afford instances :— 

Experiment 79.—Immerse a piece of silver foil in a 
solution of chloride of platina. The latter metal will be 
deposited on the silver as a black powder. 

iment 80.—Into a solution of nitrate of silver 
introduce a piece of polished copper, when the silver will 
be at once reduced to a metallic state. : 

Experiment 81.—Dip a piece of clean iron into a solu- 
tion of sulphate of copper. The latter metal will be at 
once precipitated on the iron as a brown powder, which 
consists of pure copper. 

The forégoing experiments will familiarise the minds 
of our readers with the general principles which must be 
followed in examining the characteristics of metals, &c., 
by testing. For the methods of bringing them into 
solution, our previous gbservations and instructions, 
under their separate heads, must be followed ; and we 
strongly advise all who are desirous of acquiring and 
maintaining the knowledge of the properties of metals, 
to keep the precipitates produced in the experiments by 
them in a dry state. Such should be put into corked 
test-tubes, and poorerly Inbelled, with the name in 
together with the symbol showing their constitution. 


“By such an arrangement, the results of previous investi- 


gations are kept ready for reference ; and in the course 
of further investigations, many difficulties may thereby 
be avoided. In our earlier days, in chemical study, we 
adopted this plan ; and in subsequent investigations of 
a more scientific nature, have often arrived at speed 
conclusions ; whilst our companions had to refer to half 
a-dozen books for descriptions, in print, of what they 
ought to a had visibly =e — course, when 
a person mes experienced, such aids are wanecessary, 
but never useless. Our remarks have still more force 
when applied to crystalline substances,in which the 
external form varies so greatly. 

We shall now proceed to point out the various tests 

t See ante, p. 370, 
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which may be applied for each metal ; and which our 
readers should employ, if they would obtain an extended 
and practical knowledge of chemical science. Of all 
branches ie science, that of chemistry is essentially 
ex en 

latina.—A full description of the leading pone ies 
of this metal has been given at page 372. The following 
are tests for its presence in solution :-— 


Solution Tested. Test. Results. 
Bichloride ...... Silver plate............. Black powder. 
_ - Sal-ammoniac.......... Yellow crystalline 
precipitate. 
_ Hydro-sulphurie acid Black sulphide, 
_ * Hydro - sulphate of Do 
ammonia ........006 . 
Gold.—See p. 372. 
Chloride ......... Proto-sulphateofiron Metallic gold. 
= Proto-chloride of tin.. Purple powder. 
— Hydro-sulphuric acid Black sulphide. 
ed Hydro -~suiphate of Do. 
| ammonia ,........ aes ri 
Silver.—See p. 373. 
Nitrate.........606 Metallic silver. 


Copper plate.......+.++ 
- Common salt......... 


A white curdy preci- 
foe which turns 
on exposure 


to light. 
_- Todide of potassium.. Yellow powder. 
— Hydro-sulphuric acid Black sulphide, 
_ Hydro -sulphate of Do 
ammonia ............ 
_ Potass ammonia, 
soda, limé,. Ac... } Brown oxide. 
_ . Cyanide of potassium White powder. 
Mereury.—See p. 374. 
peptone Corro- : 
or 5 ih roe Iodide of potassium.. Yellow powder. 
Salt......05+ > 
— Do. in excess....... et oar ery 
lissolved. 
— Alkalies..............4. Black oxide. 
_— Hydro-sulphuricacid, 
hydro-sulphate of > Black sulphide. 
oa Mackpeevet 
— Plate copper or 
BING sa icdecrscvsacy oous Metallic mercury. 
Copper.—See p. 376. 
&e.... Potass........00000000.. Blue powder, 
a5 Ammonia...........0.. Do., Pyhich re-dis- 
solves in excess of 
the test, affording a 
: deep-blue colour. 
pe Hydro-sulphuric aci 
and hydro-sulphate aide black —sul- 
of ammonia..,...... “ 
_ Tron or zinc plate..... Metallic copper. 
_- jate of potass.... Red-brown powder. 
Iron,+See p. 376. 
“tay Ferro-cyanide of po- { Mght-blue ties 
- , Which speedi 
RES a5 Sy ene rir dale y 
Per-salts ....s016 DO. s.scssesserererseeees Dark-blue precipitate. 
Proto-salts ...... hy ord of po- } Deep-biue precipitate. 
Per-salts .....0100 D0. .ssccccsecscereeseese No precipitate, but a 
red-coloured liquid. 
Proto-salts ....., Alkalies,,.....00000. Green poyees turn- 
ing to 
Per-salts ......06 a Beier mers: a Red oxide. 
_— Pp - cyanide . . 
potassium...,........ } Blood.rea liquid. 
Lead.—See p. 378. 
Soluble salts..... Hydro-sulphuricacid, 
ydro-sulphate of eric s ite sul- 
ammonia ..,......64. 
-- Chromate of potass.., Yellow chromate. 
_ Alkalies..........000s008 White precipitate. 
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Solution Tested. Test. Results. 
Soluble salts..... Sulphuric acid and . 
sulphates ............ White sulphate. 
_ Todide of potassium.. Yellow iodide. 
Acetate.........++ Metallic zine........... Metallic lead. 
Zine.—See p. 379. 
Soluble salts..... _Hydro-sulphurie acid, 
and hydro-sulphate > White sulphid 
of ammonia......... 
— AMalies jose 5ecensscsse White oxide. 
— Carbonates of alkalies Do.—That in excess 
of ammonia is re- 
Y dissolved, 
Tin.—See p. 380. . 
Soluble salts..... Hydro-sulphuric acid ; 
and hydro-sulphate sie or brown sul- 
of ammonia. oe 
— Alkalies White oxide. 
os Chloride of gold..,,.. Purple powder (See 
Gold. 
Per-salts ..... seee Metallic zine........... Metallic tin. 
Nickel.—See p. 380. 
Soluble salts ...  Hydro-sulphate of 
ee er } Black sulphide. 
— ydro-sulphuric acid No precipitate, 
— Potass, 86.0.0. .7i, 6, Green oxide. 
ae Cyanide of potassium Do. cyanide, 
Bismuth.—See p. 380. 
Soluble salts .., Hydro-sulphuricacid, 
and hydro-sulphate ¢ Black sulphide. 
of ammonia ......... 
— Fe eee eer rors White oxide. 
—_ Chromate of potass.., Yellow chromate, so- 


Juble in nitric acid, 
by which it differs 
from chromate of 
lead. 


Antimony.—See p. 380. 


Soluble salts .., Hydro-sulphuric acid Red sulphide. 
a Hydro - sulphate of } Red sulphide soluble 
AMMONIA ........0006 in excess, 
- Alkalies ....... «. White oxide. 
— Metallic zinc ......« Metallic antimony as 
a black powder. 


(Seeremarks as to antimoniuretted hydrogen, at p. 381.) 

Arsenic—Arsenious Acid.—The student is referred to 
our extended remarks on the detection of arsenic, at 
p. 381, et seg.; in which full information on the various 
tests usually employed is given. 
Manganese.—See p. 384. 
Solution Tested. » Test. 


Results. 
Flesh-coloured preci- 
coe cewek Wr 


phide. 

— Alkalies .....se0eee White oxide, turning 
to nearly black by 
exposure to the at- 
mosphere. 

Cobalt —See p. 384. 


Soluble salts .,, Hydro-sulphate of ‘ 
Seeecie NET STR } Black sulphide, 
— Hydro-sulphuricacid, 
with neutral solu- Do. 
POIB. s sesacev ve caonne 
_ Potass.....s.sesseee0008 Blue precipitate,turn- 
ing green in the 
air. 
Ammonia..,,..,.....5.. Blue precipitate, re- 
soluble in excess, 
roducing a red 
iquid. 
— Carbonates of alkalies The pink carbonate of 


the metal. 
With borax a blue glass is produced by the heat of 
the blow-pipe, which is highly characteristic of cobalt. 
Chromium.—See p. 384. 


Solution Tested. Test, Results. 
Soluble salts .., Potass.....,.sssesee00e. Green oxide, soluble 
in excess. 
— Acetate of lead ..... . Chromate of lead. 
Cnromals acid and Nitrate of silver sees adage 
3B 


Omitting potassium and sodium, and their compounds, 
which do not afford insoluble recipitates or other etfects 
those we have desorbed in connection with the 


Solution Tested. Test. Results. 
Alumina in solu- 

tion, as alum, } Potass ........ sonshest +» White hydrate, 

BO. acecacsczeee 

_- Ammonia  .......605+5 Do. 

With proto-nitrate of cobalt it produces a sky-blue 
mass under the blow-pipe, if heated to redness on 
charcoal. 

Silicon.—See p. 389. Sone ae 

Silica.—Its insolubility and general characteristics dis- 


inguish silica from every other substance. 
‘alcium.—See p. 389. 


Solution Tested. Results, 
The carbonate, or 
Lime, solution chalk. This preci- 
of, in water ot Carbonic Acid sosseeees pitate is soluble in 
; ‘ excess of the acid, 
Lime salts ...... Sulphuric acid and } The sulphate as a 
sulphates....... .... white powder. 
_ Oxalic acid ..3......... White oxalate. 
_- Oxalate of ammonia Do. 
we Ngee ts thet ate White precipitate. 
- Phosphoric acid ., Do. 
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Cadmium.—See p. 384. Magnesium.—See p. 390. 
Solution Tested. Test. Results, Solution Tested. Test. Results. 
Soluble salts .... H phuric acid Magoesia......4 . Ammonia .....c00008 White hydrate. 
~- Potass ..... pry ae ae do. 
= Oxalate of ammonia Do. oxalate. 


Bariwm.—See p. 391. : 
Baryta, salts of Alkaline carbonate... The white carbonate, 
Sulphuric. scid pn The white sulphate, 
sulphates ,....++.000 
-- Phosphate of soda... White phosphate, 
Salts of Baryta.—Tinged flame of a rich green colour. 
Strontium.—See p. 391. : 
Strontia.—The tests for exhibit a similar re- 
action with salts of strontia. The sulphate, however, is 
partially soluble in water. The chloride and nitrate 
give a rich red colour to flame, which is highly charac- 
teristic of their presence, 


The foregoing tables of tests for metals and their com- 

un wil afiord the student an opportunity of 1 r 
fina acquainted with their leading ‘ee 
characteristics ; and pate bea = e a 
to the principles on whi emical is of inorganic 
dine caioh on We should advice that he first 

repare the salts of the chief m and retain the pro- 
Sian in both a crystalline and dissolved state. He may 
afterwards apply the tests we have named to the solu- 
tions, and note the resulting products. The more ex- 
tended the course of experiments which he may insti- 
tute of this kind, the more perfect will be his acquaint- 
ance with the nature of cuhatinete he may afterwards 
meet with, or which are produced in analytical investi- 
gations, In fact, without sucha panemets fap his 
attempts at analysis will prove but guess-work, resulting 
in disappointment and loss of time. 


Havrye described the chief properties of all the elemen- 
pj bodies which the student is likely to meet with; 
and having also mentioned the different tests which may 
be employed to detect their presence, and that of their 
compounds, we shall proceed to describe the methods 
adopted by chemists in discovering the composition of 
bodies which may be casually presented for examination. 
Werneed scarcely say that the object of an analysis is 
to find out either the proximate or ultimate elements of 
which a substance is compounded. In most cases we are 
content to find the proximate substance, rather than to 
te the elementary bodies entirely from each other. 
us, for instance, in analysing a piece of limestone, 
we are content to find how much lime, magnesia, &c., 
it may contain ; and do not trouble ourselves about the 
metals of which those earths are the oxides. In some 
cases, however, we must ascertain the quantity of the 
elementary body present. Thus, in examining the ores 
| of gold and silver, we always desire to ascertain how 
-much of the pure metal is present, But chemical analysis 
may be divided into two parts; that is, qualitative and 
quantitative analysis. By the former, we merely ascer- 
tain the fact that a body is present ; but by the latter, 
we arrive at a knowledge of its quantity in any substance 
which may be og ea 
Qualitative ysis always precedes that of quanti- 
tative; because, of course, we must first detect the 
presence of a body before we can ascertain in what pro- 
portion it exists. We shall, therefore, first draw the 
attention of our readers to that branch of the science, and 
point out thé various methods which may be adopted. 
Generally speaking, substances presented for analysis 
contain several compounds ; and it requires considerable 
skill to apply the proper test, so that only one compound 
at a time shall be removed or detected. For instance, 
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pupeesing asolution contained both sulphuric and h. 
chloric acids. If one of nitrate of silver were added to 
it, then both acids would be precipitated together as 
the sulphate and chloride of silyer; and they would 
either have to bese 
be left as an unresolvable mass. But if we first preci- 
pitate the ops acid, by means of nitrate of baryta, 
in the form of the sulphate of that earth, we shall onl 
leave nitric and hydrochloric acid and their compoun 
ache au We goes =e os rie ro aia, 
; and pouring the clear liquid into another v: 
we may then add nitrate of silver, when all the chlorine 
will combine with the metal as the chloride, which will 
then be precipitated, . 

But even in this simple process another precaution 
must be attended to ; for if, in the last case, we added 
chloride of barium to the solution, for the rue of 
peocipiteieng the sulphuric acid, then we sh intro- 

uce more chlorine into the liquid, which would be 
thrown down on the addition of the nitrate of silver: 
hence, such a careless analysis would afford far more 
chlorine than should really have been present,. This 
instance will suffice to show that we must not try tests 
at random, but in an orderly and consecutive manner ; 
which is a point of great importance to the young student; 
for attempt tests at a venture, and so only succeed 
in confusing themselves—becoming frequently dis- 
gusted at their want of success. e have seen such 
take the first out of a row of test-bottles, and trying one 
thing after another, in the vain hope of di ing the 
substances coutained in a solution ; and after expending 
considerable time in a chemical steeple-chase, they have 
ended with the conviction that they could not undertake 


analysis ; in which opinion their tutors have often most 
uiesced, ; 


rationally acq 


ted by troublesome processes, or | 
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We shall first give some preliminary and practical 
directions, and then proceed to point out a systematic 
course of qualitative chemical analysis. 

Before commencing, it is well to provide a ese gd 
of glass vessels of various sorts, for the operations whi 
have to be pursued. And, to the young beginner, test- 
tubes sacl givst value. He can, by means of them, 
boil solutions, test them, and perform many BS pe 
on the small scale. To commence with—a few test- 
tubes, Florence flasks, two or three evaporating dishes, 
a spirit-lamp, pestle and mortar, some glass tubing, a 

ah some filtering-paper, are the chief re- 
quisites. A book should be kept, in which every experi- 
ment should be regi 7 and small pieces of paper, 
marked with the letters of the alphabet, and others with 
the numerals, must also be at hand. Such are employed 
to distinguish the results of the different tests. Thus, 
one series of experiments may be called A; whilst each 
separate addition of a test in the series may be marked 
1, 2, &c., on the test-glasses. such means the experi- 
ments are classified ; and they should be registered after 
the same order in the note-book. To illustrate this, 
we may refer to our directions for arsenical analysis ;* 
in which we supposed, that after the arsenious acid had 
been brought into solution, three different meth 
viz., Marsh's, Reinsch’s, and the liquid tests, 
been employed. The original liquid and the results 
might have beat marked as follows :— 


A.—Solution of Arsenious Acid. Results. 
1. Marsh’s test ...... Bitkeccroes Arsenic deposited. 
2. Reinsch’s do.... ...Metallic arsenic reduced. 
Liquid ..-Precipitates afforded. 

By such a plan the progress of the analyst is mate- 
rially assisted, errors are prevented, and the results k 
for reference. It is also of great importance that the 
notes of experiments should be made at the moment 
the results are obtained. Young chemists, and even old 
beginners, are so to arrive at the end of their 
examinations, that they ry id these intermediate pre- 
cautions, After they have thus proceeded for some time, 

ley become ectly bewildered, and are quite at a loss 
to distinguish one result from another, simply because 
they will not take the trouble to note each step as they 
 eipeaagir In most laboratories for young pupils, it would 
an advantage if the old fable of the tortoise and the 
hare were printed in capitals around the room. We 
proceed to practical details. 

Sorotion.—The first step in an analysis is to bring the 
body into solution, if it be not already in that state; and 
this may be effected in various ways. Some bodies are 
readily soluble in water ; and the substance, in that case, 
may be dissolved by that fluid alone. It must be remem- 
bered, that most substances are more soluble in hot 
liquids than at ordinary temperatures ; and hence the 


application of heat is seus Sometimes long boiling 
is requisite ; and for suc MP Florence flasks and 
test-tubes may be employ o more liquid should be 
used than is absolutely necessary, because this increases 


the bulk of the solution, and also diminishes its strength. 
As the water evaporates, more should be added, or 
para a portion of the solid ve ies 1 ga on 
cooli PS cag age ion may e » All 
bodies more soluble in hot Seats SA apne will 
deposit some portion on cooling, if a hot saturated solu- 
tion be made—that is, when the hot liquid has dissolved 
as much as it can. 
athe atvens in ae a solid substance into 
A use, { means, more particles are 
ae t into eeeeen We tne Sa in be same time. 
operation is thus facilita: ‘or this purpose, the 
and. moster areto, be. used ; the. masa ing first 
ken up into fragments, a little of which at a time is 
to be reduced to powder in the mortar. If too much be 
eeployed at once, the pulverisation will be incomplete. 
In pulverising some ces great difficulty is expe- 
rienced ; but this can be overcome by various expedients. 
Thus it is impossible to reduce camphor to a powder 
* See ante, p. 382, et seg. 


~ 


by itself ; but the addition of a few drops of spirits of 
wine renders the operation quite easy. Flints, again, 
aré difficult to pound; but if they are heated red-hot, 
and then quenched suddenly in cold water, their pul- 
verisation may be readily performed. 

Some substances are quite insoluble in water; and we 
may here state that we are confining our remarks, for 
the present, entirely to inorganic or mineral bodies. 
With such, a different course of treatment must be 
adopted. ' Take, for instance, a piece of chalk, which is 
entirely insoluble in distilled water. If it be placed in 
dilute sulphuric acid, no solution would be effected for 
the pu of analysis, because the insoluble sulphate 
would 5 afforded. If, however, nitric or hydrochloric 
acid were employed, a solution would be at once pro- 
duced. But sucha solution would differ considerably 
from an aqueous one ; for, in the latter, the substance is 
merely suspended—as sugar dissolved in water ; which 
may be restored, without chemical change, to its previous | 
solid state; whilst a solution of chalk in nitric acid is 
attended with decomposition, the nitrate of lime being 
produced in place of the carbonate. Still, for all analyti- 
cal purposes, the result is the same, so that the body be in 
a state of solution at last, Clay may be taken as another 
ea a ; for all me's its silicious portion may be dis- 
solved by acids, with the aid of heat, and thus asolution 
is afforded which can afterwards be conveniently tested. 

The mention of silicious matter—such as sand, flint, 
quartz, &c.—brings us to remark on a class of bodies 
which are insoluble in all menstrua, with the exception of 
hydro-fluorie acid ; and which, from its nature, forbids its 
employment, except in very peculiar cases. Supposing 
it were required to analyse a piece of flint, it would be 
necessary to fuse it with a flux, by means of a red heat 
at least. The plan to be adopted in such cases is as 
follows :—The body having been reduced to a fine powder, 
is to be mixed in a mortar with three or four times its 
weight of carbonate of potass, or soda, The mixture is 
to be put into a Berlin porcelain, or, in rough experi- 
ments, a Hessian or English crucible. It is then to be 
exposed to a red heat for two or three hours. By this 
process the silicious matter will forma soluble glass, and 
so a solution will be afforded, which may be dealt with 
in a manner we shall presently describe. 

The metals and their alloys are all more or less soluble 
in some acid, but their ores have sometimes to be dis- 
posed of differently, At times they must be roasted, to 
drive off the combined sulphur, &c. This is effected by 
placing the substance ina common crucible, and exposi 
the contents to a red heat for some time. The resid 
mass may then be generally dissolved in an acid or other 
solvent. Some means may be occasionally tried, which 
produce secondary but required results: thus, the lead 
ore called galena is decom into sulphate of lead by 
long boiling with nitric acid. ~ 

Supposing solution to have been effected by any of 
the foregoing means, or others, the next step is that of 
examining or testing the solution, which affords either a 
precipitate or a change of colour. In some cases, neither 
of these results may follow. In this case, our next re- 
source is crystallisation, Each of these cases we shall 
proceed to examine. 

Precrrrration,—When a solid body is removed by 
means of a test from a solution, the substance so sepa- 
rated, whether it fall down or not, is called a preci- 
pitate, of which so many examples have already been 
noticed. We shall not repeat here the numerous instruc- 
tions already given on this point, but rather mention 
minutise of practice to which we have not yet alluded. 
Some precipitates will not fall down or separate, owing 
to the extreme fineness of their particles ; in such cases, 
heat is to be applied to the vessel containing them, 
which will generally cause the particles to coalesce. 
During precipitation, the liquid ought to be constantl 
stirred to assist the process; and an abundance of fluid, 
if not otherwise objectionable, is, generally speaking, an 
advantage. If it be desired to preserve the precipitate, 
the contents of the vessel, after being well stirred, are 
to be poured into a funnel holding filtering-paper. The 
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portion be removed ; and the washings, as 
mre ny to be added to the liquid already 


reflected light. ; 
a small sonon of the liquid on to a clean white plate 
or dish, when the colour may then readily be noticed. 
Occasionally precipitates will change colour by exposure 


ide of mengente’, &o, Others will change colour by 
the epplication of heat—e.g., the oxide of zinc—all of 


CrysTaLLisation.—In many cases in which no pre- 
cipitate is afforded, the process of stallisation may be 
employed. By this we are enabled to give the solid 
ne definite form ; for almost every salt crystallises 
in some peculiar shape so as to make it recognisable. The 
following engraving affords an illustration of the fact. 

Fig. 72. 


Epsom Salts. ! 
Now here we observe four different forms of crystals, 
each of which is readily distinguished from the other. 


The student may readily produce these tals by dis- 
solving each of the salts separately in hot water to 
saturation, and then placing a drop of each on a piece 
of window-glass. As the liquid evaporates, the salt will 
reassume the solid form, and present its characteristic 
development. ' 
The process of evaporation is generally carried on in 
evaporating dishes, heat being applied until a pellicle 
forms on the surface of the liquid. The vessel is then 
to be removed to a place where it will not be disturbed, 
when crystals will gradually be formed. The slower the 
evaporation is conducted, the more regular will the 
crystals produced be. By such means, highly soluble 
and less soluble salts may be se Thus chlorate 
of potass and chloride ‘of potassium are simultaneously 
afforded in the production of the chlorate ; but the latter 
in ican aeheliead wiseny Cedi the former by its ter 
insolubility. In a similar manner, alum is_purified from 
iron and other substances. The best vessels for crys- 
tallisation only, are rough glazed earthenware dishes, 
which, by their uneven sw assist tallisation ; 
_ whilst for refined experiments, vessels of Berlin porce- 


lain, silver, or platina, are usually employed. The two- 


last, however, are only needed for special purposes. 
After a liquid has yielded as many crystals as it can, on 
| fresh evaporation more will be afforded. Occasionally, 
| however, a liquid will actually redissolve which 
| have been formed in it. This arises either from an in- 
crease of temperature, or from a difference of "a 
gravity in the upper and lower jon of the flui 

Some crystals, when exposed to the air, deliquesce ; that 
is, they absorb moisture from the atmosphere. This 
occurs with chloride of calcium, chloride of aluminum, 
and many other substances. Others lose water, or 
effloresce, as in the case of sub-carbonate of soda in 
crystals (the ordinary ‘“ ” of commerce), which is 
thereby converted into a powder-like substance. 

Large and perfect crystals may be obtained from a 
solution by immersing in it a crystal of the crystallising 


body. A perfect one should be chosen for this purpose ; 
Mag such means, enormous crystals of the prussiate 
and bichromate of potass may be produced. 

DistiiaTioN AND  SuBuiMmatTioN.—These operations 
differ more in name than in principle, their object_ being 
to separate volatile from solid su ces, By | 
tion, water, alcohol, &c., may be se from bodies 
which may have been dissolved in them. ,ina 
similar manner, is distilled from its amalgams and ores, 
and obtained in a pure state. For such purpoera sere 
retorts are employed when a temperature less a 
red heat is required ; Lagos Pcl geaaa! operations, ves- 
sels of porcelain, iron, or p) must be used, as in 
the preparation of potassium, sodium, the chloride of 
aluminium, &c, 

Sublimation can generally be effected by means of 
flasks or test-tubes, ‘Thus sulphur, arsenic, iodine, &c., 
may be volatilised in a manner already mentioned under 
their separate heads in our previous This opera- 
tion, however, is by no means common in the course of 
analysis. : 

Tue Brow-Prer.—We have thus given an outline of 
the leading operations in analysis, and shall now make a 
few pone on the blow-pipe, an instrument of 


_use in experimental chemistry, and by means of whi 


we can get, on the small scale, all the results of the most 
Soeaal furnace. We can hardly recommend, as the best, 
any form of the instrument; but, for 
our own part, always employ either the 
common tinman’s blow-pipe, or that in- 
vented by Dr. Black, w: can be ob- 
tained at any instrument-maker’s, 

S\} Much art is required in using the 
W blow-pipe. The air should be blown 
/ from the cheeks only, and not from the 
chest. By that plan, a person may keep 
up a continuous stream of air for a en 4 
time without fatigue, and the mow 


Glauber’s Salts. 
may be replenished with air from the lungs by an 


operation something like the reverse of swallowing. 
It is impossible further to describe the method, as 
practice alone is of use, The object the student 
should have in view, is that of keeping up the stream 
of air, free from pufling, and to thereby maintain a 
steady flame. 

The flame consists of two parts. The inner one ends 
with a blue colour, at the point of which the most 
intense heat is produced. ‘The outer flame—that is, that 
farthest removed from the jet—affords much less heat, 
being in direct contact with the external air. The uses of 
these two flames are miei 4 different ; the inner one is 
employed for reduction, and the outer one for oxidation. 
3 — or —— Kovrine oF nine a suitable flame for 

e blow-pipe. Small rings of platina wire, some platina 
foil, and isies of charcoal, are needed as | 1) for 
the substances to be examined. It must e in 
mind, that the charcoal is employed as a deoxidator— 
that is, for the purposes of reducing oxides to their 
metallic state; whilst the ring, or foil of platina, is 
used to produce beads, &e. If the latter were employed 
in reduction, the metals would form an alloy in many 
cases, which would destroy the platina support. The 
use of the charcoal may easily be seen by placing a little 
red oxide of lead in a small hole made in the charcoal 
support by means of a penknife. If the blue flame be. 
then directed on it, metallic lead will be at once reduced. 

By means of the blow-pipe, a preliminary .examina- 
tion of many substances may be made, which will save a 
vast deal of time in subsequent processes, This remark 
especially — tometallurgical chemistry, and to the ex- 
amination.of minerals generally. It should be the object 
of the young chemist, therefore, to familiarise hi > 
constant practice, with the use of the blow-pipe. He may 
commence by reducing metals on charcoal supports, using 
only a minute portion of the oxides, &c., for the purpose. 
The use of the oxidating flame may similarly be tried on 
metals. Employing a little borax, carbonate of soda, de. , 
he may p to produce coloured buttons, by the 
fusion, at the reducing flame, of those substances, for 
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which rings of~platina wire are to be employed. The 
flux is first melted so as to form a little bead, which will 
On this the oxide is placed, and fused 
balt, manganese, and 
experiments. In all 
gently at first, until 
obtained. In the absence 
charcoal ma and refractory 
pieces ; and it is by no means un- 
intimation of this result will be 


quainted with the various processes involved in general 
analysis, we shall proceed to give details of the methods 
adopted in laboratory practice. 


QUALITATIVE ANALYSIS. 


Iy the following pages we shall not follow the usual 
plan of 
means 


ex chemist 
of the composition of bodies 
riments, or even simple ph 
characters of specific gravity, a form, whether 
ine or amorphous, suggest the connection of 
= wrcencorpr ty others of a similar class. Thus, a dae 
having any acquaintance with mineralogy would mistake 
quartz for Iceland spar; for one is hard, crystallises in 
risms having six sides, will scratch glass, &c.; whilst the 
latter is soft, oo into rhomboids, and may therefore be 
readily scratc by glass, iron, or almost any other 
body. ahead By thor one tory yall ngs ptr 
distinguished was eo gravity, lus colour ; 
Guba ee Sint Sak Set pale may be 
em, 

‘Almost every inorganic substance is composed of oxides 
of metals proper, or those of the alkaline and terrigeneous 
metals ; and maintaining the distinction incident to the 
individual character of each class, the student may often 
make a rough and tolerably accurate guess of the sub- 
~~ under apap ae Penierr sae 

illustrating the different me’ of qualitative 
examination, we shall take instances of wall Liar = 
stan ing from such as afford comparatively 
little diffoulty, to others of a more complex character. 

Our first attempt shall be a qualitative analysis of a 
piece of marble, by which, we shall show that it mainly 
consists of carbonic acid and lime. The student will thus 
learn to detect the presence of a gas and an earth, and 
so take a first step in his analytical progress. 

82.—Take a small piece of marble, of the 


size of a pea; and having reduced it into powder, boil it 
for some ‘time in distilled water. Pour some of the 

_ liquid on toa of clean window-glass, and hold it 
over the lamp flame until the glass be dry. No 
dena c because the marble is insoluble 
in . 


| (a.) The next step i i 
| sotel the gt eae some acid which will dis- 


| cence has ceased before more is poured into the tube. Tt 
| will be evident that a gas, which formed part of the 
marble, is escaping ; but this we will consider hereafter. 

(b.) Having effected the solution, we must next test it, 
and discover, if possible, what the solid substance which 
has dissolved consists of. It is evident that that has 
united with the hydrochloric acid, and the substance 
with which it was previously in combination has been 
removed. The very appearance and source of the marble 
indicate that it belongs to the earths, and it must there- 
fore consist of one of these. But as all the earths are 
soluble in hydrochloric acid, we must add some test 
which shall that really present ; and herein lies 
the art of the analyst. If we add alkalies or their car- 
bonates, in solution, we may have any of the earths pre- 
cipitated as a white fa thon hence, for the present, they 
will not assist us. But we find that sulphuric acid will 
not precipitate all the earths, for the i of mag- 
nesia and alumina are soluble in water. e accordingly 
add a little dilute sulphuric acid to the solution made in 
a, and find a copious white precipitate thrown down. 

(c.) The precipitate obtained in 6 may either be the 
sulphate of baryta, strontia, or lime ; and for all practical 
purposes we may consider one of these to be present. A 
Fe ae of the precipitate may accordingly be taken, and 

ving washed in a test-tube with distilled water, 
the washings being thrown away, the powder is first to 
be agitated in abundance of distilled water, and a little 
of the liquid is then to be poured ona piece of clean 
are Paci S platina ras Poe ae be held over the 
spirit-lamp until quite dry. any deposit be effected, 
it must either be sulphate of stron or sulphate of lime, 
because the sulphate of baryta is insoluble in water. 
We therefore conclude that the solid substance dissolved 
in 6 must be one of the two former earths. ‘ 

(d.) As we may infer that either the sulphates of 
strontia or lime alone are present, we add to the solution 
obtained in ¢ one of sulphate of ie ere may be 
made by agitating that substance with plenty of cold 
water, and ing off the clear solution. A portion of 
this being added to solution ¢, if a ipitate fall, we 
know that it cannot be sulphate of lime, for that would 
not be thrown down by a solution of itself. We there- 
fore at once infer that strontia is present. For an 
equally good reason, we are assured that strontia is not 
present if no ipitate take place. In such a case we 
conclude that lime alone could resent, and therefore 
that earth must have been the solid matter dissolved in a, 
by the hydrochloric acid. 

Having so far gained a knowledge of one of the con- 
stituents of the marble, we proceed to examine the 
nature of the gas given off whilst the solution was being 
effected ; and this may easily be done as follows :— 

(e.) Take a small piece of the marble, and put it into 
a test-tube fitted with a cork Fig. 73. 
and bent tube, as represented : 
in the margin. .Add a little 
dilute hydrochloric acid ; and 
having fitted in the tube, allow 
the gas which is given off to 
bubble through some lime- 
water. If no precipitate be 
produced, then the gas is not 
carbonic acid. If, however, a precipitate be thrown 
down, then carbonic acid is certainly present, which will 
be at once evident by the formation of chalk or car- 
bonate of lime. 

It will thus be shown that the marble is chiefly com- 
posed of two substances—lime and carbonic acid : and 
another step may be taken to verify the investigation. 

(f.) Heat a small piece of the marble in an open cru- 
cible, or in an iron ladle, at a red heat for some time, 
It will be found that the colour and appearance of the 
remainder will have entirely changed—a yellawish- 
coloured substance will remain. If this be placed in a 
few drops of water it will heat and fall to powder ; and, 
in fact, will present every characteristic of the earth, 
lime. ; 

The marble having thus afforded carbonic acid and 
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i most likely, contain a small portion of | (b.) A brown-coloured mass will be left in the flask, 

el be pe rgb i. necessary to detect the oxide | which is insoluble in water. To this add dilute hydro- 
of that metal. chloric acid, and boil for some time to dissolve all 
(g.) To & small quantity of the solution a, add a few | soluble matter out, By this the carbonate of lime, 
drops of nitric and heat it. ‘Then pour in a few | alumina, and iron, wil] be removed. The clear liquid is 
drops of a solution of prassiate of potass, when, if iron | accordingly to be poured off into another. and 
t, a blue precipitate will at once be produced. | more hy lorie acid added to the powder in be flask, 


marble to have been cowpleted and verified ; and to 
more easy, we shall recapitulate each 


we have 

rr We tried the solubility of the marble in water. 
In @ we effected a solution in hydrochloric acid. 
In 4 we obtained a precipitate by means of sul- 
ric acid. q 

In ¢ we showed that only the sulphates of strontia 
or lime could have been produced. 

5. In d we found that the precipitate could be sul- 
phate of lime only. : 

6. By the process named in e we proved the presence 
of carbonic acid. f : 

7. We verified our previous discoveries by heating the 
substance as in /f. f 

8 And, lastly, anticipating the presence of iron, we 
tested for its oxide, and obtained a precipitate of Prus- 


| sian blue in g. 


We have thus succeeded in obtaining, separately, each 
of the constituents of the marble by way of analysis. 
Each step, it will be observed, depends on that taken 
previously ; and from this easy example, the student 
may learn the general method of conducting the quali- 
tative analysis of any substances. : 

In carrying out this initiatory experiment, we have 
chosen a substance which is so simple in its constitution 
as to leave no duubt of accurate results, because every 
specimen of marble and chalk has, as near as possible, 
an identical constitution. We must, however, inform 
the student, that baryta, strontia, lime, and magnesia, 
oe dow can be, the same appearance when 

in solution by some ents. For instance, the 
carbonate of the ies would precipitate the carbonate 
of each of these earths as a white powder. The same 
may be said of oxalic acid and oxalate of ammonia. 
Hence, had such tests only been employed, the student 
would scarcely have advanced a step, because the indica- 
tions produced would have been undistinguishable. By 
the plan, however, which we have described, each source 
of error was successively eliminated, and so the true 


results, 

We must next examine more difficult instances; and 
suggesting mixtures of various substances, shall 
indicate the means to be employed im detecting their 


(a.) Take a small piece of the brown-coloured clay, 
such as is used in brickmaking, and heat it for some 
time in a ladle, but not red-hot, for the purpose of 
driving off water in a free sta to break up the 
Spree ol walghabe ok Tiles whieh may be present, 
| Transfer the mass so obtained to a glass ; 
| abundance of distilled and agitate the contents of 


F 
! 
5 
es 
a 


is will dissolve out a por- 
lime, which is more soluble in cold 

ter. Let the whole stand for some time, 
pour off the clear liquid into another vessel. 
a on of the L ecbiedeat te eyreles 
powder be obtained which is barely 
soluble in much water, it may be assumed as sulphate of 
lime, but may also be tested as in Experiment 


The contents are to be boiled, and w to be 
added to the previous solution, The remaining mass is 
to be washed with distilled water, and the washings are 
also to be added to the solution already effected. 
these means, all matter soluble in dilute hydrochloric 
acid will have been removed, and little else but silica, 
which is insoluble, will remain. Of this we shall 
hereafter. 

(c.) The solution from 6 will contain lime, alumina, 
and iron; and each of these is to be tested for se 


the iron may be discovered by a mr, 9 process, Now, 
as alumina and iron are both soluble in ic aci 
and lime | gece an almost insoluble p' 

it, we ad 


ding a little nitric acid, boil for a 
short time in a flask ; then divide the liquid into two 
portions. To one add prussiate of potass, when the iron 
will fall down as a blue precipitate. The presence of 


iron is thus evidenced. 

©) To the remaining portion of the solution in d, 
add a dilute solution of potass. ‘A, precipitate will at 
once be afforded of alumina: allow it to settle, and 
then add an excess of a solution of potass, and heat it. 
The alumina will be completely dissolved. To this 
add a solution of sal-ammoniac, when the alumina 
will be again thrown down. alumina present in 
the clay is thus detected. 

We have thus discovered that clay consists of 
alumina, lime, and oxide of iron; but have yet to 
examine the insoluble matter left in process b, after 
digesting with hydrochloric acid. This leads us to 
another branch of analysis—namely, that in which 
matter containing silica is to be examined. The follow- 
ing course must be adopted. 

f.) As silicious matter is insoluble in all liquids 
pom hydrofluoric acid,* we must bring it into a 
soluble state by means of a flux. The mass left in b 
is therefore to be removed, washed, and dried, and then 
to be mixed in the mortar with three or four times its 
weight of carbonate of soda, or potass, It is then to be 
transferred to a Berlin porcelain or English crucible ; 
and heat for two hours at a full red heat. A gas-furnace 
may be pic Lig’ de if a Berlin crucible be used; or a 
common coke will answer equally as well, if common 
crucibles are adopted. The sand and alkali will unite, 
and form a silicate, which is easily soluble in water. As 
soon as the entire mass is completely fused, the crucible 
is to be removed from the and allowed to cool, 
The whole may then be ay in a | evaporating 
dish, and dilute hydrochloric acid is to be poured into 
the crucible; or its contents may be broken out, and 
put into the evaporating dish alone, as a little loss is no 
object in a qualitative analysis of this kind. . 

(g.) The resulting mixture from the last process is to 
be cautiously evaporated to dryness ; and when the dish 
is quite cool, dilute hydrochloric acid is to be poured in, 
This will dissolve out all but the silica, which will be 
left as a gritty white powder. It is thus also removed 
from the clay. ead 

* See ante, p. 389% 
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(h.) But the solution effected in the last process by 
hydrochloric acid, ‘after the silica is removed, may con- 
tain both alumina and oxide of iron. It may be tested 
in exactly the same manner as indicated under d and e, 
when these substances, which had been held in chemical 
union with the silica, will also be discovered. _ : 

By such means the presence of ‘silica, alumina, lime, 
and iron may be detected in clay ; and also the combi- 
nation of the three last-named bodies in union with the 
silica as sand. In this analysis, we still further discover 
the necessity of a successive in analytical investi- 
gations, if we would command reliable results, We may 
recapitulate our analysis as follows :— 

1. We removed matter soluble in water. 

2. We effected the solution of a portion of the clay in 
hydrochloric acid, leaving the insoluble part for further 
experiments (b.) 

We next got rid of the carbonate of lime in the 
form of a sulphate (c.) 

4. The iron was removed by the park rromes (d.) 

5. The alumina was precipitated as a hydrate in e, 

6. We afterwards effected the decomposition of the 
sand, and obtained its silica as a white powder (f and g.) 

7. And lastly, the other constituents of the sand, in 
chemical union with the silica, were also discovered (h. ) 

The foregoing examples of qualitative analysis may 
serve the student as types of the methods generally to 
be pursued in inorganic qualitative analysis, when earths 
alone are sought for ; and to the agriculturist such may 
Peas one oe penienel puide tes rough analysis of an 
a soil. e shall next give some instances, in 
which the detection of metals proper are more especially 
involved, and which may prove useful to those desirous 
of investigating the nature of veins of metallic ores, 
which may occur in their neighbourhood. Before pro- 
ceeding to the following Lp ig wry the reader is ad- 
vised to the tables of tests for the metals, given 
ata ots rilihe Gupcrmnentirgd ibecacated ei 

to understand the operation of each reagent in 
7 special case. 
zperiment 84.—Dissolve together, in a test-tube, a 
few crystals of sulphate of copper, and proto-sulphate of 
You will thus obtain a mixed solution of the two 
metals ; the object being to detect the presence of each 
separately. ow, if the ordinary method of precipi- 
tating the oxide, carbonate or prussiate, were adopted, 
by means of those salts of the alkalies, the salts of the 
metals would be thrown down together. Other means 
must therefore be tried: and either of the two following 
methods may be adopted ;— 

1. Divide the solution into two parts, in separate 
test-tubes. Into one immerse a piece of clean iron 

late, having first added a few drops of sulphuric acid. 

Bhemical action will at once ensue, and the copper will 

Ig “oy tery to a metallic state, completely from the 
uid. 

2. Immerse two pieces of platina foil, attached to 
each wire proceeding from a single cell of a voltaic 
battery, in the other solution, and allow the current to 

for some time. Eventually the copper will be re- 
uced at the negative in the metallic state. 

3. The copper may be removed from an acid solution 
of the two metals, by means of sulphuretted hydrogen. 
For this purpose, some sulphuric acid is first to 
be added to the solution of the salts of the two metals, 
and then a current of sulphuretted hydrogen is to be 
passed through. The black sulphide of copper will be 
at once produced ; whilst the iron still remains in solu- 
tion. It can afterwards be precipitated by means of any 
of the alkalies ; but the solution must first be boiled, to 
remove any bs drabtaige wngine acid left after the precipi- 
tation of the copper. is experiment illustrates methods 
by which voltaic action may often be employed for the 
removal of platina, silver, mercury, and copper, from 
mixed metallic solutions, 

Experiment 85.—We shall now offer a more complex 
experiment, in which two metals and an earth are found 


in solution ; the object being to detect and remove each | 


* See ante, p. 393. 


separately. Dissolve a few grains each of the nitrates of 
silver, lead, and baryta together in a test-tube; and 
from this solution precipitate each substance as follows : 
(a.) Add common salt ‘in solution to the above solu- 
tion. The chlorides of silver and lead will be precipi- 
tated together. Filter these off by means of the funnel, 
&e., ing the clear liquid, and washing the preci- 
itate with distilled water, which must then be added 
the original solution left after filtration. Put the 
recipitates into a test-tube, and add liquid ammonia. 
is will dissolve the chloride of silver, and leave the 
lead untouched, by which that metal will be removed 
entirely. 
(b.) To the solution of silver by ammonia, produced 
in a, add an excess of dilute hydrochloric acid, when the 
chloride will be precipitated, and may be known by 


toa colour by the action of light. 
(c.) The original solution will now only contain the 
salt of which is ily precipitated by adding 
e baryta 


a sulphate, or dilute sulphuric acid ; and thus 
will also be removed. 

Now, had we used sulphuric acid in the first instance 
in a, we should have precipitated together the sulphates 
of each of the bases, and would have lost almost all chance 
of dividing them. This, again, is another illustration 
of the necessity of rule in using chemical reagents. 
It is of the utmost importance, in adding a test, that we 
take care not to introduce any substance which may in 
any way inyalidate or modify the different ste an 
analysis, Thus the chloride of barium, or nitrate of 

may sometimes be used to precipitate sulphuric 
acid from solutions. At others, the introduction of 
chlorine would cause insoluble precipitates, and so render 
the result fallacious in that or other ways, as the follow- 
ing experiment will show :— 

iment 86.—Add afew drops each of sulphuric 
and hydrochloric acid together. 'o the solution add 
some of nitrate of when an insoluble sulphate of 
baryta will be poamseied: Then add, after the re- 
moval of the sulphuric acid, a little nitrate of silver to 
the original solution : a ipitate of chloride of silver 
will be produced ; and hydrochloric acid will then 
be also removed. Now, had the chloride of barium been 
used instead of the nitrate, then it would of itself have 
produced a precipitate of the chloride of silver, indepen- 
dently of the hydrochloric acid already present ; and 
hence if a quantitative analysis had been desired, the 
amount of chlorine would have been indicated far in 
excess of the truth, We may here mention another 
source of error, which occasionally arises in testing with 
either of the salts we have named. Both the chloride of 
barium and the nitrate of baryta are apt to be precipi- 
tated as very minute tals, when used as tests in con- 
centrated solutions. They, however, immediately dis- 
p aadeend when water is added, being readily soluble in 
that fluid. They are, of course, thus at once removed 
from the insoluble sulphate. 

We may make a practical application of some of 
these facts in undertaking a quantitative analysis of 
mineral waters. But as some of our readers may not 
have access to any, we shall suggest a way of imitating 
the nore pnt of one. For this purpose dissolve a few 
grains of each of the following salts in a pint of distilled 
water; viz'—Sulphate of magnesia(Epsom salts); chloride 
of sodium (common salt); sulphate of lime (plaster of 
Paris) ; sulphate of iron Le rerach 

Now, these substances are generally found in most 
mineral waters; and very often in common river-water, 
The salts are all to be well shaken up; and will dissolve, 
with the exception of the sulphate of lime, of which only 
a small portion will enter into solution. It is required 
that we should detect the bases, i.e., the magnesia, lime, 
and iron, and the common salt. The solution must be 
filtered so as to be perfectly clear ; and the following 
steps are to be taken :-— 

©) Pour a portion of the solution into an evaporatin 

ish, capable of holding about two fluid ounces; am 
evaporate by the heat of a spirit-lamp ; adding more of 
the fluid as it is lost in vapour, this means the 
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solution is to be concentrated, and at last evaporated to 


be effected at the conclusion of 
of a water-bath, lest the basin 
should crack. Such an 
ing the evaporating 
dish in another of larger size, with boiling-water, 
kept at that heat ; or the small dish may be placed 
the of a saucepan, the water in which is to 
be kept boili All the solid substances will thus 
be removed from solution; and if only a very smail 
uantity of boiling-water be then ponred on to 

e mass, all the substances will be = dissolved, 
with the exception of the sulphate of lime, which is 
thus removed from the mixture. The fluid is then to 
poured into a clean test-tube ; more water added to 
it ; and the remaining sulphate of lime may be tested as 
directed in Experiment 82. : 

(b.) We now have left in the solution a very 
minute portion of sulphate of lime (which we wed 
neglect), and the sulphates of magnesia and iron wit 
the common salt. ; 

The common salt, or rather its chlorine, is first to be 
removed by means of nitrate of silver, as in Experiment 
85. The solution must then be cleared of the preci- 
pitate «Reaves of filtration. ‘ 

(c.) The clear solution now only contains sulphate of 
esia and iron ; and we have to obtain these two sepa- 


z 


| rately. A little hydro-sulphate of ammonia is to be added, 


when the iron is precipitated as the black sulphide. 
(d.) We have now nothing remaining but the salt of 
ia, The solution having been filtered from the 


sulphide of i is to have added to it some solution of 
potass, and to boiled, when the magnesia will be 
precipitated as a white hydrate. ~ 

Thus the lime, common salt, iron, and sulphate of 
magnesia, may successively be de in the manner we 
have pointed out. 


We have thus given some experiments illustrating the 
methods by means of which inorganic substances con- 
taining earths and metallic oxides may be analysed. 
We shall now proceed to what will be more difficult to 
the tyro—namely, the means we have of detecting the 
presence of alkalies. These substances and their com- 
pounds are, with few exceptions, soluble in water; and 
they therefore cannot be generally detected in the manner, 
or with the ease, that the metals are susceptible of. Some 
of the salts are more easily detected than others. Thus 
the nitrates and chlorates of each of the alkalies, deflagrate 
with burning charcoal, producing carbonates, which may 
be distinguished from ties of the earths by their great 
solubility in water. The salts of potass give a violet 
tint in the blow-pipe flame ; whilst those of soda afford a 
yellow colour. Potass and soda may, however, be dis- 
tinguished by means of the chloride of platina and tar- 
taric acid, ith the chloride of platina, potass combines 
and affords a yellow crystalline substance. With tartaric 
acid, it produces the comparatively insoluble bitartrate 
of or cream of tartar. Now soda produces no 
precipitate with the platina salt, and none with tartaric 
acid, unless a very concentrated solution be employed. 
The chloride of platina also affords a yellow crystalline 
product with ammonia and its salts, But the latter 
alkali may always be distinguished by the smell, which 
may be produced by heating its salts with lime or potass. 
The ammonia is set free ; and if a piece of moist turmeric 
paper be held over the fumes, it will turn red—a colour 
which is lost as the alkali evaporates. A glass rod 
moistened with hydrochloric acid, affords white fumes of 
sal-ammoniac. If a piece of horn or flesh be heated, 
and burnt in a test-tube, and either of these tests be 
applied, the presence of ammonia will at once be made 
evident, All the alkalies change the yellow colour of 
turmeric to red, and restore the colour to blue, of pre- 
viously reddened litmus-paper. We advise the student 
to make repeated experiments with potass and soda in 
the blow-pipe flame, so that he mp begets the knack 
of distinguishing them. He may watch the effect 
of their giving colour to the flame of burning spirits of 
wine. e may suggest the following experiments, as 


calenlated to familiarise the mind with some of the 
ap nees of the alkalies, as met with in anal 
‘cperiment 87.—Fuse some sand in a crucible, with 
four times its weight of carbonate of potass, Se 
the silica as directed in Experiment 83, (f); but add 
nitric instead of hydrochloric acid, to dissolve out the 
glassy matter. Having filtered the solution from the 
silica, evaporate to dryness, and take the residue away, 
throwing it on a piece of red-hot charcoal. By. this 
means a deflagration will take place, and the charcoal 
and oxygen of the nitric acid forming carbonic acid, 
carbonate of will be produced. ~Put the piece of 
charcoal into distilled water, to dissolve away the alkaline 
carbonate ; and having filtered the solution, add some 
chloride of platina, * yellow crystalline double salts 
of chloride of platina and potassium will be produced. In 
this experiment, three points may be noticed—the pro- 
duction of the carbonate of potass ; its easy solubility; and 
the production of a double salt of platina and potassium. 
periment 88.—Ammonia is never met with in what 
we may term a mineral state, and is always the product 
of organic decomposition. Its reaction, however, may be 
noticed by adding the platina salt to a solution of sal- 
ammoniac, when a double salt, to that of 
potass, will be formed. It we ane, a lighter colour 
than the potass precipitate, e shall have to give full 
details as to the detection of ammonia when we treat on 
ic analysis. 
ere is a class of substances often met with in inor- 
| we analysis, which may, generally s ing, be obtained 
m. their combinations by means of sublimation. Of 
these, arsenic and sulphur are the most likely to claim 
the attention of the student, Any ore containing, or 
suspected to contain, either of these substances, may be 
placed, being first reduced to powder, in a test-tube or 
Florence flask. Heat is then to be applied, when the 
arsenic present will sublime as the white arsenious acid, 
and the sulphur settle as a yellow crystalline substance ; 
but, if ignited, producing sulphurous acid gas. The 
sulphides of some of the metals may be readily analysed 
by _ peaats arn ‘tank m 
ceperiment 89,—' a small piece lena, the 
native sulphide of lead ; and having reduced it to powder, 
digest it in a flask with nitric acid, until the whole is 
converted into a white powder. This is the sulphate of 
lead, produced by the oxidation of the sulphide at the 
expense of the nitric acid. Occasionally sulphur will 
be set free in the solid form, but this is easily recognised 
by its general properties. 

Mere is also a volatilisable body, but will only be 
met with in those conditions in which its presence will be 
easily ised. The same may be remarked in re-— 
ference to iodine and bromine, 

Our previous remarks and experiments, with the 
tables of tests given at page 393, will thus enable the 
student to undertake a general qualitative analysis of 
most of the substances which he may ordinarily meet 
with in inorganic analysis; and we shall give a sys- 
tematic arrangement which is generally applicable in all 
cases. In this we have interwoven the plan recom- 
mended by Fresenius with that which we have 
adopted ourselves. We shall stppose that a great Mowe’ f 
of all sorts of compounds may be | ggoes and that 
is to be separately eliminated in the course of analysis. 
Such a state of combination cannot occur in nature; but 
the plan has the advantages of pointing out the various 
appearances and indications of most of the compounds 
which can possibly be met with in an extended and long 
practice in analytical investigation. I 


GENERAL PLAN FOR INORGANIC QUALITA- 
TIVE ANALYSIS. 


1, Ascertain, as far as possible, the specific gravity 
and other physical characters of the body ; and refer to 
the general properties of metals, alkalies, earths, and — 
salts, for general ideas of its constitution. 

2. Reduce, if requisite, to powder, Heat this, and 

* See ante, p, 372. 
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organic f 

smell be produced, test for ammonia, sulphur, dc. 

i change do not take place, pro- 
dissolve in water, first employing the fluid in a 
state, then heating 
Use any indication which the blow-pipe may afford. 
oxides may be reduced by charcoal supports. 
may produce glasses; and some oxides may 
loured iy with borax, carbonate of potash, 

oil or wi 


afford co 

&e., on platina 
5. If insoluble in 

itri most 


to ebullition. 


wire. 


water, use dilute hydrochloric or 
cases these acids act as solvents ; 
ion of silica, few substances with- 


joint action. 


for earths, oxides of metals 
as eeu porate out. 


If solution be 


given, employ such tests as shall not interfere with the 


general result, 


Do not introduce any substance which 


might vitiate the ultimate requirements of the analysis. 
7. Leave all substances insoluble in the acids, &c., 
already named, for fusion with fluxes, as most likely 
such would consist chiefly of silica and silicates. 
8. Asa general rule, leave the detection of any alka- 
lies supposed to be present to the end of the process. 


The 
ce] 


posed of as soon as possible. 
9. A careful use of hydro-sulphuric acid and hydro- 


sulphate of ammonia, is one of 
i as by them the 


the chemist 


of metals may be readily 


will be found useful in directing to a general knowledge 


ified. 


ible presence of ammonia alone is to be ex- 
as it is desirable that this alkali should be dis- 


e most valuable guides 


er 
e following table 


of the sulphides formed by their use. We have also in- 
cluded the results afforded on adding the alkalies to the 
various solutions of the oxides, salts, &c. 


Taste of Precipitates afforded by Hydro-sulphuric Acid (sulphuretted hydrogen) and the Hydro-sulphate of Ammonia, 
in Solutions of most of the Elementary Bodies and their Compounds, and those obtained by testing with Potass, 


Ammonia, &c. 
Test. Tost. 
Elemerts, Oxides, &c. Hydro-sulphuric Acid. jog mtn ga Potass, Ammonia. Carbonate of 
Alkalies. 
Potass . 
Soda No precipitate | No precipitate | No precipitate | No precipitate | No precipitate, 
Ammonia 
$ =e J Do. Do. Hydrate in Do. All — alkali 
con- es: 
centrated solu- ite. * 
tion 
Strontia Do. Do. Do. Do. Do. 
Magnesia Do. Do. Hydrate Partial precipi- | Potass—The car- 
tate of hydrate | bonate and hy- 
drate _precipi- 
tated. Ammonia 
—scarcely, 
Alumina, Do. White  precipi- | Hydrate, soluble | Hydrate, soluble 
tate of the hy-| in excess in excess in 
drate the peepee 
Guide ok Do. The H green, 
i e@ black hy- | Hydra Hydrate, scarce] 
. drate . etubletn excess soluble! faasiews 
Oxide White hide | White sulphide | White hydrate, | Hydrate, soluble | Potass — Carbo- 
in solu-| from neutral| soluble in ex-| in excess nate insoluble in 
tions. In acid | solutions: preci-| cess excess. Ammo- 
solutions—none} pitate not redis- nia — Carbonate 
solved by excess soluble in excess, 
Manganese, 
Protoxide No ipitate in | Flesh - coloured | White hydrate, which changes to 
acid or neutral | sulphide from} brown, and at last to black, on 
solutions. Aj} neutral solu-| exposure to the air by both 
flesh - coloured | tions, changing | alkalies 
precipitatefrom| to dark-brown 
alkaline solu-| when exposed 
tions to the air. In- 
soluble in ex- 
cess of the test 
Orit. 
ide of No precipitatein | Black sulphide | Green hydrate, | Hydrate, soluble 
acid or neutral;| in neutral solu-| insoluble inex-| in excess, turn- 
a black in tions; partlyso-| cess ing to blue 
line solutions luble in excess 
Cobalt. 
Protoxide Scarce. precipi- | Black sulphide | Blue, turning to | Same as potass, 
tate in neutral| in neutral solu-| green on expo-| butsoluble, pro- 
solutions; none} tions : sure to air ducing a brown- 
in acid; black coloured fluid 
inalkaline solu- . 
tions ; 
vou, L Sr 
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Test, 
Blements, Oxides, te. | trytro-gulphuric acid. Hydro-sulphate of Potass. Ammonia. Carbonate of 
Iron. : 

Protoxide None in acid so- | Black sulphide | Green a Same as potass 
lutions ; black turning to 
in alkaline on exposure to 

the air 

Peroxide In neutral and | Black sulphide | Red hydrate Do. . 
acid solutions 
— of 

jphur 
wr Onite Black sulphid Do Brown oxide, in- | Brown _ oxide, 
8 e . . 

= . soluble in ‘ex-| readily soluble 

cess in excess 
Mercury. 

Protoxide Black sulphide Do. as Prsiried in- | Same as potass 

soluble 

Peroxide White, orange, | White, orange, | Red-brown ox-| White precipi- 
or black, a or black, ac-| ide, turning to} tate 
cording toquan-| cordingtoquan-| yellow by ex- 
tity of test tity of test cess 

Tead. 

Oxide Black sulphide | Black sulphide { White precipi- | White _ precipi- 

phi tate, slightly | tate, iteoluble 
solubleinexcess | in excess 
0 

"Onid Brown-blacksul- | Brown-black sul- | Blue hydrate, | Blue, soluble in| All alkalies— 
phide phide, slightly | becoming black | excess, atford-| Carbonate. 

solubleinexcess | on being boiled | ing a deep-blue 

; of the test, liqui 

Bismuth. ‘ 
Oxide Black sulphide | Black sulphide we Stee ox’ Same as potass 
insolable 
Cadmium, Yellow sulphide | Yellow sulphide | White hy. White hydrate, | Alkalies—White 
insoluble readily soluble inso- 
luble in excess. 
Gold. : 
Peroxide Black sulphide | Black sulphide, | None.—In very | Yellow fulmina- 
solublein excess | concentratedso-| ting compound 
of the test — a an 
ow peroxi 
Platina. se 

Peroxide From acid and} Black-brownsul-} Yellow crystal- | Same as potass 
neutral _solu-| phide, solublein | line double salt 
tions, black-| excess of the | Both these precipitates may be re- 
brown sulphide | test dissolved in excess of precipitants, 

on being boiled therein ‘ 
Antimony. 

Oxide Scarce from neu- | Orange-red_sul- | White hydrate, | White hydrate, Alkalies — Same 
tral; vrange-red | phide, soluble} solpble in ex-| insoluble in ex-| as ammonia, 
sulphide from} in excess cess cess 
acid solutions 

Tin. 
Protoxide From _neutral | Brown sulphide, | White hydrate, | White hydrate, Do. 
and acid solu-| scarcely soluble} soluble in ex-| insoluble in ex- A 
’ tion, a brown] in excess—Yel-| cess cess 
sulphide low bisulphide 
if the test con- 
tain free sul- 
n hur : 

Peroxide Yellow bisul-| Yellow __bisul- Do. Do. Do. 
phide, from} phide, soluble 
acid and neu-| in excess of the 

; tral solutions test 
Arsenic, 

White oxide, | Yellow sulphide| None till the 

or  arsenious in acid, and] addition of an 

acid none in ine} acid 

Arsenio acid | None in alkaline Do. Form with alkalies, dc. arsenites and arseniates, 
and neutral ; See article ‘ Arsenic” for full tests (p. 381, ef seq.) 
yellow sulphide " 
in acid solu- 
tions 

Uranium, 

Oxide None Brown sulphide | Yellow hydrate Sasa «| 

potass 
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are readily grouped; and hence a + assistance is 
afforded in analytical investigations. The results obtained 
by the addition of the alkalies and their are 


We have thus afforded the student ample means for 
commencing a course of qualitative ysis. Com- 

ing with bodies of which he knows the constitution, 
or can find it by referring to our previous pages, he may 


; 
i 
FE 
z 
: 
f 
5 


already acquired sufficient information in the previous 
department of analytical research to enable them to make 
further progress. 


| 


INORGANIC QUANTITATIVE ANALYSIS. 


Wuaust in the qualitative analysis of any substance we 
are content tosimply ascertain the presence of the various 
constituents, the object of quantitative analysis is that 
of i quantity of each substance composing the 
body examination. We need hardly state that 
srek se and care in manipulating is required. In 
days 100 grains were generally taken for an 
analysis ; a course which, whilst in appearance would 
afford a chance of obtaining reliable results, actually 
defeated that object, by the diffusion, of both the sub- 
stance tested and the reagent, in large quantities of 
The operations, of course, were on the large 
Furnaces, vessels, and every rigpniak ag were of 
purposes 
could only be commanded by persons possessed of t 
pecuniary present time, a table, a 
gas-furnace, test-tubes, and other small apparatus, are 
considered quite sufficient for all purposes. Only a few 
cages any substance are needed ; and in some cases 
than a grain satisfies the requirements of an ex- 
perienced chemist. Former sources of error are entirely 
avoided ; and an accuracy, which in the earlier days of 
chemical science was not dreamt of, is expected from 
even the pupil ; much more so from the professor. It 
will be impossible for us to give detailed instructions for 
the quantitative analysis of every class of bodies which 
come under examination in the laboratory. For such 
information we must refer our readers to works ex- 
clusively devoted to the sor ech" We shall be content 
to give general outlines for the direction of the student, 
must leave to his industry and skill the chance of 
‘his becoming proficient in this interesting branch of ex- 
perimental science. 

Of course, before attempting to ascertain the relative 
quantities of the constituents in any substance, their 
existence must be ascertained Ms ape sm of a qualitative 
analysis. And this must not be cursoril rformed ; 
Sua ee of the scetinteary 
tuting the w quantity be ne: in a iminary 
examination, then an accurate quantitative analysis 
cannot be effected. Hence, as we have already remarked, 

- considerable chemical experience is to qualify 
any one for an anal; A vast variety of minor circum- 
stances must also be kept in mind. Thus, some sub- 
stances almost entirely insoluble in distilled water, are 
readily dissolved if others are present; and this often 
occurs through the introduction of salts, &c., in the 


course of analysis. For instance, many oxides, &c., 


-| precipitated by an exact equivalent of potass and am- 


monia, are insoluble in water. If, however, an excess 
of the test be present, a portion of the precipitate will 
be redissolved, and a source of serious error introduced. 
Many cases of this kind may be noticed in the tables of 
tests, &c., in our previous pages. Occasionally, the pre- 
sence of certain salts, or their absence, will interfere with 
precipitation completely. Thus, the sulphate of lead is 
Foadity precipitated from the acetate by means of sul- 
phuric acid, or a sulphate; but if the sulphate of am- 
monia, or other salts of that alkali be present, precipi- 
tation may be entirely prevented. 

In quantitative analysis, it is of the utmost importance 
that the whole of the precipitate be thrown down. This 
will not occur where a sufliciency of liquid is not used ; 
but caution in this respect is be vag for an excess 
may interfere injuriously—e. g., sulphate of lime, 
which is barely soluble in water, and may be almost 
entirely precipitated in strong solutions ; whilst a portion 
will remain in solution in those which are soluble. Tem- 
perature, also, materially influences precipitation ; for 
occasionally a precipitate will remain ag ae in the 
fluid at ordi temperatures ; whilst, on boiling, it will 
be speedily thrown down. Such is the case’ with the 
ferro-cyanide of iron, and many other salts, At times 
the physical condition of the ae wag vessel will 
influence the result—e.g., the bitartrate of potass will 
only be thrown down on a a surface. 

reat care is required in collecting precipitates during 
filtration. In transferring them from the precipitating 
jar to the filter, a lipped vessel should always be used, 
which should be repeatedly washed out, and the washing 
added to the filtrate. e choice of filtering-paper is 
also of great importance. Two sorts are sold for che- 
mical purposes; one being of a porous, open nature, 
suitable for common operations ; and the other of a fine 
texture, which alone should be employed for analytical 
purposes. All paper contains a portion of earthy mat- 
ter, the quantity of which varies according to the 
material emplo: and the water used at the mill. In 
some parts of England we have detected both lead and 
iron in paper manufactured with water derived from 
proximity to mines of those metals. It is therefore a 
good plan to purchase a quantity of filtering-paper of 
one manufacture; and having ascertained the amount 
of ash it affords per 100 grains, by burning it—the next 
step is to make a qualitative analysis of the ash, so as to 
learn the possible nature of the impurity it may com- 
municate. Some recommend to soak the paper in 
dilute nitric or hydrochloric acids; but this, whilst not 
affording any great advantage, is a troublesome process; 
and even, if not carefully employed, may introduce fresh 
sources of error. Thus, if the paper were soaked in 
hydrochloric acid, and every trace of the latter had not 
been remoyed, an analysis of any substance containing 
salts of silver or lead, would afford a deficiency of the 
base, by the conversion of a portion into a chloride of 
the metal, which would most likely remain in the pores 
of the paper itself. ‘ 

In very delicate investigations account must be taken 
of the moisture which the paper contains. Persons 
unaccustomed to the delicate nature of some analyses, 
would scarcely credit how n: it is to ensure accu- 
racy in all ts. It is best to use the filtering-paper 
after pares drying it. Pieces are then to be cut off, 
as near as possible the same size, one of which is em- 
ployed to weigh the substance before analysis, and the 
others in its course; for nothing should be weighed in 
the scale-pan itself. The exact weight of the dried 
filter must, of course, be ascertained, and carefully noted 
down. It is by no means a useless plan to make a nick 
on all the papers likely to be used for one analysis, as 
by that means a chance of error may be avoided ; and no 
inconvenience can arise, because they can thereby be all 
identified as belonging to the same kind of paper, and to 
be used for the same purpose. 

For quantitative analysis a most delicate balance is 
required. In the previous experiments, any pair of 
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low as grains, may be em- 
quantities of constituents, 


of weighing as 
; but in estimating the 
9 Rates Se Seen noeensbely $0 ths vaegt part of 
a grain, is absolutely needed. course, we cannot 
recommend the instrument made by any particular manu- 
facturer ; but we may point out various particu to 
which the attention of our readers must be , if 


the horizontal line will not be regained when even 


| adhere ; and the rough usage 


exactly the same weights are on each part of the scale. 

is difficulty is overcome by so arranging the centre of 
oscillation, or that on which the beam turns, with the 
centre of gravity, so that the latter may be above the 
former.; proportion as this point is attended to, 
within certain limits, does the value of the 
The homogeneous character of the 


F 


and an excess of weight, or carelessness of weighing, may 
seriously damage the ce-beam—in many cases partly 
through a want of homogeneity in its parts. 
In the operation of weighing, many precautions have 
be attended to. As we have y said, no sub- 
should be weighed except on paper or in a glass 
tube ; for if the operator be neglectful « of this, the scale- 
a become oxidated, and so prove heavier than its 
w. Besides, portions of the substance are sure to 
uired to remove them is 
totally opposed to the delicate treatment a good balance 
receive at the hands of itsowner. Heated substances 


should not be weighed, because, as they would tend to 


| expand the arm of the beam under which they are placed, 


oy would seem to weigh heavier than they really did; 
hence a serious source of error would be introduced. 

The pans should never be loaded whilst suspended from 
the arms of the beam. This never need be done ; for in 
all chemical balances, min 5 poses are made by which 
the pans, arms, &c., can all be suspended simultaneously 
for the operation of weighing, and be brought to rest 
again when it is concluded. By such means all undue 
or unnecessary strain on the arms of the balance is 
avoided, and a highly possible source of injury removed. 
The balance should always be kept away from the fumes 
of acids, &c, They are generally enclosed in glass cases, 


| ower except when in use, prevent any great risk of 
ury. 


The analyst will require a considerable variety of 
weights, from the fraction of a grain upward ; the smaller 
being made of platina. Small weights are readily made 
from fine platina wire by weighing a portion, and then 
dividing it for halves, quarters, d&c., of the normal 
weights. The weights should not be touched by the 
finger, but put into, and removed from, the scale-pan b: 
means of a of tongs. Small pieces of tin or lead- 
foil, or shot, are useful in counterpoising crucibles, 
a They a te — veh temeonf clean. Glass 

are preferable, use o not acquire an 
increase of weight by oxidation. af = 

It must be kept in mind, that many substances, whilst 

weighed, acquire a certain amount of moisture 
air, so increase in weight; as, for instance, 


caustic potass, soda, barytes, lime, &c. These are 


etric substances ; and such should always 
be weighed in very thin test-tubes. This is a point of 
considerable importance in organic analysis, in which 
the substances operated on are generally minute in quan- 
tity, and the black oxide with which they are burned 
bemg hygrometric. 

In very delicate balances, which will turn with at least 
the ygyoth part of the weight in the scale—say with a 
load of 500 to 800 grains—the indications of an index 
will assist in a further attainment of accurate weighing, 
and thereby another decimal figure may be added to the 
result, This, however, can only be Mom by an expe- 
rienced person. Meanwhile, we direct the attention of 
the tyro to the fact, so that he may —— acquire @ 
knowledge of the peculiarities of the chemical balance. 

Before to make remarks specially appli- 
cable to certain page ea we may give a few more 
general directions. The precipitate having been col- 
lccted on the filter, must be carefully washed by means of 
a gentle stream of water, if insoluble in that liquid ; and 
this is best done by means of a washing-bottle. This 
may be of any form or shape ; a convenient one is repre- 
sented in the margin. It 
consists of an ordi 
glass bottle, fitted wth two 
glass tubes, having a bore 

ual to about the tenth 
ofaninch. That marked 
a, is one from which the 
water flows #8 wars the 
air passes ugh b, to 
take the place of the es- 
caping fluid. It is easily 

ed by drawing air out 
by the mouth through the 
tube 6, whilst @ is im- 
mersed in a vessel of dis- 
tilled water. When thus .-— ae 
filled, the bottle is used x 
for washing, as shown in the cut. The tube a should 
be drawn to a jet-like point, so that the stream of water 
may flow gently on to the precipitate, and not drive 
holes in the filter. 

The removal of the filter from the funnel requires 
care, because the filtering-paper has little tenacity, and 
hence may i in pieces. The best is to 
tilt the funnel on one side, and blow between 


and the glass surface. This will separate them, anda 
good hol 


termed hy 


Fig. 74. 


may then be taken of the filter for its re- 
moval. ‘The next step is that of drying the Leia tro 
and this requires care. In most cases a water- is 
all that is requisite ; and one of these is ily con- 
structed by means of two evaporating dishes. The filter 
being es in one, it is floated in another containing 
water kept at a boiling state. This or any other similar 
lan may be adopted. Water-baths, however, made in 
Berlin porcelain, may be procured of the instrument- 
makers. If a higher temperature be pare fy! for the 
evaporation of acids, &c., then a sand-bath «must be 
; for which purpose an iron or copper bowl, filled 
with sand, and placed over the spirit-lamp or furnace, 
will answer. The evaporating dish containing the filter, 
&c., to be dried, is placed in the sand. In some cases it 
is desirable to burn the filter, and to weigh the residual 
precipitate. This is best done in a Berlin or platina 
atneible, We must here warn our readers never to burn 
precipitates containing oxides of metals proper, either 
with paper or in a platina crucible. The of the 
paper would most likely reduce the metal. And metals 
such as lead, &c., if ing in contact with a red-hot 
platina crucible, would render it useless by forming an 
alloy. The alkalies, earths, and their compounds alone, 
should find a place in a platina vessel at a high tempe- 
rature. Some substances, during drying, decrepitate ;+ 
that is, they cast off small portions, owing to the forma- 
tion of steam, which, expanding between their particles, 
affords small explosions, Such occasion loss; and a 
cover of any kind, such as another evaporating dish, 
should be inverted over that containing the drying 
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ipitate. In employing the sand-bath, care should be 
taken, if a filter is aap cheied, that it do not attain a 
temperature sufficient to char it, as that would occasion 
a loss of weight, owing to the decomposition of the 


r. 
ey Rian Albee: tic, eey dry ih'alno: beneinensaigicl sion 
the-least touch may break it,.or cause the dry powder 
it contains to j out. This is a point requiring 
attention and care. We have seen young students 


destroy all the hoped-for reward of their previous at- 


Brow ee heomdeh ge delicacy of touch and manipulation 
' in this respect. 


In some instances, the only result obtained—which is, 
generally speaking, far from being satisfactory—is that 
of ine product. Under this head the alkalies 
must be placed; as, with little exception, no solid pre- 
cipitate can be obtained from which they can be esti- 
mated. Potass, for instance, may be weighed as a sul- 
sages Magee eth Soda may be similarly estimated. 
such, and many other similar instances, when crys- 


stituent. We do not here refer to water in a liquid 
State, but in chemical combination. In some cases 
crystals lose their water of crystallisation, and from this 
cause serious loss may occur in the estimation of the 
base. The water may not be driven off at the boiling 
temperature ; hence a water-bath may be used. Gene- 
rally speaking, all such salts, however, suffer loss when 
the temperature is raised beyond that point; and 
the sand-bath must therefore employed with great 


caution. 

Presuming that the student has mastered the details 
through which we have been proceeding, his last step 
will be that of finding the relative value in t to the 
chemical equivalents of bases, &c., of the ucts which 


E 
H 
A 
‘ 
if 
E 
F 
: 
& 
f 
F 


of the it was 
escaped was carbonic 
the acid was in com- 
ination was lime, we wish to know how much lime was 
As that sub- 
lost 44 grains of carbonic acid, and as 28 grains of 
unite with 22 grains of carbonic acid to form 50 
of marble, we should have the following pro- 


¢ 
& 
S 
Fe 
ea 
i 
ge 


pt i 
oe 
Fe 


if 
! 


One equivalent The amount of COg One equivalent of 
6 in of lime, CaO 


22 : Ad <3 28 
| Now multiplying 44 by 28, and dividing by the first 
term as in ordi Proportion, we obtain— 


process. 
We will give another illustration, which, although on 
the same principle, yet involves a little more apparent 

_ difficulty. We will suppose that an alloy has been dis- 


solved in nitric acid, and that the silver has been pre- 
cipitated as chloride of silver, of which there are 48 
grains obtained; how much chlorine and silver are indi- 
vidually in that quantity ? 
Now the equivalent of chloride of silver is— 
36 


Chlorine 6:65: ase yee 
PRLWOE et 8 eRe a <r 108 
Or 144 


And we must accordingly make two proportions to as- 
certain the amount of ma element present. 


Commencing with the silver, we say— 


pe ArCl ArCl ar Ar 
144 : 48 “ye 108 $ 36 as below. 
48 
864 
432 
144) 5184 (36 grains of silver. 
432 
864 
864 


In this the 48 is placed in the second term of the pro- 
portion, because the answer must necessarily be smaller 
than the third term. 


With the chlorine we say— 
Ag Arct arcl a cl 
144 ; 48 88 36 : 12 grains as 
48 below, 
288 
144 
144) 1728 (12 grains of chlorine. 
144 
288 


288 
Now, by the first proportion, we find of silver 36 grs. 
re ; by the second proportion, of chlorine 12.,, 


48 

Hence we find the total equal to that of the number 
of grains found in the precipitate. 

eshall now take another case; in which, having 
ascertained, as above, the exact amount of each sub- 
stance in a precipitate, the baggy od ig or its 
proportion in one hundred grains, is desi This is a 
very common question, especially in assaying and me- 
tallurgical processes ay: : 

The method to be adopted is precisely similar to that 
illustrated above ; and we will take our last example to 
show the modus operandi. 

Supposing that the 48 grains of chloride of silver were 
precipitated from 600 grains of a lead ore containing 
»i!ver : how much per cent. of silver does the ore contain / 
We state it as— 

buy : 36 :: 100 : 6 percent. as below. 
36 


600) 3600.(6 
- 3600 
Hence such an ore would contain 6 per cent. of metallic 
silver ; or, in other words, every 100 grains of the ore 
will afford six grains of pure silver. 

Occasionally, the proposition is in the reverse form ; 
that is, the per-centage being given—required the amount 
in any number of grains; say, for instance, in 600, Then 
we state it— 


2 100:6 3: 600 
6 
100 3600 


36, or 36 grains in 600 of the ore. 
Our readers not well conversant with arithmetic, must 


_ Years ago, we ontrusted Ah 
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be cautious how draw out their proportions. Some 
me the oe ng some 
copper way of trying abilities. e gave 
him Sits nies cn ehich te his skill. In the course 
sralen of pipa sapper from fh. ‘Tho eos Yes curtalaly 
i it. result was ly 
Snonishing? but its wonder immediately lessened on 
the arithmetical process being examined. The anal 
was near enough ; but in casting the proportion, he 
misstated it, and brought out 200 grains instead of 
two per cent., by some mysterious p of calculation. 

Tt will be seen, from ng remarks, that an 
extended knowledge of the equivalents and constitution 
of chemical compounds is essential to p' in quanti- 
tative analysis, and a free use of the symbols is equally 
requisite, as much time is saved thereby. It is an 
excellent plan for the student to copy out the equiva- 
Jents of all the simple and compound bodies he can gain 
information of, and writing them, in a tabular form, 
on a piece of cardboard, he should hang it up in some 
conspicuous place in his laboratory. By this much time 
is saved, and reference to books is rendered unnecessary. 
The latter soon get spoilt in a laboratory. It is also 
advisable to have extended tables of specific gravities, 
and other iculars, for the p of constant re- 
ference, which should always be ly to hand, ; 

The foregoing general hints will be sufficient to remind 
the student of many important matters requiring his 
attention whilst pursuing quantitative analysis. We 
shall now pass on to give an instance or two of the 
practical method, and to mention various particulars 
which have to be attended to in special cases. We must 
mention, however, the following rules as never in any 
case to be neglected. 

1. A qualitative analysis should always first be made. 

2. Care must be taken in quantitative analysis never 
to lose a drop of solution ora particle of a precipitate. 

3. All washings must be added to the original solu- 
tion from which the precipitate has been thrown down, 
and the precipitate itself must be washed (if insoluble in 
water) until every trace of soluble matter has been 
removed. 

4. The prev:pitate must be thoroughly and carefully 
dried. It isnot to be weighed till cool; and if hygro- 
metric, must, for that purpose, be placed in a thin glass 
tube, or between two watch-glasses. 

5. And, lastly, every step of the analysis must be 
gia Mo gsc down as it occurs, and each vessel should 
be with letters, &c., corresponding to those at- 
tached to entries in the note-book. 

Practioau Inttustnations.—For the sake of more 
fully explaining the methods adopted in quantitative 

alysis, we shall select the following examples, which 
ma lig taken, on types’ of the’ porierhl yihins’ 40) 'be 
followed in most cases. There will be sufficient variety 
to enable the student to comprehend numerous other 
instances with which he may meet. 

_Experiment 90.—Dissolve a three-penny piece in nitric 
acid. Now, as silver is always alloyed with copper to 


| form the material from which our coin is manufactured, 


| nitrates of silver and copper will be left in solution. 
| is required to make an analysis affordin 


lt 
: ) the actual 
the coin. e solution 


weight of each metal com 
water, and to this a solu- 


is to be diluted with di 


| tion of common salt is to be added so long as a white 


Ary 


: 


ag ome is formed. The silver is thus removed as 
chloride, whilst the copper remains in solution. 

@) pie Ripert ah precipitate cautiously and 
gently on to a wei ter,* supported in a funne'! 
and receive the liquid, which will pon through, in sat 
other vessel. Wet the filter with distilled water before 
pouring in the solution, &c.¢ When all the liquid has 
passed through, wash the precipitate by means of the 
washing-bottle,t so as to remove every trace of the 
copper solution, ee - the latter i) spread by capil- 
attraction through every part of the wash 
the filter as carefully as the asta itate Itself” The 
washings, of course, must run through to the solution in 

© Bee ante, p. 408. + Ante, p. 396, t Ante, p. 404. 


the lower vessel, as they will contain a minute portion of 
When the ing is com remove the 
and place it on the 


y dry. Whilst 


the copper left ‘in 


water for washing, eva 
ounce in measure is | To this add a little hydro- 
chloric acid, and then a few zinc shavings or some clean 
iron scraps. Heat the solution gently for some time, 
and then evaporate nearly to dryness. Add a li 
dilute sulphuric acid, to remove all excess 
zine. The precipitate produced will be m 
which is to be collected on a weighed filter, and wi 
washed. It is then to be quickly dried by means 
water-bath. 

The next step is to weigh each product 
poy bee We —— take the hen “ silver nex Tf 
the operation have been properly conducted, 

i othe filter to weigh 20 grains, i and the precipitate 
ogsiher should weigh 46} grains nearly, ence the 
recipitate will afford 26} grains of chloride of silver, 
he amount of silver is easily found from this ;|| for the 
proportion will be— 

As an equivalent of chloride of silver is to that of the 
product of the analysis, so is the amount of silver con- 
tained in an equivalent to that contained in the pre- 


cipitate ; or, expressed in 
As 144 ; 263 :: 108 : 20), grains, 


216 


144) 2889 (20;2,—=20,y i: 


9 ; 
We thus find that the coin contained 20), grains of 
Pare the coh Be Sieh SoghialeaRiae Reylaad ts Saat 
co) en weig 2 
afford about 1d grains. Thus the composition of the 


three-penny piece will be— 
OF SLIVER. econ i uies sdaeen ; grains 
CODD Gives ceciasnanises siete att 
TROWALS sysin debe 214% grains, 


L 


Which is a little less than that of the new coin, as 
from the mint. 

Tt is usual to ex all in an 
whole numbers and decimals; the latter being 
place of fractions: the results of the analysis will 
stand as under :— 


Total 21°8125 grains. 

The above examples may be easily repeated with 
successful results, because both the ucts of the 
operations are insoluble in water ; and therefore no error 
can arise except that proceeding from carelessness, In 
many instances, the slight solubility of a precipitate 
interferes with the of the result, and in such 
cases the total of the original weight is made up after 
analysis, by adding in to the amounts of the found bodies, 
ae the actual loss, and marking them 
as suc 

In the next rr we shall confine our attention to 


weighing only one of the substances present in the body ~ 
pee sar Fame th the sulphuric acid. 4 

Experiment 91.—Dissolve twenty grains of the sulphate’ 
of potash in an ounce of distilled water, and add thereto 


so much solution of the chloride of barium as is required 
i Sce ante, p. 404, || Ante, p. 405. 


ASSAYING ] 


CHEMISTRY. 407 


= 40. And hence we have, 
Rates) ae st, a, ce, 0 


116) 1160 (10 grains. 
1160 


Hence we find that twenty grains of sulphate of potass 
contain, according to the analysis, ten grains of sul- 
phuric acid. The actual composition of the salt is 

= Sulphate of) _ Sulphuric acid 40 
Equivalent of { pune a bo Baboon. wee 72 
87-2 

So that a little error has been made in such an analysis. 

The preceding will afford initiative experiments for 

the beginner; and i ee simple examples, he 

will gradually acquire e dexterity and accuracy only 


by constant practice and experience. 
In quantitative analysis, there are some processes 
Fig. 75. 


which are specially applicable for certain p One 
of these, eapilidticer te shall now daneaties becatahe it is 


extensively used both by analytical chemists and by 
metallurgists in refining and assaying. <A peculiar form 
of furnace is requisite for this operation, and an instru- 
ment called a mufile. In the preceding engraving, a view 
of a furnace externally, and as arranged for the reception 
of a muffle, is shown. On the left hand view, an open- 
ing is seen in the body of the furnace, into which the 


mufite is introduced. 
The mufile is ong: of earthen- 
ware, and in this the cupel is 
laced. A view of an iter 
orm of the mufile is represented 
in the in. The cupel itself is 
asmall vessel, made of bone ashes, 
which are employed on account of their porosity. 

The operation of cupellation depends on the fact, that, 
when gold and silver, which do not become oxidised at 
ared heat, are with metals that do, the latter 
separate from the noble metals, 


Fig. 76. 


yed, a 
The two 


few grains are put into some pure lead foil. 
are then in the muffle, already red-hot in the 
furnace. By the peculiar arrangement of the whole 


apparatus, a current of air passes over the silver and 
lead ; and so long as lead or any other readily oxidisable 
metal remains, the two present a dull appearance. The 
operator must carefully watch ; and quite suddenly he 
will perceive the silver to present a most brilliant ap- 
pearance, owing at that moment to the almost entire 
removal of all the baser metals, The process is then 
concluded ; and the cupel having been allowed to cool, 
the button of pure metal may be removed and weighed. 
The cupellation of gold is conducted ina similar manner, 
with the exception that silver and lead are both em- 
ployed, ins’ of lead by itself. By this an alloy of 
silver and gold is uced at the conclusion of the 
cupellation. The silver is afterwards removed by means 
of nitric acid ; the gold being thus left in a pure state. 

This Spee is one requiring considerable care ; for at 
times metals, at the instant of their becoming pure, 
meet + This is especially the case with silver ; for 
its occasionally bursts, by which a loss of metal is 
sustained, 

With this we shall conclude our remarks on quantita- 
tive analysis, so far as inorganic bodies are concerned. 
The subject is of so extensive a character, that were we 
to attempt to give full details, we should have to far 
exceed the limits which our plan imposes on us. We 
have already named the best works which the student 
ean cousult.* In them almost every substance which 
can be met with, is treated on in full particulars. 
Analysis, from its numerous uses, has become a distinct 
branch of chemical science ; and one in which, to be 

roficient, requires an undivided attention, Our object 

as been to give a general idea of the subject, so that 
the beginner may have an opportunity of learning lead- 
ing principles and methods only. 


CHAPTER VI. 
THE CHEMISTRY OF VEGETABLE SUBSTANCES, AND THEIR PRODUCTS. 


During the last twenty years, the study of the cho- 
Lb wetye | vegetable substances, dvc., has made astonish- 
ing p To Dr. Liebig, of Giessen, we are pre- 
eminently indebted for masterly and accurate researches 
in this branch of experimental science. It has been 
chiefly owing to his discoveries that so deep an interest 
has been generally taken in the subject, and that agri- 
culture has advanced to the rank of a science, in place of 
being a pursuit of chance and speculation, as it had 
formerly existed. ‘ 

In other branches of industry, similar results have 
accrued, owing to the rapid applications which have been 

® See ante, p. 397. 
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ly-developed principles. These have been 
as to defy enumeration. In the art of 
for instance, discovery and use of aniline 
an entire revolution in the processes em- 
: gas-tar, which viously was employed 
solely for the ation of timber, is now the 
of those beautiful colours, mauve, Magenta, &c., 
afford such rich tints to cotton and silken fabrics. 
shall first give a eral account of such sub- 

é&e., which being directly or mediately produced 
plants, have for their chief component parts, the 
elements of hydrogen, oxygen, and carbon, or any two 
these. Having thus, as it were, given the elemen- 
principles of this department of chemical science, 
shall proceed to examine other and more complex 


ble bodies consist 
e elements of water 
ions. To fatni- 


Els 


ie 


‘ 
i 
a3 


a 


i 


With scarcely an exception, v 
entirely of carbon and water, or 
_ united with carbon in various pro 

liarise the mind of the student with the products of 
| vegetable substances resulting from chemical action, we 
| shall here give the formule of water, carbonic acid, and 
| other compounds, in which these or their elements are 
involved. We shall use their symbols, to save space in 


indicating their composition. 
Water . . . HO 
Carbonic acid . - CO 
Alcohol . . CQ, i, O53 
Ether . eo evo Hee 
Acetic acid : « O, H, O 
Oxslicacid : . 2004+0=0,0, 
Tartaric acid . « OG | Or0 
Sugar . « Oyo Hy, O41 
Starch +» «© Oye Hyp M0 


Now, on inspecting the above list, we find that a 
union of the same elements, in various proportions, is 
capable of producing substances having entirely different 

i Thus, alcohol, ether, acetic acid, tartaric 
and sugar, each contain precisely the same ele- 
ments, but in different proportions ; and yet there is 
ok Mea detel ospacens. seatiatt ity in their specific pro- 
ies. These just point out the extensive variet; 
of forms and substances which carbon, oxygen, an 
hydrogen can produce by their union, and the learner may 
thus have some idea of the wide of that interest- 
ing field’ of investigation into which we are now 
en 


We here point out two singular and instructive 
facts connected with the composition of four of the 
substances to which we have called attention—namely, 
sugar, alcohol, ether, and acetic acid. In producing 
alcohol from , as in the ager | process of fer- 
mentation, we find that carbonic acid is largely pro- 
duced, which passes off in a us form. This accounts 
for the difference of composition between the sugar and 
alcohol. In producing ether from alcohol, we lose no 
carbonic acid, but only an equivalent of water ; so that 
alcohol =r) f be meio as composed of ether + water. 
Acetic acid (which is the cause of the acid flavour of 
ordinary vinegar) is readily produced from alcohol, and 
in that process we lose t equivalents of hydrogen 
and gain one of oxygen, by the oxidising effect of the 

eric air employed ; so that acetic acid may be 

ed as a compound of four equivalents of carbon 
united with three ob wate We can thus produce from 
sugar, so far as we have e, three different bodies 
having exactly the same elements in various propor- 
tions, each different, and yet chemically analogous. 

Referring now for a moment to oxalic acid, we find 
that really consists of a union of carbonic oxide (CO) 
with carbonic acid (CO,), for the two would afford two 
equivalents of car and three of oxygen, which is 
precisely the constitution of oxalic acid in an anhydrous 
state. t if we speak of ordinary oxalic acid, we shall 
find that it is combined with three equivalents of 
water (SHO), which would make the combination as 


Oy + 05 + SHO; or, Cy + 0, + Hy. 


And in this formula we see how oxalic acid may be 

roduced from starch or sugar (the usual source). 
lon if we add concentrated gn acid to okalic 
acid, having the latter formula, mposition ensues, 
its water is removed, and an equivalent, each of carbonic 
oxide and acid, is afforded. 

As we proceed, we shall have to extend the number of 
elements in our formule, and include nitrogen. We 
shall, however, for the sake of simplicity, defer our 
remarks on this point till we have more fully described 
the simpler kinds of organic compounds. 

The existence of carbon in vegetable bodies is con- 
stantly evidenced to our oes in pe eee bs burn- 
ing. in baking, ting, roasting, urning 
any eaehalee body, a black mass is uced, which is 
owing to the carbon forming part of it being set free, as 
charcoal. In any of these processes, the hydrogen and 
part of the oxygen escape as water. The remaining 
portion of the oxygen combines with a ion of the 
carbon, and passes away as carbonic acid. Even the 
solid charcoal left, will gradually be converted into car- 
bonic acid by combining with the atmospheric oxygen 
which surrounds it. The following formula shows the 
results of an entire combustion of a portion of absolute 
alcohol, which we shall take as a of such results 
obtained during the combustion of other substances, 


Results of the Combustion of an Equivalent of Alcohol. 


Alcohol. 

Ce Ss a4 4COg = 88 
He = 6 6HO = Sf 
Og = 1 
012 from the at- 

mosphere, =} 2 

support com- 

bustion ; 

142 142 


We thus perceive, that by the combustion of one 
equivalent of alcohol with twelve’of oxygen gained from 
the atmosphere, the oxidation of the spirit should 
produce four equivalents of carbonic acid and six of 
water. 

In the early of this section, we have had frequent 
occasion to Bal on the poantifal simplicity, the 
value of the doctrine of chemical equivalents. But as 
we pro ee we shall still further 
admire the ity of its discoverer. It is impossible 
to speak too highly of its use in this department of ex- 

ecm Piegerad Daer Biren, Soe amet ses ER 
veloped the nature of atomic values beyond the most 
ine expectations of the great Dalton. 
remarks and illustrations we have made, are, of 
course, only intended as introductory to our subject. 
We shall next speak of organic analysis, because it lays 
at the foundation of our investigations ; and without its 
exercise it would be impossible to proceed a step in re- 
lating the natural history of the various substances we 
shall have to examine, 
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Ix one eereme pages* we gave extended directions for 
the qualitative and quantitative analysis of inorganic 
bodies. The principles and, details we then explained, 
whilst incident to analysis of organic bodies, are so, 
however, only to a limited extent, because our range over 
the nature of the elements with which we have to deal is 
also limited. In in analysis we may happen to find 
any of about sixty different elements, and an tinter- 
minable number of their compounds. In organic 

we chiefly wish to detect the bps rps of carbon, bh 

gen, and oxygen present, and occasionally have to expect 
nitrogen. e do not trouble ourselves so much in re- 
ference to what we may call accidental su which 
are not absolutely essential to the typical constitution of 
* See ante, pp. 3044—407, inclusive, 
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the bodies ander examination, because we can almost 
always obtain vegetable products in a condition verging 
on absolute purity. Of course, if an analysis were re- 
quired for commercial purposes we rust be very exact 
in that respect also. Philosophically, we may consider 
flour, for instance, to be a compound of gluten and starch, 
and the analysis of it, and the detection of the elements 
present, would be restrained within the limits we have 
named. If, however, we have to conduct the analysis 
for agricultural purposes, we should pay far greater heed 
to what we have termed the “accidentals,” such as 
silicious matter, phosphate of lime, &c., because the 
presence of such substances in the soil whence the wheat 
is produced is essential to its growth. If, therefore, we 
desired to analyse the wheat as a guide’ to the manage- 
ment of the soil, with respect to manure, &c., this matter 
then becomes of the highest importance. We shall, how- 
ever, leave such till we enter upon the department of agri- 
cultural istry, to which they properly belong. Similar 
remarks are applicable to other technical applications of 


ic analysis. 

We have already stated ae inate carbon, hydrogen, mid 
ox: existing in a vegetable uct, are all resolvable 
fit carbonic acid and water by the process of combustion, 
and the fact etna RR os course which bg «a 

in ucting an ical investigation. Many 
both of a and general nature, have been 
P A} alot gee det an ges has eB ce 
usually ado at present time, and for which we 
are chiefly indebted to Dr. rape, BE 
nee The substance to be analysed must, if solid, be 
uced to as fine a powder as possible ; this is best 
a porcelain mortar. After being 
powdered sufficiently fine, it may then be introduced into 
ga Dene to a heat short of boiling water, if 
it will bear that without decomposition, which almost 
every substance will safely do. 

O. It has then to be mixed with a considerable quan- 
tity of the black oxide of copper. This substance af- 
fords oxygen to any com le mixed with it, when 
the two are exposed to a red heat. This is effected by 
introducing both into a German glass tube about eighteen 

and an inch in diameter, which must have 
one end drawn out to a fine point. The substance to be 
analysed is to be mixed with the oxide whilst the latter 
is in a warm state, so as to prevent any of the 
absorption of moisture. A little clean oxide is, first in- 


: 
F 
E 
: 
: 
E 
: 
B 


@ 
7 
—e 
6 6 
the mixture, and c that ome the copper turn- 
ings. When filled, Gabe eta be id horizontall 


and means of which the mixture 
yp sg a i the length. About three 


substance—which, of course, must be ac- 
curately wei —is to be mixed with about an ounce to 
0 the re ee | the oxide. seced fun 
c). Thi is placed in a peculiar - 
nace, so that the combustion may proceed in a gradual 
t ing from the wide end of the tube, till 


t its length, holes 
half an inch wide, and two inches long, are to be cut— 


| a, @, a, a, 4, a, as in the following figure, which re- 


presents the furnace, with the lower part uppermost 
Fig. 78. 


a tL a "| 
(Fig. 78). Between, each of these holes a small iron 
upright is placed (see b in Fig. 78), on which the tube is 
to rest during the process of combustion. 
The fuel used is which is first introduced in 
small quantities, at a, and gradually added, so as to 
Fig. 79. 


e 


« a 
carry on the combustion from a to ¢ (Fig.79). By 
these means a complete combination of the elements 
contained in the substance in the tube is effected, with 
the oxygen of the oxide of copper. 

(d). At the end d, in the figure above, a tube is to be 
attached by means of an india-rubber connexion. This 
tube is to contain fused chloride of calcium, for- the 
espns of receiving the aqueous vapour generated 

uring the combustion. By this, the amount of water 
produced is readily ascertained ; and so the hydrogen 
and oxygen of the mixture are weighed away. useful 
form of tube for this pu is represented in the fol- 
lowing cut (Fig. 80), in which is shown that part which 
is attached, by india rubber connexions, to the combus- 
tion tube, placed in the furnace; and b, that end attached 
to the potass apparatus, to be described immediately. 

Fig. 80. 


a {ae b 


(e). The next piece of apparatus which is attached to 
the tube, shown above at 6, is the potass bulb, repre- 
sented in the annexed cut. The ob- 
ject of this is the absorption of car- 

ic acid, by means liquid 
caustic tass, with which it is 
nearly filled ; and by means of which 
the carbonic acid, produced during 
the combustion, becomes removed, 
and affords us the opportunity of 
ascertaining the amount of carbon 
in the body under examination. 
This potass bulb is attached, air-tight, 
to the end of the chloride of calcium 
tube, and so forms the end of the whole arrangement. 

It will be perceived that we have only hitherto referred 
to the analyses of those substances contdining carbon, 
hydrogen, and oxygen ; and having described the different 
apparatus used, we subjoin a cut representing the whole 
in operation, 


Fig. 81. 


aaa, the combustion tube; 5 5, furnace resting on two bricks; ¢, con- 
nection of the combustion tube with the chloride of calcium tube, d;¢, 
the connection between the chloride of calcium tube and, J, the potass 
apparatus; g, the open end of ditto. 


The following particulars must be — 
G 
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| to in a quantitative analysis conducted on the preceding 


| 


If the article be a solid it must be most carefully 


weighed, and absence of hygrometric moisture should 


be carefully engured. If, however, a liquid be examined, 
it should be inclosed in a glass tube, having a fine extre- 
mity. After the tube has been weighed, the li uid is 
to be introduced by expelling the air by heat, and hold- 
ing the capillary opening beneath the surface of the 
liquid. A portion will thus be forced in by the pressure 
of the air. This tube is then to be let down to the 
closed end, marked }, in Fig. 77; and the remainder 
of the combustion tube is to be filled as before, with 
oxide of copper. The process is to be conducted as 
before, with the exception, that a gentle heat is to be 
applied to the end of the combustion tube holdin the 
liquid. ‘This will expel a portion of the liquid, which, 
passing as vapour to the heated portion of the oxide of 
copper, will be decomposed. Of course, this operation 
requires great care in manipulation ; and but a little at 
a time of the liquid should be expelled, lest any portion 
— escape combustion. : 

6 connections must all be as complete as possible, 
so as to be quite air-tight. The only open part will be 
the end of the potass apparatus. The latter should have 
its three lower bulbs quite full, and the two upper, half 
filled. At first a little air will es off, which, of course, 
is owing to the expansion by heat of that contained in 
the combustion tube. The chloride of calcium tube 
must be accurately weighed when filled, each end being 
fitted with corks, which are to be weighed with it. 

of course, are to be removed on using the tube, 
bat must be weighed again with it after the analysis is 
concluded, as their absence would of course introduce a 
source of error in the estimation of the increased weight 
due to the absorption of water, resulting from the 
combustion. 

The same remarks hold good with the potass appa- 
ratus; for the amount of carbonic acid produced is 
known by the increase of weight, resulting from its 
absorption by the liquid. It must therefore be accu- 
rately weighed before and after the analysis, and the 
increase of weight indicates the amount of carbonic 
acid absorbed. At the moment of the analysis being 
concluded, which will be noticed when the liquid potass 
is not driven to and fro in the bulbs, the capillary end 
of the combustion tube is to be broken, and by the 
mouth—or, still better, the end of a syringe or air-pump 
attached by means of an india-rubber connection—air is 
to be drawn through the whole ‘ee gore ; and thus any 
water or carbonic acid unabsorbed is drawn through the 
calcium and potass tubes. It is true that a source of 
error may arise from the admission of air; but if this 
area carried to any excess, the error will be but 

ing. 

When nitrogen is present in any substance to be ana- 
lysed, a separate analysis must be effected to determine 
its presence. In place of filling the potass apparatus 
with that alkali, a solution of the chloride of platina is 
to be employed. The substance under examination is 
mixed with a portion of soda ash and lime, and heated 
as before. By this means the nitrogen produces am- 
™ which, combining with the platina salt, forms 
the double chloride of ammonium and platina, in which 
form the nitrogen is estimated. The nature of the 
double salt has already been referred to under the head 
of ceed 

delicate nature of organic analysis requires lon 
experience and t tact for its ppapaieti paar: 
ance; and we should far exceed the limits imposed 
on us, were we to enter into every detail. Our object 
has been to point out general outlines ; and we must 
refer our ers to works on the subject, in which full 
particulars are entered into, and every minutie of the 
processes which have been recommend are given in their 


aidoang; ha add, 

® may, however, jus by way of illustrati 

the results of an analysis in which we shall suppose tha‘ 
* Bee ante, p. 37% 


the amount of carbon, hydrogen, and oxygen has been 
determined. 

4 parmapes a Seen ae 
burned with oxide of copper, e 
recommended ; and on melghing the chloride of calcium 
tube and contents, we find that its increase is 2°25 grains ; 
and the increase in weight of the potass apparatus and 
contents, is 55 grains ; how much hydrogen, carbon, and 
oxygen were present in the substance, supposing thatit 
had weighed 3-75 grains ? : 

1. We have 2°25 grains of water produced therefore. 
i ee of water = 9 is to hydrogen = 1, so is 

“25 to 25. 


As9:1 $3 995.5 


Or, 5 

Hence we have of hydrogen = ‘25 grains. 

And necessarily the rest is oxygen =200 ,, 
225 4, 


2. Now, we find that the contents of the’ potass 
apparatus sustained an increase of 5% grains, We 
therefore say— 

As the equiv. of CO, = 22 is to C = 6, so is 55 to 16. 


Or, Ab BING SR 32 


Ste 


22) 33:0 (15 
be 


110 


ae 
In other words, the substance analysed contained 
Of hydrogen ‘25 grains. 


oxygen 2:00 
», carbon 150 5, 


Its original weight 3°75 
If we wish to find the equivalents of each element 
present, we shall easily obtain them by multiplying each 
of the quantities in the above example by 4 ; fae 
A= ‘25 x 4=1= one equivalent, 
0=200x4=8= os 
C=150x4=6= A 
Hence the supposititious substance is composed of one 
equivalent each, of hydrogen, oxygen, and carbon, We 
must here mention that we have invented a substance 
expressly for our purpore, so that it might contain only 
one equivalent of each element. This has been done 
only for the sake of simplicity ; and our readers can 
easily extend our example to facts, by multiplying the 
proportion, as given above, by the formule for any 
chosen body, maintaining of course the relative pro- 
portions which exist therein. : 
Thus, if 3°75 grains of ether had been analysed, its 
formula being Oat H, + 0, we should have had 
y 


drogen = 507 grains. 
3, oxygen = ‘811 ,, 
9 car = 2432 45 


3750 4, 

Now, as the weight employed is nearly one-tenth of 
that of an equivalent of ether, which is 37, we shall 
nearly obtain the equivalent of each of the substances, 
by multiplying each of the above weights by ten. This 


result would be more exact if we used the factor 7, 
thus, the equivalent of the 


375 
O 811 X 37 
3°75 5 
2-482 x 87 
Carbon reat pat 24 


Or, other = 0, + H, +0= 37 
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already.*—We shall now proceed to investigate the pro- 
perties of numerous organic substances—commencing with 
starch, sugar, &c.; and subsequently shall examine their 


These illustrations will be sufficient to give our 
readers a general idea of the calculations involved in 
organic analysis, with the exception of that of the per- 


centage, which is precisely similar to that explained 


chemical products, which are of a more complex character. 


CHAPTER VII. 
STARCH, SUGAR, Erc., AND THEIR PRODUCTS. 


com: to select and indicate, rather than to define, 
all the divisions of this interesting department of ex- 
science. 

The first substance to which we shall direct the atten- 
tion of our readers is starch in its various forms. Starch 
is to be found in almost every plant, in some form or 
other. cocaine fonder gram tele ed earn 
of its presence, is that its being fo’ in wheat. 
potatoes, and other such plants as are used for common 
articles of food. If flour be carefully washed with cold 


water, a milky liquid passes which contains the 
starch of the w If the liquid be allowed to settle, 
the starch be deposited as a white powder, being 


will 
from the p na which is the other component 
the flour. If potatoes are broken up and pounded, 
are-chiefly com may be 
separated in a similar manner. During the existence of 
the potato disease, the fact that much starch may be 
obtained from potatoes, even in a diseased state, was 


thus obtained for the use of calico-printers, by which a 
considerable amount of wheat, previously used for that 

was saved, Starch forms, also, the chief part 
of arrow-root, sago, tapioca, and most other farinaceous 


The physical characters of this substance vary with 
the sources bs gens¥ | Testes fi To all external 
pearance, as vie e eye, it seems merely 
der; but if placed ee ee 
the various kinds of starch show cells, differing consider- 
ably in their external characteristics: The following 
engravi EY it thet pe will assist our et Pc 
respect ; if t a microscope of ordinary 
power, they may readily make their own examinations 
of various forms of feculine products, 

If starch be mixed with cold water, no notable change 
takes place ; on mixing it with boiling water, however, 
the cells swell enorm , and eventually burst, as is 
familiarly See be , bar in gern seam 
making paste, and starch, for laun use, t 

real starch, whi 


means the which is enclosed in a membrane, 
is set free by the rupturing its covering. 
We have eventually to notice the office which 


shall 
starch fulfils in reference to the tion and growth 
plan i F rectivelad oe et bie. 
We shall now proceed to describe its chemical characters. 
Starch is com of carbon, h pend oxygen. 
Its symbol Pst ipa are Oyo Hy9 O40. It is 
precipitated by ic oxides, and other substances in 
solution. Its proper test, however, is iodine, with 
which it forms a dark-blue colour, provided a cold 
solution of the test be employed. The simplest way of 
detecting its presence, is to add a solution of iodide of 
ium to the substance supposed to contain starch ; 


a few drops of sulphuric acid are then to be into | 


the mixture ; if starch be nt, a indigo 
produced. A heated solution affords 
no such reaction. Starched paper di in a solution 
of iodide of potassium, is a test for presence of free 


ozone, which sets the iodine free from the salt, and so 


Se a blue colour in proportion to its presence in a 
state, 


Fig. 83.—The more common forms of the Starch Cell. 


7 gran 
wheat, granular, faintly marked with concentric 
lines; @, potato, medium size, flattened, and with well-marked lines ; 
ee Se fied, so as to show the nucleus, 1, and 
the markings, 2; J, les Mois, the largest kind of starch, of oval 
shape, well-developed markings, and sometimes with a double hilum, 

d by the application of heat, so that the mem- 
and corrugated, and the contents ex: 3% 
the starch of the common pes [itens), with its deep central folding or 
cavity. The precise figure this cavity or folding, differs in various 


By boiling starch in dilute sulphuric acid, a substance 
called Dexrarn is produced, which derives its name 
from the fact that it turns a ray of circularly polarised 
light towards the right hand. Lignin is a substance 
forming a large proportion of cotton, and other fibrous 
materials ; and these, by being boiled with diluted sul- 
phuric acid, may be readily converted, by the change of 
their lignin, into grape-sugar. Of this singular fact we 
shall have to s' more fully hereafter, 

Gums proper, soluble in water, are a common pro- 
duct of plants. Soluble in cold water, they afford an 
adhesive solution, which is used for a variety of pur- 

The ordinary gum-arabic may be taken as a 
type of the class ; and from it a substance called arabin 
=| be obtained, which is composed of C,, H,, 0), ; 
and thus has a similar composition to sugar. The pre- 
sence of gums in solution, is shown by their precipitation 
with the neutral or basic acetate of lead, alsoin solution. 

Inv1ty isa substance analogous to starch, from which, 
however, it differs, in giving a brown colour when tested 
by iodine. It is insoluble in cold water, but dissolves 
in that liquid when heated. 

Peertn is somewhat res Si to starch. It is the 
jelly of fruits, such as is produced in the culinary pro- 

* See ante, p. 405. 


_ lime is added to clarify it. 
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cees of preserving fruits, The red currant affords it in 
great abundance, It produces an acid called pectic acid, 
which combines with bases to form salts. 

We shall now on to consider a very important 
class of bodies, which cane-sugar is the type, and 
from which a vast variety of articles of food and medicine 
may be obtained. The following, as well as the pre. 
cedingly-named substances, are, as we shall observe, 
composed of oxygen, hydrogen, and carbon only. 

Svoan.—This important article of food may be ob- 
tained from various sources. That used in this country 
is the uce of the sugar-cane, so largely grown in 

countries, ‘The canes, when ripe, are cut down 
conveyed to rolling-mills, between the rollers of 
which they are so as to squeeze out the juice. 
This, when obtained in mareege | is heated ; and slaked 
he clear liquid is then 

quickly evaporated and crystallised, being repeated] 
tieed, to prevent the formation of large crystals. It 
is then drained to remove the molasses. Loaf-sugar is 
made from the product of the above process, purified by 
the addition of blood, &c., with which it is heated. The 
albumen separates all foreign matter ; and thus sugar in 
a pure form may be obtained. In France, the beet-root 
is sey cultivated for the purpose of producing sugar ; 
and in North America, large quantities are obtained from 
the maple-tree. The sap of this tree is obtained by 
“tapping,” the juice being afterwards purified in a 
similar manner to that y described. Sugar, as we 
shall presently see, is produced from many sources, both 
of a vegetable andanimal nature. Amongst the latter we 


| ~~ mention the sugar of goat, asses, and human milk. 


, however, differs essentially in its chemical 


characters, according to the source whence it is obtained. 


From fruits—such as the aging honey and urine, 
during the disease of diabetes, the kind called grape- 
sugar is producible. This sort has not the sweetness 
of cane-sugar. It differs also in the form of its crystals, 
and in its solubility in water. 

The following table exhibits the chemical composition 
of various kinds of sugar :— 


Cane-sugar. . . . +» - » Oyo Hy 93; 
<a Spurs te ee Se. bet eee egy Ol, 
gg ie) wae. bile: toes Og Bye Dig 


Saorgirg ra may be converted into SU b 
means of dilute suitinido acid. tere 

A peculiar sugar, termed mannite, may be obtained 
from some plants, as the ash; it is the ordinary manna 
of commerce, is com of OC, Hy, Oj9. 

Owing to the great demand for milit- sugar in the 
homeopathic system of medicine, an immense quantity 
of this substance is now produced, Of this, some finely 
crystallised specimens were exhibited in the International 
Exhibition of 1862; they were produced in Switzerland, 
from the milk of goats. 

We shall now proceed to of the various sub- 
stances which may be obtained from sugar, by chemical 
and manufacturing processes. 

Oxaxic Actp.—If sugar be heated with dilute nitric 
ant the iygec hg oxalic = produced. The nitric 

parts with its oxygen, and so oxidises the s' 
of the oxalic oad may thus be obtained, Sarita 
a composition of C, O, + 3 HO, or a combination of 
one equivalent of acid with three of water. In this 
curious metamorphosis we have an astonishing change 
occurring between the material employed and the re- 
econ Lil prema The former, an article of food in 
unive request amongst all nations, may readily be 
converted into a most virulent poison, by comparatively 
simple means, affording another instance of the sur- 
oy eae which chemistry continually affords us. 

0: acid, if heated with sulphuric acid, under- 

es decomposition, carbonic acid and carbonic oxide 
xt uced, With bases, it forms the salts called 
oxalates, of which the binoxalate of potass and the 
oxalate of ammouia are the most important, The salt 
of potass exists in the plant called sorrel, and also in the 
English kind of rhubarb used as food, being the cause of 


its sour taste. It is sold in the shops as salts of sorrel, 
and is used for taking out ink-marks from linen, e., 
having the power of forming a soluble salt with protoxide 


/of iron. Oxalate of ammonia is chiefly used as a c 


cal test for lime, with which it forms an oxalate of lime, 
as an insoluble white powder. Oxalic acid unites also 
with oxides of metals, such as those of iron, copper, 
nickel, &c. 

Saccharic acid may also be nae by the action of 
dilute nitric acid on sugar. It is composed of C,, H 
01, +2HO. Muecie acid is obtained by the action of 
nitric acid on gum, and the sugar of mi Its compo- 
sition is O,, Hg O,, +2 HO, and is therefore analogous 
to saccharic acid. 

Axconot.—This well-known liquid is the product of 
the vinous fermentation of grape-sugar. It is sold in 


commerce as spirits of wine, And to its presence in — 


brandy, gin, rum, whiskey, wines and beer, their 

effects of producing intoxication are due. Alcohol is 
readily aettiansa by adding yeast to a solution of su 

in water, at a temperature varying between 70° and 


Fahrenheit. Carbonic acid is largely dise' ; and 
when fermentation is complete, and the liquid has be- 
come clean, it mast beldieei illed in a retort, the first por- 


tions only being retained. The product is alcohol largely 
diluted with water. By repeated distillation with sub- 
carbonate of potass, or dry lime, the water may be 
separated, until nearly absolute or pure alcohol is 
obtained. In its pure ries Se has a composition 
of C, H, O, ; com with water = 1000, its specific 
gravity is 0-794. It boils at 173° Fahrenheit; and is 
converted into a vapour which is ily condensed, 
and which, like the liquid itself, is highly inflammable. 
‘‘ Proof spirit,” such as is referred to in the excise laws, 
contains half pure alcohol, the remainder being water. 
Its specific gravity is 0-92 nearly. The uses of alcohol 
are very numerous in arts and manufactures. From its 
solvent powers it is used to make varnishes; but for 
this purpose, methylated spirits are now employed, of 
which we shall have to speak hereafter. 

The most important use of alcohol is that of a beverage ; 
and to this point we shall now direct the attention of 
our readers. — 

From our preceding remarks, it will be gathered that 
the fermentation of saccharine matter s to the pro- 
duction of alcohol in all cases, This is strictly true ; but 
the commercial products differ ing to the source of 
the sugar. Thus, whiskey is obtained by the fermenta- 


tion of the sugar of malt, as in beer. Rum is pro- 
duced when coarse cane-sugar is emplo Brandy 
and wines, generally, are the produce of the juice of the 


grape. The differences of these liquids, then, are owing 
to the admixture of the alcohol they contain, with other 
substances dissolved and held in solution by it. In corn 
spirit, or that obtained from potatoes, a coarse offensive 
oil is found, which gives the peculiar smoky flavour of 
whiskey. In wines, the peculiar and distingui 
taste is due to the presence of an ether, which, at the 
same time, differs in each wine, and gives it its character- 
istic flavour—and so on. Again, the per-centage of pure 
alcohol varies greatly. In London porter, it does not 
exceed 3 or 4 per cent. ; whilst in Spanish wines, such as 
peg Oe port, as much as 20 to 30 per cent. is found ; 
and dy often contains as much as 50 per cent. of 
pure = Although, therefore, the same chemical 
principles are involved in the manufacture of each kind 
of spirituous or fermented beverage, the modes of 
manufacture differ greatly. Beer, the favourite beve- 
rage of our own country, 1s produced from malt. Malt 
is produced from barley by a process which produces 
germination, and the simultaneous conversion of the 
starch of the seed into sugar. This is effected by moist- 
ening the seed, which should be kept together in masses ; 
it thus heats, but is prevented from gaining too high a 
temperature by being pegs | stirred on the malting- 
floor, It is then kiln-dried, which stops any further 
change. During this process a substance called diastase 
is produced, which, acting on the starch, couverts it, 
eventually, into sugar. 


PORTER, WINES, SPIRITS, ETC. ] 
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The malt is crushed, and added to a proper proportion 


| of water, at a temperature of 170° Fahrenheit. In this it 


is infused for some hours, and produces a sweet liquid, 
called wort. This is drawn off quite clear, and, being 
mped up into coppers, is’ boiled with hops, which 


Se a bitter flavour, improve the beer, and assist in 


. tation is effected. 


keeping it from any change which might deteriorate its 
flavour. If a considerable quantity of hops be used, 
bitter ale is produced, in which the flavour of the hop is 
predominant. In’some beer, such as the Burton strong 


ale, more saccharine matter is left, and less hops used.. 


Such ales have a highly feeding effect ; whilst those of the 

bitter kind are excellent tonics. 
After the boiling with hops is completed, the liquor is 
rapidly cooled, ea added to it, by which formen- 
difference of beer produced at 


| the various breweries depends much on the management 


of this of the process, and all the skill of the brewer 
is th called into exercise. When the fermentation 
has been carried on to a certain extent, it is stopped by 
drawing off the beer from the yeast into barrels. By 
long keeping, ale loses its sweetness, and acquires a 
ae? hence the difference between mild, or new, 
and old ale, 


It has long been considered that the different flavour 
of ales is due to the water employed. But that such is 
not the case may be proved by the fact, that whilst each 
ale brewed by the great brewers in London, differs in its 
flavour from the rest, all the breweries are supplied by 
water from the same source, either Artesian wells, or the 
Thames, or New River water companies. Again, it 
cannot een ethess 9 re of the — for the 
presence of a li ime is advantageous. respect to 
this, we may notice, that the water used by the Scotch 
eee eee: Yay may onl yet the class of ales 
the pera is quite different to that brewed in London, 

porter is vastly inferior. 

Porter owes its dark colour to the addition of high- 
dried malt, which contains a substance termed caramel ; 
and this may also be procured by strongly heating sugar, 
which becomes of a dark-brown colour. The high cha- 
racter which London porter holds as a be is partly 
due to the care used in, and the extent of, its produc- 
tion. If it be required for export, an _ entirely 
different article is brewed, as that intended for: London 
use would soon turn sour. Even if sent to other parts 
of the kingdom the same point is attended to; hence a 
Londoner will often find that the ‘‘ London porter” he 
may drink in a provincial town, is much stronger than that 
he partakes of at home. We cannot here stop to notice 
the numerous adulterations which this beverage under- 
goes in its transit from the brewery, through the cellars 
of the publican, to the consumer. Sugar, copperas, 
tobacco, Spanish liquorice, treacle, coculus Indicus, cum 
multis aliis, &c., all join with water to make every two 
barrels of ine porter into three of the Londoner’s 
drink ; tol thus, more ‘‘ porter” by far is drunk in 
London annually, than is really made at the breweries 
which profess to supply it. Stout is merely porter 
brewed of a greater strength and body. 

In this country, no wine, properly so called, is manu- 
factured. The British wines owe their spirituous part 
to the addition of brandy to the fruits after which they 
are called. Foreign wines are the product of the grape, 
and vary greatly in their qualities. French and 
German wines contain from ten to eighteen per cent. of 
alcohol, whilst sherry and port have so much as twenty- 
five per cent. 

In the south of France, Italy, Spain, Portugal, and 


the soil and the climate have a decided effect on the 
quality of wine produced ; and hence a connoisseur will 
readily detect, not only the difference in the wines, but 
also of the vintage, some years being more favourable 
than others for the production of the grape. 

When the grapes are ripe, they are carefully gathered, 


and the juice is pressed out and received in large vats. 
No addition of yeast is required for fermentation, as the 
itself contains a fermentable principle in its 
vegetable albumen, which absorbs oxygen, and so pro- 
motes the decomposition of the grape-sugar, and its 
subsequent conversion into alcohol. This is, however, 
a delicate and uncertain process, as the nature of the 
wine is materially influenced by it; and the result de- 
pends on the amount of vegetable fermentative matter 
the grapes may contain. After the wine has been bottled, 
a slight fermentation pro, in some kinds, and 
hence the production of carbonic acid, as in champagne 
and other sparkling wines. The gas escapes from the 
liquid in uncorking the bottle, just as a similar result 
es place in opening a bottle of soda-water. Port, 
and some other wines, deposit a considerable quantity of 
tartrate of potass ; and this, mixed with the colouring 
matter, forms the crust, so well known in old port wine, 
and which lines that side of the bottle which has been 
laid down. Many attempts have been made to deposit 
this substance rapidly by chemical means, but without 
success. During the last few years the production of 
wine has steadily increased, and the colonies of Great 
Britain, in Africa and Australia, are producing con- 
siderable quantities of this favourite beverage. 

The production of spirituous liquors, commonly so 
called, depends on the processes we have already de- 
scribed ; being supplemented by another—that of dis- 
tillation. Brandy is procured from wine by distilling 


the spirit from that liquid. The following engravi 
will give a general idea of the form and trey ofa still. 
Fig. 84. 


A represents the ae the still, containing the 
liquor to be distilled, which is introduced through an 
opening N. The still is built into a furnace, to the 
action of which it should expose as much surface as 

ossible.. B is the head of the still, which is connected 

yy means of a pipec, with a metallic worm d. This 
worm is placed in a vessel, which is kept filled with cold 
water. Heat being applied to the liquid in the still, the 
alcohol rises in vapour, and passing to the worm, it be- 
comes condensed again into a liquid state, issuing from 
the cock s into any suitable receiver. 

Now, by such means, alcohol may be readily distilled 
from any liquor containing it; and, as we have men- 
tioned, brandy may thus be produced from wine. 

Gin and Whiske are produced from malt in the fol- 
lowing manner :—The malt is infused in hot water, and 
then immediately fermented as far as possible, so as to 
convert all the sugar into alcohol. Generally speaking, 
the malt is mixed with a considerable proportion of raw 
grain, and hence the cost of the spirit is lessened, and its 
quantity increased. The “wort,” thus fermented, is 
transferred to the still, and thus whiskey is produced. 
For making gin, the whiskey, or raw spirit, to be 
rectified ;.that is, its fusel oil, which gives the flavour to 
it, must be removed, and other oils substituted for it. 
This is effected by a second distillation of the raw spirit, 
to which salts of potass are added. Gin should be a 
mixture of alcohol and the oil obtained from juniper 


=< ++=S~*é<—S*~‘<‘;23 }O!!le ec ac ac a ccc rr rr rr 


| duction of the common vi 
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berries; but, generally ing, oil of turpentine is 
largel bath rs Ay sore Pe some h A wos 
effects on system of the habitual gin-drinker. 

by dissolving various essential 

various strengths. Perfumes are manu- 
factured in a similar manner; and occasionally both are 
subjected to another distillation, so as to ensure complete 


mixture. 

We must now on to consider the effect produced 
on sugar when fermentation is pushed on to what 
has been termed the acetous state, or that in which the 


spirit becomes converted into an acid. Pint 
If the wort of the brewer, or wash of the distiller be 
left, after fermentation, to the free action of the atmos- 
here, an acid, called the acetous, is eventually produced. 
ndeed, this is the method often adopted for the pro- 
of commerce, and results 
from the a ic oxidation of the anne: en — 
lar principles, but by different means, alcohol dilut, 
with a little water may be converted into acetic acid. 
This is effected by dropping it on some finely divided 
—— when the smell of acid produced will be abun- 
tly evident. Another arrangement, in which the 
oxidation and slow combustion of alcohol is produced, 
is described at the page to which we have just referred. 
Acetal (C,, H,, O,) is a colourless liquid, and may be 
produced by the slow oxidation of alcohol through the 
action of finely divided platina. 
Acetic acid combines with several bases forming salts, 
called acetates. The acetates of lead have 'y been 


_ referred to at a previous page ;+ the acetate of iron is 


employed as a mordaunt in dyeing, and for this purpose 


| is largely manufactured in the North of England. 


| 


} 


Acetate of alumina is similarly employed. 
Of late years, acetic acid has been extensively used 


in photogra as a developing agent. That of the 
Lad ‘is generally preferred for the purpose, 
| and is sold under the name of ‘Glacial Acetic Acid.” 


It is prepared from the acetate of soda, by distilling that 

salt with sulphurie acid ; and from the liquid distilled over, 

crystals be readily obtained at a temperature less 

than 60° F. A considerable quantity of vinegar, 

ot a of acetic acid, with many impuri- 

ties, has lately been manufactured by the agency of the 
‘ 


. plant.” This is a species of fungus, which pro- 
duces the 


prions s pee Se in solutions : nae ppuiarins 
matter. ief source, however, of the vinegar o! 
commerce is ale, which, from having been kept too long, 
has become “‘ ” and sour. 

Various combinations analogous to acetic acid are pro- 


| ducible from alcohol, but these are of special interest to 


the professional chemist only. 


ETHERS, 


An interesting group of substances, which has of late 
years received much attention, is found in the ethers 
which are _ prs ste from alcohol by distillation with 
acids. And we must here call attention to a singular 
phenomenon, in the fact that a substance called Ethyl 
(C, H,), symbol Ae, can assume all the properties of a 

, just as a metal might do with oxygen and acid. In 
fact, this substance, ethyl, may replace such bases ; form 
haloid salts, with chlorine, iodine, &c.; analogously to 
sodium or other metals, it may be oxidised ; and thus 
it opens out a very curious range of organic compounds 
to our investigation. 

. Adopting the “‘ Ethyl theory,” as it is termed, we shall 


view ethyl as the base of a system of compounds; and 


from its various combinations the following substances 
are which, with the symbols, we hav 
- panne aca ymbols, @ arranged 
Baso—Ethyl . . . . . O,H, 
Oxide of base—Ether . . 0, H, O 
Hydrate of Oxide . . . 0, H, O+HO 
omar our erm e no the —_— to the above 
compou we may at ethyl has been isolated 
from ite iodide (C, H, 1) by the or of zinc and heat. 


* Bee ante, p. 372. t See ante, p 379. 


It when condensed, a colourless fluid. Its oxide 
(C, H, ©) is the ordinary ‘sulphuric ether” of the — 
shops, which is obtained by distilling rectified spirits of 
wine with sulphuric acid. The vapour should be received 
| in a vessel surrounded with pounded ice. Its specific 
vity is less than alcohol, hens ree (water = 1°000). 
t is a very volatile fluid; boils in the air at 96°, and 
under peer oe. Red in the vacuum of an air-pump; is 
highly combustible, and burns with a bright flame. This 
ether is employed in medicine as a stimulant. If its 
vapour be breathed, which may be done by pouring a 
little of the liquid into a fitted with a mouth- 
piece, it produces very similar effects to those of the 
“laughing gas.” And it was for some time used, before 
the discovery of chloroform, in surgical operations, to 
destroy the sense of pain. 

On passing the vapour of ether through a red-hot tube 
it undergoes decomposition, and ‘‘aldehyde” is uced, 
This substance is a hydrated oxide of “acetyl” (C, Hy), 
and hence its composition is 0, H,O+4+ HO. Aconnec- 
tion with the ethyl series, and that to which acetic acid 
belongs, is thus established. And the products of the 
a RTT gg of alcohol and ether are respectively ho- 
mologated. 

By using hydrochloric instead of sulphuric acid, in dis- 
tillation with spirits of wine, as just described, the chloride 
of ethyl is produced (C, H, Cl), common 
chloric ether. Nitric ether (C, H, NO,) is similarly 
produced, by the action of nitric ‘acid on rectified spirits 
or wine, 

We have confined our attention, chiefly, to those forms 
of the combinations of ethyl which are more 


known. A large number of others, however, been 
discovered ; and as they have no special interest we shall 


only give the symbols showing their constitution. 
Ethyl Compounds, in addition to those already named, 


Bromide of Ethyl . . C[H,;+Br 
Sulphide ,, ee C,H, + ) 
Cyanide 5 » + « O,H,+Cy 
Sulphate of Oxide of ,, .0+0C,H,+S0, 
Nitrate ” » oO So C,H, + N Os 
Carbonate of »  O+06,H, +00, 
Oxalate ” ” O+ O,Hs+ C205 
Acetate ,, ” O+ 0,8; + ©, Hy 0, 


An inspection of the above table will at once convince 
the student how completely ethyl replaces a metallic base, 
in its haloids and salts. And this fact has formed the 
basis of an entirely new doctrine in chemical science, 
namely, that of substitution. We shall have again to 
refer to this point as we proceed. 

With other substances than those we have referred to, 
ethyl forms Sse compounds. Wine, for instance, 
owes Bf b ce ri Nese to Seed riere: vet 
term nanthic” ether. Butyric, valerianic, 
and stearic ether are Concvairas ethyl, with the acids 
bearing their names. 

The other derivatives of alcohol pe with one ex- 
ception, less interest than those to which we have directed 
attention. And we shall, therefore, conclude with some 
account of chloroform, to which great attention has been 
directed, owing to its employment in connection with 
re ae ced by; ing dry chlorine through 

oral is nt y passing dry e 

alcohol, free from water. If, to the product, soda or 
potass be added in solution, a decomposition ensues, and 
chloroform is produced. But the plan usually adopted — 
is, to distil alcohol with chloride of lime. The liquid 
afforded is chloroform ; it has a pleasant smell, and, if in-. 
haled, has the peculiar “eae des so far influencing the 
nervous system as to produce almost total insensibility to 
pain. Its effects i ea however, very materially, on the 
temperament of the person inhaling it. In some in- 
stances, we have noticed great cerebral excitement, lead- 
ing to violent acts. In a case which came under our 


ey 
& 
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ETHYL, METHYL, ETC. J 
notice, some years ago, a lad, 12 years of age, part of 
whose finger to be amputated, was under the 
influence of the agent. To all appearance he was per- 
fectly insensible to pain ; he was yet able to describe each 

of the operation, which he did as each was finished, 
with an amazing exactness. On being restored (if we may 
so say) to consciousness, he was perfectly unaware that 
the top joint had been removed, and would not believe 
the fact until he saw his finger, on the next day, when it 
was uncovered for the of dressing it. In several 
cases, the administration of chloroform has been attended 
with fatal consequences, in which, however, its action 
could scarcely be properly assumed as the sole cause of 
death. 


It may be as well for us to give a general glance over 
the subject to which attention has been drawn in this 
chapter, before p ing further, inasmuch as it will, 
to a large extent, form a basis on which we shall hereafter 
have to build. Starch, sugar, and their products, were 
the subjects on which we were to treat. e have found 
that, from these vegetable products, a vast variety of sub- 
stances, having no physical similarity to them, can be 
ined. Alcohol, ethers, acids, each having their own 


E 


peculiarity of constitution, are readily producible from 
the well-known articles of our daily food. Even a cursory 
glance over the different substances we have mentioned, 
or referred to, will be sufficient to lead every thoughtful 
mind to reflect on the astonishing multiplicity of com- 
pounds which may arise from the combination of three 
elements, in variable proportions. We have, hitherto, 
noticed that, from sugar alone, deadly poisons, favourite 
beverages of all classes, medicines, condiments, aud inter- 
pars, philosophical results, are easily obtained. Won- 
as may be such discoveries, they are but an index 
to the innumerable instances of a similar kind which 
organic chemi presents to our view. Perhaps, in no 
branch of scientific inquiry can we find an instance in 
which so few agents are, by the fiat of the Creator, em- 
loyed in so great a variety of ways and purposes. This 
fact has rendered the study of this portion of our subject 
a matter of the deepest interest to most living chemists. 
But, to the acity and researches of Liebig every 
civilised nation is indebted, in a commercial and social 
point of view; his labo chiefly, have opened out a 
valuable and extensive field of inquiry, and have made 
popular a subject of great difficulty, 


CHAPTER VIII. 
METHYL, AMYL, Erc., AND THEIR PRODUCTS, 


e last es ye we remarked, that the substance 
ethy’ the peculiar property of acting as a 
forming certain definite compounds with 
chlorine, &c., and — rel now shall show 
substances exist, having logous properties, 
capable of acting as bases, and of producing com- 
Bag very similar constitution to those pro- 
base of the first of the series is called Methyl— 
Me—and it is composed of OC, Hy. It is con- 
in ordinary wood-spirit, which is a hydrated oxide 
of a The latter is obtained by the distillation of 
wood. acid liquor produced is neutralised by lime, 


ap 
B 


i 


es 
vie 


Li 


and the spirit is produced therefrom. The uct is a 
limpid aed having an un seth powlle th adie 
burns on being inflamed ; and is largely employed for a 


variety of purposes in the arts ; by cabinet-makers, as a 

solvent for varnishes ; and to burn in lamps. Its specific 

ete $ bows with its purity, but should be about 0-795 
= 1-000). 

Oxide of methyl is the analogue of ether, and may be 

produced by distilling wood-spirit, just described, with 


cyanide of methyl, are similar in constitution to the 
compounds of the 


water, its constitution is ©, HO, HO. Formic acid 
readily unites with bases forming the salts called formates. 
It ee pungent smell, and readily blisters the skin if 
ied to it. 

DASE tol wasitelstatwankigous dn-the eabolanea we 
have already described ; for, like ethyl and methyl, it 
contains carbon and h; only, Its general symbol 
obey Samat gs ager Pog H,,-. Common fused oil 
is a hydrate of its oxide. This liquid was long treated 
«ee Se ey eee 
in the di tion irit from potatoes ; a strong 
smell, abd in bonamailtas. 

Amy] forms a ‘similar series of compounds to ethyl ; 
hence we have its oxide, or amyl-ether, the chloride, 
bromide, iodide, de. 

bol. Bz—is, to some extent, analogous in 
its basic properties to ethyl, &c. Bitter-almond oil, 


which is a combination of benzoyl (0,, H,; 0.) with 
hydrogen, vs ae ar known as an pens in 

use for purpose of perfum &c, 3 and is 
Sipeoddeb ef be:distiliation of wates. ii whisk {bitter- 
almonds have been steeped. This substance, which is a 
hydrate of benzoyl, becomes converted into benzoic acid 
by ease ape hiefly obtained, £ 

nzoic acid is chiefly obtain or ordinary use, b 

the sublimation of gum-benzoin. When the latter nied 
stance is heated, the acid rises in vapour, and condenses 
in fine crystals, ny volatilisation, the acid has a 
very powerful smell ; it is hence used as an ingredient in 
pastiles, incense, &c, “It readily forms salts with bases, 
called benzoates. . 

Benzoyl forms numerous compounds besides those we 
have mentioned, but they are not generally of interest. 
The constitution of some of them is given below, in 
tabular order, with which we shall content ourselves, 
without entering into any further description of them:— 


Chloride of benzoyl . « . BzCl 
Iodide ,, 55 see Bek 
Sulphide,, 4, « « «© BS 


A peculiar acid, having some connection with the ben- 
zoyl series, may here be named. It is found in the urine 
of domestic animals, and is termed hippuric acid. It is 
scarcely soluble in water; is decomposed into benzoic 
acid, &c., by heat, and forms salts with alkalies, This 
acid contains a portion of nitrogen as a constituent. 

We shall include with the séries two other bees 
analogous to those we have described—namely, kakody 
and salicyl; although the latter appears to have some 
analogy to the vegetable alkalies, which we shall have to 
speak of presently. 

Kakodyl—symbol Kd—is a peculiarly offensive, and 
fearfully poisonous compound, composed of C, H, 8, 
thus including an equivalent of a metal, arsenic, in its 
composition. Its oxide is obtained by distillation, from 
a mixture of acetate of potass and arsenious acid; the 
pare is to be conde in a cold vessel, when a dense 

iquid will be obtained, which is the impure oxide. To 
obtain it in a pure state it must be re-distilled with 

tass, in a retort, filled with hydrogen. This operation 
is of the most dangerous character, from the poisonous 
nature of the substance produced. 

Like ethyl, &c., kak ws produces a chloride, iodide, 
&c. It is also susceptible of oxidation, producing the 
kakodylic acid, having a constitution of 6, H, Og. 

The whole of the combinations of kakodyl are curious, 


i 
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from the intense} ‘ul effects ne have on the 
animal (eye we should strongly urge on our 
readers prudence of being content with their brief 


description, rather than to attempt their production. 

Salicyl, to which we now direct attention, is obtained 
from a product of vegetable life, salicin, and derives its 
name from the willow tree, in the bark of which it may 
be found. The crystals of salicin have a meeniitelly 
silken It is prepared by infusing the bar 
of the hem senior, é&e., in hot water, and heating with 
the protoxide of lead. Hydrosulphuric acid* is then to 
be passed through the solution, to remove the lead as 
sulphide. Salicyl is the base of this substance. 


There are other compounds analogous to ethyl, &c., 
which we shall omit to notice altogether, or refer to them 
in a more convenient org 

In the perusal of this chapter, our readers will have 
perceived that we have entered into a novel branch of 
organic chemistry, in which we find fresh analogies, and 
a very interesting series of compounds, As we may have 
again to refer to the substances we have described, we 
shall, for the present, end our remarks gM wee ssp ce the 
symbols of the constitution of each, in a tabular form, so 
as to be convenient for future reference ; and shall then 
proceed to give a description of the alkaloids and vege- 
table acids. 


Table showing the constitution of Ethyl, Methyl, Amyl, Benzoyl, and some of their Compounds, 


Name, Symbol. Composition. 
TEPUYD <issscacsovacesscocpnstqaegetessodnn ses Ae C, H,; 
Eth Oxide Of <..0005.025..cecceess e ©, H,0 
aioe 0" Hydrate of Oxide of ......| Ae O-+ HO Ci H, 0+ HO 
DISTR ED iS cccceavissstaressictitiees Me : C, H; 
Wood-ether ORIG OES ccewcsochtssnce Me O C, H, O 
Wood-spirit ;; Hydrate of Oxide of...| Me O-+ HO C; H, 0+ HO 
PRMD U css Mey ta sda iaser tates ea vase obtnek ses Ayl Cio Hio 
Ether Oxide of ... AylO Cio H,, 0 
Fuseloil |) Hydrate of Oxide of ......... Ayl 0+ HO Cie H,, 0+ HO 
oy «een ten an ne C,, H; 0, 
Bitter almond oil ,, Hydride of. en (eal teh C,, H, 0, H 
Benzoic acid » Hydrate of Oxide of | BzO + HO C,, H; 0, 0 + HO 


CHAPTER IX. 
VEGETABLE ALKALIES OR ALKALOIDS, AND ACIDS. 


Ix our last chapter we included % description of salicyl, 
because its analogies are in accordance with those of 
ethyl, &c, Salicin, which contains it, would appear to 
belong to the alkaloids. We have accordingly chosen it 
as the last of the basic series, before commencing an 
account of the vegeto-alkalies, 

These substances differ materially from all other or- 
ganic matters with which we have yet been engaged, in 
the fact of their containing nitrogen as an element of 
their composition. They are, generally speaking, prin- 

ct existing in minute quantities in the plants from 

which they are obtained. ey are but slightly soluble 
in water, get aoa menstrum of solution being alco- 
hol. With aci ey act as bases, and in their specific 
character resemble the-alkalies ; hence they have received 
the title of alkaloids. Some of them are extremely 
poisonous, whilst others exert a highly beneficial influ- 
ence on the human i hee After giving a general 
description of the alkaloids, we shall p to describe 
some of the leading vegetable acids. 

Srrvountve.—This alkaloid is obtained from the nua 
vomica, which also contains another substance called 
Buoctye : in fact, these two alkaloids are often mistaken 
for each other, in unskilful hands, Strychnine, in the 
pure state, has a Eagar form, an intensely bitter 
taste, is barely soluble in water, but dissolves easily in 
boiling spirits of wine. Brucine may be separated from 
strychnine by its solubility in cold alcohol. It is also. 
more soluble by far, in water, than strychnine, 

A sulphate of strychnine is readily produced, as is the 
acetate, by the action of the ecerenpoeitia acids on the al- 

Brucine forms analogous salts with the same acids. 

Of late years, strychnine, or, as it is often called, 


strychnia, has obtained a painful notoriety in connection | 
with cases of poisoning ; more especially in that of the | 
| eyeballs will swell, and death ends thei 


* Bee ante, p. 376. 


celebrated Palmer’s case. It is, perhaps, the most dread- 
ful poison which can be administered to a human being, 
In quantities of a fraction of a grain to one grain, ac- 
co to the constitution of the victim, its effects 
are fatal. Rigid contortions of the muscles of the body 
are its symptoms of poisoning. The sufferer retains 
his mental powers undiminis although he is racked 
with pain ; and, at last, he is put out of misery by con- 
vulsions, which are truly horrible to behold. 

The tests for the oe of strychnine are twofold— 
chemical and physiological ; the latter having been first 
a aN re to notice by the late lamented Dr. Marshall 


If a grain of strychnine be placed on a plate with a 
little powdered bichromate of potass near it, and a drop 
of concentrated sulphuric acid be let fall between them, 
a rich purple colour is instantly produced when all three 
are stirred together, but which speedily to a red 
by tatige Tad ot eyhoiie of pehant glee AE 

usi e erri i potass in p! 
yas 


The physiological test is more satisfactory, and ma: 
be illusteated-as follows:—dlisolve 2thof a grain o€ She 


acetate of strychnine in a little boiling alcohol, and add 
thereto two ounces of cold water. Place in the solution 


two small frogs. ce ina daree mg ig geisice 
parent. This is best conducted in a tall glass jar, the 
top of which should be covered, for reasons which will 
be presently seen. 

After a time the poison will be absorbed into the sys- 
tem of the animals. If the glass which contains them be 
then shaken, the poor creatures will instantly suffer from 
i agraered ee so. out each limb, ori _ become 
rigid ; they will utter iercing shrieks, ani Ww 
usual effects of apelin ning. After a time the 
sufferings. 


| 
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During the trial of Palmer, we were requested to un- 
dertake a series of experiments, in order to discover 
whether strychnine suffered decomposition simultaneously 
with that of an animal body. For the purpose of ascer- 
taining this, we tried the following :— 

Six young fi were poisoned by means of a grain of 
strychnine dissolved in the manner already indicated. 
When quite dead, the bodies were carefully washed, to 
remove all traces of strychnine not absorbed into the 
animal textures. They were then cut to pieces, and ex- 
posed for a fortnight (in summer-time), till the mass was 
completely putrid. ye washing with distilled water 
was then employed, and the mass boiled for some hours 
in alcohol. The liquid was filtered, and evaporated to 
dryness, sulphuric acid ee then added to form the 
ea sre product was then dissolved, and adminis- 
tered to two frogs, who speedily passed into convulsions 
and died. Now these experiments were conducted with 


the full expectation and hope that the decomposition 


| of the strychnine would have resulted, but it was shown 


that such did not take place. Every possible care was 
taken to insure accuracy of result, and therefore the ex- 
periments may be depended upon. 

There seems to be no remedy for strychnine as a 
poison. Weunay, however, mention, that on attempting 
to put some of the numerous frogs we experimented on, 
during the time named, out of their misery, we gave 
them a very large dose IM bgp of potassium, in so- 
lution, This, instead of killing them, prolonged their 
lives. Other substances were also tried, which we cannot 
now name from memory, but as deadly poisons in gene- 
ral. This would seem to indicate, that some substances 
having, in the normal state of the animal, a fatal effect, 
are positively autidotal when it suffers from poisoning by 
strychnine. On this point, however, we can offer no 
decided opinion, as our experiments were only carried 
on in reference to the hopes of some, that their result 
might induce a reprieve of the criminal under sentence 
of death. The results we have named. however, deserve 
further and careful investigation. During the above 
course of experiments, we may further mention, that 
ex 1 hemi edigtles ine seemed to produce 
a tonic effect. This was noticed through occasionally 
tasting the ends of the fingers, to ascertain that all acci- 
dentally adhering strychnine had been washed away, 
and so. to its introduction into any opening of the 
skin—a circumstance which sometimes occurs in investi- 

ions of bodies containing poisons, &ce. The formula 
strychnine has been stated as O,, H,, N, O,. And 
of Brucine, O,, H., Nz Og. 

Quinine and Crxcuontne.—These are obtained from 
the well-known Peruvian bark, which, from their presence, 
has been used so much in medicine, as tonic. Quinine, 
however, as a disulphate, has been generally substituted. 
Both these substances assume a crystallised form, and 
neither are yooee | soluble in water ; but in this respect 
quinine has the advantage of cinchonine. They are both 
very bitter. The sulphate of quinine is generally sold 
in minute crystals, and, for medicinal p is dis- 
solved in dilute sulphuric acid. An acid called Kinic 
acid may be obtained from the Peruvian bark, which 
mnites with bases, and also affords, with other substances, 
a curious range of oa 

Morenine.—This alkaloid is obtained from opium, by 
a somewhat tedious process. It is soluble in boiling 
sey but sparingly soin water. With sulphuric, 
nitric, hydrochloric, and phosphoric acids, it forms salts. 
The sulphate and acetate are used as medicines. 

Senge gh the coe Pheer 

iu ; in some respects, they resemble morphine. 
‘The sedative effects of opium are due to the presence of 
the alkaloids. And morphine salts are now chiefly em- 
ployed in place of the vegetable substance, which always 
contains a host of on ten A peculiar acid, the me- 
conic, which forms salts with bases, is also found in the 
opium of commerce. 

Nicorrye, is found in tobacco, and is a deadly poison. 
Like Coxtxe, which is from hemlock, it forms 
salts with acids, which may be obtained in a crystallised 

Vou. L 


state. Similar remarks apply to Hyoscyamine, from 
the hyoscycamus ; ArRoprneE, from the atropa belladonna; 
and Aconitine, which is the active principle of the 
aconitum napellus. There are many other vegetable 
rok ER aes afford euie principles, all of which 
possess a bitter taste, and are generally poisonous when 
taken internally. 

Txerne.—This principle, which is identical with that 
called Carrerne—the names varying according to the 
source of the substances—is found respectively in the tea 
and coffee so much used as beverages; and it is to the 
presence of these alkaloids that is owing the refreshing 
and exhilarating effect of those drinks.—THEroBRoMINE 
is similarly contained in the cacao-nut. Caffeine, or 
Theine, is soluble in cold water, but much more so in 
the heated liquid ; hence the use of boiling-water in 
making the infusion of either tea or coffee. Salts of this 
substance have been obtained, and also a double one 
with the chloride of platina. 

Tt will be noticed, generally, that each of the alkaloids 
is but slightly soluble in water, however they may be 
dissolved in boiling alcohol. They form salts with many 
of the acids, and are distinguished from other organic 
substances, having a vegetable origin, by containing nitro- 
gen. They are mostly deadly poisons, and exist in mi- 
nute quantities in the vegetable from which they are 
obtained. 

The general method of obtaining them is to steep the 
plant or bark in hot water, or to make a strong decoc- 
tion. Sulphuric or acetic acid is added, to form a salt; _ 
and, in some cases, these are decomposed by hydrate of 
lime. The alkaloid is thus set free, and may be dissolved 
out by bviling alcohol, from which it is atterwards ob- 
tained by evaporation and crystallisation. Generally 
speaking, the chemical constitution of their substances 
has not been pitistertety piarron. and ve _~ pa 
attempt to guide our ers by giving hypotheti ‘or- 
mule, in which entire dependence cannot be placed, 
more especially when no particular necessity exists, or 
advantage can arise from such a course. 


VEGETABLE ACIDS. 


Havrve described the chemical character of the leading 
alkaloids, we shall now add some remarks un those acids 
which are obtained from some plants, omitting such as 
the oxalic, &c., to which allusion has already been made 
at 412, in connection with sugar, &c. — 

senerall. speaking, the vegetuble acids are freely 
soluble in bot hot aud cold water; gallic acid, how- 
ever, forms an exception in the latter case. They have 
all a sour taste ; generally affect blue litmus Pees ; form 
soluble salts with alkalies and metallic oxides; and are 
decomposed into other acids by the aid of heat. 

Taxtario Acid may be obtained from the ordinary 
cream of tartar. An impure tartrate of potass is found 
in wines,* which is the chief source of the acid. From 
this salt an insoluble tartrate of lime is produced, which 
is subsequently decomposed by sulphuric acid. From 
this the tartaric acid may be crystallised, The chief 
salts of this acid are those of potass and soda, It, how- 
ever, forms salts with the earths, With antimony and 
—_ it forms the tartar-emetic used in medicine. By 

ing heated, tartaric acid becomes changed into a 
variety of other substauces having an acid character: 
and an anhydrous acid may be obtained, freed from 
two equivalents of water, which the commercial product 
always possesses. Racemic acid has a definite relation to 
tartaric acid, and is obtained also from some kinds of 
wine. It is frequently termed Paratartaric acid. The 
formula for anhydrous tartaric avid is C, Hy, 09 : and 
that of the commercial substance is the same, with the 
ama of two equivalents of water, or Og H, Oyo + 

Matto Acty»—C, H, O, + 2HO—is found in apples 
and other fruit, and is also united with oxalic acid in the 
common rhubarb stalks. It is also present in the berries 
of the mountain-ash. This acid unites with bases form- 
ing salts called malates, of which the malate of lead is 

* See ante, p. 413. ; 
HK 
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of the most interest, as being the salt from which the | graphy 
. hinined 


acid is de 

Crrnic Acrp is found in lemons, in great abundance, 
from the juice of which it may be obtained by adding 
chalk, which affords a citrate of lime. Dilute ie: goed 
acid is to be added to the precipitate, which will then be 
decomposed. The citric acid may be crystallised from 
the remaining liquid. In the anhydrous state, the for- 
mula for citric acid is C,, H, O,,, but it is in a crystal- 
lised state united with five equivalents of water, as pro- 
duced above. Its proper constitution, however, may be 
represented by the addition of three equivalents (3HO) 
to the above formula. Citric acid unites with bases, 
forming citrates, of which the alkalies are soluble, whilst 
those of the earths are insoluble in water. 

Gauuic Actp.—The ordinary oak-bark, gall-nuts, cate- 
chu, sumac, &e., contain two acids, the gallic and tannic, 
which have considerable commercial importance, inas- 
much as the tanning of leather, the manufacture of 
ink, and photographic processes, depend on them. — 

Gallic acid may be procured by allowing an infusion of 
powdered nut-galls to be exposed to the air, until the 
whole solution, d&c., has become completely mouldy : from 
this, gallic acid may be dissolved out and crystallised. 
It is now prepared in large quantities as a photographic 
agent, being much used in developing pictures by various 
processes. 

When gallic acid is heated, another acid, the pyro- 
gallic, is produced, which is also largely used in photo- 


hy. The formula for gallic acid is C; HO, + 2HO; 
whilst that of the pyrogallic is ©, Hy Os. 

Tannic Actp s0o+ 3E0—ia the active agent 
in oak-bark, nut-galls, sumac, &c., which renders them so 
valuable in the manufacture of aoe ang _ ale 
the property of precipitating gelatin ; a8 found in 
skins, 5 insoluble substance. In the process of tan- 
ning, the genes of the skins is thus transformed, and 
they are thereby rendered not liable to further change. 
With the oxide of iron a black colour is produced ; and 
hence the usual method of making ink, and of dyeing 
textile fabrics of a black colour, is that of employing so- 
lutions of iron, and infusions of substances containi 
tannic acid. The acid is generally obtained by means 0 
the action of ether on nut-galls. The liquid is added to 
the powdered nut, and the solution of acid is allowed to 
rear gy spontaneously, when it will afford crystals of. 
the acid. ; 

With the exception of the tannates of iron, as in ink, 


and dye products, the tannates and gallates are of no 


importance, 

e have thus presented descriptions of the chief 
vegetable acids to which the attention of the student 
need be directed. Some of them, as we have seen, are 
of considerable commercial importance. Their salts are 
all decomposible by the mineral acids, by means of 
which the organic acids themselves may generally be set 
free, and obtained in an isolated form, re almost every 
case they may be had in crystals. 


CHAPTER X. 


MISCELLANEOUS VEGETABLE SUBSTANCES, 


OILS, RESINS, COAL AND ITS PRODUCTS, PARAFFINE, ROCK-OIL, PETROLEUM, VEGETABLE COLOURING MATTER, 
ANILINE, ETO. 


We shall now briefly describe a variety of vegetable pro- 
duets, of considerable use for numerous purposes, an 
obtained from various sources, either during the growth 
or from thé decay of plants. 

Ous.—Vegetable oils much resemble those obtained 
from animals in many respects. They give a greasy stain ; 
if of the fixed” kind, are pa er of light specific 
gravity, and consist chiefly of carbon and hydrogen; hence 
their use for illuminating purposes. 

The fixed oils—such as that of the olive or almond, &c. 
—are distinguished from the volatile by many qualities. 
They cannot be distilled except at a high temperature, 
and then they are generally decomposed. The volatile, 
auch as oil of lavender, or otto of roses, readily evapo- 
rate, even at ordinary temperatures. If a drop of otto of 
roses and one of olive oil be placed on blotting-paper, the 
essential oil will speedily evaporate by a gentle heat, 
whilst the fixed oil stains the paper with an unctuous 
mark. It is customary to adulterate the otto with sper- 
maceti; and the above plan affords a ready means of 
detecting the imposition ; for, if any of the spermaceti 


_ be present ina — of the otto, the volatile oil will 


pass off, whilst the fatty matter remains on the paper. 
Generally speaking, the oils derive their names from 
the plant producing them; and the following gives a de- 
Legh fees of the best known substances of each class, 
txep O118.—These oils consist chiefly of two distinct 
substances ; one a fluid, to which the name oleine is ap- 
plied ; and the other a-solid matter, termed stearine and 


| margarine, when obtained from animal substances, or 


palmitine or cdcine, when produced from vegetable, as 

lm or cocoa-nut. Vegetable oils are generally 
obtained from the fruit or seeds of the plant. Thus, 
olive oil is expressed from the fruit ; whilst rape, linseed, 
castor, é&c., afford oil from the seed. Their chemical 
composition varies considerably. Generally monne 

contain about equal proportions of carbon and 


th 
hy a little oxygen, and an equivalent of water. 


Some are nearly solid, as palm oil, at ordinary tempera- 


d | tures; but even the most fluid become semi-solid on ex- 


posure to a temperature of 32°, as is familiarly known in 
the case of salad oil, the most fluid, which ‘ freezes” in 
winter-time. Some oils, by the absorption of oxygen, 
become what are termed “drying oils,” such as li 
which, if boiled with litharge, affords the dryi 
used by honse-painters. All fixed oils are insoluble in 


water ; most form soap with that fluid, or emulsions, by © 


the agencies of alkalies ; and some are soluble in aleohol 
and ether, 

Vegetable wax is obtained from some plants belonging 
to the family Myricacee, &e., and large quantities of this 
substance are now imported from Japan, South America, 
and the Cape. 

The following table gives the specific gravity of some 
vegetable oils, water=1,000 :— 


Rape oil oa Mp Fe Ae fete 913 
Golzait Sah (se hen wills Yer Wee 
Olive OP Le ang. Se te SS tig ae 916 
Almond (sweet). . 2. 2 «  QI7 
Poppy is! aivai, eh rote (Ree 6 O2e 
Suntiower. i wee 2 ee @ 926 
ei Fe Ae Nee eae 
Linseed Se A ees 930 to 960 
Castor vere wee Le et Fee 965 


Although the specific gravity of the fixed oils is the 
method of distinguishing them, the action of sulphuric 
acid in a concentrated state has been proposed. One 
drop of the acid is added to a few of the oil to be 
examined, and the reaction may be carefully noticed. 
Each oil presents a distinct effect, at once characteristic 
of its nature. The subject, however, is one into which 
we cannot here enter in detail.* 

Olive oil is the produce of the Olea Europea, and is 
obtained from the fruit by pressure and fermentation. 

* See Article, Artificial Lllumimation, Seot. IL. 
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oa sapere yaa Seyaener ot the nuts of | 
e kernels being crushed or | 


linseed, is largely used as food for fattening cattle. 
Rape and oil are the produce of seeds of the | 
Prassica family. The latter oil been much employed 


of late for lamps. That of the rape-seed is much used | 
for the same purpose, but both require refining from 
various substances with which they are mixed in the raw 
state. 

Nut, Poppy, Cotton, Mustard, Sunflower, &c., oils, are 
beaten Aictesher Ships esha “Ok the epikcabe bearigy thelr 
names, and have different use:, mding on their 
vs each ag They are employed in the manufacture 

soap, for illuminating and lubricating purposes ; and, 

ly speaking, the solid refuse left after extracting 
oil, may be employed as food for cattle. There are 
numerous other vegetable fixed oils, to which we need 


tothem. In some cases, however—as oil of turpe 
eB ater wae spttnter date ewe 
oils are generally soluble in alcohol, ence are largely 
used as perfumes. 
Perfumes have for ages been hight. 


of Greece, Turkey, and 
early history of the world is involved, is such as to be 


Mitcham and its neighbourhood, and other places in 
Surrey, are especially noted for the cultivation of flowers 

and medical uses. In Germany and on 
the banks of the Rhine, as at Vierlander, the cultivation 
of flowers is an object of importance to the farmer and 


in flowers. Some yield their essential oil readily ; 
ith it more slowly. The following methods 


pep ce dane adoro, Sachse oenp seg et 
1st.—Dip some fine cotton wick in the purest 
ive of flowers on these 
over other in layers, and after 
and soak m in a glass 


from which it may easily be removed. For this 
it is better to receive the condensed liquids in a 
beers cme they will be more readily 
The flowers may be rubbed together with dry 
in a mortar, and water is then to be 


The mi 
still, and the usual of distillation 
ow the oil is readily 
by rubbing the out- 
r, which, on being dis- 
ter in the body of the still, soon yi up 
on. 


3rd.—The leaves of the flowers may be soaked for 
in a strong solution of common salt in water. 


Li 


enutie 
a3852 zB 
2 te 
ee eeces 

Ey 

SE 


some 
This extracts the oil, and the liquid can then be distilled. 


4th.—But the readiest way in most cases is to steep 
the flowers for some time in strong spirits of wine. The 
spirituous solution so obtained is then to be transferred 


We have already pointed out other properties of essen- 
tial oils. They consist chiefly of carbon, hydrogen, and 
oxygen ; but in some nitrogen is found ; and in the oil of 
the onion, &c., sulphur is also present. It will be un- 
necessary for us to describe such oils as those of roses, 
lavender, neroli, lemons, bergamot, &c., as their general 
qualities are so well known. We shall therefore confine 
our remarks to the following :— 

Turpentine and .—These sibstances are both 
the produce of the wood of trees. Oil of turpentine is 
obtained from the pine, larch, and fir. The tree is 
‘tapped ;” that is, a hole is cut into it a little above the 
ground, and the resin exudes, and is collected in suitable 
vessels. The oil is obtained from the crude product by 
distillation. Its specific vity is 870—water = 1000, 
and it is highly inflammable. Common turpentine is an 
impure form of the liquid. 

‘amphor is obtained from a plant, the Laurus Cam- 
phora, by distillation of the wood. This well-known 
substance is highly inflammable, can be sublimed by a 
moderate heat, is but slightly soluble in water, but 
readily in alcohol, and has numerous medicinal and other 
uses. A peculiar acid, the camphoric, is obtained by the 
action of nitric acid and heat on camphor. A substance 
resembling camplior may be produced by passing hydro- 
ebloric acid gas through oil of turpentine. 

Cedar and sandal-wood, and valerian root, each afford 
an essential oil from the solid portion of their substance, 
having distinctive chemical and odoriferous properties. 
The preceding oils have carbon, hydrogen, and oxygen 
solely as their constituents. The oils obtained from mus- 
tard seed, onion, garlic, eschalots, horse-radish, and 
assafoetida, contain also sulphur and nitrogen. The pre- 
sence of sulphur in neneren is readily noticed by its well- 
known action on the silver of mustard-spoons. These 
articles of domestic use should, therefore, be gilt, so as 
to nt the production of the black sulphide of silver, 
which so frequently covers the ‘enpecteeied silver surface. 
Mustard also affords a fixed oil, to which allusion has 
already been made. 

Restns.—Under this head some very interesting pro- 
ducts range. They are generally obtained from the tree 
affording them, by the process of “tapping,” and the 
juice which exudes soon acquires solidity. Ordinary 
resin is thus a product of the pine, fir, larch, &c. 

Caoutchouc, or India-rubber, is one of the most valu- 
able of these products. It is obtained by making a hole 
in the stem of the Ficus Elastica. A milky juice passes 
out, which gradually becomes solid. The natural colour 
of caoutchoue is nearly white ; its dark tint is acquired 
by the bottles into which it is made being smoked over 
a fire. Cuoutchouc is soluble in ether, some kinds of 
naptha, and petroleum ; and, in this state, is used as a 
varnish for waterproofing pur It is composed of 
carbon and hydrogen, and is highly elastic and inflam- 
mable. Mixed or worked up with sulphur, it loses a 

rtion of elasticity, but acquires other useful properties. 

ts varied applications are well known ; and, with the 
exception of gutta-percha, few vegetable products have 
been so extensively employed in making articles of com- 
fort and luxury. 

Gh ha is also the product of a tree, but differs 
from India-rubber in many important respects, It is 
less elastic, but does not lose its elasticity by being 
heated to a high temperature, as is the case with India- 
rubber. In their chemical characteristics they also differ, 
and in their solubility in menstrua. Both are non-con- 
ductors of electricity, and have therefore been exten- 
sively used for insulating tel hh wires, Electrical 
machines have been made of each of these materials, and 
they present great advantages to the electrician, owing to 
the very slight deposition of moisture on their surface in 
damp weather, non-conducting power of heat pos- 
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eased by guita-percha is of great value, whon that sub- | have already considered at page 415, to which we must 
stance i ployed in making water- closed fer our readers. 

thoes bre ey dona ** Creosote is a product of the destructive distillation of 


i ‘de ic, di ’s-blood, &c., are resins, 
n’s- - 

which are scluble‘in alcohol, and thus afford 

of different kinds. We may a "a 

under this as itisa uct of vegetable life, being 

cae fir cioe ct trees, in a niuailer manner 


COAL AND ITS PRODUCTS. 


Under this head we should be tempted to enlarge very 
considerably if space permitted ; but as the sub, anger 
0 


iron 
well illustrates the agencies of 
position, which have been active in producing the valu- 
able fuel to which we are so much indebted for our 

ition as a manufacturing nation. _ It would seem that 
the plants were first converted into peat; that, subse- 
quently, the land bearing them subsided ; and, being 
cov by strata, the pressure on the surface, and ter- 
restrial heat, changed these plants into the forms we now 
recognise as coal. 

Other minerals afford products analogous to those of 
coal. We merely mention this for the present, as we shall 
shortly have to describe such at some length. 

Coal is chiefly composed of carbon and iydrogen, with 
some oxygen, and a slight per-centage of nitrogen, in 
certain kinds. When ex to the action of heat; a vast 
variety of compounds of these substances is produced, 
many of which can be resolved into other substances. 
Indeed, a mass of coal may produce so many compounds 
that it would be impossible to describe all in a volume of 
moderate size Supposing considerable heat to be ap- 
plied, the residue consists of a black mass called coke, 
which is nearly pure carbon. 

The volatile products consist of olefiant gas, carburet- 
ted hydrogen, ammonia, carbonic oxide, carbonic acid, 
bisulphide of carbon, tarry matter, &c., &c., some of 
which we shall now describe. 

Light Carburetted Hydrogen, or Marsh gas, so called 
from its uency in districts containing pools of stag- 
nant water, is a compound of CH,, and may be obtained 
from various sources. It is highly inflammable; and 
hence is partly the cause of the illuminating power of 
coal gas. It escapes from its natural source, the coal 
mine, in large quantities, occasioning those fearful acci- 
dents in mines of that material.—Olefiant gas, so called 
from its producing an oily fluid, by the agency of chlorine, 
is composed of O, Hy, and may be obtained by the action 
of concentrated sulphuric acid on alcohol. This gas is 
also inflammable, and burns with a rich yellow flame. 
The other volatile products to which we have alluded, 
have already been mentioned, under the heads of Nitro. 
gen, Carbon, and Sulphur, respectively. 

The manufacture = gus coal is carried on to an 
enormous extent in this country ; but however interesting 
the subject may be, we must it over for others of 
greater importance in a acientihe point of view. Besides, 
the article on Artificial Illumination, in the section on 
Light, affords every theoretical and practical icular. 
But one product of the distillation of or wood 
demands some notice, on account of the curious chemical 
——— it affords. We refer to what is usually called 


Tar may be obtained by distilling wood or coal in close 
vessels, and i the products; some of them we 


resinous wood, Its smell may be in cured 
fish, smoked hams, &c, ; and its name is derived from 
the antiseptic er it possesses. Its preparation is 
somewhat complex: it poet ot Gr ae Onn Banins 
distillation, and is com me i 
is another product of wood-tar. It differs from creosote 
in being readily inflammable, of less density, and also 
in its chemical composition, its formula being O, Hg. 
From some kinds of wood, a kind of paraffine is produced, 
to which, as obtained from another source, we have 
to direct attention hereafter. ~ 

Carbolic acid is a product of coal-tar, and is, or is 
nearly, identical with creosote in most of its properties, 
lts formula is C,. H,O-+- HO. It has been much used 
of late years as a powerful disinfectant. This product of 
pamper ree ted mre interesting berber _ 
ran under generic term, pheny. ag H; 
nnected with 


in moyen! which for many years 

noticed by the scientific chemist, and oe may su 

expand into the most useful form i 

For a long time, aniline was recognised as a principle of 
’ 


erino, 
which far exceed, in brilliancy, those produced from 
vegetable sources. Aniline is manufactured to a large 
extent from tar, by a patent process, and the philosophy 
of the subject we shall investigate when speaking of 
indigo. : 

Phenyl is perfectly analogous to ethyl, methyl, amy! 
&c., which we have deseribed at page 414, and — 
quently ; and affords an oxide (the hydrate of which is 
carbolic acid), a chloride, &e. 

Coal Naphtha.— This liquid is also obtained from coal- 
tar, being one of the last products of its distillation. 
After being removed from the tar in a crude state, it is 
redistilled, and becomes what is termed light naphtha. 
It is an extremely mobile fluid, has a strong smell, a den- 
sity of 890, water = 1000, aud has been much used as an 
illuminating agent in what are called naphtha lamps. 
Benzole, which has already been described, may be pro- 
duced from this naphtha by cureful distillation, and sub- 
sequent agitation with sulphuric and nitric acids. Ben- 
zole thus procured is a liquid of a density of 850, water 
= 1000; is highly inflammable, and has lately been much 
used for naphthalising gas, and as a detergent for articles 
* oon Gs P In many of the 

K Ult, on PeTROLEUM.— parts of ti 
world, a large quantity of oil spontaneously exudes from 
the minerals of some rocks which are adjacent, either to 
the coal measures, or in rocks containing lignite, de. 
The oil wells of Birma, Baku, Syria, and at Colebrouk- 
dale, are instances of the kind ; but they all sink into 
insignificance in comparison with the wells lately dis- 
covered in Canada. As these have excited the deepest 
interest in all circles, we shall give somewhat exteuded 
particulars, and in the words of eye witnesses. 

The oil deposits at present known seem confined to dis- 
tricts in the counties of Enniskillen, Brooke, and Sombra, 
in which parts the oil wells were first discovered, One 
of the largest yields a supply of no less than seven thou- 
sand barrels of oil daily, which flows out spontaneously. 
just like water. Iminense quantities of the oil are w 
for want of casks to store it up. 

As first afforded, this oil is highly inflammable; so much 
80, indeed, that serious accidents have been caused through 
its ignition, It has, however, been stated that it m 
be so refined as not to ignite under a temperature of ‘ 
Tt can be used asa lubricant, and atfords naphtha, benzine, 
paratiine, and many other useful products. The following 
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remarks are from a paper by Professor Hind, of Toronto 
iia: eaecsiey ch of leu 

“The i eapness petroleum, as an 
illumi is too well known in Canada to require 
any ial notice. Notwithstanding the comparative 
dearness, in this country and the United States, of the 
chemicals (sulphuric acid and alkalies) which are required 
to purify, ise, and fit it for burning in lamps, yet 
it is, at 45 cents a gallon, incomparably the cheapest 
illuminator which has yet been manufactured; and it 
_ threatens, for domestic purposes, to drive all other means 


| of illumination out of the field. But in Britain, 


and Germany, where acid and alkalies are abundant 
cheap, and where various products, such as _benzole, 
tar, &c., can be utilised with profit, the preparation of 
i can be effected at so much cheaper 
a rate than on this continent, as to nearly make up the 
difference in the cost of the raw material which freight 
and insurance would add to it. Petroleum has arrested 
the production of coal oil or keroline on this continent ; 
it will soon arrest, if proper are taken, the produc- 
tion of shale oil in rmany.” 
The following Table shows the comparative advantage 


ee toe ea eene VES 
Cost of 
Inten- | Amount | an equal 
Description of Oil. a ie Al ah rt 
Gallon. |the Pho-| equal | Lightin 
tometer.) Quan- | Deci- 
tity. mals. 

. s. d. 
Petroleum, or Rock Oil. | 2 0 | 13°70} 260 | 200 
Sperm ....- .-/7 6| 200] ‘95 | 20-00 
Camphine . . . . -|5 0} 5:00! 1°30 | 10-00 
Rape or Colza . eee ee 4 0 210 1°50 6°50 
Terd. . .-+ e+e «|4 0} 160] 70 | 1460 
Whale ..«.....{/2 9} 240| ‘85 | 8-25 


Panarrine.—We have already alluded to a substance 
¢, as obtained from wood-tar, and which is so 

on account of its weak affinity, or slight inclina- 

tion to combine with other bodies. Of late years, a 
large quantity of ffine and paraffine oil has been 
obtained from coal, or Torbane-hill mineral, 
under a patent taken out by Mr. James Young, of Bath- 


gate, near Edin . The substance whence it is pro- 
uced has been the ‘‘chameleon” of chemistry; for almost 
all kinds of differi inions have been pronounced 


_ it is a mineral proper, or a coal—a question yet wnsatis- 


factorily determined.” The following is an account of 


| exposed to hot steam, by which the oil, tar, and paraftine 
are volatilised. Aitce kota condensed, the product is 
distilled, and subsequently purified by means of sul- 


phurie acid and oxide of manganese, or bi-chromate of 
potash. The residue having been washed, is distilled a 
second time, and subsequently cooled, strained, and 
pressed. It is then heated to 400° with concentrated 


-peat in Ireland for the purpose ; but we believe that 
Ben eons has not been commercially successful. 


' _Brromen or AspHarrum is a solid substance, obtained 


chiefly from the neighbourhood of places abounding in 
other hydro-carbon products. The Dead Sea has long 
been noted for its adjacent bitumen pits. This sub- 


stance is also found in India, America, and other places. 
It is of a black coluur, inflammable, and being easily 
melted and moulded, is much used as a paving material 
when mixed with sand. In this form it is employed for 
rendering arches and railway tunnels waterproof, also as 
a basement flooring in warehouses. 

Many substances analogous to coal, lignite, bitumen, 
&c., are found in various countries ; but such are more 
conveniently described in the-sections on Mineralogy and 


VEGETABLE COLOURING MATTER. 


Unit within a recent period, most colours used in calico- 
printing, pepen stewing, dyeing, «&c., were chiefly ob- 
tained from vegetable sources. Mineral dyes, however, 
have been lately much in favour, and have the advantage, 
where they can be used, of being lasting, and easily ap- 
pee Some of these thus used, and as pigments, 

ve been described in our previous ; we shall. there. 
fore, here chiefly direct attention to colours of a vegetable 


0 
The natural colours of leaves and flowers are due to a 
peeaten, jg ware which is subject to the action of heat, 
ight, and chemical action, but which is lost on the death 
the plant, It is there a vital principle only. Colours 
employed for dyeing, &c., are extracted from the plant 
after its vitality has ceased, and are resident in the leaves, 
stems, roots, and flowers. Red dyes are obtained from 
madder, or rubia tinctorum, ower, or carthamus, 
Brazil wood, logwood, sapan wood, the cochineal in- 
sect, &c. ; blue colours are afforded by indigo, orchil, 
litmus, &c. ; and yellow dyes are produced from fustic, 
turmeric, saffron, dc. 

But all these colours per se are fugitive, and require a 
mordaunt to fix them in the fabrics to which they are 
applied. The action of a mordaunt is readily illustrated 
by that of iron and an infusion of logwood used in dye- 
ing black. If a piece of cotton were simply dipped in the 
infusion of logwood, it would only acquire a dirty red- 
brown colour ; but if it be first soaked in a solution of 
sulphate of iron, the oxide of the metal attaches itself to 
the fibres of the material, and, on being introduced into 
the logwood infusion, a black’ and permanent colour is 
produced. The mordaunts usually employed are salts of 
iron, alumina, and tin, others being used only to a limited 
extent. 

Madder is chiefly employed in dyeing red. It is the 
root of a plant, and is imported into this country from 
the continent in a state of powder, having a dark-red 
colour. From it a peculiar pencil, called garancine, 
is produced by means of sulphuric acid. This prepara- 
tion is superseding the use of the raw madder, because 
it is more economical, cleanly, and effective. Other 
gpa ee may be extracted from madder, such as purpur- 
tne, alizarine, xanthine, &c., of which the alizarine is 
the most im t, because it is really the colouring 
principle of the rest, and is the chief constituent of the 

cine of commerce. The celebrated Turkey red dye, 
which withstands the action of most chemical substances, 
is obtained by means of madder. The process is long 
and troublesome ; and we may refer our readers to a late 
edition of Berthollet’s Bi ing and Dyeing, for a full 
account of all its details. 

Cochineal is properly an animal dye, but its colouring 
powers are due to the cactus, on which it feeds, With 
alumina, a decoction of the insect affords a rich red colour, 
used in dyeing silk, and in producing “carmine.” We 
have succeeded in producing some rich red precipitates 
from a cold infusion of the cactus-flower and solutions of 
carbonate of soda and citric acid, employed in the manner 
we are about to describe in connection with safflower. 

Safflower is a kind of saffron, and affords two colouring 
principles—a yellow and a red—the former being abun- 
dant and useless, whilst the latter is obtained only in 
small quantities, and is very valuable as a dye for silks, 

roducing reds of the purest colour and of every shade, 
pink to deep poppy. ~ 

The safflower must be washed in cold water, until all 
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a 
| be filled witk’ oolsee which can afterwards be removed 
by the same means as those just employed. The colour 
is thus obtained isolated. A large quantity of the colour 
is manufactured on the banks of the Lea, near London ; 
and also near Paris. The winter months are chosen for 
the purpose, as the heat of summer spoils the tint. 
From the small quantity of colour produced from the 
raw material, it is very expensive, and its use is chiefly 
confined to dyeing silks, and making ‘‘ carmine saucers.” 

Deooctions made by boiling the chips of oe) Brazil, 
| and logwood, afford a red colour, with tin and alum as a 
| mordaunt; and a black with salts of iron. ‘These sub- 
stances are chiefly used for dyeing wool and cotton 
yarn. Each of them contains some tannic acid, as do 
sumac, gall-nuts, oak-bark, walnut-peels, dc. ; and such, 
with iron, afford black dyes of various depths. 

Yellow colours are produced by the action of alumina, 
asa mordaunt on infusions of turmeric, &c.; but these 
colours are generally fugitive. Intermediate tints of 
brown, maroon, &e., are produced by successively dyeing 
the stuffs a yellow and zed colour, until the des tint 
be arrived at. 

Blue vegetable colours are obtained from some lichens, 
amongst which the rocella tinctoria is that most com- 
monly used, All the lichens, however, afford colours of 
some kind, and even those of a yellow and red tint. 
Orchil, used in dyeing silk, is obtained from the rocella, 
by means of ammonia, or more economically, urine, which 
has so far undergone decomposition as to afford ammonia. 
From these plants, peculiar colouring principles, such as 
oreine, kK, may obtained, which are analogous to 
garancine, alizarine, &c. 

Indigo has, till the discovery of the production of 
aniline from coal-tar,* been the chief source of the per- 
manent blue of the dyer. The colour from indigo is not 
obtained, as in most other cases, by infusion or decoction 
in water, but by means of the strongest sulphuric acid. 
The raw material, as imported, is in blue-coloured cakes; 


these are powdered, and to them the strongest sulphuric 
acid is added. By Se, vincipla of indigo i 
dissolved out. © principle of ing with this sub- 
stance is that of first deoxidising it, which is done by 

renders the 


means of the proto-sulphate of iron. This 
indigo in a state fitted ee ee 
which, after being dipped into the solution, becomes 
a dee ered iterte ciples ark ye the air, 
and the colour then becomes anent. In the process, 
the alkaline earth, lime, is with the proto-salt of iron. 
And this introduces us to the production of aniline from 
a vegetable, as we have shown its production already 
i ittnakeeaaatpa by a hot solution of and 

inut on by a hot solution of potass, 
then distilled, aniline is uced as a nearly colourless 
liquor. It is highly ile, soluble in water, and 
being oxidised by chromic acid, affords arich purple tin’ 
It matters not what it is uced from, for it is equally 
obtainable from indigo, nitro-benzole, and coal-tar. And 
this is a matter of not only deep philosophical interest, 
but, in the uses to which it is applied, has me a most 
important article of commerce. t 

to the varied treatment which this substance under- 
goes, we of course cannot enter; and we have made our 
remarks more extended on it than we should have done, 
solely because it affords an instance of a most remarkable 
practical application of purely scientific research, and 
which we are glad to say has been the means of enriching 
those to whose perseverance we have been indebted for 
its manufacture in quantities. 

Aniline forms numerous combinations with other 
bodies ; its chemical formula has been stated as Cy, 
H, N, and thus it contains one equivalent of nitrogen. 
Stating it in its relation to the peng paciony, we may 
use the formula—Pyl H, N, or, C,, H, + H, N. 

In this chapter we have selected some of the chief of 
the many miscellaneous products of vegetable life, and 
have endeavoured to arrange them in such connection 
as would most conduce to their being understood by our 
readers. With them we shall dismiss the subject of 
vegetable chemistry, advising those who desire to pro- 
secute the subject still further, to peruse the works of 
Fownes, Graham, Miller, Odling, and others, to whom 
we have ourselves been indebted for some of the facts 
which have been adduced. 


CHAPTER XI. 
ANIMAL SUBSTANCES. 
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ALBU MEN—FIBRINE—CASEINE—GELATINE—PROTEINE—KREATINE—BLOOD—OIL AND FATS—URINE 


AND UREA— 


BONES, ETC.—MANUFACTURES FROM ANIMAL SUBSTANCES—MANURES, CANDLES, SOAP, TANNING, ETC, 


Tue department of chemistry devoted to the considera- 
tion of animal matter in general, has already been the 
subject of an elaborate. paper in our previous pages ; we 
- cu aaah, here confine ourselves to a mere outline 

The elemen constituents of animal life are, like 
those of vegetable existence, but comparatively few in 
number, Carbon, hydrogen, oxygen, and nitrogen, are, 
if we may so call them, the essentials ; whilst sulphur, 
ee pace lime, and metallic oxides, in patie Med 
small proportions, are the accidentals of animal matter. 
And without a due pee of each, the animal 
w be incomplete ; for phosphorus is essential to 
the brain, lime to the bones. And thus the entirety is 
made up of parts, having definite ratios, which cannot be 
interfered with, lessened, or increased, without pro- 
ducing great changes in the being which may be their 
subject. 

e need not here enter into any description of the in- 
dividual elements ; that has already been done in our 
previous pages: we shall, therefore, call attention to 
a few substances which either are part of, are secreted, 
or excreted, by the animal system. 

* See ante, p. 420, 


AtzuMEN.—This substance is best typified in the 
white’ of a hen’s egy, which contains the yolk sus- 
pended in nearly pure albumen. At a temperature of 
160°, it becomes solid, as is well known in the domestic 
operation of boiling e; It then ceases to be soluble 
in water ; and if ex toa high temperature, it affords 
ammonia, and impure charcoal. Albumen is found in 
the bl and in many secretions of the animal. It 
also exists in the juice, fruit, and seeds of plants. When 
in solution, it is ipitated by metallic salts, those of 
mercury being eligible, and by some acids, as the tan- 
nic, &c. Its chemical composition is stated by Mulder, 
as— 


Carbon . . . . . 535 
Hydrogen). .. .» je 70 
N itrogen . . . . 155 
Oxygen ° . * ° 22°0 
Phosphorus . ‘ Gal ae 4 
Sulp ur . . . . 16 

1000 

Finrme, so named from its fibrous appearance, is a 
+ See ante, p. 420, r 2 See ante, p. 420. 
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constituent of blood, from which it ay he removed by 
beating up'that liquid with twigs, to which the febrine 

‘adheres In a solid state it exists in flesh, in the gluten 
of flour, and in grasses. The chemical composition of 
fibrine is— 


Carbon . . . . . Eee 

“H dr ‘ogen . . . . 

Nurogen - : : ; 15-4 

Ox . . . 23°5 

ygen . 

Phosphorus. .- « «- 3 

Sulp ur . . . . 1:2 
100-0 


From this we observe, that it scarcely differs from 
albumen, and in many of its characteristics it resembles 
that substance. 

Caserye is found in milk ; and, in fact, cheese is nearl 
pure caseine. A vegetable substance, jecumine, muc 
resembles caseine, and is found in cabbage and other 

Jants. Pure caseine is insoluble in water and alcohol, 
But readily dissolves in alkaline solutions. In i 
cheese, the caseine is ted by means of an aci 
obtained from the stomach of the calf. This is called 
rennet, and hydrochloric acid may be substituted for it, 
haying, to some extent, a like effect. Mere contains 
carbon, hydrogen, nitrogen, oxygen, an phur. 

7 pan and CuonprrN® contain the same elemen- 
tary bodies. They are easily extracted from tissues, 
bones, &c., by means of hot water ; and calf’s-foot jelly 
is an instance of the former substance ; whilst ising 
gine, and size, represent it in a more solid state. In 
manufacturing bone manure, much chondrine is often 
produced. is substance differs from gelatine in not 
assuming what is generally termed a inous state, 
and is not precipitable by tannic acid, which precipitates 


deity ie obtainable — cies bp ad] 
through their decomposition by an and su nen 
precinitation by acetic acid. 1h auetas $5 be 0 tlGihaants 
principle of albumen, fibrine, and caseine. 

Kreatrnz is a principle existing in flesh, from which 


. may be “ by aqueous eon, de oe ara 
carbon, n, oxygen, and nitrogen. Itis soluble 
Gide wchen sil 2 ortensted trom” tte in ths process 
of stewing, &c. 


Bioop.—This liquid is essential to animal existence, 
and consists of water and organic matter. Its specific 
ity varies, but may be stated at 1:05, water=1-00. 
red particles, which owe their colour to hematosine, 
are the heaviest portion of the liquid. The blood cor- 
scles vary in size in different animals ; and lately M. 
of Paris, has rendered + service to phy- 
siol the photographs he has produced of these 
globules. Their general a ee atrorbtars Saher! Gorey 
teristic of their origin. e following cuts will illustrate 
the fact: Fig. 85 ting the blood globules of 
man ; Fig. 86, those of fishes, 
Fig. 85 Fig. 86. 


We need scarcely state, that by means of the blood 
every part of the body is nourished ; hence it must con- 
tain every substance required in the animal from which 
it has been obtained for analysis. The following gives 
the proportions of proximate principles in human blood 
in a thousand parts :— 


Male. 
WAtEE sta. eb hee 7910 
Red particles . . . . 1410 1270 
Albumen Piet tee © 69-4 70 5 
Earthy sol, Es ria 63 R 74 
Fatty parti Aer 16 16 


The above proportions differ from those given by other 


authors ; but we need scarcely state that the composition 
of the blood incessantly varies in the same individual, 
owing to change of diet, disease, and other causes. 

Orms anp Fars.—At a previous page we have drawn 
attention to the oily matters produced by vegetables, 
To these the animal fats present much resemblance. 
Generally ing, fat may be resolved by the action of 
alkalies acids into oleine, stearine, margarine, and 
glycerine, each of which afford acids, theoleic, stearic, &c. ; 
and such unite with alkalies and other bases. Thus soap 
is a stearate of soda; and by the addition to it of a dilute 
acid, the stearic acid is set free. Stearine is thus manu- 
factured for making candles. The fat is made into an 
earth-soap by means of lime; to this dilute sulphuric 
acid is added, which sets the stearine, or stearic acid, free. 
By pressure and purification, it is eventually presented 
in a solid form. Margarine, oleine, and glycerine are 
simultaneously produced by the above process, 

Spermaceti is a solid obtained from a species of whale, 
and is analogous to stearine in most of its characters. 
Butter is an animal fat, obtained from the milk of the 
female. 

Amongst the secretions, such as bile, milk, urine, &e., 
we need only single out urea, which is a constituent of 
urine, and is interesting. as it may be produced artificially. 
For this purpose cyanate of potash is dissolved, together 
with sulphate of ammonia, e solutions evaporated 
to dryness; and the urea so formed, is extracted by 
means of alcohol. From this solution crystallised urea 
may be obtained, affording a rare instance of an animal 

uct being imitable by the direct combination of 
its elements, apart from vital action. Its composition 
is ©, H, N, O,. Uric acid is a component of urine, 
and is afforded in # solid state in guano, and the urine 
of serpents. Hippuric acid exists in the urine of gram- 
nivorous animals. 

Bones. —The framework or bones of animals consists 
of earthy matter, united by means of organic substances. 
The composition of bone varies, not only in different 
animals, but in the sexes of each. The following table 
affords an analysis of human bones :— 

Animal matter... we ss. 88°80 
Phosphate of lime and fluoride of calcium 53°04 
Carbonate of lime .. . .... . 1130 
Phosphate of magnesia. . 2. 2 « « 1:16 
Soda and common salt 45 8) ONS, Se 1:20 


‘ 10000 
In the crustacea, and marine animals generally, the 
carbonate of lime chiefly abounds ; and thus the shells of 
mollusca are readily dissolved away, and engraved on, by 
means of hydrochloric avid. 

Skin, nails, and horns may be considered as nearly 
identical in their constitution and production ; the same 
may be remarked of hair and wool. In hair, both man- 

and sulphur have been found. 

Into the philosophy of nutrition, the uction of 
bone, flesh, muscle, nerve, the secretions, &c,, we cannot 
enter, as such wiil be fully considered in the section on 
Comparative Physiology, at the commencement of Vol. 
Il. Our design has been to simply refer to those parts 
of the animal, the consideration of which is confined to 
the chemical details, and not to trench on subjects on 
which our s and arrangement forbid us to enlarge. 

We may, ever, add a few remarks on the manufac- 
tures connected with animal chemistry. Of late years, 
much attention has been paid to the production of animal 
manures. The bone, after being calcined, is drenched 
with dilute sulphuric acid, by which a superphosphate of 
lime is produced, which is of great value to the farmer. 
Blood, and other animal waste, have similarly been ap- 
plied ; and scarcely any substance of an animal nature 
exists, that is not now used for the purpose. 

Hvofs, horns, blood, &c., are in the manufacture 
of prussiate of potass, and in the process of cementation. 
Skins are, as is well known, converted into leather, by 
the process of tanning, in whiich the tannic acid* converts 
the soluble into insoluble substances. 

* See ante, p. 415. 
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Fat, oils, wax, &e., are largely used in the manufac- 
june a soap and candles by means of the process de- 
scribed in connection with stearine, This branch of 
manufacture has enormously increased of late years, 
owing to the stimulus which chemical discoveries have 
afforded. 

Bones and nrine are em 1g = the manufacture ae 

hosphorus, a substance which, a few years ago, was only 
Let curiosity, but which, at the present day, is an 
absolute necessity (in the lucifer-match) to, perhaps, 
every civilised home in the world. Glue, size, isinglass, 
patent gelative, are each produced from skins or bone ; 
and the latter substance has become of considerable 
commercial importance in the manufacture of portable 
soups. We decline, for the sake of our readers, to indi- 
cate its possible sources in many cases. 


‘Space fails us to name all the uses to which animal 
substances are now applied, Chemistry helps us, not 
only to use up what would otherwise be ——- but 
actually converts, in some cases, substances, li ly as 
“cheap as dirt,” and real dirt, into others as valuable as 
gold. Indeed, its chief object, at the present day, is to 
turn to profit that which has been cast pes useless in 
former times. Aniline, aluminum, and a host of other 
products, afford us instances of the kind, and prove, 
alike to the philosopher aud the artisan, that nothing 
was made in vain, or without its definite object and use, 

Whilst it is the province of science to discover and in- 
dicate, the nati energy and instinct of man tend to 
utilise ; and thus each succeeding age builds its monu- 
ment on the débris of that which preceded it, only to 
afford materials for that which has to follow. 


CHAPTER XIL 
CHEMISTRY APPLIED TO AGRICULTURE. 


| Wrrarn the last few years chemistry has been extensively 


employed in connection with agricultural pursuits. For 
agriculture had been little else than a system 
of conjecture and chance, in which the experience or 


| opinion of each farmer was followed, without reference 


| contrary, science 


iment. At the present time, on the 

mes the guide of every homestead 
—the aid of chemistry is everywhere sought, and agri- 
cultural societies and colleges are the means of dissemi- 
nating its teachings amongst the masses, 

At first sight it would seem that agricultural chemistry 
is a subject so extensive, that an acquaintance with it 
would involve almost a lifetime of research and expe- 
rience; but such is not the case. We have simply to 
learn the constituents of any plant, and we shall at once 

ive the nature of the soil required for its produc- 
- The question of climate, period of sowing and 
reaping, drainage, and similar matters, do not fall within 
the scope of emanates, Such are purely matters of 
judgment and experience, for which no science can be 
substituted, except the knowledge acquired by repeated 
aud long-continued observation. 

The chemist has to decide on the question of the com- 
ponent parts of soils actually present, and the nature of 


to principles or ex 


| such which, whilst absent, may be supplied in the form 
, of manure. To do this, he carefully analyses the grain 


which is to be sown, and the soil in which it is intended 
to sow it; and whatever the latter is deficient in, his 
result should tend to point out, and to suggest a supply. 

Let us first examine into the most important of all kinds 
of food, the cereals, such as wheat, rye, &c. The ear of 
wheat consists of seed, which is composed of gluten and 
starch. The latter substance is abundant in must plants, 
especially in cereals, potatoes, &c. It consists entirely 
of carbon, hydrogen, and oxygen,* whilst gluten has an 
additional element in the form of ni n. But besides 
the starch and g!uten, earthy matter of various kinds is 
found in the seed and stem, such as silex, lime, &c.; and 
these, whilst oy ae as the bone to the plant during its 
vitality, become bone in the animal through the absorp- 
tion of those substances in the system from the vegetable 
food on which it subsists. It matters not whether animal 
or vapewle food be used by man, exclusively, or mixed 
together. In either case he acquires the mineral matter 
of which his bones, teeth, &c., stand in need ;—from the 
plant directly, in a crude state ;.or from the animal, as 
the ox and p, in a form more readily adapted for as- 
similation. Indeed, the domestic animals and plants 
used as food are simply channels, by which the elements 
of the soil are chan from inanimate dust to the con- 
stituents of sentient humanity. In this process, for a 
time only, inanimate nature is robbed of part of her own ; 
but this occurs only for a brief space. Daily we give 
back, as excreta, portions of earthy and saline matter ; 

© See ante, p. 411, 


and, at last, when we return “dust to d 
ashes,” we repay the debt we have incurred during the 


their decay, literally and truly return to the earth from 
which they were first made. Nothing is lost ; but, on the 
contrary, the icles of matter undergo an incessant 


few. The following is an analysis of one of the best 
soils found in the grazing pastures of Devonshire and 
Cheshire. It contains of 


Silica- ...,s . « «© «© « percent. 702 
Alumina“ 24, 2 (2 ‘6 10 ” 19°2 
Carbonate of lime . .. . ” 04 
Oxide Of (i600 5 8 os 4 ks > 60 
Water and organic matter. . $3 41 
Chloride of sodium (common salt) ,, | 

100.0 


Now the whole of the above ingredients go to form the 
solid matter of a plant, but only in part ; fer the great 
proportion of flour, potatoes, &c., consists of carbon and 
water, derived, not from the soil, but from the atmo- 
sphere which surrounds the plant. 


When a seed cominences to germinate it produces two ~ 


organs—the root, or radicle, which is to inhabit the soil ; 
and the plumule, which, rising beyond the soil into the 
atmosphere, is to become the means by which the car- 
bonic acid floating in the air is to be al and its 
carbon assimilated to the body of the plant. With this 
_ the growth the farmer has nothing to do; he must 
eave all to nature. With the root, however, he has 
everything to engage his attention ; because that supplies 
the plant with the stamina which enables it to acquire a 
living and productive form.’ 

Now, as soils differ in their nature, they are accordingly 
fit for the growth of corresponding ts, and every 
plant, as is well known, will not flourish equally in ret 
soil. Clay consists chiefly of silica and alumina; an 
when it contains about forty per cent. of sand, it affords 
aclay-loam. The colour of clay is caused by the presence 
of oxide of iron. If a soil contain from ten to twenty 
per cent. of lime, it becomes a marl ; and with a greater 
proportion, as in the chalky soils of Kent and Sussex, a 
calcareous, or lime soil is afforded. : 

When a soil is too close, inferior crops are produced ; 
and some plants, as the potato, will not grow, or will pro- 
duce inferior crops. Hence, in travelling over extensive 
ranges of country, we find great diversity of crops. In 
Kent, Essex, Suffolk, d&c., we find cereal 
vailing, with rotations of turnips and 
Midland Counties grass is chiell ly cultivated, for grazing 
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urposes. In Lincolnshire and Cambridgeshire we see 
heayy corn creps, owing to the land containing the es- 
sential constituents in the soil. 

Soils differ greatly, not only in their chemical consti- 
tution, but also in respect to their physical characteristics, 
A solid clay will not permit water to pass through it, 
whilst sand allows that fluid to percolate most readily. 
Now, generally speaking, the clay is rich in all the sub- 
stances which are required to produce the plant, whilst 
sand is comparatively deficient ; and yet a better crop 
shall be produced from sand soil than from heavy clay. 
This fact shows that we must not depend solely in the 
results of a chemical analysis to direct us in the choice of 
a soil. Indeed, we have seen in Invernesshire and Nairn- 
shire, in the north of Scotland, soils (if they deserve the 
name) consisting of nothing but unmixed sea-sand, in 
their natural state, but which, by means of manures, 
afford excellent crops of wheat, barley, and oats. An 
excess of moisture in soils checks vitality equally with 
droughts ; therefore, not only is a clay improved, in a 
chemical point of view, by admixture with sand and lime, 
but its physical character is altered, and it becomes more 
readily drained, ‘‘ warmer,” and therefore fitter for the 
production of any kind of crops. 

After one kind of plant has been grown in a soil, it 
will be found to have abstracted such parts of that soil 
as have been required to afford it nourishment ; and thus 
the soil has become deteriorated. Now, it is a remark- 
able fact, that the absence of an ingredient will entirely 
prevent the production of seeds and fruit. Lime is essen- 
tially necessary for this purpose ; in fact, pea and bean 

lants will bear flowers but not seed in its absence. We 
ave at this moment before us a luxuriant crop of beans, 
ar in a soil in which the same kind of seed was sown 
ast year, but, in the absence of lime, was absolutely un- 
productive. At the early part of the present year, the 
soil was weli dug up and limed, and now every stem is 
loaded with pods. On another soil, we tried precisely the 
same experiment some years ago ; half was limed, and 
the other half was exhausted : the latter bore plenty of 
leaves, but not a pod ; while the former afforded abun- 
dant crops, the same kind of seed being sown in each. 
Tt is true that such are extraordinary examples; but the 
farmer has plenty of them, although not so distinctly 
marked as these. Poor crops generally indicate that their 
ucer has failed in his duty and practical knowledge. 

is is the great secret of the success which attends 
farming in the north of England and in Scotland. There 
the climate is everything that can be against the farmer, 
but his practical experience overcomes the natural defi- 
ciencies of the soil and climate ; and thus he can produce 
crops on land which, in the south of England, farmers 
would only compare to those of a stone wall, as to its 
probabilities of producing power. We have seen oats 
growing on a limestone rock, on which the soil rarely ex- 
ceeded four inches in depth. There the soil had to be 
brought to the rock; whilst in the southern counties, 
rich loam, extending many feet in depth, may be found. 
When a deep soil is superficially exhausted, it may be 
improved by being deeply ploughed. By this means the 
subsoil is brought to the surface, and so mixes with and 
teplaces that which had been exhausted by the crops that 
had grown on it. In a similar manner, the rotation of 
crops benefits a soil ; for if turnips, for instance, be grown 
where wheat has been reaped, they merely take up water ; 
whilst the cereal has withdrawn silex, alumina, lime, &c. 


_The atmosphere then has time to break up and decom- 


pose such elements into a soluble state, and so fit the 
soil, by a kind of reproductive process, for a repetition 
of the cereal growth after a lapse of time. Herein con- 
sists the advan of allowing the fallowing of land. 
The soil is left to itself for a year or two ; the atmosphere 
and moisture decompose the felspar and other minerals 
of which it is composed, and thus render it fit for grow- 
ing various crops in succession. 
Another point of great importance is the degree of 
verisation of land. As a plant grows it shoots out 
the main root a vast number of radicles, by means 
of which it absorbs, from a thousand sources, its mineral 
vou. — 


food. If these radicles are confined by a close soil, the 
plant droops and dies ; whilst if the soil be porous, and 
finely divided, these little roots can extend in all direc- 
tions, and so become feeders for the main root and the 
plant. Ploughing, digging, harrowing, the burrowing of 
animals, as moles, worms, &c., the decay of vegetable 
fibres, all make such channels in the soil, and also assist 
in its drainage; and many manures, such as straw, and the 
like, thus effect a physical as well as a chemical im- 
provement in land. This is a matter of great impor- 
tance ; although we feel sure that it is systematically 
neglected, and generally by pure accident only obtained. 
Burning clay has lately been much resorted to for this 
purpose ; and, where coal is cheap, is an excellent prac- 
tice. The retention and close character of the clay is 
destroyed, and the soil rendered into a finer state of 
division, and therefore more porous. 

Manures—Anatysis or Somus.—An_ experienced 
farmer will readily guess as to the nature of the sub- 
stances abstracted from a soil by any crop ; but chemical 
analysis more certainly points out this, and also suggests 
what kind of manure may be required to restore fertility. 
We shall not enter into minute details of the plan of 
analysis, as that has already been done at page 394, and 
succeeding pages. We shall only give directions as to 
the preliminary part of the process. 

Tt will generally happen that more than one kind of 
soil is contained in a field, or many fields may consist 
of the same kind. An average of the soil should, there- 
fore, be gathered, and the various eon as mixed to- 
gether. The first point to ascertain will be the amount 
of moisture which the soil contains. For this purpose 
all stones should be removed, and the earth may be 
weighed. It is then to be exposed for some hours to a 
temperature not exceeding 212°Fah. This will drive off 
all absorbed water, and the loss of weight will indicate 
the amount present. 

The absorbing power of a soil may be learned by be 
ing and weighing samples as above. They may then 
well wetted, H, left till all loose water has drained off. 
Their comparative weights being then ascertained, their 
absorptive power will a be learned. 

After the amount of water in the soil has been ascer- 
tained, the next step will be to find out how much 
soluble matter it contains. This may be done by agitat- 
ing the specimen for some time with cold water, when 
the soluble parts may be removed and tested, in the way 
directed at page 398. The insoluble portion may then — 
be digested with hydrochloric acid, to remove iron, &c., 
and the remainder of the analysis carried out in the way 
suggested at the page referred to, et seq. By such a 
method, and following the instructions already given, 
any one of ordinary intelligence may gain sufficient know- 
ledge of the constituents of a soil, and distinguish the 
earths and metallic oxides it contains. A quantitative 
analysis requires considerable knowledge arid experience, 
and is better left to the professional chemist. 

Having discovered what substance the soil is deficient 
of, the next step is to supply the required material, 
This is done by manures; and the’thoice of the proper 
one is decided. by the results ofthe analysis. Such a 
multitude of these preparations is offered at the present 
day, and each is stated to be thé“‘‘ very best,” that a 
farmer will, in many cases, be in a state of perplexity as 
to what he should choose. We shall not increase hig 
difficulties by giving directions, which, at the best, would 
be but suggestive, if of use at all. So much depends on 
drainage, climate, and other physical circumstances, 
besides those of a chemical character, that it would be 
impossible for us to specify a universal panacea for all 
the ills that earthisheir to. We shall, therefore, simply 
name the proximate elements essential, and the manures 
which contain them, and leave to practical experience 
their choice and application. In purchasing any kind 
of manure, we may warn the farmer that he may be 
greatly deceived. The practice of adulterating guano with 
sand, &c., is very common ; and, in every case, a certifi- 
cate of analysis should be insisted on at the time of pur- 
chase. Many respectable houses always at this. 

I 
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Silex .. + » « AsinSand. 
Alumina. . » aa » Clay. 
Tims 4554 3. 09m and limestone, 
Oxide ofiron . . ,, Suandand clay. 
8 »> Phosphate of lime. 


phate of lime). 

» Ammonia. : 

Chalk, carbonic acid, 
vegetable matter, &c. 


The following supply some or all of these substances :— 
1. Sewage.—This abounds in every town, and has 
frequently been utilised to a extent. Near Edin- 
burgh there are fields which, from being comparatively 
worthless, now produce several crops of grass annually, 
owing to the sewage of the city being allowed to flow over 
them. Generally speaking, however, sewage matter is 
far too much diluted with water to be of much value, 
except in places where it can be readily applied by pump- 
ing, or the natural fall of the land. Of course it contains 
substance required on the land, because it is the 
jd ba of all that has been taken from the land in the 
shape of corn, grass, and the flesh of oxen, sheep, d&c., 
fed on it. When it can be economically applied, it is 
highly valuable; but on clayey grounds, the immense 
amount of moisture deposited may prove hurtful. On 
sandy soils it becomes a most eligible manure. 

2. Guano.—This substance is in high repute. It con- 
tains ni (as ammonia), phosphorus (as phosphate 
of lime), silex, lime, &c. Indeed, we may consider it as 
the concentrated equivalent of town sewage. It is com- 
oot . nd the decomposed excreta, feathers, bones, &c., 
re) 

3. Artificial Manures.—Next to the above come a 
legion of manures prepared artificially, all resembling 
sewage matter and guano, and containing the elements 
to which we have referred. To enumerate such would be 
impossible. Some are of great value; and in many we 
are inclined to believe that the only thing of value about 
them is the cask in which they are contained. Of such, 
we say to the farmer Caveat Emptor. 

4 Super: —These manures are made by cal- 
cining bones, and adding sulphuric acid thereto. A 
super-phosphate of lime with sulphate of lime is pro- 


duced, affording ops aeons sulphur, and lime. ese 
are generally sold as bone manures, and are of great 
value to most soils. 


5. Lime, Chalk, Limestone. —Some lands require the 
destruction of vegetable matter, which is effected by the 
addition of — 

6. Caustic Lime.—This may be readily obtained 
burning chalk, which drives off the carbonic 
Chalk gives soft, and limestone hard, lime. Chalk or 
limestone is eligible for lands deficient of lime, but not 
requiring that substance for the purposes just named, 
They gradually become soluble, by the absorption of car- 
bonic acid from the atmosphere. : 

Fish, Seaweed, &c.—These are cap Cy) 
t, and many 
on 


this manure is y ; and 
so plentiful on the south coast of E 
employed to a very great extent by 
In the above epitome of manures, we have not in- 
cluded stable dung, human excreta, &c. The latter is 
used almost exclusively in China, and we need scarcely 
say is highly valuable. It is dried and made into cakes, 
in which form it is sold to the agriculturist in that 
country. 
We have, in these observations on the subject of Agri- 
cultural Chemistry, confined ourselves solely to the results 
of nal experience in most parts of Great Britain 
an i : ae wih Sees 
every degree of intelligence and experience, and must sa) 
that to depend on the dicta of any one or any class, wo 
be to go counter to the rules of sound aig | What 
would be excellent as a plan ‘in the south of England, 
hie bring beagles to ad ye =! a northern farmer. 
and things spring up despite human intelligence ; 
in Scotland, in des ba ch aati: and in England, these 
extremes meet. But the progress of science and rail- 
roads is effecting immense revolutions. icultural 
societies present to their members the results of extended 
experience and observation ; the sons of farmiers are 
now almost universally uainted with, or are 


instructed in chemistry ; and the ‘‘ dark ages” of agricul- 
ture are ing away into the things that were. 
Of course we have only given a sketch of the application 


of chemical science ; we conclude by recommending 
the perusal, by such of our readers as may need 

detail, of the works of Davy, Liebig, Johnston, other 
eminent men, to whom humanity will ever owe a lasting 
debt of gratitude. The P: ings of the Royal Agri- 
cultural Societies also afford much valuable information 
to the practical farmer on all the points we have named. 


CHAPTER XIII. 
THE SANITARY APPLICATIONS OF CHEMISTRY. 


Norurye is more gratifying to the true philosopher than 
to find that the facts and laws he has discovered may be 
applied for the social benefit of mankind; and just in 
ten this is successful, so he gains the reward of 


Of late years, the subject of Social Science has been 
extensively ventilated ; and, under the able and active 
superintendence of Lord Brou an association has 
been formed, with the object of discussing all questions 
relating to the moral, mental, and aH PN well-being of 
our nation. It is with the last department, in its rela- 
tion to chemical science, that we shall briefly deal. 

Health, individually and socially, depends chiefly on 
an abundant supply of fresh air, good (not ‘ pure” 
water, and wholesome food. The latter is assimila 
with the animal system ; the water assists in Page 5 the 
food, in its assimilation, and in the formation of the 
blood, flesh, bones, é&c., conveying the soluble matters 
to their ee destination ; whilst the air, acting on the 
carbon of the food, causes its slow combustion, and this 
affords heat to the animal. 


We, however, necessarily give off, in our most healthy 
condition, various excreta, consisting of gases, liquids, 
and solids ; of which the chief are, carbonic acid from 
the breath and skin, other the product of digestion, 
&c., urine, and feces ; of which, whilst decid 
pases to humanity, are extremely valuable as fi 
or plants. In other words, what we haye done with 
and must get rid of, is exactly that which the vegetable 
kingdom must have, and hence arises a compensating 
process between animal and vegetable life and their 
exigencies. The subject has already been entered into 
in the last chapter; we shall, therefore, not require to 
describe the uses of animal products. In dealing with 
this subject, we shall confine our remarks almost solel 
to the question of pure air; for the supply of water 
the adulteration of food have already become su of 
government interference, and may be safely to 
public management. Our supply of air, on the con- 
trary, is purely a personal question, and so deserves the 
most careful consideration. 

During the process of respiration, carbonic acid is 
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abundantly produced in the lungs, and is, of course, 
exhaled as the breath is exspired. With this, a con- 
siderable amount of fcetid animal matter is also exhaled, 
which adds to the impurities of the surrounding ain If 
a sit in a room destitute of arrangements for ven- 

ilation, he must, after a time, re-breathe these poisonous 
exhalations, and by so doing vitiate the blood, which 
depends on the supply of pure air for its oxygenation. 
The close smell of bedrooms in the morning, after one or 
more persons have slept in them, is caused by these 
exhalations ; and the foetor of alleys and courts, inhabited 
by the poorer classes, is due to the same cause, aided, 
however, by imperfect sewers, closets, dc. 

Now the atmosphere, in its normal condition, contains 
only from four to six parts of carbonic acid in ten thou- 
sand of air. In unventilated rooms this proportion 
enormously increases ; and an idea of this may be gained 
from the following example of a boys’ Re extracted 
from a Parliamentary Report :— 

Capacity of room. F + 22,140 cubic feet. 

Number of boys present . ‘ 164 

Carbonic acid present in the air 23-71 

of the room after having been 70000 
occupied 24 hours ° 

Thus we see that the proportion of carbonic acid to 
that of air had increased from 5 to nearly 24 parts 
10,000, or nearly five times its normal quantity. How 
can we wonder, then, that fevers abound in crowded 
localities when such palpable facts are presented to us. 
It must be borne in mind, also, that besides the carbonic 


acid afforded, animal matter, other and impure 
aqueous vapour are produced in cases. The pre- 
sence of these soon become evident from the languor into 


ee ee cs tae ine Pameicn) ovis. 3: 
ing from ing impure air, exert a visible 
Fe he jable influence. 

Defective drainage is another cause of impure air, and 
in many cases a most fatal one. The sewers, of course, 
carry off every species of excreta and waste from our 
houses. These substances all mix together, and mutually 
decompose, giving off many hydro-carbons, alates 
hydrogen, and deleterious substances. en the 
ge wreirens ion between the _ pares i — main eK; 

ective, these gases will enter the house, especially 
when the barometrical column is falling ; hence arises the 
*smell of drains” just previous to wet weather. Defec- 
tive drainage and ie pee diseases are always to be found 
concomitant ; and only effective remedy lies in re- 
moving the cause of the evil. 

Distyrectants —We may here conveniently refer to 
Soh eemteapiieae tie ater mersie nak, nt 
such as i &c., which merely ut 
do not remove, pernicious exhalations. Chloride of lime, 
chloride of zinc, carbolic acid, caustic lime, and charcoal, 
are the most effective that can be used, consistent with 
abundance of supply, and consequent cheapness. 

The two ¢ are of great value, because they de- 
compose, sooner or later, most of the hydro-carbons in 
sewage gases; they are easily applied, and are very 
cheap. Carbolic acid and lime are not so fit for domestic 
use as those we have named, but can be employed on 
the large scale. The former may be cast down sewers ; 
whilst the lime is suitable for baagge | grave and 
any places whence effluvia are given off. Of late years, 
immense quantities of lime have been thrown into that 
great common sewer, the River Thames, during the 
summer months, and with the most beneficial effect. 

whether as obtained from or other sub- 


"inna ype pot Casing ay gash 
Od maples 6 ma gp te tho power of abner. 

various gases in quantities, and, per ew 
more readily than those which emg bared “ge i Dage 


dead animal and vegetable substances. But charcoal 
does something more than simply absorb ; for it is evident 
that, if it possessed no other property, a point would 
shortly be reached, when, having become quite saturated, 
it would cease toact. Charcoal, then, has another power 
in addition to that of absorption ; and for the illustration 
of this I would refer to the following striking experi- 
ment :—Certain dead animals were placed in an open 
box, and covered with a layer of roughly-pounded 
wood charcoal, rather less than three inches in thickness, 
and all the decomposible portions disappeared more 
rapidly than if they had been buried in the ordinary 
way. Moreover, the boxes containing these dead animals 
were kept for many months in a room in which several 
persons were employed during the day, but still no dis- 
agreeable effluvia were detected, and health remained 
unaffected, 

** All decaying animal and vegetable matters give off, 
during decomposition, foetid and deleterious gases, which, 
in the end, tell as fatally upon the human constitution 
as does the bite of a viper, or the most insidious poison 
known to the chemist ; and the animals referred to in 
these experiments formed no exception to this rule—a 
fact which could be readily ascertained by removing a 
portion of the charcoal so as to get nearer to the putrid 
mass below. From this, therefore, it follows, that not 
only does the charcoal hasten decomposition, but that 
those deadly gases that are constantly being given off, 
become, in their passage through the converted 
into inodorous and comparatively harmless ones. 

‘* The explanation of this peculiar result is simple and 
very beautiful. Charcoal is an extremely porous sub- 
stance, presenting through its mass an almost incredible 
amount of surface; and upon this depends its power of 
absorbing various gases in quantities, The oxygen 
of the air is the great vivifier of nature. The deadly 
emanations given off by decomposing matters are in what 
is called a ‘low state of oxidation ;’ that is, they contain 
a in iinet 3 small proportion of oxygen. Combine 
them with, or force them to take up, more of this purify- 
ing element, and the point is gained : that which, perhaps, 
an instant before would have proved most hurtful if 
breathed, becomes now almost entirely resolved into 
comparatively harmless combinations. 

** Now charcoal contains within its pores a very large 
proportion of o: m, amounting to rather more than 
eight times its b As already shown, it absorbs the 
various putrid gases with avidity, and in this way they 
are brought into ———— soneptleccy sa opens 
oxygen existing in charcoal, an result is as 
been pear 

“*Such, then, is the action of common charcoal in 
dealing with the foetid gases of decomposition. It not 
cpivaneate but destroys them ; that done, it gives out 
the resulting comparatively harmless products ; room is 
made for more oxygen from the air, and more of these 
path ca from whatever source, and thus the process 

essly goes on. In this manner the charcoal is, so 
to speak, constantly purifying itself ; and, under ordinary 
circumstances, with occasional exposure in front of a 
large fire, or to the sun’s rays, its powers remain intact 
for an almost indefinite period.” 

For domestic purposes, as the above extract will show, 

is of great use. It may be employed either in 
powder or in pieces of about the size of a pea, and, in 
that state, should be thrown over the object to be dis- 
infected. 

Ventitation.—This subject, although its end is of a 
purely chemical character, more properly appertains to 
the Laws of Heat ;* .we shall, therefore, confine our re- 
marks to general principles only. 

The gases given off from the lungs, are nitrogen and 
carbonic pag in a heated state. The former has a 
specific gravity of 0°97, whilst the latter has that of 
1524. We should hence age at first, that the nitro- 
gen would rise in the air of a room, and the carbonic 
acid would fall to the lower parts; but this never hap- 


* In the section on Heat, this subject is treated on in considerable 
practical detail. 
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pens, unless either gas is present in great excess, On the 
contrary, by the action of gaseous diffusion they inter- 
mingle, and so form a homogeneous combination in all 
ordinary circumstances. In a closed room, therefore, 
every part will soon arrive at a literally stagnant state. 
The only motion of the impure air will be produced by 
the anjmal heat, which causes it to rise, and the cooling 
effect of the windows and walls, which has a contrary 
influence. On opening a door, however, a fresh series of 
physical causes comes into operation. A draught of cool, 
Oat therefore heavy, air sets into the room at the lower 
part, whilst one of hot and light air escapes outwards, at the 
top. This may be readily noticed by ge a lighted 
candle successively at the bottom, middle, and top of an 
open doorway, when these currents will be noticed ; the 
middle part, however, affording no current. This simple 
experiment teaches us the philosophy of ventilation in the 
most effective manner; and every ventilating arrange- 
ment which has yet been, or is likely to be proposed, 
rests for its basis on this fact. 

When open fires are found in a room, of course a con- 
stant draught is maintained ; and this, doubtless, di- 
minishes the unhealthy character of apartments in which 
we often see men, women, children, cats, dogs, &c., &c., 
herding ther, A fire must be kept for cooking pur- 
poses; and all the animals we have named generally 
sleep on the floor, or but little removed above it. They 
then, to some extent, enjoya constant change of air when 
at rest; whilst to a person entering such a room the 
effluvia would be intolerable, because his head would be 
much above the chimney opening, through which the 
lower stratum of impure air passes away. On these 
vital and interesting subjects, however, we must not 
enlarge. We commend them to the study of all our 
readers, as a matter of duty on their part. A little 
sound practical advice to a poor man, earning his weekly 
wages and supporting a large family, is of much greater 

uniary value than a liberal donation of money. The 
ast he will soon spend; the former will save him, in 
medicine and loss of time (his money) by illness, some 

unds perchance in the year. Indeed, we never see a 

‘ken pane of glass in the window of a working man’s 
room, without being thankful that the brittle nature of 
the material most mercifully provides for him one of the 
greatest blessings of nature—free air, and also ventilation 
—both of which he wilfully denies himself, to his own 
loss of health and resources. Well would it be if the 
city missionaries, so usefully employed in our large 
towns, would, in such a manner of giving sanitary ad- 
vice, completely follow the pattern of the Great Physician, 
who ‘‘went about doing good,” not to the souls alone, but 
generally first to the bodies of men. However much we 
may endeavour to raise the moral condition of man, we 
must not neglect his physical state. Our relationship, as 
beings, is threefold—moral, mental, and physical. At 
no instant in this life do they exceed each other in their 
exigencies. They have been united by the Creator from 
the moment man was created, and they are not put 
asunder until He commands, and death becomes the 
means of their dissolution. 

Distantly connected with the subject of ventilation is 
that of clothing, in so far as it concerns the removal of 
those gases which pass from the skin. It is a remark- 
able fact, that animals may be as readily poisoned by the 
absorption of poisonous gases through the skin as if such 
were inhaled by the lungs. Some years ago, when the 
Niger expedition was first proposed, an inquiry was made 
into the causes of the unhealthiness that prevails in 

ions surrounding the Niger and other tropical rivers. 
After much dispute on the subject, it was considered that 
the ce of free sulphuretted hydrogen was the 
oe cause ; and that not only would danger arise 
inspiring the tainted air, but that the entire surface 

of the body was also predisposed to absorb the fatal 
exhalations. od pst this, rabbits were enclosed in air- 
tight veasels, filled with sulphuretted hydrogen, in such 
& manner that the heads of the animals were left free in 
the open air ; so that the poisonous gases could not pass 


into the system by means of the lungs. It was found 


that a rapid absorption took place through the skin, 
which soon proved fatal. If, however, the bodies were 
well oiled, then the pores of the skin being filled up, ab- 
sorption did not take place ; and so the animals, placed in 
the circumstances referred to, were comparatively unin- 
jured. Applying, to some extent, such oe to the 
uestion of the human subject, we shall see that, unless 
the a ni a — amount of ee bei 
the body, either by its rous, or only i 
skin loosely, the animal sxbalations will be waiosk on 
the surface of the skin, and will be reabso to the 
manifest detriment of the individual. Hence dan- 
ger which arises in from the use of what is termed 
** water-proof” clothing. The = and liquid secre- 
tions are kept in contact with the skin, and are thus pro- 
ductive of serious consequences. The use of water-proof 
shoes hence frequently causes ‘‘tender feet;” for the 
ammonia or acetic acid secreted, according to the physi- 
cal constitution of the person, acts as an irritant of the 
skin ; and thus, for the same reason, the nonporosity of 
the leather—new shoes always hurt the feet, preventing, 
as they do, the escape of the perspiration. 

It is thus found that flannel worn next the skin, and 
woollen clothes generally, are the most healthy. They 
retain, through their non-conducting power, the heat of 
the body ; and yet, by their porosity, permit of a con- 
stant circulation of the air they inclose, into which the 
excreted gases, &c., pass off. They have also another 
advantage, which is that of acting as an irritant to the 
skin. They stimulate the nerves on its surface, and thus 
the pores are kept continually open. 

CLeanuiness.—The remarks just made bring us to 


another subject of great im ce—that of 
cleanliness ; and in this, chemistry and chemical manu- 
factures play a most important part. It is well known 


that the body of a human being contains some millions 
of outlets, through which water, &c., continually pass out. 
The liquid and gaseous substances escape, or else are 
absorbed by the clothing; whilst some portion of the 
solid is retained in the skin and in the pores. ~ This solid 
matter consists of animal fat, common salt, acids, and 
other substances, Mina if not erat gees: the 
perspirato: res, and prevent that relief to the system 
which Showy Saree are intended to afford. In removing 
the matter, water alone is not sufficient. This may be 
readily noticed on any one taking a bath, either hot or 
cold, after violent exercise. The water will flow from 
the skin without really wetting it, simply because the 
fatty matter, deposited on the surface, intervenes between 
the skin and the liquid. If, however, an alkali, either 
free or in the form of soap, be used, then the fatty sub- 
stances are easily removed. 
convenient method of applying an alkaline solution in 
such a way that, whilst its detergent properties may be 
employed, its caustic effects, which would destroy the 
skin, are avoided. Washing powders, and other sub- 
stances of the class, are those generally containing 
either potass, or soda in a free state; and from their 
known power of combining with the animal fatty acids, 
their value as detergents arises. Of course, what is re- 
quired to cleanse the skin, is equally useful in the ope- 
ration of washing articles of clothing. If such are not 
cleansed from the impurities which they have absorbed 
from the skin, they soon not only acquire a fetid smell, 
but become positively dangerous. t near the ab- 
sorbing pores, they afford a constant supply of impure 
matter, which, if reabsorbed, is productive of any kind 
of disorder of the typhoid class. We are, perhaps, not 
wrong in applying a similar observation to ragged clothes 
as we have done to broken windows ; for what one does 
to ventilate the room of the poor man, the other does to 
his body—each allowing an unwelcome, but necessary 
po of fresh air. ' 

ATER.—We have already stated that we. do not in- 
tend to enter into the question of the supply of water, 
but we may make a few remarks ing its chemical 
relations to sanitary questions. Pure water, in the che- 
mical sense, never occurs in Nature. The nearest 
approach to it is rain; which, however, is always 


Soap, indeed, is simply a |. 
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contaminated with s exhalations, if collected on 
land ; and with saline matter if it fall near the sea-shore. 
Absorbed by the earth, and percolating the interstices of 
sand, rocks, &c., it uires a variety of substances, 
which dissolve in it. When these are in excess, the 
water is termed “ mineral water ;” and usually contains 
lime, magnesia, oxide of iron, and alkaline salts, Such 
water can neither be used for washing, drinking, or culi- 
nary purposes, owing to its hardness. When such saline 
ingredients are in less proportion, we have a gi 
resembling river water; and such partakes of the 
racter of that supplied to most of the large cities and 
towns in the kingdom, Generally speaking, such water 
contains from fifteen to twenty-five grains of inorganic, 
and from one to four grains of organic matter to the im- 

rial gallon ; besides a small proportion of oxygen, car- 
ie acid, and other gases in a dissolved state. 

Confining our attention solely to the organic matter 
(for the other questions have been frequently inquired 
into in our previous pages), we may observe that both 
vegetable organisms and animalcules are its constituents. 
It has been noticed that, in seasons when diarrhoea is 
most prevalent, the presence of putrefied or putrefying 
organic matter is always in excess in most sources of our 
water-supply ; and so universally is this the case, that 
no competent authority doubts the direct connection be- 
tween the disease and this circumstance, 

If there be one subject in which we are most at fault 
with respect to chemical science, it is that of the opera- 
tion of poison on the human system ; especially that of 
vegetable and animal poisons. ‘Their action is so subtle, 
and frequently the external physical effects of it so 

ily pass away, that nothing but rough conjecture is 
left us in respect to that action. 

The most careful chemical analysis has failed us 
in attempting to detect the details of poisoning by putre- 
fied matter, whatever may be its origin. It has been 
ingeniously suggested that the result is due to a kind of 
inoculation ; for it has been found, that if the matter of 
putrefied sausages be introduced into the system, in a 
manner similar to that adopted in vaccination, the blood 
soon becomes vitiated, and the death of the subject 
speedily ensues. However, to extend such a theory to all 
cases of death arising from the use of impure water, 
would hardly be permissible ; we can only point out the 
evils which may arise, advise that they be carefully 
avoided, and hope that, eventually, we may gain some 
pe insight into this painful, but deeply interesting 
subject. 

It is a remarkable fact that some kinds of water really 
become purer after undergoing a kind of fermenting 
process. The animal and vegetable matter they contain, 
undergoes decomposition; and assuming, by the re- 
arrangement of their elements, new forms of combina- 
tion, the water itself is left in an almost purestate. The 
water supplied from the Thames to shipping, affords a 
notable example of this ; and is, therefore, preferable to 
any other kind, when required for long voyages. | Of late 
years, the general adoption of steam as a method of pro- 

ulsion, and the invention of various forms of apparatus 

or distilling sea-water, have been of great advantage to 
undertaking long voyages, and have greatly con- 
duced to the health and comfort of the passengers. 

As remarked at page 426, water acts as a solvent and 
diluent to the human system. Whatever we take in the 
water we drink, must travel pos + the system, and be 
assimilated to its structure, or rejected as urine, 
together with other substances which it has dissolved 
during its progress. This will show of what extreme im- 
— it is that the water of which we partake should 

of good quality, As we have before observed, it 
must not be chemically pure, for then it would be almost 
valueless ; but it should only contain such substances as 
shall be beneficial, or, at events, not prejudicial to 
health. Let us for a moment glance at what the office of 
water is to our system ; and in the term we shall include 
such liquids as milk, broth, infusion of tea, &c., which 
are almost entirely composed of water. 

First, as a diluent, water moistens and lubricates all 


the surfaces of ourinternal organs. The nose, eyes, ears, 
mouth, larynx, lungs, stomach, joints, &c., constantly 
require it ; and when, in febrile attacks, we suffer from its 
comparative absence, the consequences are sufliciently 
well known to all. Then, asa solvent, it conveys albu- 
men, fibrine, caseine, &c., to the surface of the stomach, 
in such a form as that organ can readily assimilate 
them ; and it carries those proximate principles in the 
blood to each part of the human frame. In the body it 
produces the muscles, fat, fibre, nerves, &e., by this 
power of conveyance. On suitable parts it deposits its 
saline substances to form bone. Externally, it is essen- 
tial to the production of hair, nails, &c.; and it is con- 
stantly employed in conveying to the skin the materials 
of which that substance is composed, and by which it is 
constantly renewed as it is worn away or injured. After 
having performed this, and many other functions, it 
reiurns to other parts of the system, bearing with it all 
the valueless and waste products of the entire system, 
till it arrives at those organs by means of which the 
body is relieved of the excretions. 

From this hasty glance, our readers will at once per- 
ceive how essential water is to us as an active chemical 
agent in our system. But we may go still further, and 
remind them that a great proportion of our bodies con- 
sists of water. This is constantly passing off by the 
lungs and the skin ; and the liquids we drink have, there- 
fore, another office than those we have referred to, in 
that of maintaining the mass of the body of a uniform 
size. . : 

We, however, cannot further enlarge by such details. 
Our object has been to show, in a general manner, the 
chemical relationship which water has on the health ; 
and we must leave our readers to make such pravtical 
applications as the subject is capable ‘of. 

HEMICAL Manuracrurgs anp Sanirary Laws.—It is 
a most unfortunate circumstance, that many of our 
manufactories are not only the causes of disease to those 
engaged in them, but spread their evil influence for con- 
siderable distances around them asa centre. According 
to late legal definitions, such manufactories may be 
deemed ‘‘ nuisances,” if carried on to the prejudice of 
the health of the surrounding neighbourhood. It is 
equally unfortunate that such manufactories must neces- 
sarily be surrounded by workpeople, who, as they are 
engaged in the factories, must reside near their work. 

¢ would be impossible for us here to enumerate th 
various occupations in which chemistry is involved, an 
which may be really dangerous in a sanitary point of 
view. The manufacture of chemical products, bone- 
boiling, artificial manure-making, and the like, come 
under the category ; and, from the fact that they, ‘gene- 
rally speaking, require a great bulk of cheap material to 
afford but a comparatively small amount of commercial 
and valuable product, they cannot be carried on at a 
profit unless they are situated near the places from which 
the raw material is obtained. If even they were re- 
moved from the neighbourhood of large towns, still their 
exigencies would soon tend to produce almost a town of 
workpeople around them ; and hence a temporary delay, 
but not a cure, of the evil would result. 

It would thus seem, at first sight, that such manu- 
factories must necessarily exist as a source of constant 
injury to health, and that either the people who subsist 
on them must die of disease, or, in their absence, of 
starvation. But such need not be the case, for, in almost 
every instance, an improved system of drainage, and the 
erection of tall chimneys for the purpose of carrying 
away smoke, vapours, &c., will mitigate all the evils 
which exist at the present time. The astonishing im- 
provement which has taken place in the city of London, 
since the ‘‘Smoke Act” has been enforced, proves that 
where there is the will there is also the way ; and, in the 
absence of the will, the strong arm of the law can soon 
effect every desirable result. : 

It is true that some mannfactures must always be 
unhealthy ; such as those of the production of white lead, 
arsenic, steel grinding, and the like. In such cases, 
however, much may be done by scientific means, urged 
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by humane endeavours. At all events, we may rest quite 
assured that no manufacture can be legitimately carried on 
which must necessarily cause the death of its labourers ; 
and we may equally be certain, that as, in manufacturing. 
we merely avail ourselves of the laws of nature applied 
for special purposes, there are stich methods of con- 
ducting our as shall render them quite con- 
sistent with sanitary requirements, if our prejudices and 
i ce do not stand in the way. > 

-Much foolish prejudice, however, exists in the mind 
of the public against all places in which chemical sub- 
stances are produced; and hence sulphuric acid and 
soda manufacturers have been the subjects of considerable 

tion. In many cases, positive benefit may arise 
Sota the purification and disinfectation of the sewers, 
by the waste running from such factories. We have 
met with several instances of the kind in London, and 
other large cities, presenting cases in which whole streets 
have been protected from disease by this cause. 
erection of tall chimneys for carrying off the fumes and 
vapours, and an abundant supply of water, will generally 
remove all sources of danger. It is, however, extremel 
desirable that competent inspectors should be appointed, 
whose duties should not be confined to the prevention 
of nuisance outside the factory, but who should also 
have a judicious control over the internal arrange- 
ments, and thus be enabled to keep a watchful eye on 
the health of the work-folks inside the gates. It will 
frequently be found that the ill-health of labourers in 
chemical works, does not so much arise from the inha- 
lation of fumes, «c., as from their constant exposure to 
changes of temperature, and from the fact that most of 
the processes are carried on in open sheds, affording little 
or no protection from draughts of air, and wet weather. 
By these the strongest man must soon be reduced toa 
state of disease, through checked perspiration, dc, 

Two singular instances, in which the production of 
disease seems at first sight unavoidable, are those of glass- 
silvering, and lucifer match-making. In both of these, 
the vapour of the substances used seems to be absorbed 
by the worker, until his entire frame is permeated. In 

vering glasses, large quantities of quicksilver are used. 
The progress of disease is noted by the salivation pro- 
dacek ; and at last the individual becomes almost a com- 
plete carious mass. In making lucifer-matches, the 
ieee is similarly absorbed by the system, affect- 
mg the bones of the face and palate until these are com- 

letely eat away. But in this extreme case a remedy 

been discovered ; for if amorphous phosphorus be 

employed,* all danger vanishes, and the work people 
* See ante, p. 370. 
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suffer no inconvenience of any kind. On the continent, 
the use of the ordinary phosphorus is forbidden, for the 
foregoing reason, and thus a most painful and incurable 
disease is prevented. 

Our space will not permit us to enlarge further on 
this interesting subject, or we might point out several 
instances in which the employment of poisonous sub- 
stances is not only dangerous, but positively wicked. 
The manufacture of green artificial leaves, dtc., is 
cavried on by the use of the arseniate of copper. Scores 
of young females are hourly exposed to the pernicious 
dust of the compound in close rooms, for no other pur- 
pose than to ¢ Soe ter to the vanity of others.t No 
one can hesitate to pronounce against such occupations, 
whether in respect to the evil resulting to the workers, 
or to the danger which most certainly arises from wear- 
ing the product of their labours. In many a ball-room, 
the ladies carry, in their ornaments and as much 
arsenic as would suffice to poison all present; and, 
generally, the arsenical dust is wafted from their dresses 
and head-dresses, in quantities of which they have but 
little idea. This is one out of many similar employments 
in which females are en ; and may thus serve as a 
type of manufactures, which less devotion to fashion 
would at once cause to be abolished ; and in being carried 
on, serve no useful end. 


The following Tables of Wetcuts anp Measures will 
be found useful by the student. A more extended series 
will be given in connection with Applied Mechanics. 


Encouisn Wercurts. 
Grains. 


2 480 = 1 as 
Troy weight ot Lely { 5760 == 12 aa 1 
Avoirdupois weight { poae = - Em, 2 


Frencu WEIGHTS. 


The standard is the gramme = 15-434 troy grains; 
and the decimal system is adopted. Thus the 


Milligramme ° _ = 015434 
Centigramme 7 _ = 154340 
Decigramme . . ._= 1°543400 
me . o-= K 
Hectogramme . + == 1543-400000 
Kilogramme. . . = 15434-000000 = 2} 
pounds avoirdupois weight, English. 


+ See ante, p. 381, 
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Tw the chapter treating on Metals,* we have mentioned 
the discovery of two, by means of the spectrum analysis ; 
an extended use of the same cy has resulted 
in the addition of a third to that of elementary 
bodies. In the Great Exhibition of 1862, a few grains 
of this metal were exhibited, which had been obtained 
from the residue of a process for making sulphuric acid. 
Its discovery arose from a rich band bein 

produced, when a portion of the material above nam 

was submitted to the spectrum examination; and the 
name ium was applied to it, on account of the 
colour of the flame. Since that time Mr. Crookes has 
devoted his attention to the production of the metal 

* Bee ante, p. 312, 


ona r scale; and has so far succeeded as to have 
pre several ounces. In its Lo dae character it 
resembles lead, being very soft, mar g per like that 
metal, and having a specific gravity of 11°4. Its che- 
mical equivalent is 203. It forms two or three oxides 
and unites with acids, affording salts, which in 
beautiful forms. The chief sources have hi been 
Se —— cg eT as nativesulphur— 
ores of copper, &c. e small quantities, comparati 
speaking, yet meena have not enabled Me Grockes 
to give a probable estimate of its commercial value and 
application ; but, as it seems pretty widely disseminated 
in mineral bodies, it may’ possibly become of some 
importance in the arts and manufactures, : 


= 


SECTION VII. 


MATHEMATICS, 


CHAPTER I. 


ARITHMETIC, 


In the previous pages, the attention of our readers has | 
chiefly directed to the forces which operate on every | 

to the different qualities of those 

bstances of which material bodies are formed. We | 


of which enable us to 

of both the forces acting on, and 
ith every icular involving use of 

numbers, symbols, &c. As each subject will have a 
i that we should 

ir 


the relative value 
quantities of, matter, 


uired, little or no difficulty will be ex 
inveatigati of the hi letidies 


** Hasten slowly,” should become the rule of every tyro in 
mathematical science, if success and i are to 


science, 
penetrate sito the deptha of that science, that they should 

in’ t science, that should 
oe become tolerably proficient in each ‘coed toe 


! urge 
t tics may not only be studied for the sake of 
their applications, but may be used as a mental - 
nasium. In every other branch of sci truth is 
veiled under theories ; whilst, in mathematics, 
sensors ae eg tater Each proposi' 
omer y hee utely demonstrable. No doubt can be 
of truth ; and in such investigations the mind 
undergoes an exact although severe training, which fits 
it for exercise in the daily affairs of life, as much as for 
the accurate study of nature and nature’s laws. 


-position after position is established—and 


. | theories to mislead, and no conflicting 


The articles on each of the following subjects have been 

i t authors, whose names have been 

already mentioned in the table of contents. The editor | 
has ventured on such alterations in the original papers as 
he deemed would assist the reader or t in cases of | 


apparent difficulty, which often occur to those unused 
to the phraseology and technicalities of mathematical 
science. arrangement of each paper has been made 
so that the preceding shall be introductory to those 
which follow ; and thus the student may progress from 
one subject to another, until he has become fully ac- 


quainted with each branch of the science. 


Introductory.—The present section is to be devoted to 
that branch of study implied in the term Marnematics— 
aterm which comprehends one of the most extensive and 
important departments of human knowledge. | most 

ple, it is considered also as one of the most difficult 
ents ; and many, with time and talents for the 
are deterred from entering upon a study which 
w amply res the expenditure of both, by this 
mistaken prejudice, Every science, no doubt, has its 
hard and ise procs ; and in no intellect ursuit 
can distinction be attained without labour, thought, and 
erance ; yet if there be one subject of scientific 
inquiry which, more than any other, is distingui by 
the simplicity, certainty, and obviousness of its funda- 
mental principles—by the irresistible tae gt br as 
sys- 
tematic gradations by which layer after layer of the 
intellectual structure is completed—that subject is 
Mathematics. 

In other topics of research, there is generally more or 
less of faayoeap: or conjecture: there are ubscure recesses, 
into w the light of truth and demonstration cannot 
penetrate, and where fancy and imagination are some- 
times permitted to guide our steps. But there are no 
perplexities of this kind in mathematics—no ingenious 
opinions to be- 
wilder ; our progress here is exclusively under the un- 
erring direction of Trurn herself ; and it is her torch 
alone that lights up the path. 

Whatever, therefo: may be the difficulties connected 
with the study of ma‘ tics, it is plain that they do 
not arise from our having to eee a darkness 
and uncertainty ; the asperities of the road are as clearly 
revealed before us as the level and unobstructed track ; 
and all that the earnest student requires, is some friendly 
hand to aid him in surmounting these in the earlier 


a of his progress. 
t is this sort of aid that we here propose to supply. 
We do not undertake to conduct the scientific inquirer 
through the entire regions of mathematical research— 
ours is a far less ambitious aim ; we write for the young 
—for the self-dependent—the solitary—and, perchance, 
the unfriended student. The office we here take upon 
ourselves will be performed, if we succeed in the en- 
deayour to assist him. This is the only object at which 
we now aim; and we think it right thus explicitly to 
declare it, in order to forewarn those who may desire 
information on the more recondite researches of science. 
It may be proper to mention, however, that although 
we now pro’ to limit our labours to an exposition of 
the elementary principles of mathematical learning, and 
to economise s as much as possible ; yet, within the 
bounds sexe we shall take care that every subject 


wall 
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receive a full and fair elucidation, and that it be dis- 
cussed to an extent amply sufficient for the | nly 

general education. We hope, too, by avoidin all at- 
tempts at isterial dignity of style, and addressing 
our readers in the familiar of social intercourse, 
to secure their attention, and win their confidence, 
That we may be fortunate enough, by clearness and 
simplicity of explanation, to awaken in some a genuine 
love for science, and a desire to prosecute their researches 
in writings of wider scope and higher pretensions, is our 

We have — it advisable to commence our work 
on elementary ematics with a preliminary treatise 
on Arithmetic—the groundwork upon which the entire 
system, with the exception of pure geometry, ultimately 
rests. Books on arithmetic, however, are so numerous, 
and so easily accessible, that we might have been held 
excused from introducing so hackneyed a subject into 
a work which, though confessedly of an elementary 
character, is, nevertheless, intended to embrace a range 
of topics beyond the ordinary limits of a schoolboy 
course. But it unfortunately so happens, that books on 
arithmetic, with few exceptions, are little more than 
mere depositories of practical rules and mechanical 
operations ; and are, therefore, but ill-suited to prepare 
the young for that higher kind of exertion—higher, be- 
cause more intellectual—which science, properly so 
called, always demands. J 

A boy who has gone through his ‘‘ Walkingame,” and 
who, generally speaking, is then introduced to ‘‘ Euclid,” 
is naturally enough bewildered by the total dissimilarity 
of the two authors—not from difference of subject, but 
of manner of ayer The former has abundantly 
supplied him with rules, but no reasons ; the latter gives 
him but no rules: the one has loaded his 
memory, aad employed his fingers; while the other appeals 
to his judgment, and exercises his understanding. _ 

To make, in this way, the passage from arithmetic to 
geom an abrupt transition from the mechanical to 
the intellectual, we conceive to be a serious defect in 
educational training. Arithmetic is as much a science 
as geometry ; there is not a rule in the one, any more 
than there is a theorem in the other, that is not founded 
on reason, and demonstrably true. And even viewing 
arithmetic merely in reference to its practical utility in 
commercial affairs, to the demands upon it in the count- 
ing-house and the shop—we still contend that its princi- 

les should be rationally taught—not authoritatively 
Suekanen inasmuch as that which has en the un- 
derstanding, and been received from a conviction of its 
truth, is more securely retained in the memory than 
what is committed to it by rote. Rules, unsupported 
by reasons, are hard to learn, and hard to remember ; 
bat, when the practical precept is associated in the mind 
with the theoretical principle on which it depends, we 
learn and remember with ease and satisfaction; for, 
instead of words, we get knowledge. 

These iderations. have prevailed with us; and have 
determined us to render this course of elementary mathe- 
matics complete, by commencing at the very foundation. 
It must be in mind, however, that our design is 
not to exhaust here any subject of which we treat: it is 
rather to excite an appetite for knowledge, than to 
satiate it. It will not be expected, therefore, that our 
treatise on arithmetic is to be co-extensive with what, 
under that name, is usually put into a schoolboy’s hands ; 
the bulk of such books arises, in a great measure, from 
the system of instruction condemned in the preceding 
observations; the object of which m seems to be to 
inculcate a knack of readily applying rules, by experi- 
menting upon numerous examples, under the guidance 
of the prescribed directions. This, as the reader has 
already made aware, is not our object ; we propose 
A ge principles, and to furnish the reasons that 
justify the rules; aan ge cy that if the former be 
thoroughly apprehended, there need be but little anxie 
felt about the mere verbal memory of the latter. : 

It would extend these introductory remarks far 
beyond the space that can be allotted to them, to enter 


| into any detailed account here of the several particulars 


of | to be introduced in this division of the work; but 


we cannot conclude them without a few words more 
especially addressed to those who have resolved to place 
themselves under our instructions. 

It is a common thing with students in science to be 
frequently making inquiries as to the use of what they 
are learning. ‘‘ What is the use of this?” is a question 
put at every turn; generally to the annoyance of the 
teacher, and often to the discredit of the learner. 

The use of any intellectual pues ae the 
term use in its higher and more honourable significa- 
tion—is to be realised in the mental satisfaction and the 
mental elevation it communicates. You do wrong to 
estimate science solely and exclusively in proportion as 
it visibly contributes to our cael wants and enjoy- 
ments; there is an pa ae in the very 

rocess of acquiring know ; while the conscious 

lodion of it raises the ‘been being in the waleieh 
creation, and thus enables him to contemplate its 
wonders from a more exalted position. It is in this 
way that knowledge, like virtue, to which indeed it is 
allied, is said to be its own reward; for the study of 
science is accompanied with gratifications of the purest 
and loftiest kind; and is productive of advantages to 
pradhcie ens tn distinct “aos the benefits a 
fe its applications to the practical purposes 
life. ir invigbentes and enlarges the faculties—refines 
and elevates the desires—and adorns and dignifies the 
entire character, withdrawing our thoughts from what is 
mean and degrading, and inclining them to the noblest 
and worthiest of objects—to the love and veneration, and 
therefore to the practice, of Truru. 

These advantages, though unconnected with outward 
and tangible results, are surely too precious to be 
entirely overlooked in any correct estimate of the value 
of scientific : tuceaer When, in the course of these, you 
find yourself engaged in an inquiry that may seem to 
have but little relation to the things of sense, and 
on this account, disposed to ask—what is the use of it 
just reflect whether the intellectual exercise has not been 
combined with intellectual gratification; and whether 
—_ be not an nearer in the result arrived at, 
that awakens pleasural i practically realised, 
though hard to be described. e think the reflection 
will, in general, suggest an answer to the inquiry in 
some measure satisfactory. 

These a and purely intellectual “pr toon i 
have prompted and encouraged the efforts of wisest 
of men—have cheered and sustained them amidst penury 
and neglect; and, under the persecutions of power, 
wielded by ignorance, have supplied a consolation second 
only to that which Divine revelation affords; and 
have finally been regarded as no mean reward for a life 
thus tried, and toils thus endured. They were con- 
sidered as compensation sufficient for the even 
of Newron—many of whose discoveries in science would, 
in all probability, never have been given to the world 
but for the t interference of private friends. 

We are anxious that you should be influenced by con- 
siderations such as these; and that you should regard 
science as something more than a ministering t to 
our animal comforts, or even to our social gratification 
and convenience. The practical benefits of science—and 
more especially of those departments of it connected 
with the subjects of the present volume—are in little 
danger of being overlooked or undervalued; they are 

read profusely around us; and are felt and enjoyed by 

. And there thus seemed to be all the more need for 
directing your attention to collateral advan‘ 

Ipable and striking, and therefore less li to be 


nly 8p reciated, 

V ekhall now proceed to the business before us: we 
shall assume no knowledge at all on your _ in re- 
ference to the topics to be discussed ; even so 
simple a subject as Artrumeric, we shall at the 
beginning. 


Arithmetic. Arithmetic is that branch of knowledge 


a 


Nae Cl pe: 
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that teaches us how to perform calculations by means of 
numbers. The rules -which direct the various opera- 
tions constitute the art of arithmetic: the reasons and 
principles on which these are founded belong to the 
theory of arithmetic ; and the th and practice united, 
form the science of arithmetic. It pfs win 
now going to explain. You are aware that sym 

or fe, employed in this subject are called figures, 
and that they are as follow:—l, 2, 3, 4, 5, 6, 7, 8, 9, 
together with the mark 0, called nought, or cipher, or 
zero, and which stands for nothing. This 0 is also called 
a figure, so that there are ten figures in arithmetic: the 
number of units, or ones, which each stands for, is here 
written— 


nothing, th four, five, six, sev eight, nine. 
Stiga et Tea an oe 9 


&c., are all numbers, each of which consists of two 
Saneres; the first number is twenty-siz, the Second forty- 

é, the third fifty-seven, and so on; so, that you see, 
the 2 in the first stands for two tens, the 4 in the second 
for four tens, and the 5 in the third for five tens. In 
like manner, 368 is a number of three figures. The first 
figure, 3, stands for three hundred; the seeond, 6, for 
siz tens, or sixty; and the third, 8, for eight ones, or 
units: the number itself standing for three hundred and 


“are ht. 

‘on thus ive that a figure which, when written 
singly, aki teorety for so many units, runs its 
meaning, or value, according to the place it occupies in 
a number of several res. If it occupy the last, or 
right-hand place, it still stands for units ; but if it be in 
the next to the left, it stands for so many tens; if 
in the place next to that, for so many hund 3 and if 
i the fourth place from the end, it stands for so 
man. : the number 7352, for instance, is seven 
thousand three hundred and fifty-two. 

Figures thus have a local value; that is, a value de- 
— upon the places they occupy in a number. The 
core ci day Akeet eo ee 

ues, of these res are written against them, it 
supplies what is usually called the 


NUMERATIO: 
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And this number is read thus :—two hundred and forty- 
six thousand eight hundred and seventy-three MILLION, 
‘one hundred and fifty-nine tHovsanp, four hundred 


and thirty-eight. 

A person beginning to learn arithmetic will be enabled, 
by means of above table, to read any number—that 
Be express its value in words. In a large number 
ike that here given, the easiest way to proceed is this. 
Cut off the last three res, then the next three, then 
the next, and so on ; thus dividing the figures into sets 
of three as fat as possible. A glance at the table shows 
that the leading figure of each set is hundreds of some- 
thing ; that of the first set, on the right, is hundreds of 
units, or simply hundreds ; that of the next set is hundreds 


of thousands ; that of the next, hundreds of millions; 
and soon. And by thus finding out the local value of 
the leading figure in each period, as it is called, you 
may read the number with ease. For example, the 
number 68547329, when divided into periods, as here 
proposed, is 68,547,329: pointing to the 3, you say hun- 
dreds, and passing to the 5, hundreds of thousands ; the 
incomplete period, 68, must therefore be 68 millions; 
and entire number 68 million, 547 thousand, 329 ; 
or, expressing the value wholly in words, it is sixty-eight 
million, five hundred and forty-seven thousand, three 
hundred and twenty-nine. In a similar way we find the 
number 42638572613, or 42,638,572,613, to be 42 thou- 
sand 638 million, 572 thousand 613. If you wished to 
put this wholly into words, all you would have to do 
would be to write forty-two for 42, six hundred and 
thirty-eight for 638, five hundred and seventy-two for 
572, and six hundred and thirteen for 613. The leading 
figure of a complete period, you know, is always hun- 
dreds, according to the plan we have proposed ; and when 
you have found by the table what these hundreds are, 
or from practice can recollect what they ou can 
have no difficulty in Prey the number. en any 
of the figures are noughts, a little extra care is, however, 
necessary. Thus, the number 460305007, which, divided 
into periods, is 460,305,007, is read four hundred and 
sixty million, three hundred and five thousand, and seven. 

From what has now been said, you clearly see what is 
meant by the local value of a figure. If it occupy the 
place of units, its value is so many ones ; if it be in the 

lace of tens, its value is ten times as many ones—that is, 
it represents so many tens; if it be in the place of hun- 
dreds, its value is ten times as many tens ; if in the place 
of thousands, it is ten times as many hundreds ; and so 
on. So that, as you advance a figure, place after place, 
towards the left, you increase its value tenfold at every 
remove ; thus, 8 is simply eight ones ; 80, where the 8 is 
now in the second place, and nothing, or nought, in the 
first place, is eighty, or ten times eight ; 800, where the 8 
isin the third place, and noughts in the first and second 


mee ey rales: or ten times eighty; and so on. 
is tenfold increase in the value of a re, when it is 
removed one place from right to left, explains why our 
system of numeration is called the decimal system ; the 
word decimal being derived from a Latin 2 meani 
ten. It was a beautiful contrivance thus to give a 

as well as an absolute value, to the symbols, or figures, 
used in the notation of arithmetic.* You see that by 
this happy idea we are enabled to express all numbers 
whatever by the help of only ten different marks, or 
symbols : whether we owe it to the Arabs, to the Greeks, 
re Romans, is a question on which there is still some 

oubt. 

It ought, perhaps, to be mentioned, that although the 
numbers considered above do not extend beyond twelve 
figures, numbers with more figures than these may occur, 
and that there are words to express the additional periods, 
If the number have thirteen figures, the leading figure on 
the left would stand for so many billions ; and if a com- 
plete additional period were joined to a number of twelve 
figures, making a number of /ifteen figures, then the 
leading figure on the left would, of course, be hundreds 
of billions. But billions, trillions, illi &e., are 
names so seldom employed or wanted, that the nume- 
ration tableneed not be encumbered with them. It’may 
be worth a’passing notice, too, that no distinct ideas are 
conveyed by any of these terms: beyond a very moderate 
extent our notions of the value of numbers become con- 
fused. The number of ones in a million, even, is hard 
to conceive: it is a thousand thousand, and would take 
more than twenty-three days to count, though you kept 
at it for twelve hours a-day, and counted one every 
second. Our ten Speed or digits, as they are often 
called (digitus being Latin for finger, and our ten fingers 
suggesting the word+)—our ten figures thus enable us 
accurately to express on paper, without the error of a 


* The marks, or made of in ci i thi 
at symbols, use any e 


notation 
+ Names frequently throw light on the of th : it is interesting 
to notice, that the name digit is plainly paiavent ot the early rade 
vou. 


hod of ing on the fingers; and that the name calculation as 
plainly refers to the primitive practice of reckoning with pebbles (calculus, 
a pebble). Ina similar way electricity derives its name from electron— 
amber; magnetism, from magnesia, &c. 5 
‘ K 
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single unit, numbers too great to be even conceived or 


Before concluding these remarks on numeration, it 
may be as well to show the beginner how a number ex- 
pressed in words may be translated into figures. This is 
aaa aren on ne mnmene Sgren Sate worn ; the 
SURES devas tel OF ouplte) on clphare, and; an if 


the margin ; and under these we now 000 000 000 
have to write, in their proper places, 506 034 048 
the figures 5, 6, 3, 4, 4, 8, and then to 

fill up the gaps with noughts; we thus find the number, 
when written in figures, to be 506,034,048. The learner 
will be able to do without such helps as these after’a little 
practice ; he should accustom himself to express in words 
the numbers he uses, when these are of moderate extent, 
and not content himself with merely looking at them. 

We shall now proceed to the four fundamental opera- 
tions of arithmetic : these are addition, subtraction, mul- 
tiplication, and division. There are no calculations, 
however long and intricate, that are not composed of one 
or more of these four. 

Simple Addition,—Addition teaches us how to add 
numbers together, aud so to find the sum of all. It is 
called simple addition, when the numbers to be added 
either have no reference to particular things or objects, or 
when the things referred to are all of the same denomi- 
nation: thus, if 24 pounds, 37 pounds, 82 pounds, &c., 
were all to be added together, the operation would be 
that of simple addition ; but if 24 pounds 7 shillings, 
37 oo 2 shillings, 82 pounds 12 shillings, &c., were 
to be added, then, as pounds and shillings are different 
things, the operation would not be simple, but compound 
addition ; one of the first set of things being called a 
simple quantity, and one of the other set a compound 
quantity. The rule for performing simple addition is 
as follows :— £ 

Rure.—Arrange the numbers to be added one under 
another, so that the first column of figures on the right 
may be wnits, the next column on its left tens, the next 
hundreds, and so on. This is nothing more than pre- 
serving each figure in its proper place. Add up the 
units’ column: if it amount to a sum expressed by only 
one figure, put this figure down under the units’ column, 
But if it be a nuniber of more than one figure, the last 
figure only of that number—the wnits’ figure—is to be 
put down, and the number expressed by what is left, 
after rubbing out the figure th 
carried to the next, or tens’ column, and added in with 
that column. 

If the sum of the tens’ column be a number of a single 
figure, it is to be put down under that column; but if 


sit be a number of more than one figure, then, as before, 


only the last, or units’ figure, of number, is to be 
down, and the number which is expressed, after the 
ut down is rubbed out, is to be carried 
added in with, the figures in the next 246 
and soon; observing, that when the last 357 
column is reached, the entire sum of that column 26 
is to be put down. Suppose, for example, the 148 
ing numbers are to be added together— 6 
namely, 246, 357, 26, 148, and 6; then, writing —— 
the one uuder another, as in the in, 783 
so that the first column on the right may ee a 
cvlumn of units, the next a column of tens, and the next 


us put down, is to be, 


acolumn of hundreds, we 
of the rule, as follows: 6 and 8 are 14, and 6 are 20, 
7 axe 37, and 6 ane $0; ereate, ERE 
column, 33 units; that is to say, : 
3 units we put, of course, the a 
but we carry the 3 tens to the next, or tens’ col 

say—3 and 4 are 7, and 2 are 9, and 5 are 14, and 4 
18; that is 18 tens; the 8 we p t 


from the principles of numeration, stand for hundreds. | 

Mher © te hundredy. ccletineiea 
say, land | are 2, and 3 are 5, and 2 are 7; that is, 7 
hundreds: so that the sum of the proposed numbers i 


this operation you see that the figures 
peer ye put in their eecpes leoe, so that each has its 
own local value; the neue eens thaw 
to the next, are so carri use really to 
the place, one in advance, to the left. Fersiwn 
numbers one under another, as before, taking care not 
to disturb their local positions, we 
thus; 3 and 2 are 5, and 8 are 13, and 3are 8462 
16, and 2are 18; 8 and 1: 1 and 5 are 873 
6, and 7 are 13, and 6 are 19; 9 and carry 1: 758 
land 7 are 8, and 7 are 15, and 8 are 23,and4 4702 
are 27; 7 and carry 2: 2 and 7 are 9, 4 are 7003 
13, and 8 are 21; therefore the sum is 21798; §©=—— 
that is, twenty-one thousand seven hundred and 21798 
ninety-eight. It is plain from the foregoing 
illustrations, that the rule for addition is in strict accord- 
ance with the system of notation and numeration already 
peri and that it must vag teen yi = ps 
result. ere is no i : any 
aah a of the 
any 


denomination (h &e.), is one 
in 


every ten in the sum, one must be carried to the next 
column; and, therefore, as many ones as tens. _ 
You have already seen that the marks 


exp > 
thus, i of saying 2 and 5 are equal to 7, the form 
245—7, is used to express Las TNE S the rag 

ing the sign for addition, and the = i 

equality : in in be bore in mind ti ad pu 5 
so that 2+5=7, ma us or 2 plus 
5 are pear to a The following, therefore, ‘are state- 
ments in symbols, instead of in words, which you will at 
once understand: 2+45+1=8; 34+4+2=9; 64+5+3+4 


5} B04 840-+ 7000-4 0004824 — 14168, 
4) 20065-+-8473+-751 +-920834-564-+-92 = 122028. 


Simple Subtraction.—Subtraction teaches us how to 
subtract the smaller of two numbers from the greater, 
or to find their difference, which is called the remainder. 
The operation is called simple subtraction when the 
numbers refer to things of the same denomination, as in 
simple addition. The rule for simple subtraction is as 
follows :— : 

Rure.—Put the smaller number under the greater, 
taking care, as in addition, that units shall be under 
units, tens under.tens, and so on. 

en, beginning at the wnits, subtract each figure in 
the lower row from the figure above it, if the lower 


figure be not the vr of the two, and put the 
remainder cenjebacadh dense operation in the margin, 


x) 324+4-643-+4-201+446=1214, 


——————————— et 
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where 34572 is subtracted from 68594, and the remainder 
found to be 34022). : 
From 68594 


But if you come to a lower re, 

which is than the figure above Subt. 34572 
it, add 10 to the upper figure, and then : 
subtract, putting down the remainder as Rem. 34022 
before, and taking care to carry 1 to the 

aed yurelét the toler tow. 

For example: let it be required to subtract 27385 
from 64927 ; placing the former 

Henan tes (4 pinata emg 4 
in), we proceed thus: 5 from 7, 2 yw 5 
aca 8 from—not 2—but 12, and 4 - oe 
remain ; carry 1: 4 from 9, and 5 re- Rem. 37542 
main ; i shy te cath hapa 

1: 3 from 6, and 3 remain. 

All that requires explanation here is the carrying, as 
in the former rule. the preceding example we see 
adi lis S cada be taken from the 


jo Meets 
because this is only 2: we, therefore, add 10 to the 2, 


hi 

wer or subtractive figure, 
next step. In like manner the 4, in the upper row, is 
converted into 14, and the one thus ed to it is 
afterwards taken away, by 1 being carried to the next 
lower figure, and 3 subtracted instead of 2. It is plain 
that in ion the carrying can never amount to 
more than 1. 


the numbers as in the margin, we From 130741392 
thus: 4 from 12, 8; carry Subt. 86025704 

: Lfrom 9, 8: 7 from 13, 6; carry 

1: 6 from 11, 5; :3from Rem. 44715688 

4, 1: 0 from 7, 6 from 10, 4; 

carry 1: 9 from 13, 4: therefore the remainder is 

44715688. 


There is a sign for subtraction as well as one for ad- 
dition : it is the little mark — placed before the number 
tot Sameera it is called minus: 5—2 is therefore 


i 
E 
; 


—684+4-237—15 =90. 
_ We shall here add a few examples to be worked in a 
manner :— 


721—649— 9=86249. 
12064-+700628—109641 +637—2604— 601084. 
23596—625-+72311075—13758—3506285 + 6879=68820882. 

In order to prove whether subtraction is correctly per- 
formed, add the remainder to the number which has 
btracted—that is, to the lower of the two pro- 
posed numbers; the swm will be the wpper number, if 
the work be correct: thus, jn each of the two examples 
above, we have— 

Subtractive number 27385 86025704 
Remainder . . . 37542 44715688 


PESEP 


U number . 64927 180741392 
Simple Multiplication. Multiplication is the method 


of finding the swm of any number of equal quantities, 
without the trouble of repeating them, one under 
another, and adding them up; it is a short way cz 
obtaining the results of addition, when the numbers or 
quantities to be added are all i geucr. When the quan- 
tities are not only equal, but of one denomination, 
the operation is called simple multiplication. 

To ‘orm this operation ily, a table, called the 

iplication table, must first be learnt ; and the result 
which arises from multiplying one number by another, 
provided neither be greater 12, must be committed 
to memory; it is one of the few operations in arithmetic 
where the memory of rules is indispensable. 

The number by which another is to be multiplied, is 
called the iplier ; the number which is multiplied, 
the multiplicand ; and the result obtained—which, as 
just stated, is the same as would be got by writing 
down the multiplicand as often as there are units in 
the multiplier, and adding all up, is called the product. 
The multiplication table shows what the product is in 
every case in which neither multiplicand nor multiplier 
exceeds 12; and, by knowing this table, the product ma; 
always be found, tever. numbers be proposed as mul- 
tiplicand and multiplier. It may be as well to mention 
here, that the numbers called by these names, when 
spoken of together, are generally called factors of the 
product, as they make or produce it: thus, 2 and 3 are 
factors of 6, since 3 taken twice, or 2 taken three times, 
amake or produce 6, 


28 


4 
36 
48 
60 
72 
108 
120 
144 


lare 12 
132 


~ 


22) 2 
33) 3 
4) 4 
55) 5 
66) 6 
88) 8 
99| 9 
110} 10 
M1) u 
182/12 


= 
= 


110) 11 


20 
30; 3 
40) 4 
50) 5 
60/ 6 
0 
80 
90 
100} 10 
108/12 120/12 


36) 4 

54) 6 

63| 7 
2 

81) 9 
90/10 
99/11 


18 
27) 3 


16 
a 
82) 4 
64) 8 
2 
80) 10 
88} 11 


l4 
1 
28| 4 
35) 5 
42/ 6 
49) 7 
56) 8 
63; 9 72) 9 
70/10 
7\u 
72)12 84/12 96/12 


2 
18 
a) 4 
30| 5 
36| 6 
42) 7 
4s| 8 
60 | 10 
66| 11 


MULTIPLICATION TABLE. 


8 
4 


60 | 12 


10 

15 

20 

25) 5 
30; 6 
85| 7 
40; 8 
45| 9 
50| 10 
55) 11 


40/10 
4/11 
48/12 


8 
by 
16) 4 
20/ 5 


6 
9 
2 
15 
18 
21 
24) 8 
27) 9 
30/10 
33) 11 
36) 12 


S$ times| 4 times| 5 times 6 times| 7 times| 8 times! 9 times | 10 times| 11 times | 12 times 


ao wrw oOo - © @ 


10 


tM 
6 
8 
20 
22) 11 
24/12 


Co: 2 


12 


l are 2/ 1 are 3) 1 are 4| 1 are 5| 1 are 6| 1 are 7| 1 are 8| 1 are 9| larel0 lare ll 


Twice 


aonewmwnme oc Fe © OO 


10 
ll 
12 


That the uct in any case is really what the table 
states it to be, the learner can easily prove for him- 
self ; he has only to take the multiplicand as often as 
there are units in the multiplier, and, by addition, to 
find the sum of all; thus, the table states that 8 times 
6 are 48, which is true, because 6, written eight times, 
and all added, produce 48, that is, 

6+6+6+6+4+64+6+4+6+46=48, 
and so of any other pair of factors within the limits of 


the table. 


given by the 4, as in 
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IL. When the Multiplier is not greater than 12. 
Reiz.—Put the multiplier under the multiplicand, 


units under units; and, by aid of the table, multiply 
each of the multiplicand, commencing at the 


units’ = ene meg Sag ip ne a 
hand product when it isa number o! 
Sek ek cae hears, 

For example; multiply 


and as in addition. 

32 by 4. The multiplier 4 
being placed under the multipli- 
Multiplicand 6432 cand 6432, as in the margin, we 
Multiplier 4 thus: 4 times 2 are 8: 
— 4 times 3 are 12; 2 and carry 1: 
Product . . 25728 4 times 4 are 16, and 1 are 17; 
7 and carry 1: 4 times 6 are 24, 

and 1 are 25, 
A beginner, with the table before him, can easily per- 
form operations of this kind ; but he must learn to work 
them without looking at the table. It is as 


6432 well to show him the time and trouble saved, 
6452 Lf actually exhibiting the work of such exam- 
6432 es by addition, as here annexed. The fol- 
6432 owing, worked like the example above, require 
_— no further explanation :— 
25728 78326 214 857387 «=: 264135 
8 9 10 12 


626608 81658926 573870 3169620 

The multiplication by 10, as in the third of these exam- 
ples, requires, in fact, no actual work, or reference to the 
tabla. You know that a number becomes ten times as 
ureat by simply putting a 0 after the figures; this causes 
each figure to advance a place to the left, so that its local 
value is increased tenfold. In like manner, a number be- 
comes multiplied by 100 when two 0's are added to it; by 
1000 when three are added, and so on, as is evident from 
numeration, The cipher, though in itself of no value, 
thus plays an important part in our notation ; by filling 
up what would otherwise be gaps between figures, it 
keeps them in their proper places, and preserves their 
l values; and by being put after a number, it has 
the effect of multiplying that number by 10, 100, &c., 
according as it is written once, twice, &c. 

The for multiplication is X placed between the 
factors, thus :—(1.) 346X7=2422. (2.) 6047 x5=30235. 
¢.) 246053 X6=1476318. (4.) 53274 800=42619200, 

n working this fourth example, the plan 
is to consider 8 only as the multiplier, and 
to put the ciphers to the right of it, as in 
the margin, annexing them afterwards to 
the product by 8. 6) 470329 x ll= 42619200 
5173619. (6.) 3758421 =4510104. 


Il. When the Multiplier is greater than 12. 


Rvtz.—Place the multiplier under the multiplicand, 
units under units, tens under tens, cc. 

Commencing with the units’ figure, multiply by each 
in succession, and arrange the several rows of results, so 
that the first figure on the right in each row may be 
divectly under the multiplying figure that pro- 


duced it. Add up all these products, and the 426 

sum will be the complete product. 34 
For example, if we have to multiply 426 by 34, —- 

we place the 34 under the 26, and proceed thus :— 1704 

4 times 6 are 24; 4 and carry 2: 4 times 2 are 1278 

8, and 2 are 10; 0 and carry 1: 4 times 4 are 

16, and 1 are 17. _ The first row is now com- 14484 


leted, and we begin anew, with the next figure, 
3, a8 multiplier, taking care to put the first figure we 
get in the new row directly under this 3. 3 
1704 


times 6 are 18; 8 and carry 1: 3 times 2 are 
6, and 1 are 7: 3 times 4 are 12. The rows 12780 
are now completed, so that, drawing a line 
Se er ee eee ree 14484 
You from the local position of our second 
multiplier, 3, that it is in reality 30, and 42630 
== 12780 : adding this uct to the former product, that 
margin, the whole product by 34 


must necessarily be the result ; and you see that it agrees 
with that in the example, . 

If our multiplier had been a number of three figures, 
as 534, then, to the partial products obtained we must 
have added the product due to the 5; whi 


having regard to its local value, is 500; an 426 
if we retain the noughts, the whole operation 534 
would be as here aunexed. And it is plain _ 
that we may always omit the noughts, pro- 1704 
vided we take care, as the rule directs, to put 12780 
the first figure of each partial product directly 213000 
under the multiplying figure, which supplies 

that product. It is worthy of notice, too, 227484 


that the product will always be’ the same, 
whichever of the two numbers be regarded as the multi 
Fact you may easily satisfy yourself that 426 multiplied 
y 534, is the same as 534 multiplied by 426. To be con- 
vinced that this principle is perfectly general, you have 
only to assure yourself of the fact within the limits of 
the multiplication table, which you may do by replacing 
multiplication by addition, as shown in a previous ex- 
ample; that is, proving to yourself that 3 times 7 is the 
same as7 times 3; that 5 times 8 is the same as 8 times 
5, and so on, as the table declares : 


because, whatever be the two fac- 2647 356 
tors, the multiplication of one b 356 2647 
the other is made up only of mul- — — 
tiplications within the limits of 15882 2492 
the table. It is in general most 13235 1424 
convenient to take that for the 7941 2136 
multiplier which gives the fewer 712 
partial products, or rows of figures. 942332 = .——— 
See the operations in the margin.) 942332 


he learner may now exercise 
himself in the process, by showing that the following 
statements are true :— 
1.) 4214 24=101136. 
2.) 658 x 243= 159894. 
3.) 3264 2300=7507200. 
4.) 15607 x 3094= 48288058. 
5.) Show that 243x616=9x9xX11x8x7x3. 
6.) Show that 2048 x 1936=64x 121 x32 x16. 
When the multiplier consists of two cor forming a 
number greater than 12, there are two ial products, 
or rows of figures, to add up; but, with a little address, 
the product may be written down at once, whenever the 
multiplier does not exceed 20. Suppose, 


for instance, it were 16, then, if we mul- 2378 
tiply by the 6, and, as we go on, add in 16 
not only what we carry from any of — 
the multiplicand, butalsotheimmediately . 38048 
preceding figure of the multiplicand, the This is the 
complete product will be obtained in one same as 


line, as in the margin; the operation being - 2378 
carried on thus; 6 times 8 are 48, 8 an 16 
carry 4: 6 times 7 are 42 and 4 are 46 and —— 


8 are 54; 4 and 5: 6 times 3 are 14268 
18 and 5 are 23 and 7 are 30; 0 and carry 2378 
3: 6 times 2 are 12 and 3 are 15 and 3 are — 
18; 8 and carry1: Land 2 are 3. It will 38048 


be advisable for the learner to practise 
this short way with the multipliers, 13, 14, 15, 16, 17, 
18, 19. Multiplication which is thus perf: in one 
line, is called multiplication: when there are more 
lines, it is long multiplication. 

Method of proving multiplication by casting out nines, 

We shall here mention a useful method of trying 
whether the product of two numbers is correct; bu 
must Be pe pee? the explanation of the princi the 
method till you arrive at Algebra. We can only men- 
tion here, that if any number be divided by 9, the re- 
mainder will be the same as would arise from dividi 
the sum of the in that number by 9: for 10 is 
equal to once 94-1; 100 is equal to 11 times 94-1; 1000 
to 111 times 9+1; and so on: .that is, the remainder 
arising from dividing 1, followed by any number of 
noughts, by 9, is always 1. pear i remainder 
arising from dividing 2, or 3, or 4, &e., wed by any 


1 


——— 


| 4are 11, therefore rej 
| 2are 10: the-first result, 
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number of noughts, is 2, or 3, or 4—the same as the 
fi preceding the noughts. It therefore follows, that 
#oetbes we divide a number, such as 4326, which is of 
course 4000+300+20+6, by 9, or simply divide 
4413426, that is 15—the sum of the oe og 
we must, in each case, get the same remainder. i 

rty, taken in connection with the principle referred 
Saiahet and to be proved in Algebra (see the multipli- 
cation of compound quantities in Algebra), suggests the 
following rule :— 

Rouie.—Add together the figures of the multiplicand, 
not counting any 9 that may occur, rejecting also 9, 
whenever, in adding up, the sum amounts to 9 or more : 
when all the figures are added, the result will therefore 
be less than 9: note this result. Proceed in like man- 
ner with the figures of the multiplier; noting the result. 
Multiply the two results together; retaining, as before, 
only what is left after the rejection of all the nines the 
new result contains. Do the same thing with the 
of the product; and compare this third result with that 
just found: if the two be the same, the work may be 
peesumed to be correct; if they differ, it is certainly 
wrong. 

The usual way of noting the four results is to make 
a cross, to put the first in the left hand opening; 
the second in the opposite opening; the third above, 
and the fourth below. If the upper and lower results 
are the same, the work is most likely correct, but other- 
wise it is wrong. 

Let us proceed in this way to test the ac- 5 
curacy of the work at page 436. Commencin 
at the right of the multiplicand, we say 7 a 1 5 
ing 9, 2and 6 are 8 and 5 
refore, rejecting 9 
from this 10, is ], which we place in the opening of the 
cross to the left. Taking now the multiplier, we say 6 and 
5, 11; 2 and 3, 5, the second result, which we place 
opposite the former. The product of the two is 5, with 
no 9 toreject : this is the third result, eta maser above. 
Lastly, taking the epee we say 2 and 3 are 5, and 3 
are 8, and 2 are 10: 1 4 are 5; which is the fourth 
result, and, as it agrees with the preceding, we conclude 
the work to be correct. 

It is plain, however, that if any of the figures in the 
product were made to exchange places, the agreement of 
the third and fourth results would remain, though the 
product would be wrong; as would also be the case if 
one figure of it were increased and another diminished, 
by the same number: all, therefore, that we can safely 
infer, is, that the agreement spoken of must have place 
if the work be correct; so that if it fail the work is 
wrong. Suppose, for instance, that we had 
made 73084163 x 7584=554270392192: then, : 
applying the test, we get, from the first factor, 5 6 
the result 5; from the second, the result 6; “4 
and from the product of these, the result 3: 
but, from the above-stated product of the two numbers, 
soe result is 4: bot yew P therefore, ak org ws 

upon revising the multiplication, we that the 
3, after the nought, should have been a 2. 

Simple Division.—The operation by which we find how 
“end times one number or quantity is contained in 
an number or quantity of the same kind, is called 
division, It is also the operation by which we find the 
4th part, the 5th part, &c., of a number or goats : 
The number or quantity divided is called the dividend ; 
potas syn: we divide it, the divisor; and the result 

tained, the quotient. 

You must not fall into the common mistake of -con- 
sidering the quotient to express always how many times 
the dividend contains the divisor: the 4th part of a 
mere number tells us how many times that number con- 
tains 4; but the fourth ae Ai Nall genes PB a of 
money, for instance—is just the f part, and nothing 
else -—it is itself also asum of money. The division is 
called simple when the quantities concerned are of but 
one denomination. On coming to the division of com- 
pound quantities, you will find some further remarks on 
the true nature of division in general; at present both 


dividend and divisor, and therefore the quotient, are to 
be regarded as mere numbers. They are, in fact, only 
abstract expressions for the idea of quantity. 


I. When the Divisor is not greater than 12. 


Rurz.—Place the divisor to the left of the divi- 
dend, with a mark of separation, thus), between the 
two. 

Draw a line beneath the dividend, and, by the multi- 
plication table, find how many times the divisor is con- 
tained in the first figure of the dividend, or in the number 
expressed by the first two figures, or even in the number 
expressed by the first three figures, should the number 
given by the first, and even by the first two, be smaller 
than the divisor; and write the quotient under the line, 
taking care to observe what is over, as the divisor may 
be contained a certain number of times in the number 
expressed by the leading figure or figures, and leave 
something over, 

Proceed to the next figure of the dividend; regard 
what was over, if anything, to be prefired to it; and 
find how many times the divisor is contained in the 
number you thus get; putting the quotient down, and, 
as before, ing what is over to the next figure of the 
dividend, to which you must regard it as prefixed. And 
in this way figure after figure of the complete quotient 
is to be found, till all the figures of the dividend have 
been used. Should there be anything over at the end, 
this is called the remainder: it is to written beside 
the quotient figures, with the divisor placed under it, 
and a line of separation between them. : 

Suppose, for example, we have to divide 25602 by 3, 
then placing dividend and divisor (3) as in 


the margin, we proceed thus: 3is contained — 3)25602 
in 2, no times ; so that nothing is to be placed 
under the 2: 3 is contained in 25, 8 times 8534 


and 1 over; 8 and carry 1: this 1, regarded 
as prefixed to the 6, gives the number 16: 
we therefore say: 3 in 16, 5 times and 1 over: 3 in 10, 
3 times and 1 over: 3 in 12, 4 times. Therefore, the 
uotient is 8534; and this is the complete quotient, as 
there is no remainder. 
Again, suppose it were proposed to divide 7804623 by 
5, we should say 5 in 7, 1; and 2 over: 5 


in 28, 5; and 3 over: 5in 30,6: 5in4,0: 5)7804623 
5 in 46, 9; and 1 over: 5in 12, 2; and 2 ———— 
over: 5in 23,4; and 3over. As there is 15609243 


here a remainder 3, we annex it, with the 
divisor 5 under it, to the figures of the quotient, and 
call 15609243, the complete quotient, 

The principle upon which the foregoing operation 
depends is pretty evident: the leading figure in the 
dividend above is 7000000: the fifth part of this is 
1000000 and 2000000 over; that is, with the local value 
of the next figure 8, 2800000; the fifth part of this is 
500000, and 300000 besides; the fifth part of which is 
60000; the fifth part of the 4000—the local value of the 
next i. eS 0 thousands, and 4000 over; this, with 
the local-value of the 6, is 4600; of which the fifth part 
is 900, and 100 over; this, with the 20, is 120; the fifth 
part of which is 20, and 20 over; and lastly, the fiftl 
part of the remaining 23 is 4, and 3 over ; and, to imply 
that this 3 still remains to divided, it is put down 
with the 5 underneath; because one number, placed in 
this way under another, is a form frequently used to 
denote that.the wpper number is to be divided by the 
lower. Hence the fifth part of the proposed number is 
1560924, and the fifth part of 3 besides: this quotient 
being made up of the several parts which arise from 
taking a fifth of each of the above-mentioned component 
portions of the number. 

The sign for division is +, which stands for the words 
divided by: thus, 6+ 2=3 is a short bey of stating that 
6 divided by 2 is equal to 3. As noticed above, there is 
another way of indicating division, namely, by putting 
the dividend above and the divisor below, a short line 
separating the two: Mia =3 expresses the same thi 
as the notation above. e learner may exercise hi 
in the rule just explained by proving by it the truth of 
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will give a second remainder, to which the next figure of 
the original dividend is to be joined, and the operation 
continued till all the figures of the dividend have been 
An example worked at length will explain the opera- 
tion better than any verbal ae 
Let it be required to divide 256438 by 346. 
ing the divisor onthe left of 
the divi and marking off a place 
for the quotient on the right, we look 
at the ing figure of the divisor 
and also at of the dividend, 
with the view of seeing whether the 
latter contains the former, which it 
does not, 3 being greater than 2: we 
‘ore commence with the number 
25, formed by the first two of 
the divid and seeing that 3 is 
emtained in 25, 8 times, we should 
put 8 for the first quotient- ; but bearing in 
that when the divisor is multiplied by this 8, 
must attend to the carryings, we perceive that 8 is too 
we therefore try 7, and find 7 times 346 to be 
2422, a number less than 2564 above it, so that 
the direction of the rule and subtract: 
val is 142, which, when the next figure 
dividend is ht down, becomes 1423. e now 
this as a dividend ; ing only at leading 


in this new dividend in the divisor, we that 
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the following statements expressed in one or other of the | latter will go, as it is called, 4 times ; we therefore put 
forms of notation here adverted to: 4 for the second quotient-figure ; and multiplying and 
2185005 +3 = 728365. subtracting, we get 39 for the second i ; 
ry 9008184.2.8 276023. by bringing down another 398 for a new divi- 
47051412 3 6 = 7841902, dend: the Gives ie into this once; so that the 
462508 si ae is {eh the final —— 52: this ae 
4. == 115627. mainder, as in the former case, must be annexed, wii 
(4) 4 es woos und, Pod pone srg iy Pam ; so that 
SUOEOO _ 199244 the complete quotient is which is the 346th part 
©.) 6 Fr of 256438, Of the truth SLdne yon mag cvactaal gaa 
6. 13900424 198577. self by observing that 256438 has been cut up into 
i a 4g. portions, and the 346th part of each portion found ; for 
2375920 the work above is nothing else but 
ie ies cae that here annexed, with useless re-  $46)256438(700 
46235439 petitions suppressed. According to 242200 
(8) ——.— = 3857119}}. this arrangement it is at once seen —— 
12 that 700 is the 346th part of 242200, 346) 14238(40 
(9.) 95283029 6528302,%. that 40 jis the $46th part of 13840, 13840 
i ork: th and that par 2 the 346 -. 346) 398(1 
It is plain that division by 10 requires no work: the | and that of 52, t t sti 
wotiont ia always the dividend itself, wanting the last remains to be taken. Now, 342500 ++ 346 
which is the remainder, and which, therefore, 13840 + 346 + 52 = 256438 ; conse- —.- 
written as in this last example, with the divisor under- | quently 741, together with #4, is the 52 
neath, completes the quotient. In a similar way, to th part of the number tae ay gin 
divide by 100 we have simply to cut otf two aia Tt must be noticed that if any 472)48165(102 
the dividend for remainder ; to divide by 1000, to cut | dividend, formed by a remainder and 472 
off thrge ; and so on: thus— a figure brought down, should be less — 
Tae 78546 than the divisor, that the divisor will 965 
{00 = rv» Fogg = TBievn Ho. go no times in that dividend ; so that 944 
All this is obvious, because a the corresponding quo- — 
78546=78500 + 46=78000 +4 546, &e. tient-figure ; and that then a second ref 
eas. figure must be brought down, as in 
Il. When the Divisor is greater than 12. the operation here annexed; where 2700)164826(61 
Rvtx.—Place the divisor to the left of the dividend | the complete quotient is 102 4. 16200 
as in the former case, and to the right mark off a place | There is another thing also to be — 
for the figures of the quotient. attended to. Sometimes the divisor 2826 
Find how many times the leading figure of the divisor | ends with zeros or noughts: when 2700 
is contained in that of the dividend, or in the number | such is the case, the best way is to ee 
expressed by the first fwo figures, if the leading figure | cut the a eee _ Rem. 126 
of the dividend be smaller than that - = divisor ; = :t t morris aa: Foo 27.00)1648,26(61 
figure expressing the num! of times in the | © owever, at the same 2, é 
Eeeaentie 4 man from the end of the 162 
Multiply the divisor by this first quotient-figure, and | dividend, which latter figures hel — 
subtract the product from the number formed by the | to form the final remainder: you . 28 
leading of the dividend, and to the remainder | see by ores. on the same ex- 27 
annex the next figure of the dividend. The number | ample first with On ani retained, — 
thus formed will be a new dividend, and the number of | and then with the ciphers Rem. 126 
| times it contains the divisor—to be found as before— | that nothing is omitted but useless t 
will be the second quotient-figure, the product of which erat the complete quotient , by either way, 
and the divisor, béing subtracted from the new dividend, ie In thus completing the quotient, of 
eS 


vt means 
remainder, take care to restore the ciphers 
that were temporarily cut off from the divisor: in some 
books on arithmetic this has not been named. The’ 
following examples are subjoined for practice — 
(1.) 
(2.) 
G3.) 
(4.) 


Hrs 
780967 +- 3700= 211,447). 

(6) SERRE? 27000 tex. 

(6.) 3939040647 + 6889=571787 p49 


To prove whether the quotient, in any case, is correct, 
it is only necessary to multiply it and 


the divisor ther: the product will 472 

be the Vivident if the operation be cor- 102 

rect, as is obvious; for the object of os 
division is to find a number which 944 

its multiplication with the divisor s| 472 

equal the dividend. In thus proving 21 Rem. 
division, if there be a remainder, this 

is to be added to the product of the 48165 


divisor and quotient-figures. For ex- 

ample, to prove whether the work above is 

we multiply and add as in the margin ; and as the 

is the same as the dividend, we may be sure that the 
quotient is right. 
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III. When the Divisor is composed of Factors, none 
of which exceeds 12. 

The operation just explained is called long division, to 
distinguish it from the shorter process of the preceding 
case, where the diviser is not greater than 12. If any 
divisor be found to be the product of factors, each of 
which does not exceed this limit, the division may be 
capt by successive applications of the shorter rule: 

‘or we may divide first by one factor, then the quotient 
by another factor, the new quotient by a third factor; 
ve been used. 


ormer complete remainder: and so on, till 
the divisions are completed. For example, suppose we 


since 63=7X9, we may operate 7) 38214 
asin the , the final quotient —- 
In like manner, if 9) 5459...1 


we have to divide 24611 by 126; 
then, since 126=3x6 x7, the 606...36rem. 


; 3) 24611 

from the first division is 2; that — 
from the second is 1; and this 1, 6) 8203...2 
—. by the first divisor 3, « 
and former remainder 7) 1367...5 
taken in, gives 5 for the complete 
second remainder: the remainder 195...41rem. 
from the third division is 2, which 
multiplied by 3, and by 6, the former divisors, that 
is by 18, gives 36; which, with the preceding remainder 
5, makes 41 ;—the final complete remainder; hence the 
Dog eyed ee gpg nL: 

method here described of ining the final 


Upon the principles now delivered depend all the 
operations of arithmetic. In penabla a perenne they 
have been applied only to what are 


bers, without any reference to particular ects or 
articles. It remains to show the application of the same 
inci i to real com- 


to money, wei measures, 
ables connected with 


We may urge on the student the necessity of learning 
the whole of these tables by heart. He will find such to 
afford him assistance; and it will prevent the 
necessity of uent reference to them.—Eb. 


TABLES OF MONEY, TIME, WEIGHTS, AND 
MEASURES. 


I.—Money. 
Gold Coins. 
Name. Value. Weight troy. 
& 6 dwt. gr.* 
Sovereign (one pound) . 2020 . 658 3 
Halfsovereign . . 109 . 2 
Guineat 3 ° ° 21 0 ® 5 9 3 
Half-guinea . IO Oren ake i 
Sushe af See Selden he sender con’ eecrosty toque Wo be intariunt 
that £ stands for 5. for shil and d, for pence. 
Se ee ti viaiane thd amie et ne 
eb mi erigmeatie ectghod'n poand ctcy- 


Name. Value. Weight troy. 

a. d. dwt. gr. 

Crown . . . . 5 0 . 18 44 

Half-crown. . he ee 9 23 

Shilling . . . 0 12 . 3 153; 

Sixpence é . \! Saal a 119 

Fourpenny-piece - 4.8 1 54 

Threepenny-piece 4 Ui et eae 21; 

Pence Table 

a d. & ad. 
4 farthings make . 0 1/ 80pencemake . 6 8 
12 pence Som ss gO Sains + 7 0 
20 ” ” ° 1 8 90 ” ”» es 7 6 
2 ig kta Zr 014961,; ‘5 « 8 0 
SO+55 gah B61 100. «5, 9 « 8 4 
36, gx e350 188 55 a «4 850 
40 ,, jp ee eh TIO) 55 ¥9 » 9 2 
48 ,, yp) kerk sp O1d20. - 10 0 
50 ,, gg ee RTO 5 5 - 1010 
60 ,, o>. BON TS2: 5, ES o(ckh, (0 
20° ng 9 Cw 6 101 140 «=, » ak § 
72 6 0,144 , - 12 0 


” ” - ? ” 

A farthing—that is, one-fourth of a penny—is repre- 
sented thus, 1d.; a halfpenny, thus, {d.; and Wiews 
farthings, thus, $d. To express a fraction of a farthing, 
the letter fis put against the fraction: thus, $f, means 
half a farthing; 3f, three-fifths of a farthing, &c. 


Il.—Tre. 
60 seconds A ° = make 1 minute. 
60 minutes F : ° », L hour. 
24hours . ae e », 1 day. 
7 days Na oe ° yy 1 week, 

52 weeks 1 day, or 365 days yD : 
366 days - * C 4 pe leagh year. 
TIL.—Avorrpvurois WeIcut. 

16 drams (dr.) + « «+ make 1 ounce. 
16 ounces (oz. ° eats 3, 1 pound. 
28 pounds (lb. A : . hee fsa 
4 quarters (gr.), or 112 Ib. » 1 hundredwt. 
20 hundredweight (ewt.) 3 95 1 ton, 
IV.—Troy Wetcur. 
24 grains (gr.) Se ° make 1 pennywt. 
20 pennyweights (dwt.) . . 3 Lounce. 
12 ounces (0z.) . . ‘ », 1 pound. 
V.—AporHecarizes’ WEIGHT. 
20 grai -) : ‘ make 1 scruple. 
3 scruples (>) : . + 5, Idram 
8 drams (3) ° . 9 ounce, 
12 ounces (0z., or 3) . 3, 1 pound, 


12 inches fs make 1 foot. 

3 feet 9» lyard. 

Sipe . tne. me Be 4 

yards 1 or 

4 perches, or 100 links ;) 1 Shab Cat sak 
40 _— eel »» 2 furlong. 

8furlongs . » Imile. 

3 miles Py », 1 league, 

Cloth. 
inches . . make 1 nail 


Squarters . . 1 Flemish ell. 
VII.—Measvres or Surrace, on Square Measure, 


144 square inches . make 1 square foot. 
9 square feet . . », 1 square yard. 
301 square yards. - 33 18q. rod, pole, or perch. 
40 square perches ‘ 3, 1rood. 
rmgerh siaecke 7 ee 9, Lacre, 
dia ee] ny Lacre. 
640 acres acs ° oh gs raspy | 
100 square feet . square of flooring. 
2721 square feet . 6 1 sq. rod of brick-work, 


| 
| 
| 
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VIIL.—Measvnes or Sourps, on Custc Measure. * 
1728 cubic inches » «+ make 1 cubic foot. 
27 cubic fect. ° . ‘ »» Leubic yard. 
1X.—Measvres ror Ligvrp axp Dry Goons. 
make 1 pint. 
» quart. 
9) 1 gallon. 
99 1 peck. 
»> 1 bushel. 
9» 1 quarter. 
» Lsack, 
‘ > . », 1 ton. 
It may be well to notice here, that the avoirdupois 
pound contains 7,000 grains, of which 5,760 make a 
und troy; so that 144 pounds avoirdupois are equal to 
75 pounds troy. The ounce troy the ounce 
avoirdupois by 42! grains. The gallon contains 10 pounds 
avoirdupois of distilled water, and its solid measure is 


“ete ee 
eK Oe ee 


277 cubic inches and 274 thousandths of an inch. 


| pence to farthings, yards 
to 


Reduction.—Arithmetic is now to be applied to con- 


crete quantities, such as those named in the foregoing | 
| tables: 


hitherto its operations have been confined to 
abstract numbers. The name reduction is given to the 
methods by which quantities are changed to others of the 
same values, but of different denominations; as, for in- 
stance, the changing, or reducing, pounds to shillings, 
i to miles, minutes, hours, &c., 
dso on. There are two rules for such 
reductions : the one applying when the quantity is to be 
converted from a higher to a lower denomination—as, 


| for instance, from pounds to pence; and the other ap- 


plying when the change is to be from a lower denomina- 
tion to a higher, as from pence to pounds. 
IL. 7b reduce a Quantity to one of Lower Denomination. 
Rve.—From the previous table see how many of the 
next lower denomination make 1 of the higher; multiply 


tities of the next lower denomination. If any of the 


lower denomination be connected with the proposed 
| quantity, the number of these must be added in with the 
product, 


Suppose, for example, we have to reduce £136 8s. 4id. 
to pence. Then, as 20s. make 


£1, we ya A the number Es 24. - 
| 136 by the number 20, adding 136 8 4} 
in the number 8: the product 20 


| is2728, the numberof shillings. 
_ Again, since 12 pence make 1s, 


2728 numb. of shillings. 
12 


et numb. of pence. 


we a the last number 
obtained by 12, taking in the 
4: the product is 32740, the 
number of pence. And lastly, 
multiplying this by 4, because 
4 farthings make ld., and 


130963 numb. of farthings. 


| taking in the 3, the number 


_of farthings, we get 130963 for the number of farthings 


uired. 

Althongh we have been dealing here with concrete 
quantities, yet, after all, our operations are performed 
entirely with abstract numbers. We do not multiply 
£136 by 20, because we should. then get £2728 for the 
product; much less do we multiply by 20 shillings (as 
some books direct us to do) ; for to attempt to multiply 

shillings is to attempt an absurdity: ‘20 shillings 
times 136 pounds,” is a mode of expression as ridiculous 
as it is meaningless. 

As a second example, let it be required to reduce 217 
days 14 hours and 36 minutes to minutes. Since 


| 24 hours make 1° day, we multiply the number 217 


by 24; and in adding in the 14, we include the wnits 
in the units’ amount of the product—that is, in the 
first result of the first partial Lehr or the tens 
(1) in the first result of the second partial product. We 


uare faces, ike a common die. If the 
id is a cubic inch ; while each face ix a 
edge is 1 foot, there are 


h. oN i res: b 
take half the artlastoand ; that cf Big 


units with units, and tens 
as before : and we thus find the num! 
of minutes to be 313356. 

Sometimes we ag to ret Bd 

a fraction; as, for instance, w 
hes of length are to be reduced 
yards; for you see 
that 54 yards make 1 3 
i to 


313356 
oy meals dtr 
ns sim 
divide it i 2; 
and to multiply by |, means to take a fourth part, or to 
divide the .oultiplicand by 4. This is certainly a de- 
ely from the primitive meaning of the word multiply ; 
ut it is sanctioned by common prac- if 7M : 
tice. It is customary to speak of two- Linear perches. 
and-a-half times this, or three-and-a- 2) _:248 
quarter times that, and so on: thus, 
two-and-a-half times 4 we know to 
mean 10; and two-and-a-quarter 
times, 9. The way to introduce such 
fractional parts in the arithmetical 
operation will be sufficiently seen 
from the two examples worked in 
the margin; the first being to reduce 
248 linear perches to linear yards, 
and kc second to reduce 248 4 
perches to square le ie 
number of perches Corban 249, 
the multiplier } would have given 
1241, and the multiplier 1, 62}. By 
aid of the tables, which ought, in- 
deed, to be committed to memory, 


62 for 4. 
7502 wq. yds. 


: ‘ ry: nog Me 
rrp! v the prodect will be the ttuaber of daien- | you will easily be able to show the truth of the following 


statements, namely :— 

13s. 4d. = 160d. 

£32 1s. 6d.=7698d. 

£5 12s, 44d. = 5394 farthi 

27 owt. 2 qr. 22 Ib. = 3102 lb. 

17 lb. 6 oz. 14 dwt, troy=4214 dwt. 
131 miles 8 furlgs.. 10 perches 3 

29 days 3 hours 21 minutes=41961 minutes. 
87 acres 3 roods 12 perches=183073 yards. 

10}, Sor bimae paxcha OOS yards. 
i square perches= 3 square 

a 263 tons 18 ewt. 3 qr. 21 1b, = 591241 Ib. 


To reduce a Quantity to one of Higher Denomination. 


Rutre.—Find by the table how many of the given 
denomination make 1 of the next higher, and divide by 
this number ; the quotient will express how many of the 
next higher denomination are in 


BAISTESPP 


the pro oF ger 3 In like 4) _:2640397 

manner, divide by the number —_ 
expressing how many of thenew 12) 660099...}d. 
denomination make 1 of the — 

next higher to it; and so on, —2.0) 5500.8...3d. 

till the required denomination —— 

is reached, Suppose, for in- _ £2750 8s. 33d. _ 
stance, we had to find how 


many pounds there were in 2640397 farthi Divid- 
ing the number of farthings by 4, we get the number 


of pence—namely, 660099, and one over. 
Dividing the number of pence by 12, we get the num! 
of shillings—namely, , and three pence over ; and 
lastly, dividing by 20, we get the number of 
—namely, 2750, and 8s. over. Consequen in 
ee, number of farthings, there are 
. Bid. ile 
Again: let it be required to convert 591241 Ib. into” | | 


tons, ewt., dc. As 28 lb. make 1 qs the next 
denomination to pounds, we divide first by 28, or by 7 
and by 4, the two factors of 28, as it is better to 
use short division: we thus get 21115, the number 


= 231278 yds, 


ee 


i 
} 
{ 
i 
: 
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quarters, with 21 Ib. over. This number, divided by 


4, gives the number 
7) 591241 of cwts.—namely, 5278 
and 3 qrs. over: and 
4) 84463 lastly, dividing by 20, 
the number of cwt. in 
4)21115...21 Ib. 1 ton, we get finally 
263, the number of 
2.0)527.8...3 qrs. tons: so that there 


ad are 263 tons 18 cwt. 
263 t. 18 ewt. 3 qr. 21 Ib. mh 21 Ib. in 591241 
All this is so easy and obvious that we need not occupy 
space with any more worked-out examples. We shall 
merely give one cautionary direction—it is this: that 
when you have to divide by 54, bring both this divisor 
and the dividend into halves; that is, double both; 
making the divisor 11, instead of 54; but remember that 
the remainder will be so many halves, In like manner, 
when you have to divide by 30}, bring all into fe 
that is, divide 4 times the dividend by 121, which is 4 
times 303; remembering, however, that the remainder 
will be quarters; so that a fourth part of the number, 
which is the remainder, will be the 
number of wholes. See the. operation Square yards. 
in the margin, where the factors of 121, 2463 
viz, 11, 11, are used to get the Sa 


by short division. This — 
quotient shows that thereare 81 square 11) 9852 
perches, and 51 quarter-yards over; —— 
that is, 12} square yards: the result 11) 895...7 
would therefore be written, 81 square a 
perches, 123 square yards, 81...51 


be atrsecy a given at page 440, may ; 

be employed for exercise in this rule, by taking in each 
the quantity on the right of the sign of equality, and 
converting it into that on the left ; but others are added 


here :-— 
28635 seconds=7 h. 57m. 15 sec. 
2.) 10085760 gr. =1751 lb. troy. 
3.) 633600 i =10 miles. 
4.) 397024 yds. =225 mi. 4 fur. 26 per. 1 yd. 
5.) 91476 sq. ft. —2 ac. 0 rds. 16 per. 
.) 100000 cub. in.=2 cub. yds. 3 ft. 1504 in. 

The four fundamental operations of arithmetic may 
now be applied, in order, to compound quantities. 

Addition of Compound Quantities.—To add together a 
set of concrete quantities of different denominations, the 
rule is as follows :— 

Rore.—Arrange the quantities to be added one under 
another, so that all in the same vertical column may be 
of the same denomination. 

Add up the quantities of lowest denomination: find 
how many of the next denomination are contained in the 
sum; put the remainder under the column, and carry 
the quotient to the next column. 

Proceed in this way, from column to column, till all 
have been added up. 

The principle of this rule is too obvious to require any 

explanation; the carryings merely transfer 
ak the quantities of advanced denominations 


17 9 34 tothe columns in which those denomina- 
4213 4: tions are arranged, just as in the addition 
10 2 of abstract numbers. 

729 Thus the sums of money in the margin 
118 10 are so that the denomination 
farthings forms one column, the denomi- 

85 14 6}. nation pence the next, shillings the next, 
and pownds the next. The sum of the 

farthings’ column is 10 farthings, in which are contained 
2 pence, and there are 2 farthings, or 4 over; this } is 
therefore put down, and the 2 pence carried to the pence 
column ; sum of this column is 30 pence, that is, 
2s. 6d. : the 6d. is put down, and the 2s. carried to the 


sum of which is 54s., fv 
we therefore say 14, and carry 2; an is 2 
i facta makes the amount of 
; therefore the sum of the whole is 


BEES 
iin 
ees : 
Sree 
: 


It may be noticed, that in adding up the shillings’ 
column of an account, the best way is to disregard the 
tens in that column till all the wnits have been added; 
then, having reached the top unit-figure, to proceed 
downwards, taking in every ten that appears. Thus, in 
the present example, the sum of units’ column of shillings 
is 24; so that proceeding downwards, taking in each ten 
as we meet with it, we suy 34, 44, 54; so 


that the sum is 54s., or £2 14s. Ib. oz. dr. 

Two other examples are here annexed; 8 13 11 
the one in Avoirdupois weight, and the 9 10 13 
other in Time. In the former the sum of 469 
the drams is found to be 56 dr. ; by reduc- 11 11 15 
tion, we find that in these drams there are 7 3 8 
3 oz. 8dr. ; we therefore put down 8 dr. and —_—_- 
carry the 3 oz. to the next column, which 4114 8 


gives 46 oz., or 2 lb. 14 oz. ; writing down 

the 14 oz., and carrying the 2 1b. to the column of Ibs., 

we get 41 lb. for the sum of this column: therefore the 

whole sum is 41 Ib. 14 oz. 8 dr. ‘ 
In the next example the column of 

seconds amount to 110 seconds ; that 


d. h. m. 8. 
3413 9 15 is, to 1 minute 50 seconds: the 50 
18 9 037 _ seconds is put down, and the 1 minute 
27 21 11 19 carried to the next column, the amount 
1418 23 4 of which is 79 minutes ; that is, 1 hour 
10 71416 19 minutes, 19 and carry 1: the hour 
13 14 21 19 column amounts to 83 hours, or 3 days 
————-_ 11 hours; 11 and pat Bab fin dhe 7 
119 1119 50 column, the amount of which is 119: 


therefore the whole amount is 119 
days, 11 hours, 19 minutes, 50 seconds. 

Subtraction of Compound Quantities.—The subtraction 
of concrete quantities, of different denominations, is 
effected by the following rule :— 

Ro.te.—Place the less of the two quantities under the 
greater, arranging the denominations as in addition. 

Commence with the lowest denomination, and subtract, 
if the upper number be sufficiently great; if not, increase 
it by as many as will make 1 of the nezé denomination, 
and then subtract, taking care afterwards to carry 1, as 
in the subtraction of abstract numbers: and proceed in 
like manner with each denomination till the subtraction 
is finished, 


In this way the difference between ge <¢ 
£124 16s. 94d. and £75 19s. 32d. isfound, 12416 9} 
as in the margin. Since 3 farthings can- 7519 33 
not be taken from 2 farthings, we in- ~ 
crease the 2 farthings by 4 farthings, or 48 17 53 


1d., and say 3 from 6 and 3 remain ; that 
is, 3d. : carry 1: 4 from 9 and 5 remain; 19 from 36 (in- 
creasing the 16s. by 20s.*) and 17 remain; carry 1: 6 
from Id and 8 remain; carry 1: 8 from 12 and 4 remain ; 
therefore the ee is £48 17s, 53d. " 
Again, suppose we have to subtract 24 miles, 6 furlon; 
. 21 perches, 2 yards from 43 mined 


m. for. per. yd. perch, 1 yard, Then, having placed 
48 011 the quantities as in the margin, and 
24° 621 2 seeing that the 1 yard is too small, we 
——————__ increase it by 1 perch, that is by 5} 
18 119 4) yards, and subtract 2 yards from 6} 
yards; we thus get the remainder 
yards; and carry 1: and as 40 perches make 


furlong, we subtract 22 from 41, and get 19 for re- 
mainder: carrying 1 to the 6 we subtract 7 from 8—the 
furlongs in 1, mile—and get 1 for remainder: and carry- 
ing 1 to the 4, it merely remains to subtract 25 from 43: 
the complete remainder is therefore 18 miles, 1 furlong, 
19 perches, 4} yards. 

If the complete remainder in an operation of this kind 
be added to the compound quantity immediately above 
it—that is, to the subtractive quantity—the sum will be 
equal to the upper row ; that is, to the quantity which 
has been diminished: so that we may Ae in this 
way the correctness of the subtraction. e following 

* Instead of thus increasing the upper term by the unit of next higher 
denomination, the learner will find it a little easier to subtract at once 


from this unit, expressed in the lower denomination, and to add the 
remainder to the term above: thus we may say, 19 from 20,1; and 16 


31 


— 
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xamples, if thus worked and proved, will afford exer- 
cise both in subtraction and addition :— 
1.) Subtract £374 Ha. Sd. from £920 7s. 73d. 
( Subtract £173 9¢. 43d. from £200. 
(3) Subtract 8b, doz. 25 gr. from 23 tb. 11 oz. 21 gr. 
(4) Subtract 342 mis. 6 fur, 4 per. 4 yds. from 687 mls. 3 fur. 
1 . 


(6. Subtract 324 gall. 2 quarts 1 pint from 570 gallons 1 quart. 

6.) Subtract 3 roods 7 perches 23 yards from 24 acres. 

fy Subtract 121 sq. yds. 7 ft. 132in. from 237 sq. yds. 3 ft. 
101 in. 

(8.) Subtract 18 cubic yds. 37 ft. 211 in. from 47 cubic yds. 13 ft. 
73 in. 


Multiplication of Compound Quantities.—From the 
nature of multiplication, it is plain that a concrete quan- 
| tity can be multiplied only by an abstract number ; indeed 
| —whatever be the multiplicand—the multiplier, which 
simply denotes how many times the former is to be 
| taken, must necessarily be a mere number, Strange t& 

say, however, books on arithmetic, of the most recent 
| date, are to be found, in which the multiplication to- 
gether of concrete quantities is insisted upon, and pre- 
tended to be taught. People have disputed over and 
over again about the product of £19 19s. 11}d., multi- 
plied by itself! They might as well have disputed about 
the multiplication of Cheapside by Lombard Street ; or, 
as Mr. Walker pithily expresses it, about multiplying 
*< 5ibs. of beef by 3 bars of music.”* This last operation, 

Ipably absurd as the thing is, the arithmeticians re- 

erred to would not for a moment hesitate to undertake, 
provided the beef and music occurred in a rule-of-three 
question, as indeed they very well might ; for they refer 
to the rule-of-three in justification of such a process. t 
Is it not ridiculous to appeal to a rule instead of to rea- 
son and common sense, in a subject which professes to be 
founded on rational principles, and supported by demon- 
| stration? We wish to warn you earnestly against this : 

receive no rule in any department of mathematics, the 
| truth of which is not evident to your own understanding ; 
_ and, therefore, in strict accordance with common sense. 
Multiplication is merely a short way of doing addition, 
and addition may always replace it: you have only to 
write the multiplicand down the proposed number of 
times, and to add allup. The swm is what in multipli- 
cation is called the product; but how could a sum of 
money be written down £19 19s. 113d. times? Even in 
common reduction, similar absurdities are to be met 
with in the books. If you wish to convert pounds into 
shillings, you are told to multiply the pounds by 20, and 
sometimes, which is worse, to multiply them by 20s, 
But if you multiply pounds by 20, you get—not shillings 
—but 20 times.as many pounds, as is obvious: what 
you really do, is to multiply the number denoting how 
many pounds by 20; because there must be 20 times 
that number of shillings. 

The following is the rule for multiplying a compound 
quantity by a number :— 


Rute L—When the Multiplier is not greater than 12. 


Put the multiplier under the quantity of least denomi- 

' nation: multiply that quantity by it, and divide the 

product by the number that expresses how many of such 

) oappcame make 1 of the next denomination: put down 

1c remainder, and carry the quotient to the product 

arising from the multiplication of the next term—and so 
on till all the terms have been multiplied. 

When the multiplier is greater than 12, and is yet such 
as to admit of being formed from factors, multiply by 
each factor in succession, as in short multiplication. 

The table of factors at the end will be found very 
useful in enabling us to tell at a glance whether any 
| number not exceeding 100,000, can be decomposed into 
factors, within the limits of the multiplication table ; and 
if 20, what the factors are, 


* Philosophy of Arithmetic, p. 58. 

+ Paganini was a very wonderful performer on the violin. Many people 
woold have given a good deal of beef for a few bars of his music. Su 
pose, in time of need, he had exchanged 11 bars for 5ib., how many 1b. 
tight have been exchanged, at the same rate, for 3bars! This is a rule- 
of-three question, and there are plenty of books—W: for instance 


Multiply £23 14s. 73d. by 7. Putting the multiplier 7 

OY Oe dic the tusthings, apd mele 
them by the 7, the product is 21 far- 
things ; and dividing 21 by 4, the number 
of farthings in a penny, we get 5 andl 
————__ over; so that in 21 farthings there are 
‘166 26} 65 penceand 1 farthing: we put down 

1 under farthings, and carry the 5 
to the 49, the pence product ; which gives 54 
4s. 6d.: we put down the 6d., and the 
shillings product, and thus get 102 
and putting down the 2s., we carry the 5 to the 
product. The complete product is thus £166 2s. 
Sup the multiplier, had been 1 

the that 105 =7 x 5 x 3; after 
the multiplication by 7, as above, we 
should have again multiplied by 5, and 
then by 3, asin the margin ; from which 
we see that 105 times £23 14s. 73d. is 
£2491 17s. 93d. 


Rue Il.—When the Multiplier ex- 
ceeds 12, and is not divisible into factors, 
each less than 13. 


Take that number in the table which 


Ss -6. < 
23 14 7} 
7 


g 
S 
evelle 


F 
: 
a® £ &: 


product arising from multiplying the given 
Poms 4 the difference between the pas a Pepe 
number taken from the table; the result will obviously 
be the complete product required. 

For example, if the multiplier of the sum above had 
been 107 instead of 105, we should still have taken 105, | 
and have used the factors of it, as just 
shown; but to the product b hsea 
factors, we should have twice 
the multiplicand; we should thus have 8 
got 105 times the sum and twice the ———————. 
sum, that is 107 times the sum ees 18917 2 
posed. If the multiplier had 7 
109, then from 112 times, that is, from 
8 x 7 X 2 times, we should have sub- 1329 0 2 
tracted 3 times the original multiplicand 2 
as in the margin, ms should thus have 
found £23 14s 73d. X 109=£2586 16s. 2658 0 4 
43d. 71 3114 

The following statements are left for ———————. 
the learner to verify after the manner 2586 16 4} 
now shown :— . 

1.) £8 18s. 6d. x6= £53 11s. Od. 

2.) £148 7s. 01d. X9= £1335 3s, 2!d. 

3.) £148 73, Old. X63—= £9346 2s, 33d. _ 

4.) 6s. bar i? A ac 103d. 

5.) 15 mil. 3 fur. 2 per. 4 yds.x75=—1153 mil. 6 
fur. 4 per. 3 thee 

Division of Compound Quantities—Division of con- 
crete quantities may be viewed under two 
accordingly as the divisor is itself a concrete quantity or 
merely abstract number. 

If you have to divide by a concrete quantity, your 
object is to find how many times the smaller quantity— 
the divisor—is contained in the larger—the dividend. 
But if you have to divide by an abstract number, you 
then seek to divide the proposed quantity into as many 
equal parts as there are units in the divi you 


& 8 ad 


visor. 
see, are two different objects ; and precision and accuracy 
of thought require that you should bear in mind the 
distinction. hen you divide one concrete quantity 
another, your p Seer is, of course, an abstract number ? 
but when you divide a concrete quantity by an abstract 
number, your quotient is also a concrete quantity of the 
same ki You will remember that we are not writing 
—that would direct the following stating :— 
see gn we deer ~~ a ge 
And to get this 1 4-111b. of beef, they would direct the beef and 


in the second and third to be multiplied ! The aw ‘ot 
Ghia wonhd thas insucpocats the Bost ad maa, toe a a 


2314 71x3 | | 


~~ 
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a book on Arithmetic, exclusively with a view to mer- 
cantile practice. Our endeayour is to prepare you fora 
course of mathematical study; and we ore wish 
ua to cultivate habits of thought and reflection—to 
w what you are actually about, and not to feel con- 
tented by merely following a rule.. We shall not insist 
any marked departure from the custo’ forms 
expression, in the Practical directions for working an 
example; but must insist upon accuracy of thought, 
whatever want of precision in‘ language custom may 
authorise. 
r ae rade acompound quantity by a number, the rule 
is ——. “. 

Rorze.—Commence with the highest denomination, and 
take the proposed part of it ; reduce what is over to the 
next denomination, and carry the result to the next 
term of the dividend; take the p of the 
sum, reducing what is over, and carrying as before; and 
so on, to the end. 

Thus, if the 7th part of £2215s.9d. £ » a. 
be requi we find it as inthe mar- 7)2215 9 

in; the 7th part of £22 is £3 and ——————— 
over: this, carried to the 15s., 3.5 1448. 
gives 35s.; the 7th part of which is 
5s., and there is nothing to carry: the 7th part of 9d. is 
a : aie’ = 8 . oe over ; bs Ligh gk which 

1 i a farthing ; hence, the of 

the iapoal cana: 25 Ce Lid. +4 f. ee 
the divisor exceed 12, we must proceed, upon the 
same principle, by long division, unless it can be decom- 
into convenient factors; when the operation need 
consist only of successive steps like that explained 


above. 

When the. divisor, instead of being. eat abstract number, 
is a concrete ity, of the same kind as the dividend, 
the rule is as follows ;— 

Rorz.—Reduce both dividend and divisor to the 
lowest denomination found in either, and then perform 
the division exactly as in the case of mere numbers: the 
quotient will denote the number of times the smaller 
quantity is contained in the greater. 

For example, let it be required to divide £63 7s. by 
£13 2s. 3d. Lec hash wage re dhigeer propa 
that occurs, we reduce quantities to and then 
divide as in the margin: the quotient 
shows that_the smaller sum is con- 


& & 6 & &. 
13 2 3 63 7 tained in the larger between 4 and 
20 20 _ 5 times: it is contained in it 4 times 
262 1267 eek ed By St hich is — 
represen 19, which is near 
12 12 another time, but not quite. You 
ao —- __ may shorten the work a little by 
3147) 15204(4 reducing the two quantities—not 
125838 to pence, but to 


——- ___ shown below; observing, that as 4 
2616 _three-pences make 1 shilling, we 

multiply the number of i 

b Se and take in the odd threepence. From this m 
working, we should conclude that the dividend con- 
tains the divisor 4 times and a 


do so by writing the latter below the £ « d@ £ 5. 
former, or writing twice, three 13 2 3 63 7 
times, &c., the latter below twice, 20 20 
three times, &c. the former. Thisis —— — 
ee since the quotient of 262 1267 
ivi and divisor is the sam 4 4 
whatever number both be multipli — — 
by. It will be seen that the upper 1049) 5068(4 


and lower numbers of the first 4196 


3 
E 
~~ 
5 
E 
ro) 
2 | 


p We shall, however, give two. 
The first is to show that £33 19s. 6d. divided by 13 gives 
£2 Ls. 6d. for quotient ; the second is to show that the 


same sum divided by £13 gives 2229 for quotient.~ In 
working the second example, you had better reduce to 


Regent not to pence. 
ractions.—What has preceded suffices to convey a 
general, and, we hope, a pretty accurate notion of the 
arithmetic of integral quantities. We are now to show 
how the oe, ee are to be applied to 
fractions, It has impossible to avoid all allusion 
to fractions in the foregoing part of the subject, because 
force themselves upon our notice even when ope- 
rating upon integers; but the arithmetic of fractions 
remains to be explained, and, indeed, the formal defini- 
tion of a fraction to be given. In strictness, a fraction 
is a part of a whole—that is, it is less than the quantity 
of which it is said to be afraction. Thus, 4, 2, 24, are 


strictly fractions—proper fractions. The first denotes 
a third part of unit, or 1;.the second a fifth part of 2; 
the third a forty-third part of 26; each part being less 


than one whole. But 4, 7, $4, are also called fractions, 
though four-thi seven-fifths, sixty-four forty-thirds, 
are all greater than one whole, as is plain. Tractions 
such as these, where the upper number, called the 
numerator, is not less than the lower, called the deno- 
minator, are said to be improper fractions. You will 
readily see why these terms, numerator and denominator, 
are so applied: the upper number enwmerates, or states 
the num of of that particular denomination 
indicated by the lower number. Thus, 3} means éuee of 
the called fourths: if it were 3 of £1, then, since 
one-fourth is 5s,, three-fourths, or 3, would be 15s., and 
soon. Instead of reading this fraction three-fourths, we 
may, if we please, say three divided by four. Three 
pounds divided by the number 4, is evidently the same 
as three-fourths of one pound; and any fraction may be 
viewed in either of these two ways: thus it is matter of 
indifference whether we call 4, five-sevenths, or 5 divided 
by 7. A moment’s reflection will convince that five- 
sevenths of anything, is the same as a seventh part of 
Jive such things ; for a seventh part of one of them added 
to a seventh part of another, then again this sum 
increased by a seventh of another, and so on, till a 
seventh part of each of the five has been taken, and all 
these sevenths added, will be equal to all five divided by 7. 

The fractional notation is perfectly general—any mum- 
ber sf be expressed in it ; a whole number, or an integer, 
as well as a fraction properly so called. Thus 6, 8, dc., 
may be written §, 4, &c.; and it is sometimes convenient 
to write integers this way. Here the denominator is 
unit, or 1; but we may express an integer in the form of 
a fraction with any denominator. Thus, if 7 for denomi- 
nator be chosen, the two numbers, 6, 8, may be written 
an as is evident: you have only to multiply the num- 
ber by the chosen denominator, and to place the factor, 
thus used as a multiplier, underneath—that is, as a 
divisor. The numerator and denominator are called the 
terms of the fraction ; and when an integer is united to 
a fraction, the whole is called a mized number. Thus, 
2}; 34, &e., are mixed mumbers. 

To reduce a Mixed Number to an Improper Fraction. 

The rule is this : multiply the integer by the denomi- 
nator of the fraction ; add | the roduct to the numerator, 
and put the denominator pa ast Thus, 2} = 7%, 
34=% ; for 2 is evidently $, and$+4=%. In like 
manner 3 is 3, and 4 +4=%; and so on. Here 
are other“ examples: 5} =%; 47 = 49; 7\3 = 7%; 
ay ='42. To accomplish the contrary purpose— 
that is, 


To reduce an Improper Fraction to a Mixed Number, 


You have only to perform the division indicated by the 

denominator, and to annex to the quotient the fractional 

correction as in common division, Thus, %§ = 63, 

49 = 47, 7f =8}, and so on. 

To reduce Fractions with Different Denominators, to others 
of the same Value, with Equal Denominators. 


This is one of the most important operations in the 
arithmetic of fractions ; for till fractions appear with a 
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common denominator, can neither be added to nor 
subtracted from one er ; the reduction of fractions 
to a common denominator is thus a preliminary, indis- 
iy necessary, for the application to them of the 
eee A of arithmetic. The operation is also useful in 
enabling us to discover at a glance which of two fractions, 
however nearly equal, is really the greater. Thus, of 
the two fractions, 44, 44, we see in a moment which is 
the greater, because their denominators are the same ; but 
we could not so readily and confidently state which is the 
ter of 4 and 4,; yet the former are only these re- 
Toced toa common denominator—the values are the same. 

The rule for reducing fractions to a common denomi- 
nator is as follows :— 

Rvute—Multiply each numerator by the product of 
the denominators of all the other fractions ; we shall thus 
get the numerators of the changed fractions. 

Multiply all the denominators together ; the product 
will be common denominator belonging to each 
changed numerator. : 

For example: in order to reduce the fractions 4, }, ?, 
to others of the same value with the same denominator, 


we proceed as follows :— 

2x5x7T= 70 
1x3x7= 21 |e new numerators ; 
8x3x5= 45 

8x 5x 7=105 the common denominator ; 
therefore the equivalent fractions, changed in form as 

uired, are 7755 yu'sy v'e’s- 

is you com a = with the original fractions, you 
will see that they each arise from a the nu- 
merator and denominator of the former by the same 
number. Thus, aon and it is obvious that one 
number divided by another (in this case 2 by 3), is the 
same as 35 times the former divided by 35 times the 
latter, or any number of times the former divided by the 
same number of times the latter. If you have any doubt 
of this, just consider, if you had to divide 2s, among 3 
people, whether the share of each would not be the same 
as > pets had to divide 35 times 2s,—that is, 70s.—among 
35 times 3 people—that is, 105 people. It is plain that, 
in either case, each would get a third part of 2s., or two- 
thirds of 1s.; or, to view the matter more generally, it 
is self-evident, that if you multiply any quantity by a 
number, and then divide by the same number, you vir- 
tually leave the quantity, as to value, untouched ; for 
tmoultiplication and division by the same number, are 
two operations which mutually neutralise one another. 
We may, therefore,-always multiply numerator and 
denominator of a fraction by any number, without 
changing the value of the fraction. 

The rule just given will always effect the object pro- 
posed by it; but not always in the shortest way. In 
er gery cases it will be desirable to proceed differently. 

us, if the fractions 3,4, 4, are to be changed into 
equivalent ones with a common denominator, you see, by 
looking at the denominators, that the thing may be 
brought about without interfering with the middle frac- 
tion at all: you have only to multiply the terms of the 
first fraction by 2, and those of the third by 3, to get the 
desired result—the changed fractions being found in this 
way to be 4, 4, 3. If you had applied the rule, the new 
fractions would have been #}, if » forms far less 
simple than those above, although the same in value ; 
they would be got by 5 pean my! the terms of the sim- 
pler fractions, each by 6. In bringing fractions to a 
common denominator, you should always be on the look- 
out for the simplest multiplier of the terms of each that 
will accomplish the object, and use the rule only as mat- 
ter of necessity—that is, only when simpler multi- 

liers than the rule supplies, do not present themselves. 

a you had 3, §, §, do you not see, from a glance 
at denominators, that if the first be multiplied by 3, 
the second by 4, and the third by 8, that the products 
will be all ahike? Multiply, then, the terms of the first 
fraction by 3, those of the second by 4, and those of the 
third by 8, and you will get the following—viz., .%, $2, §4, 


for anes fractions with ui common ae th whiche 
rule woul ve given you . 
although outs] so. 426 tar Moat i My dt ps 
The st number that can be a common denomi- 
nator of a row of fractions is evidently the smallest num- 
ber that is divisible by each of the given denominators ; 
it is called the least common multiple of those denomi- 
nators. There is a rule for finding the least common 
multiple of a set of numbers ; but you see that it may 
often be discovered, without any rule, by a little reflee- 
tion. We shall give you but one more instance here, 
ae See a ees - ions to a common denomina’ fe 
as 0) a ill form a necessary preparation for 
addition and subtraction. Let the fractions be #, §, }, 3: 
here you see that the first two are brought to a common 
denominator by merely multiplying the terms of the first 
by 3; so that these two fractions are $, §. Again, the 
last two are brought to a common denominator by merely 
multiplying the terms of the fourth by 3; so that these 
two fractions are }, §. We have, erie now only to 
find the least number which will divide by 9 and 6 ; and 
it requires but little thought to discover that 18 is that 
number ; so that we reach the desired result by the fol- 
lowing steps :— 


or, “ 
where you see that hea either of the lower 


rows is merely that above, with its terms multiplied by 
the same number. If you had applied the rule to the 
first row of fractions, you would have got3x9x6x2= 
324 for a common denominator, instead of the more 
simple number 18. 

Addition and Subtraction of Fractions—Ru1e.—Re- 
duce the fractions to equivalent ones, having a common 
denominator : then add or subtract the nwmerators, as pro- 
posed, and put the common denominator under the result. 

For instance, let the fractions be 4 and 2: these, re- 
duced to a common denominator, are 24 and 18, there- 
fore 24-+24=43, theirsum: 23—14=14, their difference. 

Again, let it be required to find the value of 3-4+-3—}. 
Here the second and third fractions will have a common 
denominator, if the terms of the third are multiplied by 
3: the differing denominators will then be 5and 9; that 
is, we shall have 3++3—3=3—12; that is, by the rule 
for the common denominator, 24—75= th 

Suppose the value of 1—.§,;—.%; were required. It 
is easy to see that the denominators will be made alike 
if the first be multiplied by 4 and the second by 3; so 
that, multiplying numerators, as well as denominators, 
we have 1—34—3}=1—}3=98—20mdy 

And in like manner are the results following obtained : 


L.) $+3=H- (2) t—H=* ©. += 
Wk Cama OM 
In the subtraction of mixed quantities, it sometimes 


happens that the fractional part of the subtracted quan- 
tity is greater than the fractional of that from which 


it is to be taken: when this is the case, it is better to | 


convert a unit of the latter into a fraction, and to in- 
corporate it with the fractional : we thus have 


therefore 5%, or rsa to be 437; so that the were 
thus: 58 — 3 =o, — 33249} — 339 = 
Multiplication and Dwision of Fractions. —Multipli- 
cation.--lf we have to multiply a fraction by a whole 
number, the product will, of course, be as many times 
that fraction as there are units in the whole number: 
thus, #x3={; that is, 3 times two-fifths: the denomi- 
nator 1s not operated upon, because this merely states 
the denominations, not the nwmber of them. If, instead 
of 3, the multiplier had been only a fourth part of 3, 


that is #, then only a fourth part of the above product, 


oc 
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$, could have resulted. ort linted 2 , because 
a number (in this instance 6) divided y 5, and 
then again by 4, gives the same result asa single division 
of it by 20. We knew, therefore, that 3x?=z5; that 
is,.it is the product of the numerators, divided by the 
product of the denominators. 

The same reasoning evidently applies, whatever be 
the fractions to be multiplied together: the product of 
the numerators, divided by the product of the denomi- 
nators, is the ‘uct of the fractions. 

Diwvision.— us now try to discover how fractions 
are to be divided ; and first let us consider the case in 
which the divisor, like the multiplier, in the foregoing 


If te : ee tion 3-+3, that 
we have to ‘orm the operation 2-3, we see 
the quotient of 4 by 6 is to be divided by 3: but this we 
know, from simple division, is the same as the quotient 
of 2 by 15; for, if anything be divided by 5 and 
then the quotient by 3, the result is the same as we 
should aaloy dividing that thing at once by 5X3 or 15; 
therefore, 3+3=%. 

But if, instead of 3, the divisor were , that is, only a 
fourth part of 3, it is plain that the quotient ought to be 
4 times as great ; namely, »%; ; so that 3+-3=,5, ; the same 
result as we should be ry inverting the divisor #, and 

iplying, instead of dividing ; for #x4= And as 
the reasoning evidently applies, whatever be the fractions 
chosen, we infer that division of fractions may always be 
conyerted into multiplication by inverting the terms of 
hen. > Pirie os. is, in fact, x turning the nig en 

i own. us, ¥+F=3xf—}. e are thus 

led to the Stoning rules, viz. hs it 

Route.—For multiplication.—Multiply the numerators 
toga for the numerator of the product. 

ultiply the denominators togetlier for the denomi- 
nator of product. 
Ruie.—For division.—Invert the terms of the divisor, 
and then proceed as in multiplication. 
It is desirable that fractions which appear in the results 
of any tions, should be reduced to their lowest 
_ terms ; that is, that both numerator and denominator 
should be divided by whatever number will divide them. 
Thus, in the instance above, where the product of 2 and 
coat aae adler , the result should be freed from the 

2, common to both numerator and denominator ; 
that is, we should divide both terms by 2, and write the 
result in the more simple form, j%;. The division of 
both terms by the same number cannot alter the value of 
the fraction, otherwise the multiplication of the terms of 
a fraction by the same number would alter its value, 
which we know to be not the case. 

In multiplication and division, we may often prevent 
the entrance of these superfluous factors in the result ; 
and it is of course better to do so than to allow them to 

| enter, and then to remove them; thus, in multiplying 
1 OG Meters recaps as 2 occurs in a numerator and 4 
im a denominator, 2 will also occur in both numerator 
and denominator of the product, unless we previously 

| prevent its entrance : this we should do by ing the 
proposed fractions as 4, 3; the product of which is ¥4,. 
Fad the factors that ba — me a= and 
ominators, should thus be removed, for you then get 
our product in the eon form at once, without 

ing at the trouble to 


=ixH=ixiet. (4) Hes=Hxt=¥ xd= 
Bas Waki gr or kr et a Sd = 
the entrance 


common factors into the 
numerator and denominator of each result in the follow- 


Pe “te @) iret, @) 
Xt= +H. GB.) Foe =9. 
(4) $27 = 24. “fe firimlen 6) pxdat 
n these exam are applied to pure frac- 
tions. If we have to deal with mixed quantities, then 
we must reduce them to improper fractions before using 
either rule: thus 33+-2)=\7+Y ='\7 X7,=YP=14}. 
-—Four quantities are said to be in propor- 
tion when the first divided by the second is the same 


— 


abstract number as the third divided by the fourth : thus, 
the four numbers, 6, 3, 8, 4 are in proportion, because 
4=8; and of any two equal fractions, the four terms are 
in oe 

‘he quotient which arises from dividing one quantity 
by another of the same kind, is called the ratio of the 
former to the latter: thus, the ratio of 6 to 3 is 2, and 
the ratio of 8 to 4is 2; ratio being only another name 
for the quotient of two quantities of the same kind. A 
proportion is thus said to be an equality of ratios : ratio 
implies two terms; proportion, four. The first term of 
a ratio (the dividend) is called the antecedent, the second 
(the divisor) its z Instead of writing the 
antecedent as the numerator and denominator of a 
fraction to express the ratio, the same thing is indicted 
by simply putting two dots between them ; thus, 6 : 3 is 
the same as $; and 8:4 the same as §; so that the 
proportion above may be expressed in this way, 6 :3= 
8:4. Instead of the sign of equality, it is more common 
to use four dots, and to write the proportion thus: 6 :3:: 
8 : 4, which is read, 6 is to 3 as 8 is to 4; a form of 
expression intended to imply that 6 is related to 3, in 
point of magnitude, just as 8 is related to 4. This idea 


_of relative or comparative magnitude, which is essential 


to the correct notion of proportion, forbids our consider- 
ing the term ratio in the same unrestricted sense as the 
term quotient: the two terms are to be regarded as 
meaning the same thing only when dividend and divisor 
are quantities of the same kind: ratio is always an 
abstract number. Now, the name quotient, as we have 
seen, is applied not only to abstract numbers, but to 
the concrete quantities that arise from taking the third 
fourth, fifth, &c. part of concrete quantities. Be careful 
to observe this distinction; and to remember that the 
ratio of an antecedent to its consequent always has 
reference to the number of times, and of a time, 
by which the former contains the latter: so that it would 
be absurd to speak of the ratio of one thing to another 
of a different kind; as, for instance, of the ratio of £6 
to the number 3; or of 8 ewt. to £4, and so on. 

It thus appears, that if four quantities, ranged in 
order as above, form a proportion, the first and second 
must necessarily be of the same kind ; and also that the 
third and fourth must be of the same kind: thus the 


Second term Fourth term 
each of these fractions being an abstract number. If 
two fractions are equal, we know that two equal fractions 
will also result from inverting their terms; so that from 
the above we may infer that 

Second term © Fourth term 

First term Third term 

These being abstract numbers, we may multiply any 

quantity by either: the results will, of course, be equal, 
whichever we take for the multiplier, since they them- 
selves are ‘equal. Let ua multiply “Third term” by 
each: the results will be 


Second term 
—— X Third term= Fourth term. 
First term 

You can have no doubt about the second result, as you 
know that divisor, multiplied by quotient, gives dividend; 
and the fraction above, on the right, denotes the quotient 
of the division of ‘‘ Fourth term” by ‘‘ Third term.” 

It appears, then, that in order to find the fourth term 
of a proportion, when the first three terms are given, we 
have only to divide the second by the first, and to 
multiply the third by the abstract number furnished by 
their quotient. Now, if the first and second. terms are 
concrete quantities, you know that you cannot divide 


4 
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6 Gowt. Gyds. 
number 2; and so is 5, oF soi? % 3 yds, ne Hine 
This, thongh a obvious, is yet an impo ; 
as we learn onl it that, when the first and second terms 
of a proportion are reduced to the same denomination, 


the fraction itself; and therefore that, without violating 
any principle of arithmetic, we may write the aboye 
pont rng namely— 


Second term 
—_—. X Third term=Fourth term 
First term * 
in the form 
Second term x Third term 
= Fourth term 


First term 
which is often the more convenient in practice ; that is, 
after the reduction to the same denomination, as spoken 
of above, we may multiply the third term by the second 
¢ asa number), and divide the product by the 
number denoting the first term. 

We have thus established the general principle of what 
is called the Rule of Three, the object of which is, when 
three terms of a proportion are given, to find the fourth. 

Rule of Three.—1,. Write the three given terms in a 
row, taking care that the third term is a quantity of the 
same kind as the required fourth term; and also that, 
according as this fourth term is to be greater or less than 
the third, so may the second of the given terms be greater 
or less than the first. This is called stating the question. 

2. Having thus properly stated the question, bring 
the first and second terms to the same denomination; 
and regard the results as abstract numbers, the denomina- 
tion being suppressed. 

3. Multiply the third term by the second, which is 
now a number; and divide the product by the fi 
which is also a number; the quotient will be the requi 
fourth term, in the same denomination, of course, as 
that in which the third term was used. 

You. may sometimes simplify this operation: for the 
first and second terms may each be divisible by the same 
number; in which case you may employ only the 
quotients instead of the quantities themselves, on the 
principle that a fraction is not altered in value by dis- 
carding factors common to numerator and denominator. 
You may, also, in like manner, divide the first and third 
terms, when possible, on the same principle; and we 
would recommend you, in rule-of-three operations, to be 
— on the look-out for these means of simplification. 

e shall now show the application of the rule by some 
examples. 

1. If 16 ewt. cost £42 8s., how Rit veel 2. 
much will 26 cwt. cost? 16:26 ::42 8:6818 

As the answer or fourth term 8:13 20 
of the proportion is to be money, — 
the £42 8s. given in the question 843 
must be the third term. 13 

As the greater the number of — 
ewt. the greater will be the cost, 2544 
we must arrange the first two 848 
terms of the proportion, so that — 
the second may be the greater; 8)11024s, 
consequently, the stating will be ——_ 

16 cwt. : 26 cwt.:: £42 8s. : the 2,0)137 8s. 
required fourth term. But as = 
the first and second terms are £68 18s, 
1 in the same denomina- 
tion, namely, ewt., no reduction of them is neces- 
* See ante, p. 442. 


other, the abstract ber | ;. we therefore, in the stati entirely dis- 
heron of, ill the peestties sea udiesedl do. dive | eageed thls Gotenatn clantialantinn mated <iy the 
same denomination, * Ww is i 


2; we, therefore, replace them by the quotients 8 and 
13; and it now only remains to multiply £42 8s, by the 
number 13, and to divide the product by 8, to get the 
sum of money required. For convenience, we reduce 
the given sum to shillings; thus bring ont the answer 
or required fourth term in shillings, and then convert 
these into pounds. When the work is finished, as 
here annexed, we complete the proportion, in the 
stating, by putting the result, viz, 18s. for the 
fourth term. 

You see that, by dividing the first and second terms 
in the stating by 2, we have effected a little saving of 
figures in the work: but we might have simplified 
further, and have shortened the operation still ca 
dividing the third term and the reduced first term 
by 8; so that, haying re; to the . 


utmost attainable simplicity, we ; a 

should have proceeded with the pre- 16:26::42 8 

liminary yeni as here annexed, 8:13 

and thus havereduced thesubsequent  - 1;13:: 5 6 

work to the small amount of 13 

here shown; 13 times 6s. is : — 
that is, £3 18s,: putting down the £68 18s. 


18s., and carrying the £3, we have 
13 times £5=£65; and the £3 carried makes £68. Here 
is another example. 
2. If 28 persons reap a harvest in 36 days, how many 
will be required to reap it in 21 days? 
As the answer is to be number of persons, the 28 
persons given in the question 
must be the third term of the Persons. Persons, 
proportion; and asthe fewer 21: 36:: 28 : 48 
the days the greater must be 7: 12 ; 
the number of workmen, we 23193; <4 
arrange the first two terms of 12 
the proportion so that the _ 
second may be the ter ; 48 persons. 
the stating is, therefore, 21 
Savaton days:: 28 persons: the number of persons 
u 


But, as the first two terms are in the same denomina- 
tion, we suppress denomination, and use only the 
abstract num 21:36. These we see have a common 
divisor, 3; we therefore replace them we quotients 
7:12; but the 7, and the 28 in the term will 
divide by 7; we thus get the stating in the simple form 
1; 12:: 4 persons; and then as in the margin. 

One example more must suflice, 

A mass of 106 Ib. of Australian gold, sold at the rate 


s. a. 
6 8 


£ 
cause the ter 1 oz. :1061b.:: 3 : 4240 
sum must i ee 12 20 
fourth, we see that —_- 
the first and second 1272 66 
terms differ in de- 800 12 
nomination ; we —— 
must, therefore, re- 12)1017600 800 
duce the second to —— 
ounces, before we 2,0)8480,0 
can regard the ——- 
stating in the proper £4240 _ 


form for working : 
with: it then becomes 1 oz. ; 1272 oz.:: £3 6s. 8d. 

The common denomination ownces is now sw 
and, for convenience, the money is reduced to pence, the 
denomination in which the required fourth term must 
therefore appear: we have then merely to multiply 800° 
pence by the abstract number 1272; and the required 
value comes out 1017600 pence ; for, as the first term is 
1, there is no division. 4 

Instead of making 1272 the multiplier of 800, we make 
800 the multiplier of 1272, for convenience ; as we know 
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PROPORTION. | 
that the number, furnished for the product, is the same 
in one case as the other; this number, therefore, re- 


ie ag many pence ; which, when reduced to pounds, 
is 
The following are a few examples for exercise :— 
Se ee erate sche a cost 7— 
D 


Ans. ; 
ep If 148 gallons cost £119 10s., how many gallons 


£89 12s 6d. buy ?—Ans. 111. 

if Asoo is the value of 2 qr. 24 Ib. at £5 7s. 4d. per 
ewt. /—Ans. £3 16s. 8d. 

(4.) What is the income of. a person who pays 
£22 7s. 5d. for income tax, at the rate of 7d. in the 
pound ?—Ans. £767. 

@) 44} guineas used to be coined out of 1 lb. of 

gold: how many sovereigns are now coined out 
of this weight —Ans. 4633. 

(6.) 663. are coined out of 1 lb. of standard silver: 
What is gained in coining £100 of silver, if the price of 
the silver be 5s. 2d. per oz. —Ans. £6 9s. 

The Double Rule of Three—The double rule of three 
is so called because there are at least two single rule-of- 
three statings implied init. The following is an example, 
namely :— 

If 12 horses plongh 11 acres in 5 days, how many 
horses will plough 33 acres in 18 days? 

This may be divided into two single rule-of-three 

tions ; thus—Ist. If 12 horses plough 11 acres, how 
many will plough 33 acres in the same time ? 


11; 83 :: 12 horses ; 2*58 horses = 36 horses. 


2nd. T£ 36 horses can perform a work in 5 days, how 
many can perform the same in 18 days? By the former 
rule, 


18: 5:1 36 horses ; 2X F horses = 10 horses. 


It is plain that by these two single rule-of-three opera- 
tions, the correct answer to the apes is obtained ; 
but it is more readily obtained by the following arrange- 
ment :— 


11; 33)... 12x 33x 5 
18: 5 *: 12 horses : ere oO cect: 


The fourth term of this compound ion, as it is 
called, being got by multiplying the third term by the 
, and dividing by the pro- 


Sries of the 
uct of the antecedents ;:and it is by the same multipli- 
cations and divisions that the final result is arrived at in 
the two distinct statings above. This more compact form 
of working is described in the f ing rule :-— 

Rore.—Put for the third term that one of the given 
quantities which is of the same kind as the quantity 
ome just as in the single rule of three. 

en taking any pair of the remaining quantities like 
in kind, complete the stating, as if for the single rule of 
three, paying no regard to the other quantities, or rather 
considering them to remain the same, 

Then vanother pair, like in kind, as a new antece- 
dent and co; to be placed under the former pair ; 
these, with the third term above, completing a second 
single rule-of-three stating. And proceed in this way till 
all the pairs are used. 

Multiply the third term by the product of all the con- 
sequents, and divide the result atoat product of all the 
antecedents, and the answer will be obtained. 

Each given antecedent and consequent is of course to 
be as an abstract number. It is convenient to 
indicate merely the several multiplications, at first, to 

the divisor under the dividend, in the form of a 

ion, as in the above example, and then, before per- 

forming the tions, to expunge factors common to 
numerator denominator. 

Examrpte.—If £15 12s. pay 16 labourers for 18 days, 
how many labourers will £35 2s. pay, at the same rate, 


for 24 days? 


As the answer is to be a certain number of labourers, 
the given 16 labourers is to be the third term; then 
taking days for the first antecedent and uent, and 
money for the second antecedent and consequent, attend- 


ing to whether either consequent should be greater or 
less than its antecedent, as in the former rule, the 
operation is as follows :— 


£15 12s, 2 £359, } 2+ Wlabourers ; 27 labourers 
20 20 


312 702 therefore 
16 x 18 X 702), _ 4x3X351),), _ 351). _ 
TREAT) lab. sé lab. or lab. = 27 lab. 

The 18 is placed in the second term, because fewer 
labourers are required for 24 days, the work being the 
same, than for 18; and the £35 2s. is placed in the 
second term, because more labourers can be paid for that 
sum than for £15 123., the time being the same. If the 
question had been worked by two single rule-of-three 
statings, we should have had 


Ist. 24 : 185: 16 lab. 7 OX Bob, =12, 


; .16x18 1618x702 . 
12 : : vis 
2nd. 312 : 702 :: ai lab. : 24312 lab. = 27 lab. 


You see, therefore, that the double rule of three merely 
compounds the several single proportions into one; it is 
thus called compound i 

We add two examples for exercise in this rule :— 

1. If 8 persons can be boarded for 16 weeks for £42, 
how long will £100 support 6 persons at the same rate? 
—aAns. weeks. 

2. If a ily of 13 persons spend £64 in butcher's 
meat in 8 months, when meat is 6d. per lb., how much 
money, at the same rate of consumption, should a famil 
of 12 persons spend in 9 months, when maeat is’ Ghd. 
per lb. Ans. £72. 

In this example, there would be three separate statings, 
if the question were worked by the single rule of three ; 
these are here to be compounded into one. 

Decimals.—It was observed at the commencement of 
this chapter, that in our system of arithmetic, numbers 
are expressed in the decimal notation, and the reason for 
this designation Was stated :—it is simply this—namely, 
that the unit of any figure in a number has a value of 
ten times the unit of the figure in the next place to the 
right. Thus, in a number consisting of unit-figures—as for 
instance, in the number 1111—the second unit, beginni 
with the right-hand one, is 10 times the first, the third 
10 times the second, the fourth 10 times the third, and 
so on; or beginning with the first on the left, the second 
is the tenth part of the first, the third the tenth part of 
the second, and so on till we come down to the last unit, 
which is merely one. Now, we may evidently extend this 


| 


principle still further; and, on the same plan, may repre- — 
th 


sent one-tenth of one, one-tenth of this, or one-h 


it is easy to interpret such a number as 367427: it is 
36+ ip x60 + xylou 5 each figure, to the right of the 
point, fe fraction of a known denominator ; the de- 
nominator being 10 for the first figure, 100 for the second, 
1000 for ane = ve a u sui - the cre es 
represen y ti imal “427, above, is obviously : 
in like manner, the fraction expressed by ‘2643 is brit 
and in the denominator of the equivalent fraction 
is always 1 followed by as i zeros as there are decimal 
places, the numerator being the number itself, when the 
prefixed dot, or decimal point, as it is called, is sup- 
pressed. You will thus easily see that the following are 
so many identities—namely :— 
24°6= 24%) 5 136°54= 136) 5 73641 = 73; 5 2°07 = 2rhy. 
Any decimal may therefore be converted into its equi- 
valent fraction at sight: it will be shown presently how 
any fraction may be converted into its equivalent decimal, 
though not with the same rapidity. 


| 8, we have j= 


| it is enough that we proceed as if 
| they were inserted, as in the mar- 
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It is pretty evident that whatever whole number be | is, in fact, a fraction with that number, the decimal 


prefixed to « decimal, the same may be prefixed to the 
chon taking thay fraction Sean — that decimal : 
us, i i ues, we have 
246— 44) ; 136-54—=1993*; 73 GAl = Yd 5 2°07 = 755, 
for this is only reducing the foregoing mixed quantities 
to improper fractions. 
To reduce a Proper Fraction to a Decimal. 


Rvie.—Annex a zero to the numerator, and then 
actually divide’ by the denominator: if there be a re- 
mainder, annex another zero, and continue the division, 
still annexing a zero, either till the division terminates 
without remainder, or till as many decimals as are 
considered are obtained; the quotient, with 


the decimal point before it, will be the value of the 
fraction in decimals. 
For example: let it be required = 8)3 000 
| to express @ in deci ; the opera- — 
tion 1s that in the margin. That 3 375=3 


= ‘375 is easily proved ; for $= 3484; E 
consequently, dividing numerator and denominator by 
= 375, from the very nature of 
decimals. If au sproper fraction 


had been chosen, the operation would 8)19-000 
clearly.have been just the same, only — 
there would have been an integer 2°375 


prefixed to the decimal: thus, the 

operation for 4? would have been as here annexed, show- 
ing that ¥Y=2375. We need not take the trouble of 
actually annexing the zeros, as here : 116 


example, for reducing ,‘; to a 5454, do, 


ecimal ; where it is plain, from the 


) remainders, that 54 would recur continually; so that 


is equal to a recurring decimal; the recurring peri 


_ being 54. As a final example, let 


it be required to convert intoa 113)8 (07079, &e. 
decimal. -When one 0 is pa to von 

the 8, the divisor 113 will go no — A 
times; therefore, the first decimal 

place is to be occupied with a 0. 791 
Annexing now a second 0, the next —— 
decimal figure is 7, and the work 109 
proceeds as in the margin: the 1017 
noughts pane: Sai anell though oe 
conceived to be annexed to the 8, 73, &e. 


and brought down one at a time, as 
in ordinary division. . The quotient shows thatyf,— 
“07079, &c.: the decimals may be carried out to any 
extent ; but if we stop the work here, the error cannot 
i se peat on 00001 ; that is, it is less than ygglggq: but 
it is obvious that, by continuing the work, we can make 
the error as small as we please. 
The following are a few examples for exercise :— ° 
L =1 875. 2.) ye '4875. 
3. =°275. f ‘) gis = 03125. 
5.) yy= 076923, do. (6.) yahpg—= 00488, Ko. 
Addition and Subtraction of Decimals.—The rules for 
these fundamental operations are in 
reality the same as those for integers. Aadition. Subtraction. 


We must here be careful not only to 23°628 . 14°705 

| place units under units, tens under 4°1056 93-9281 
fon and so on, but also place tenths . 0137 
under tenths, hundredths under hun- 0042 10-7769 
dredths, &c.: that is, the decimal 75 
points must all range under one an- 1:34 
other in the same vertical line. This 28°5015 0657 
attended to, the operations are justi ——— ——— 
the same as those with in See 1/2743 


the operations in the margin.) 

Multiplication of Decunals—Multiplication requires 
no special rule. The multiplier is to be placed under 
the multiplicand, just as if both were integers, no regard 
being paid to the decimal points. The only thing to be 
attended to is the marking off the proper number of 
decimal places in the product; and that is a very easy 
matter, We have seen that a number involving decimals 


; 


; pens being means for numerator, and 1, followed 


y as many ciphers as there are 
nominator, wo such fractions multi 
being the product of the numerators divi 


- 


for de- 
ed together, 


b e product of the denominators, will 23-462 
arelers be a fraction of which the deno- 17-31 
minator is 1, followed by as many ciphers as 7 
there arein both factors. Consequently, in the 23462 
multiplication of deci as many decimal 70386 
places are to be marked off in the product as 164234 
there are decimal places in both factors. 23462 
The example in the margin will suffice for .————. 
illustration. As there are three decimals in 406°12722 


the multiplicand, and two in the multiplier, 
Jive are marked off in the product. 

Divi of Decimals.—This operation, like that of 
nna plontiers is the same for decimals as for in Ne 
and the way to estimate the number of decimal p 
in the quotient is suggested by the plan adopted in 
multiplication. 

All the decimals employed in the dividend, including, 
of course, whatever ciphers may have been added to it 
to carry on the division, are to be counted. We have 
Sen coy to provide so many in the quotient, that when 


added to the number of them in the 
divisor, we may have just as many 2°35)23-621(10°0515 
as i. the dividend. ie 235 
the quotient figures, tho 
a Tachadle be 


all be considered as 121 

too few in number to make up, 1175 

with those in the divisor, the num- — 

ber in the dividend, then ciphers 85 

sufficient for this purpose are to be 235 

prefixed to the quotient figures,.and_ ad 

the decimal point to be placed before 115 

them. (See the second example in 1175 

the margin.) In the first of these 

examples, siz have been used inthe  32:4)'86 (0265 

dividend, and as there are two in 648 

the divisor, there must be four in ~ 

the quotient, which is therefore 212 

10 0515. The last decimal, 5, is a 1944 

little too great; but it is easy to see — 

that if we had made it 4, the error 176 

in defect would have exceeded the 1620 
resent error in excess; and in — 

fimiting the number of decimals, 140 


ace the eae prea Haseena five 
near the truth as i the second examp 
decimals have been used in the dividend ; and as 
is but one in the divisor, fowr are required in the quo- 
tient ; and to make up this number, a cipher is ss 
The quotient is, therefore, ‘0265, as far as the deci 
bass Dae carried :, that is, to four places. F 
The following examples will serve for exercise in these 
two rules ;— 
321096 x 2465 = 079150164. 
2.) 464°3x 00521 = 2419003, 
3.) 56°10833-17 371=3:23, °. _ , pore! 
4.) 2419003+-4643= 00521. ‘ 
Extraction of the Square Root.—If a number be mul- 
tiplied. by’ itself, the product is called the owe 
or the square, of that number. If this also be multipli 
by the same number, the product, is called the third 
power, or esp of ay a and so Cy for 
ourth power, power, &e, is raising of powers, 
vrnich is involution, is therefore nothing more 
than the multiplication together of equal factors, and is 
easy enough. But the reverse operation—that is, to find 
the factor which, involved in this manner, shall produce 
a given number—is a problem not so yg Spt of. 
The factor referred to is called the root of wer ; so 
that the reverse problem spoken of is the problem of the 
extraction of roots, To extract the re root of a given 
number, is to find a number which, when squared, or 
raised to the second power, or, which is the same thing, 
when multiplied by itself, shall reproduce the given 
number. The rule for this operation is as follows -— 
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Ruie.—Commencing at the units’ figure, cut off two 
figures, then two more, and so on, thus dividing the 
number into periods, as they are called. 

If the number of figures be even, we shall therefore 
have two in every period ; but if odd, the first 
period, on the left, will have but a single figure. 

Take the square root of this first period, or find the 
root of the nearest square to it, which nearest eaners is 
not, however, to be greater than the number forming 
the first peri The root thus found will be the lead- 
ing figure of the root of the proposed number, and the 
ee ee from 

Pere 

To the remainder annex the second period: the re- 
sulting number will be the first dividend, and the divisor 
for it is to be found as follows :— 

Put twice the root-figure, just found, in the divisor’s 
place ; the leading portion of the complete divisor will 
thus be obtained. This leading portion, as in common 


eens nee tomeyoet te nding quotient- 
figure, which is now to be fou annexed to the 
former root- and also to the leading portion of the 


divisor employed in finding it: the divisor will then be 
completed ; so that proceeding as in common division, a 
iohbene: roiey seat atdand wil elk 5:28 
united, a 
Yo find the corresponding divisor, put twice the 
, of two figures, now in the root’s place, in the 
's place: we shall thus have the eading portion 
the com divisor, by aid of which a third root- 
found ; which, as before, is to be annexed 
and also to the incomplete 
divisor, in order to complete it; and the work is to be 
then carried‘another step, as in common division ; and so 
on, till all the periods have been brought down, and 
step after step, to the successive remainders, 
thus supplying the successive dividends. If there be a 
denatator after all the periods have been brought down, 
ion may be continued by annexing successive 
iods of ci, to the peestthe Beamer, Re or suc- 
cessive periods of the decimals in the given number, 
should any be there: in either case, the root-figures 
become decimals from the time that ciphers or decimals 
cha the ultiplied by itself prod the nal 
root multipli ry i produces origi 
‘teaitaal tases 


5 


127 29 
c "e 
1348)10784 381)400 
10784 381 
(2.) 31,6406, 25(5625 $8204)190000 
25 152816 
106)664 382089)3718400 
636 
1122)2806 3820987)27959900 
2244 26746909 
11245)56225 1212991, é&c. 
56225 


The symbol for the operation of the square root is / ; 
which is no doubt a d sraniaied form of r, the initial 
letter of the word iz, or root; it appears from the 
rt ty = eae orgy 
py =678; ./31640625=5625 ; »/3°65=1-910497, 

last root being true as far as the sixth decimal 


t. : 


By the same process it is found that 
1.) ./473256=687 936. rR »/ 784375 = 28 0067. 
3.) /11=3 316625. 4.) ./3236068= 5688645, 
Dd.) rf T945=./794'2= 28 18155425. 
A Taste of those Factors of the Composite Numbers from 75 
te OM, which fall within the limits of the Multiplication 
le. 


No. Factors. | No. Factors. No. Factors. 

75 55 3 | 1078 11 7 7 2'|/ 3969 9 7 
98 ee hee , 1089 lil 9 3993 lll 3 
105|-7 5 3 1125 9 5 5 5 |} 4032 8 8 7 
112 872 1134 9 9 7 2 |} 4096 88 8 8 
125 5 5 5 1152 | 1212 8 4116 Ws Fin Fi 
126 97.2 1155 | 11 7 5 8/]/ 4125/11 5 5 5 8 
128 8 8 2 176 8 7 7 3 || 4158 ll 9 7 6 
135 953 1188] 1211 9 4224 11 8 8 6 
147 7738 1215 9 9 5 8 |} 4235 ll 7.5 
1544} 11 7 2 1225 7 7 5 5 || 4312 1187 7 
162 992 1232] 11 8 7 2 |} 4356 lll 9 4 
165] 1 5 3 1296 | 1212 9 4374 999 6 
168 873 1323 97 7 8/|/ 4375) 7 5 5 5 5 
175 7565 1331 llilil 4455 ll 99 5 
176| 11 8 2 1344 8 8 7 3 || 4536 998 7 
189 97383 1372 77.7 4 (|| 4603 988 8 
192] 12 8 2 1375 | 11 5 5 5 |} 4704 2877 
196 Sal a 1386 | 11 9 7 21) 4725; 975 5 8 
198] 11 9 2 1408} 11 8 8 2 || 4752 ll 9 8 6 
216] 12 9 9 1452 |] 121111 4902 | 7 7 7 7 3 
224 874 1458 9 9 9 2] 4851 how] 
225 955 1485] 11 9 5 3 || 4923 118 87 
231) 117 3 1512 9 8 7 8 || 5082 lll 7 6 
242) 1111 2 1536 8 8 8 8] 5103 99 7 
243 993 1568 877 4/)/5145| 77758 
245 775 1575 9 7 5& 5|| 5184 998 8 
252) 12 7 3 168} WL1L 5292 12977 
256 884 1617 ll 7 7 3]) 5324 llilll 4 
264; 11 6 4 1694} 1111 7 2 || 5346 ll 9 6 
275) 11 5 5 1701 9 9 7 3)’ 5376 128 8 7 
283} 1212 2 1715 77 7 5} 5445 llll 9 5 
204 776 1728 | 121212 5488 | 8 777 2 
27) 119 3 1764 97 7 4/4) 554 1l 9 8 7 
S08; 117 4 1782 ll 9 9 2]/ 5625 /-9 5 5 5 5 
315 975 1792 8 8 7 4/)) 5632 ll 8 8 
324 994 1815] M11 5 8] 5775 | 11 7 5 5 8 
3836) 12 7 4 1848] 11 8 7 3 || 5808 lll 8 6 
343 ( Re | 1875 |5 5 5 5 8 || 5832 9 9 8 
352]; 11 8 4 1925 | 11 7 5 5 |) 5929 lll 7 7 
363 | 1Lll 3 1936 | 1111 4 4) GO48 12,9 8 7 
375 5 5 5 3|| 1944 9 9 8 3 }| 6075 95 5 3 
378 976 2016 9 8 7 4)) 6125 75 5 
384 88 6 2025 9 9 5 5 |) 6144 m8 8 8 
385] 117 5 2048 8 8 8 4/| 6174 77 

392 877 2058 7:7 7 6 4237 11997 
396) 119 4 2079} 11 9 7 38 || 6272 7 Se 

405 995 2112} 11 8 8 3 || 6336 11 9 8 8 
432] 12 94 2156 | 11 7 7 4 |) 6463 IL thE 
441 9) '%: 7 2178 | 1111 9 2 || 6534 lll 96 
448 88 7 2187 99 9 3 || 6561 999 
462] 117 6 97 7 &// GIs} 977 5 8 
454) 1111 4 2263 9974 lull 5 
486 996 9 8 8 4/| 6776 llll 8 7 
495] 11 9 5 2352 8776 997 
504 98 7 2376 ll 9 8 3/] 6875) 11 5 5 5 § 
512 88 8 2401 7:7 7 7*+) 6912 9 8 8 
525 7 5 5 3|| 264] 11 8 7 4)) 7056 8772 
528) 1211 4 2475] 11 9 5 5 |) 7128 ll 9 9 8 
539] 11 7 7 2541 1L11 7 3|) 7168] 8 8 8 7 2 
567 997 2592 9 9 8 4] 7203 | 7 x 3 
576 1212 4 2625 | 7 5 5 5 3) 7392 W211 8.7 
588) 12 7 7 2646 97 7 6/ 745/11 95 5 8 
54] 1 9 6 2662] 1L1LM 2 | 7546/11 7 7 7 2 
605) 11 & 2673 | 11 9-9 3 || 7623 in 8s 
616) 118 7 2688 8 8 7 6 || 7744 lll 8 8 
625 5 5 5 5 || 2695] IL 7 7 5 || 7776 12 9 9 8 
648 99 8 2744 8 7 7 7 || 7875 5 5 5 
672] 12 8 7 2772] 11 9 7 4/| 7938 | 9 9 7 7 2 
675 9 5 5 3|| 2816] 11 8 8 41) 7986 llll ll 6 
686 77:7 «2]| 2835 9 9 7 5]/ 8019 ll 99 9 
603/ 119 7 2904 1111 8 3]|/ 804) 9 8 8 7 2 
704) 11 8 8 2916 99 9 4]/ 80355)/11 7 7 5 8 
726 ll ll 6 3024 9 8 7 6 || 8192 88 8 44 
729 999 $025 | 1111 5 5]| 8232; 8 777 8 
735 77 5 3 || 3072 8 8 8 6]/ 8316 1211 9 7 
756) 29 7 3087 9 7 7 7 || 8448 1211 8 8 
763) 12 8 8 3125/5 5 5 5 5] 805; 99753 
784 8 7 7 2) 3136 8 8 7 7 || 8575 7. 8s 
7 1211 6 $168 11 9 8 4] 8624/11 8 7 2 
$25] 11 5 5 3 || 3234 1l 7 7 6 |) 8712 1111 9 8 
$47 | 1111 7 3267 | 1111 9 8 |} 8748 1299 9 
864} 12 9 8 $375 | 9 5 5 5& 3/| 9072} 99 8 7 2 
875 7 5 5 &|| 3388] 1111 7 4/]/ 9075/1111 5 5 3 
882 9 7 7 2|| 3402 99 7 6// 9216| 98 8 4 4 
891 199 3456 9 8 8 6{|| 9261) 9 777 8 
896 8 8 7 2|| 8465] 11 9 7 5]) 9317 lui 7 
924 | 1211 7 |} 3528- 98 7 7|| 9375 |5 5 5 6 58 
945 9 7 5 $/|} 3564] 11 9 9 4]/ 9108| 8 8B 7.738 
98 | 1111 8 3584 8 8 8 7 || 9504 1211 9 8 
972 122 9 9 $649 99 9 5||/ 904) 77774 
1008 1212 7 $675 | 7 7 & 5& 3) 9695/11 7 5 5 5 
1024 8 8 8 2 || 3696 ibce 8 9702 |} 11 9 772 
1029 7 7 7 8&\| 8773 17 7 74) 9801 llll 9 9 
1056} 1211 8 3872 | JL 11 8 4]/ 9856/11 8 7 44 

|| 3888 | 9 9 8 6 
3M 


_of six pounds, 


| 
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MATHEMATICS.—ARITHMETIO, 


ADDENDA. 


Tux preceding able article, by Professor Young, may 

be rendered more he Rel apecr if we extend 
5 ples therein laid down to some of the require- 
ments of mercantile life. For this p we shall 


eligible 
e hurry 


that the table subjoined be learned 
carefully by heart, use the success of the system 
depends essentially thereon. In using the table so com- 
mitted to memory, it is only required to multiply the 
value of the number of articles reckoned at a goes each, 
and reduced to pounds, shillings, and pence, by the price 
of each article. Suppose, for example, that 240 articles 
are sold at sixpence each, what would be their total 
value ? 

By referring to the table, we find that 240 articles, at 
one penny each, would amount to one pound. Now, 
multiplying this by the price in pence, we have the total 
If this sum were reckoned by the old 
method, it would stand as follows :— 

240 articles 
6 price each 


12)1440 total value in pence 


It is first 


20)120 


6 O 0 value in pounds. 

Now it will be at once seen how much time and figur- 
ing is saved by the plan we propose. The only difficulty 
is that of learning off the table: this, however, is soon 
done by any ee possessed of an ave memory. It 
may be as well that we should give the rule in an explicit 
form ; which is as follows :— 

Rute.—Suppose the number of articles to be of the 
value of one penny each, and by memory reduce the 
amount to its value in pounds, shillings, and pence. 
Multiply the value so obtained by the price in pence, 
and the total will be the sum sought. If farthings con- 
stitute of the price, then the fourth for a farthing, 
the half for a halfpenny, and the three-fourths for three 
farthings, of the value of the article at a penny, must be 
added to the sum obtained. 


Pence Table reduced to Shillings and Pounds, 
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It will be seen that the above table contains the value 
of so many articles at one penny each. We have restricted 


it to every five shillings of value ; and if any intermediate 


— 


lowest in amount, as found in the table. The 
examples will assist our readers in acquiring the use 
this method :— 
How much will 550 articles at 7d. each come to? 
550 atapenny = £2 5 10 
Multiply by 7 


£16 0 10 Answer. 
How much will 768 articles at 83d. each amount to? 
768 ata penny = £3 
Multiply by 


id. 
h a es Ceatty easemeett die aration yon 
ow simp is; we 
convinced, from wre fom experi that its use will 
prove of great advantage to all engaged in commercial 
pursuits. If the price of the articles involves nln, 
the values may be obtained aga by the num 
of shillings, and reducing & uct to pee &e., 
adding this to the amount of the cost of article in 
the pence, as obtained above. Of course, if are 
ooh be feo then a number of ae — be mul- 
ipli the num! i nun follow- 
i pcre tionary 7 gd 
uired meeriDona wotngin want rey vem « 
sd. 
250 at £1. . . . = 250 00 
250,, 2%=7;,0f fl = 25 0 0 
We hte oe 
8 6 8 


£283 6 8 Answer. 
(Ep.) 


The following table of aliquot parts may be frequently 
found useful :— 


A Table of Aliquot Parts of Money and Weights. 


AP A Pound. A Pound. 
omy lid = lb = 
Ss Pee ee 1s. Sd. ,, 
Ag 2 ” 1s, 4d. ,, 
om 3 ” 1s. 8d. ,, 
A Shilling. 33 £ 2s, di 
1d. = 4 fi 2s. Gd. ,, 
1} ” 5 ” 3s. 4d. ” 
2 ” 6 ” 4s. ”» 
3 ” 73 ” 5s. ” 
4 ” 8 ” 6s. 8d. ” 
6 ” 10 ” 10s, ” 
A Pound Troy. A Ton. 3 cwt. or 56 lb. 
60. = 10 cwt. = 238 lbs. = 
tee diem: Pie 
3 oz. owt. ” ” 
2 oz. % 2 owt. ” % 7 Ibs. ” 
1 oz. 10 dwts. $| Lowt. ,, 
lo. = } ewt. or 28 lb. 
A Cwt i4lb, = 
An Ounce Troy. | 9 qr. = 7 ibe 7 
10dwt. = Lar. 5, Hae. 
oa rE ote 
5 dwt, en] : 
4dwt. °° 8b, ;, A lb, Avoir, 
Sdwt Sgr. 4|71b ,, Son = 
Qdwt 12g 4/34 4on 5 
2 dwt. = 2 b. ” 2 OZ, ” 
ldwt. 16 gr. 95/12 5 loz. 5, 


’ 
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~ ALGEBRA. 


the most only the processes of Arithmetic, ex- 


of Arithmetic 1, 2, 3, &c.; 
and the new symbols introduced by Algebra are the 
letters of the alphabet, a, b, c, &c. As noticed at page 
433, the peculiar marks or symbols employed in any 
science constitute the notation of that science; the 
notation of bra is therefore of a mixed character, 
consisting of the of Arithmetic and of the letters 


bra will, is that a Agure 
always has a fixed and invariable signification: thus 
a3 ora 5, ora 7, conveys the same meaning to every- 
one uses the mark or symbol 3 to denote any- 

ing but three. But a letter, as a, or b, may be used 
re whatever: a3, ora 4, ora 7, &c.; 
‘ore be made to stand even for a figure 
value may be unknown to us, and which value it 
be the object of the inquiry to discover. This is 
principal advantages of algebraical notation ; 
of notation, which is borrowed from 
enables us to express the known res in 
thematical investigation by marks intelligible to 
the other part, the letters, enables us to re- 


it the 3 or quantities, at the outset wn- 
but which it is the object of the problem to 
sides the marks or symbols of quantity—the 


But 
figures and letters—other marks are introduced into the 
notation, as signs o i Some of these are used 


Eee eEs 
ae 


ergbee 
ay 


in that simple and unadorned style that no intelligent 
individual can fail to understand. We shall endeavour, 
therefore, to be very plain and simple in the language 


ees and Explanations of First Principles. —You 
already know, from arithmetic, that numbers are of two 
kinds :—abstract numbers, and conerete numbers. An 
abstract number is simply a figure, or number formed 
by two or more figures: thus, 3, 23, 147, &ec., are 
a ¢ numbers ; but 3 oz., 23 ft., £147, are concrete 
numbers. Abstract numbers merely denote how many 
times or repetitions; and, accordingly, whenever you 
use a multiplier, you use an abstract number. Concrete 
numbers denote how many things ; and some mark or 
symbol, to tell us what the things are, must always be 
joined to the figure or figures which tell us the number 
of them. The mark or symbol oz., as you know, means 
ounces ; a ge el ae and £ stands for pounds, 
in money. letters are used to stand for 
numbers, whether 


of writing down the abstract number, 23, a letter, a, for 
instance, may be put to represent 23; in like manner, 
instead of writing down the concrete number 23 ft., a 
single letter may be made to stand for it. You see, 
therefore, that a letter serves for a number of either kind, 
while a figure must have a particular symbol joined to 
it when a concrete quantity is to be represented. 

It is the business of a teacher of bra to show how 
the operations carried on in arithmetic, by the help of 
figures alone, may be conducted with figures and letters 
both. The letters, as just noticed, representing numbers, 
whether abstract or conerete, are called of quan- 
tity ; and the marks or signs which indicate operations 

ormed with the letters, are called signs of operation. 
eare now to explain to you some of these signs of 
operation: most of them, however, have been used in 

e Arithmetic. ‘ 

The mark + is the sign of addition: whenever you 
see it put before a number or letter, you are to under- 
stand that the addition of whateyer that number or 
letter signifies is meant: thus, 7-- 3, which is read 
7 plus 3, denotes that the 3 is to be added to the 7 ; 
in like manner, a + b, that is, a plus b, signifies that the 
b is to be added to the a: but you will ask—how can a 
b be added to ana? Our reply to this is, that a@ and 6 
both stand for numbers, abstract or concrete; and 
although we say, according to custom, that ‘bd is to be 
added to a,” what we y mean is, that the nwmber 
represented by b is to be added to the number repre- 
sented by a. In the case of 7 plus 3, that is, of 7 + 3, 
we can obey the direction of the sign of operation, and 
we know that 10 is the result ; but in the case of a + b, 
we cannot obey the direction of the sign till we know the 
interpretation of a and b: we can only indicate the addi- 
tion—but cannot perform it. 

The sign — is the sign of subtraction: whenever it is 
placed before a quantity, it indicates that the quantity 
is to be subtracted : thus, 7 —3, which is read 7 minus 3, 
means that 3 is to be subtracted from 7 ; and, in like 
manner, @ — b> means that b is to be subtracted 
from a In the case of 7 —3, the result of the sub- 
traction is 4; the result of a — b cannot be given 
so long as the numbers represented by @ and b remain 
unknown. 

The sign X placed between two quantities denotes the 
multiplication of those quantities together: it is called 
the sign of ages Senate ; thus, 7 X 3 means that 7 and 
3 are to be multiplied together; and, in like manner, 
a Xb means the product of a and b. In the case of 
7 X 3, the result or product is 21; in the case of a x b, 
the result remains unknown till the number represented 
by the multiplier is stated. Every multiplier, as you 
are aware, must be an abstract number; if a stand for 
the abstract number 5, then a Xb is 5 x b; that is, 
5 times b, whatever b may stand for. The sign just 
explained is not always used to indicate multiplication ; 
instead of it a dot placed between the two quantities, is 
often employed to mean the same operation: thus, 7.3 
and a.b mean the same as 7 X 3 and a X Db; and, in the 
case of letters, even this sign is usually omitted, and the 
letters simply written side by side, without any inter- 
vening po. for multiplication at all; thus ab, a,b, and 
a Xb, all equally mean the product of a and b. When 
figures are to be multiplied, some sign for 1nultiplication 
must be put between them, to prevent misunderstand- 
ing; if, when we meant 7 X 3, or 7.3, we put merely 
73, we should be thought to mean seventy-three, instead 
of seven times three. 

The sign -+, placed before a quantity, denotes division 
by that quantity: it is called the sign of division; thus, 
12+ 4 means 12 divided by four, and ab means a 


be abstract or concrete. Instead | divided by 6, Division is otherwise indicated by writing 


we 
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the dividend above, and the divisor below a short sect 
as in the notation for a fraction : thus, 12+ 4 and > 


mean the same thing; as also do a+b and +. As in 


the former instances, so here, the operation can be only 
indicated, not actually performed, except in the case of 
numbers, 

The sign = stands for the:words equal to ; it is called 
the sign of equality: thus, 5 4+ 2 = 7 is a brief way of 
saying that 5 plus 2 are equal to 7; and 5 — 2 = 3 states, 
in like manner, that 5 minus 2 is equal to 3. Also 
4x+2c = 6 <, states that four times x plus twice «are 
equal to six times «; and 4 *— 22 = 2 2, expresses, 
in symbols, that four times 2 minus twice x is equal to 
twice x. 

A figure, or number, prefixed to a letter, as a multi- 
plier, is called the coefficient of that letter; thus, 4 is 
the coefficient of z in the quantity 4a; and 6 is the 
coefficient of z in 6x. In like manner, 8 is the coeflicient 
of xy in the quantity Sry, and 23 is the coeflicient of xyz 
in the quantity 23xyz. 

Every quantity which, like each of those just noticed, 
is not separated into parts by any plus or minus sign, is 
called a simple quantity, or a simple expression—or it is 
said to consist of but a single term. But when a 
quantity is made up of parts, linked together by 
plus or minus-signs, the quantity is called a com- 
pues quantity, or a compound expression. The fol- 


wing are simple expressions; they each consist of but 
one term, 


Qab Sab 
daz, Taby, 14zys, —, a? STamnzxz, é&e. 


The following are compound expressions: the first 
consists of two terms, the second of three terms, and 
the third of four terms. 


5a — 2b, 3ax + Bby — 42, Lazy — 2 — 2am + Ben, 


You see what in Algebra is meant by a term and an 
expression ; the first row of quantities above, is formed 
by six distinct expressions, each expression consisting of 
only one term: the second row is formed by tliree expres- 
sions, of which the first consists of two terms, the second 
of three terms, and the third of four terms. The first 
row is a row of simple expressions, the second a row of 
com) expressions, i 

e shall now give you a few easy exercises by which 
you may prove to yourself whether you fully understand 
the meaning of the signs: already explained. You must 
not forget that whenever two or more quantities are 
placed side by side, without any sign of operation be- 
tween them, the multiplication of those quantities, or 
rather of the numbers they represent, is always meant. 


EXERCISES, 
Nors.—In these exercises a=4, b=2, c=8, d=5, m=8, n=1. 

All that you have to do is to give these interpretations 
to the letters, thus translating the algebra into arith- 
metic, and then to put down the numerical value of each 
expression. ‘To prevent mistakes we will here show you 
how to deal with example 4; that is, with 2lm—9d. “As 
m is presumed to stand for 8, and d for 5, the translation 
of the expression is 21 x 8—9 x 5; that is, 168—45— 
123, which is the numerical value of the proposed expres- 
sion, on the ee that m and d stand for 8 and 5 
respectively. d in a similar manner are all the other 
examples to be treated. Do not forget that when the 
multiplication of numbers is indicated, the multiplication 
sign must be interposed between them. 

_ Find the values in numbers of the following expres- 
sions :— 


1. 3a-+ 4e* 6. 3a-++ 4b — Se 
2. Se — 2a fas tno Bb 
3. 13m +b 8. 14 — 3c m 
4. 2im — 9d 9. 11b+n—13 
5. 74+ 4n — 20 10, — 4d +- 5m — 2n 
* The Answers E i 
a The Anawers to all the and Questions in this Chapter will 


3m m 
1). eh 3 


13, et bmn ‘ 
LM. 3a — 4b +-Ce—2 
10 


15. 3ab +- dm — 5b +- Gen —9 X 2 
16. 2alm — 3edm +- ste 


17, 5am — 2he +n—49__ 
Se eon 
aig 5 m--n 
te at. bed +d 

The first ten of these exercises are free from fractions : 
the next four all contain algebraic fractions: the four- 
teenth is a single fraction ; it is an algebraic expression 
consisting of but one term. The numerator of this 
expression is, however, a compound quantity, as it is 
made up of simple quantities, united r by the 
signs -+- and —, The leading term in of the above 
expressions, with the exception of Exercise 10, has no 
sign prefixed to it. You must take notice that a term, 
without any prefixed sign, is always to be as 
plus: the actual insertion of the +, before a leading 
term, is unnecessary ; since, when it is minus, the sign 
— is always put before it. The plus quantities are all 
called positive quantities, and the minus quantities, 
negative quantities. There is another thing which you 
ainet a pe tiny en You know that a ee 
multiplier prefixed to a letter, or to a group of letters, is 
called the coefficient of the letter or letters connected 
with it, Now, although no coefficient should appear 
before a letter, you are not to say that the coefficient is 
nothing, any more than you are to say, when the plus 
sign is absent, that the sign is nothing; the second term 
in Exercise 3, is + b, that is, plus once b, and the 
coefficient 1, although not actually written, is to be 
understood. If the question were asked, therefore, 7 
should say that the coefficient of the b is 1: this 1 is 
omitted from before the b on the same principle that the 
+ is omitted from before the 13n; the insertion of 
either would add to the number of symbols, without 
adding any clearness to the m ion ; 


12, e+ $4 — 2¢ 


eaning of the expression ; 
for 13n + 6 can never be mistaken for anything but i. 13n 
+ 10, that is, thirteen times n plus b; or, as an algebrai 
would read it, thirteen n plus b; the word times being 
suppressed. Exercise 15 would be read thus: three a, 
b; plus d, m; minus five b; plus six c, ns minus twice 
nine, or 9 times 2. 

From your recollection of the terms employed in com- 
mon arithmetic, ‘be know the meaning of the word 
factor: the num which, multiplied together, give a 
product, are called factors of that product: so here, in 
algebra, every multiplier is a factor: thus the factors of 
5aay are 5, a, x, and y: the factors of beyz are b, ¢, y, 
and z, A product is not altered by changing the order 
of its factors : the following different arrangements of 
the factors all imply the same product : eves bycz, eyzb, 
&c., &c. ; but it is usual, when letlers are to 
write them one after another in the order in which they 
follow in the alphabet; so that the first of the above 
arrangements would be that generally adopted. In a 
similar way, since quantities connected together, some 
by the additive or positive sign, and others by the sub- 
tractive or negative sign, furnish the same eg Hh 
whatever order they succeed one another, the order 
upon is mere matter of accident or choice: Exercise 10 
is the same expression whether written 
— 4d-+ 5m —2n, or 5m —4d— 2n, or —2n—4d+ 5m; 
but the second of these ways would be preferred simply 
pote a sign : thus saved. sis leading para there 

ing positive, the leading sign +- is dispensed 

Froii the explanation« that have now been given, and 
from the practice afforded by the exercises already 
worked, you must perceive this fact—that although the 
sign + before an algebraic quantity is a direction to 
a p and the see SS eS ae 
cannot, in general, obey these directions till t ( 
is converted into arithmetic, by a translation of tho 


~~ 


ed 
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letters into numbers. But in many cases you can actually 
add and subtract, though you may remain in utter igno- 
ranceas to the meaning of the letters: there is such a thing 
as addition of algebra as well as addition of common num- 
bers; and subtraction of algebra as well as arithmetical 
subtraction. We shall now introduce you to these 
operations ; you will at once see how it happens that 
you can actually perform the operations indicated by +- 
and —, even upon quantities whose values are unknown, 
by examining a simple instance or two, before proceeding 
to Rutes. Suppose we have such an expression as 5ax 
+ 3ax — Tar + 2ax — ax; you would surely not re- 
quire to know what ax stands for, before you could 
perform the operations indicated by the signs; you 
would say to yourself—whatever thing az may represent, 
5 plus 3 of them must make 8 of those things : 8 of them 
minus 7 of them leaves one ; this, with the two following, 
make 3 of them, which diminished by one, gives 2 of the 
things, whatever they be, as the amount of the whole 
row ; you would thus be sure that the result is 2ar ; you 
would thus state with confidence that 


be able of yourself to put the proper simple value, on 
the right of the sign of equality in each of the following 
cases 


1. 2ry — day + 132y + 32y = 
2. — axz — 7axz +- llaxz +-arz = 
. Imnz +- Smnx — 13mar = 


3 
6G 5 atte 


ADDITION, 
Addition of algebra is the finding the amount of a set 
ot quantities, of which some are additive, and the others 
subtractive. It differs, therefore, from addition in com- 


mon arithmetic in this ; that, in the latter operation all 
ey eae hgedpeentie mic of apr lea ge 
combines the two operations which, in arithmetic, are 
called addition and subtraction. a 
Case L.—When the quantities to be added are all like 
Rozz 1. wid the ser of the positi i 
ULE sum positive coefficients, 

2. Find the sum of the negative coefficients. 

3. Take the difference of these two sums, and 
prefix to that difference the sign belongin 
to the greater sum. 

4, Annex to the difference the letters common 
to all the quantities, and the correct sum 


will be obtained. . 
1. 2. a 
7x 

ba —3e 2ay 

— 2a —2zr — Say 

ja 132 ay 

—da —@ — Yay 

9a liz — Say 

+ sty . 
2ar Sanz — 3bey 
oi aaa 
_ 2anz 

dav — by — 3axz — red 
Gax +- 7by — daxz + 4bcy 
lav +- lly — Ganz +- 3bey 


The fourth and fifth of these examples each consists of 
two vertical rows of like quantities ; the first row is always 
that which is first An umdaienean, he 
with the column at which, in arithmetic, we end. 


reason why the columns are added up in this order is, 
that it is more convenient to write the results of the 
several columns, with the proper signs, from left to 
right, than from right to left. 

From carefully looking over these examples, you will 
see that the only work performed is the adding up of all 
the positive coefficients in each column, and all the nega- 
tive coefficients in separate totals, and then writing the 
difference of these sums for the coefficient of the result, 
prefixing to it the sign belonging to the greater of the 
two sums, and then writing against it the letters common 
to all the terms in the column. The work, therefore, is 
purely arithmetical; the letters in the finished result are 
simply copied from the terms above, 


EXAMPLES FOR EXERCISE, 


1 + F 3. 
2b sax 6Ly 
7b — 2ar Sly 
95 3ax — dby 
116 Jax — bby 
— 36 l2axr Tby 
4. 5. 6. 
3ary 4e + 32 Sax — 2bz 
— ary 2a — 7x Sav +- 3bz 
— 2ary Ga — 2e — dar — 8bz 
Jaxry ja+ @ — 2axv +- Gbz 
— llary —a— vz Tax — 4bz 
7 8. 
8pqy +- 3mrx — n 4ayz — 2ab 
2pqy — dmx +- 2n 3ayz + 7ab — 6 
— 3pyy — 2mx — bn — 2ayz —3ab-+- 7 


Apqy +- Gma +- in — Bayz -+-d4ab-+ 9 
be — 32 3 $3 
— abz— a— 9aca -+- 2bey — kg 
—2abz-+- w2—2a 2acxe — They +- 3kg 
—4dabz— Tx +2 — dace — 3bey — 2ky 
5abz — 13x + 4a ace + 8kg 
llabz ; 5a Jacw — 5hey 
—4dhey— kg 
4 ll. 12, a 
3z abe — 17 34ky — 3mz-+ abe 
5abe +- 4mp — léky ++ 9Imz — 8abe 
Tz — 2abe re 3mp wa imz 
5z 9m, dky 6mz — 3abe 
18abe — 2mp — b5ky ++ 7abe 


2ky — llmz— abe 


Add together the following quantities ;— 


13. 7abz—3cey+-2mz, bz—iT mx, 4cey+-max, +-9mzx. 
14, ta Gar, Hpqy-+ll, -+-7ga—2, —3ya—pqy, 


15. 8ary, 7ab—e, 3axy-+-2ab-+-5e, —axy—Sab—2c. 

16. 5ayz—2am-+-3bn, 7Tam—7bn, Gryz—bn, 4am—5bn. 

17. Gbew-+-3ny, 7mz, —8ny, 2bex—ny, 5ny—3mz, —2mz. 
18. Yerz—13, 7bey-+4, bexwz—Abey+-1, 13bcy—3, 4exrz—dcy. 
19. —4mpy—2ar+-3, —haxr—7, 3mpy—2, mpy+8axr-+6. 
20, —cega—4, —6ab-+2, Seyr—ab—S, 17, deya-+-7ab, —13, 


Casz Il.—When the quantities to be added are not all 
like quantities. 

When rows of quantities are arranged one under 
another, so as to present a set of vertical columns, as in 
Examples 1 to 12 above, if the vertical rows are not rows 
of like quantities, then you will have carefully to examine 
all the rows, and to pick out from among them the dif- 
ferent sets of like quantities, and add them together as 
before ; those quantities that have none like them must 
be merely connected with their signs to the sums thus 


= 
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found ; for we cannot actually add or subtract when tho 
tities are unlike. The following is the rule. 

Ruix.—Add together the different sets of like quan- 

tities ; and put down each separate result, exactly as in 


the last case ; to the sum thus found, connect, 
by the signs mging to them, the remaining unlike 
quantities. 

Al it matters not in what order a row of 


ical terms is written, yet in addition, it is usual to 
commence with the quantity at the iw of the left-hand 
and to select from among all the columns the 

passing to the quantity 


tities like it ; then 
several quantities like i ; 5 Aa together the 


at the top of the next column, to 
quantities like i, and so on. 


1. 2. 
Sr — iy +22 —Sar-+- 2by—7 
4y +62—2 3by 18 —4z 
—3r —2+a 4aw— 9 —lby 
4a +3z—y 26 -- 3axr — 2by 


6c — 6y + 82-4 2ax -- 2by + 28 — 4z 


3. 
Tay —4az +- 2be 
Gaz -+- ima — 3p 
2be — 3ry + 8az 


— ry— be — az 
— daz + 3xy — dbe 


Gry + 5az — be-+ dmn—3p 
4 


— 2yz — 3ab 

— der + 2yz + 5ad 
Jab — Sex + yz 
4ek — 6yz — cr 
2er-+ yz —8 


— dyz + 9ab — Tex + dek —8 


EXAMPLES FOR EXERCISE. 


1. 5 
2axr +- 3by +- de Say — 3az+-7 
Sly 4- 3c — ar bry +- dbx — 3 
7e dax — 2by faz — 2xy+-e 
Sez —5ar-+ 12 —19 +-az —ay 


3. 4. 
9yz +- Bax — 3be 4ab — Sed 4- Sef 


— 2en — Abe -+- 2yz —7e —4ab 
xyz + 3axr — Ayz 6ed-+- ef — be 
— 2ar— yz + Sen 2ef — 3cd +- 14 


3e -+- ab—ed 


5. 6. 

— Try — 3bz +- 4w 2amz +- 2nw, — 3bv 
— bbz +- day — 3cd 6ew —8b0 —amz 
2w — bbz +- Ixy Soe -+- damz -+- 6 
— dry + 30 — bz —amz —2lv — ine 

—16 Sry + w —tary —iU 


From comparing the examples in this second case of 
addition with those given in 
the Leanne of the several expressions to be 


; then a second set, and so on. You may thus 
taking care, however, 


that the unlike quantities be connected to the sum of the 
like quantities in the final result, 


r b. , 7bz—GO, 5-4-2427 , 4b. 2. 
ar that MA Pre oe gy as AY 


9. A}s42y—7r9, sa—iyts, Sy—5z-}-2z, 2y—3e. 

10. 8 -+as—Sb, 6o—t—Ses, a 4—78. 

ll. —Tayz—3-—2be, s—tmatp, 12be4+-32yz, —ty:—7:. 
Fa2—Sy-}12—8, —iy-—-22, fear} ty, Sy—9e- far, 


SUBTRACTION, 


Before giving you the rule for subtraction of 

we must explain the principle upon which Bape 
founded ; for whatever part of mathematics be studi 
you must never confide ina ‘‘ Rule” till conviriced 
its correctness. 

Now, let us take any two numbers at random, say 9 
ae ‘i and ~ bg ray mee to ey! te the yprcihjaved 
the former, when the algebraic si » — are, one 
or the other, prefixed to the 9 and the 4, and try to i 
down what we are certain must be the correct inder. 
You know that to subtract means to take away; if, 
therefore, we can actually take away the 4 with its sign, 
from the 9 with its sign, we shall Sa cites Gf ths uence 
sought. In order to this, let us write 9 in this form, 
namely, 9-+-4—4, which you see, although it takes $B 


more room is only 9, for 4—4 is hap From the 
thus expressed, take away the + 4, is, it 
actually taken up in your and remo’ or whi 


will answer as well, take it away by rubbing it out; what 
remains is evidently 9—4 or 5. 

Again, from the same mee for the 9, now take 
the —4 away; that is, rub it out: what remains is 
evidently 9 + 4 or 13. 

You thus see that if from a positive number, as 9, you 
have to subtract a positive number, as 4, the true 
remainder will be got by changing the sign of the 9 
number to be subtracted, and then adding, as in 4 
the in. And that if, froma positive number, 
you have to subtract a ive number, the true 5 
remainder will be got, in ike manner, by changing 
the sign of the number to be sub and then 


adding ; as in the 

Hitherto, the 9 has on supposed positive: let 
it be negative, and, in imitation of the plan above, 
let us write this —9 in the form —9 -+4+4—4. 

From the —9, thus written, take away, or re- 
move, the +-4; the remainder is —9—4, or —13, 

From the same expression for the —9, take away the 
—4; the remainder is —9 + 4, or —5. 

You therefore, that if from a negative number, as 
—9, you have to subtract a positive number, as 4, the 
true remainder will be by —- the sign of the 
number to be sub and then ing, as in 
the margin. And that if from a negative number 
you eat he ead negative Meer Ataoine 
remainder will, in like manner, be got ing 
the sign of the number to be ett J and then 
adding, as in the margin. 

This reasoning, which of course applies to any 
pair of num as well as to 9 and 4, at once 
suggests the following rule for subtraction of 4 
algebra, 

Rute.—Change the signs of all the terms in the 
ye to be subtracted, or conceive them to be 
changed; then as if it were addition 
instead of subtraction: the result will be the remainder. 


1, From 9a-+6b—be {Sin"sing {| To 9a-4+6b—be 
Take 4a—2)4+38¢ d —4a + 2b—3¢ 
Rem. 5a-+ 8b—8e ba-+8)—fo 


In the operation of:shie left, the signs of the wabicaslina 
terms are only conceived to be changed, and then addition 
performed. On the right the change is actually made, 


SUBTRACTION. ] 
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aud the terms then added. We need scarcely say that 
the results of subtraction, like those of addition, are 
written from left to right. 
2. From 4ax — 3by — Tez 
Take 5ax + 4by — 9cz—2 


Rem. —ax— Tby+ 2cz + 2 


8. From 8mz + bx —6ay—2 
Take —2mz— 3ba-+ 4ay —3 


Rem. 10mz-+ 4ba— 10ay +1 


As subtraction is thus converted into addition, all that 
has been said about addition applies of course here. 
Terms that have no like are to be brought down in the 
remainder with their signs ; those that are in the 
subtractive row with dhonpas signs. 


EXAMPLES FOR EXERCISE. : 
1. 2. 3. 
5a—by+32z 2ax-+4 Tez —ary—bar4-7 
2x-+-4y—iz Sor Oby b4es —iay+9axr—4 


4. 5. 6. 
—28ay—Mbe+6 labe+3de—Ofy  2bz—ax—m 


—18ay—9bx —9%abe—i de+5 —4bz+-2ax-+en 
Zs ; : ; 8. - 
8—642—4— 10 llex—12fz—3m 
3+5—94+2H4 ot lex+-12f2-+8n—4 
9. 10. 
—Tayz—9 2e 9cex—T aby4-2dx+11 
4ayz+8br4-2c—4d —3cex--alby—2da—3z 


In the following examples the suitable arrangement 
of the terms, so as to bring like quantities under one 
another, is left for you to manage yourself, 

11. From 5axr — 3by + 7ez take 2hy —3axr + 2ez. 

12, From — 4bz — 2cy —ar take Sax + dey — 802. 

13. From 7ay + 5b2— 16 take — 3 br + day + 3ez. 

14. From 442 — 2y +13z— 4 take 52+ 6y —}e. 

15. From —8hary — 3}b2+4m take 6)bs—dasy+2n. 

16. From 6]yz— 5jax — 2} take day — 3haxr + 4yz+ }. 


If you have correctly worked the examples now given, 

i bce / good knowledge of 

Algebraical Addition and Subtraction, and have become 

eeplss and minus 

er particulars, 

then give a short s 
wil oom, a les io th cal utility of 

some light upon the practical utility of the 

inet dike ill afer) an insight into the value of 

ic symbols in matters of calculation, and enable 

‘ x hip cages in such matters of com- 

res, 
You already know that the sign minus prefixed to a 
= indicates 


cs incte that 


tke ek loyed, it is called a vinculum, § 
emp is a ny 
eesheive the. ecole tity 4a— 2b -+ 3c to subtract 
us — 

9a + 6b — 5e — (4a — 2b +4- 3c); or 

9a + h—be— { 4a—2h + 30 } 5 oF 


9a + 6b — be — [4a — 2b + Bc]. 


factors. When the brackets are removed, the 


Such vincula as these are also called brackets. It is 
plain, from the rule of subtraction, that a bracketed 
quantity may be freed from the brackets, when a minus 
sign is prefixed to it, by simply changing the signs of all 
the terms which compose it. Thus the preceding expres- 
sion, without brackets, is, 

9a + 6b — 5e — 4a + 2b — 3c = 5a + 8b — 8c. 

And the subtraction of a compound Rg may in 
e654 be performed in this way without taking the 

uble of writing it under the quantity it is to be taken 
from. When the terms to be subtracted are all con- 
nected, with changed signs, as above, to the other quan- 
tity, we shall merely have a row of terms to be united, 
like with like, as in addition; just the same asin the 
example now given. 

If the sign plus appear before a bracketed quantity, 
then, since addition ion implies no change of sign, the signs 
must remain undisturbed, though the brackets be re- 
moved ; thus— 
9a-+6b — 5e+-(4a — 2b-4-3e) = 9a-+-6b — 5e+-4a — 26+ 3e 

=13a+-4b — 2c. 


Now, that you may never find yourself puzzled, as to 
signs, when you have to free an expression from brackets, 
always be careful to notice the sign, whether | _-, 
which precedes the bracket; fancy this sign rub out 
along with the brackets; if it be +, the terms thus set 
free present their proper signs, without any change being 
necessary. Of course the leading term within the 
brackets, if itself a plus term, as the 4a, above, will not 
have its sign 'y inserted; so that when the + 
before the bracket is rubbed out with the brackets them- 
selves, there will be a gap as between the 5c and the 4a 
here ; you need scarcely be told that in this gap the + 

to the 4a must be inserted, because 4a is now 


not a leading quantity. 


But if the sign before the bracket be —, then having 
rubbed out this sign, with the brackets, or having fan- 
cied it rubbed out, write all the terms, thus set free, 
with ed signs. For example— 

San ot at ckn (<2 em SM) = 8ax + by — Sax — Shy 


= 3ax — Qby, 
Bax + by — (— Sax — Bby) = Sax + by + bax + Bby 
= 13ax + Aby. 


You see that in the first of these expressions you have 
only to fancy that, with the tip of your finger, you rub 
out the marks +(, between the by and the —5ax ; and 
in the second expression, that you in like manner rub 
out —(, between the by and the — 5ax, and then that 
the signs of the terms thus set free are changed. B 
attending to these hints, you will not be likely ‘* to stick” 
at bracketed expressions. 

Coefficients ave frequently found before bracketed quan- 
tities : you are aware that coeflicients are multi yi or 

r is 


to be introduced into each simple term, as in the in- 
stances following :— 

3 (4a — 2b + 3c) = 124 — 6b + 9c; 6 ( — bax — Sby) 
= — 30ar — 18by 
—4(— 8r — Say + 2) = 127 + Way —8; 
2a (Sry —2h2) = Cary — 4abz. 

As already stated, brackets are not the only kind of 
vincula used to bind a set of simple quantities into one 
compound whole; a bar or line, put over the row of 
quantities, is sometimes, though less frequently, em- 


loyed ; thus, a-++- b -a—b, and a +-b—a—b, are the 
laches ateee $. anda-+-b—(a—b) ; but this kind 
of vinculum is getting out of use, though the bar or line, 
which separates the numerator from the denominator of 
a fraction, still performs the office of a vinculum when 
there are several terms in the numerator; thus, in the 


fraction—“2— YF, the minus sign, before the bar of 
operates as it would do if the compound 


—(ax—by+0), 
m 


separation, 
numerator were enclosed in brackets ; thus, 


that is, the fraction is the same rar fal 


™m™ 
We shall not detain you further with these explana- 
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tions, except to remark, that the two instances given 
before, to show the meaning of the bar-vinculum, suggest 
two arithmetical theorems, which, although ve: oie 
you will do well to remember, as they are useful. 
expressions referred to are— 
a+b+(a—b) = 2a, anda+b—(a—b) = 2. 
Now, as a 6 may stand for any two numbers 
whatever, we learn from these results that— 

1. The sum (a+b) of any two numbers, increased by 
Paha (a—b), is twice the greater number, that 


is, 

2. The sum of any two numbers, diminished by their 
difference, is twice the less ; viz., 2b. 

Take, for instance, the two numbers 7 and 3; their 
sum 10, increased by their difference 4, is 14—double of 
the greater, 7. And the same sum, 10, diminished by 
their difference, 4, is 6—double of the less; and the 
same of any pair of numbers whatever. 


SIMPLE EQUATIONS. 


We shall now show a few applications of the princi- 
ples laid down in the foregoing articles to the solution of 
simple equations. What we here propose to give, must 
be regarded, however, as only an introduction to the 
complete consideration of the subject, which will be 
resumed hereafter. ; 

An equation is merely a statement, in the characters 
of algebra or arithmetic, that two quantities are equal: 
thus, that two and five are equal to seven, is a statement 
of equality, which, when expressed in figures and signs, 
thus, 2+ 5=7, is an equation. In like manner, all these 
are equations—namely: 64+ 2—3=5, 7—4=6—83, 
2+8—1=9, 32—2=10, k&e., do, All but the last are 
purely arithmetical equations; the last is an algebraical 
equation, as it contains the algebraical character or 
symbol zx. You see that an equation consists of two 
members or sides: one on the left of the sign of equality, 
and the other on the right. These members or sides, if 
equally increased, or equally diminished, equally multi 
pai. or equally divided, give results that must evidently 

new equations, because equal quantities thus operated 
upon must give quantities for the results of the 
operations. This is a general axiom which you must 
pay attention to, as your success in solving the equations 
about to be given will depend chiefly upon your skill in 
applying it. But we must tell you what is meant by 

ving an equation. 

You are said to have solved a question in arithmetic 
when you have worked it out and arrived at the answer ; 
till you have completed the calculation, the answer re- 
mains unknown. It is the same in algebra; the solution 
of an equation is the finding the value or interpretation 
of some letter or letters, which at the outset is unknown, 
Unknown values are usually represented by letters 
towards the end of the alphabet, as 2, y, «, &c.; while 
letters whose numerical value are already known, are 
chosen from the beginning, as a, b,c, &c. In the equa- 
tion given above, namely, 31—2=10, x represents a 
number, at present unknown, such that three times that 
number, diminished by 2, is equal to 10; the operation 
by which the number, or value of x, is discovered, is the 
solution of the equation. This is effected as follows :— 

Add 2 to each side; the result is the new equation 
Sa=12; that is, 3 times x is equal to 12. 

Divide each side of this by 3: the result is c= 4: so 
that 2, at first an unknown value, turns out to be equal 

4; and you see that three times 4 diminished by 2 is 
equal to le . 

As here, so in the examples which follow, « will 
always be used to stand for the value at the outset un- 
known; so that the solution of the equation will be the 
Jinding the value of «; the operations for this purpose 
will be very easy: they are called Transposition and 
Clearing Fractions. 

Tranaposition.—The operation called transposition con- 
sists simply in taking quantities from one side of an 
equation, and putting them on the other side, still, how- 
ever, taking care to preserve the equality of the two 


sides; for whatever operations we perform, we must 
never disturb the equality of the two sides; the result 
of each operation must still be an i Now, if 
you remove a quantity from one side of an oo 
and place it on the other side; that is, if you rub it out, 
sign and all, from one side, and then write it down on 
the other, the change you thus make will not disturb the 
equality of the two sides, provided only the quantity 


rubbed out be written on other side with a changed 
sign. You will be convinced of this by an example or 
two. Let there be the equation 4e— 5 = 3x— 2: then 


if we wish the 5 on the left to be removed to the right, 
all we have to do is to add 5 to both sides of the equa- 
tion; the result is the equation 4c =32—2-+5. Here 

ft olde and put on. the. Sight soit. changed, sign._he 

t si put on ight wii sign. e 
new equation is therefore 4e=3x+43. Again: if we 
now wish to remove the 3a from the right to the left, all 
we have to do is to subtract 3a from both sides ; 
result is the equation 4a —3x=3. Here you see 
the 3a is transposed: it is taken from the right and 
on the left with changed sign. The 
therefore «=3. We have thus actually 
tion 4e —5 =3x2—2; the 2 in this 
outset unknown in value, is now fou 
for 3. If you put this 3 for the x in the proposed equa- 
tion, it becomes the numerical ee —i5=9—2; 
which you see is true, each side being 7. 

Clearing Fractions.—When a fraction occurs in an 
equation, we may clear the equation of the fraction by 
multiplying both sides of it by the denominator of the 
fraction. Son know from common arithmetic, that if 
you multiply a fraction by its denominator, the result 


is simply the numerator: thus, 5% 3=2 ie xb=4; 5x 


x30; 2 x 5 


=4z; + X 7=2a, &e. If, therefore, we have such an 


7 =2, and so on, In like manner, = 


equation as 2x + & + 2= 22—a it will become cleared 


of fractions by multiplying both sides by 3: the result 
of this multiplication is the new equation 6x 4+ 2 + 6= 
66 — 3a, which is free from fractions. To complete the 
solution of the equation, that is, to find the value of a, 
we must, by transposition, bring all the unknown quan- 
tities to one side of the equation, and all the known 
uautities to the other: we shall thus have 6x + 2 + 
c= 66 — 6 ; that is, 10x = 60: consequently, dividi 
each side by 10, there results finally x= 6: and if 
be put for « in the original equation, you will find the 
ea howd of it to be numerically equal, for each side 
i 16. 


To solve a simple equation containing only one unknown 
quantity. 

Rots I.—If there be a fraction in the equation, clear 
it away by multiplying both sides by the denominator of 
the fraction. 

2, If known and unknown quantities are linked to- 
gether, separate them by transposition ; so that all the 
unknown ote may appear on one side of the equa- 
tion, and all the known quantities on the other. 

3. Collect the terms on each side into one sum, so 
that there may be only a single unknown term on one 
of the equation, and a single known term on the 
other, 

4. Lastly, divide each side by the coefficient or mul- 
tiplier of x, the unknown quantity, the result will be x 

ne on one side, and its value or interpretation on the 
other side of the sign of equality. 

Examrte 1,—Given the equation 5s —8 = 3x +- 2 to 
find the value of As it is usual to choose the left 
hand side of the equation for the unknown mae on 
and the other side for the known numbers, we 8' 
transpose the known number 8, and thus get the equa- 
tion be = 3x + 2+ 8; then transposing the unknown 
quantity 3x, we shal! obtain the equation bz — 3x=2 +-8, 


— 


! 
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the left side of which is occupied wholly with un- 
known, and the ight side wholly with known quantities. 
Reducing now each side to asingle term, the equation is 
2x =10; and dividing by 2, there resultsa=5. The 
steps of the solution, as you would be expected to solve 
the equation, would stand as follows :— 


Given equation, 5a —8=3a +2 
transpositio: ba—3a=2+8 

fo a 

Dividing ame 5 


2, 
2 Given the equation 22—9=31— 3x to find the 
value of #. 
Pan tege eoit  akng 


; ba = 40 
Dividing by 5, 
3. Given the equation + %—22=0 to find the 


value of x. 
Multiplying by 3, to clear the first fraction, 


an + 92 — 66=0 
Multiplyi to clear th ining fracti 
nar ae de —20L = 0 on, 
Collecting,” 7 ie = 204 
Dividing by 11, oa 24 


4, Given | +5 +5 = 1, to find the value of z, 
Multiplying by 3, o+ E+ 5=3 
y byt dope m2 
” by 5, 20x -- 15x + 122=60 60 
may 47x = 00, .*, & = go=1hF 


EXAMPLES FOR EXERCISE. 


Hind the value of z in each of the following equa- 
«ons :-— 


Norz.—Since Livery A be removed if an equation 
to the other, provided ae be changed Te faliows that tf ali the 
signs on one side, and all the on other be the 
oy paca eel nar paling disturbed; for this changing of 
the signs is merely the same as ¢ransposing the two sides. 
1. 22—7=a+4 5 (3e-+-2)_ 
2 bs 3S a7, $Gs-F5)— 55 
4. 3e—1=2-+7. 18, et8_i=2-2 
cietiee | mses 
‘2 = 9, -42-2-1= 
z 3fe= 9 =0 3t3 5 e 
8. 4(@#—)D=—27+5 0, 7.2" _1_ 
9. 5 («@+-2)=2 (w@+8) 2 2°53 4 2 
10. 3 (22—3)=4 (@— 2) 21. 1— 2722 
i 27. jk Be 
eo 5 ‘ 22, da—2(3—e)= 2 t3 
an Te 4—3x_ 29 
23, 6x ens 
13. Z—i=s5 MAD ro 
24, £24 #29? 
4, £4-2=31—*% ai ea 
2" 3 6 95, 32134 11—4a 
2.2 . ———+——=0 
15. =+=+<=1 7 3 
3°.4.°6 26 z—l #-2_3—2r 
16. 2e—(48—#)=2+12 Messy peiiiens vely fer = 


QUESTIONS TO BE SOLVED BY SIMPLE EQUATIONS. 

Every question, whether in arithmetic or bra, has’ 
for its object the di of some Aadhen pind b 
means of the conditions, stated in the question, whic! 
connect it with known values. In algebra, the first thing 
to be done is to these conditions in the form of 
an equation, some letter, as «, being made to stand for 
the unknown quantity; the solution of the equation is 

* The sign .*., stands for the word therefore; on account of its con- 
venience it will be frequently used hereafter. o 

VoL, 1. 


the solution of the question, If there are several unknown 
quantities to be determined, as many distinct equations 
will in general be necessary ; at present those questions 
only will be considered that furnish a single equation 
with one unknown quantity. The method of translating 
such questions into equations will be better learnt by the 
study of a few examples than by verbal directions. We 
shall therefore here give some instances of the modes of 
. 1. There are two numbers of which the difference is 8 
and the sum 38: what are the numbers ? 

Let z stand for the smaller of the two numbers: then 
a2-+8 must represent the greater: and since by the ques- 
tion the sum of the two is 38, we have the equation, 

e+z+8 = 38. 
Or transposing the 8, 2x = 30, .*. 2 = 15, the smaller 
number; and as z +8 is the greater, .*, 15 + 8 = 23, is 
the greater. 
You see that these numbers satisfy the conditions of 
the question ; for 23—15 = 8, and 23 +- 15 = 38. 

2. From two places, 160 miles apart, two persons, A 
and B, set out at the same time to meet each other. A 
travels 18 miles a-day, and B 22 miles: in how many 
days will they meet ? 

ppose they meet in z days; then A will have travelled 
18z miles, and B, 22x miles: the swm of these distances 
is, by the question, 160 miles: hence we have the equa- 
tion. 


f 182 + 227 = 160; 

that is, 402 = 160, .*, zc = 4, the number of days, 

3. A father is three times as old as his son ; but five 
a ee ee are their ages 
now 

Let the present of the son be # years: then, b: 
the question, that of the father is Se saaeg | Ries ite 
righ goa. cy the son must have been z— 5, and 
that of the fa’ 8<—6. The question tells us that 
this latter number is four times the former: that is, 

3xa—5 = 4(x—5); 

or, removing the vinculum, 3x—5 = 4x —20; .*, trans- 
posing the 20 to the left, and the 3x to the right, 
Be eS en tenes nd Su th f th 

is, son’s age is 15 years ; an the age of the 
ay ey 120 gall ly filled by 

v olding ons is partly a 

spout which delivers 14 gallons in a minute: this is then 
turned off, and a second spout, delivering 9 gallons in a 
minute, completes the filling of the vessel. How long 
did each spout run, the time occupied by doth in filling 
the vous belag 10 minutes ? 

Suppose the first ran « minutes; then the second ran 
10—«# minutes. As the first delivers 14 gallons a 


minute, the quantity delivered by this spout must be 
14x gallons; and the quantity delivered the other, 
at 9 gallons a minute, must be 9(10 — x) ms; ,”, the 
whole number of gallons delivered is, 

question ; 


Ide + 9 (10 — x) = 120, fae 
that is, removing vinculum, 14x -+4- 90 — 9x = 120; 
c .*. transposing, 14 —9x = 120 — 90; 
collecting, ba = 30, .°, o = 6, 
.”. the first spout ran 6 minutes, and the second 10 —6 
= 4 minutes, 
5. What number is that of which the third part exceeds 
the arpa a by 48? 
Let « be the number; then by the question 


x 74g 


3 
Multiplying by 3, a2 


= by 5, 5a —3x=720; 
that is, 27 = 720, .*. 2 = 360, the number required. 
The third part of this is 120; the fifth part is 72 ; and 
the difference between these parts is 48, . 
6. A vessel can be filled from a tap in 3 hours, and 
from a second tap in 5 hours: in what time will it be 
filled if both taps run together ? 
Lot the number of hours be «: then the part of the 


vessel filled in one hour will be the 2 part. 
x 
8 


*s 
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” by 2, ‘Sa = 15, oe Bay 


.*, the time is one hour and seven-eighths. — 

These specimens of the solution of questions 4 apes 
equations must suffice for the t. It will be seen, 
from an examination of them, that the only thing of any 
difficulty, in thus applying the first principles of Alget 
is the translation of the conditions of the question into 
algebraical lan under the form of an equation ; the 
process by which this equation is to be solved, and the 
unknown quantity in fod discovered, is “ —— — 
ciently suggested e@ appearance of the equation 
iteclf. Ae the at is to isolate the x, so that it alone 
may occupy one side of the equation, while known num- 
bers occupy the other, every step in the solution is made 
to jeatetecie to this end. By transposition, clearing 
fractions, collecting like terms, &c., the equation is made 
to pass through one change after another, till at length 
a unknown term appears on one side, and a known 
num which is its interpretation, on the other. It 
then only remains to divide each side by the coefficient 
of x, if it have a coefficient other than unity, and z itself 
becomes known. 


QUESTIONS FOR EXERCISE. 


1. There are two numbers, of which the difference is 
9, and the sum 43: what are the numbers ? 

2. From two places, 108 miles apart, two persons, A 
and B, set out at the same time to meet each other. A 
travels 17 miles a-day, and B travels 18: in how many 
days will they meet? 

3. Find two numbers of which the difference is 13, 
and which are such that if 17 be added to their sum, the 
whole will amount to 62. 

4, There are two numbers, of which the difference is 
15, and which are such that if 7 times the less be sub- 
tracted from 5 times the greater, the difference is 19: 
what are the numbers ? 

5. A person starts from a certain place, and travels at 
_ rate 5 4 miles ee noe . has beet gone 10 

ours, a horseman, riding 9 miles an hour, is dispatched 
poy Pa how many ‘igors must the hobasiedl ele to 
overtake him ? 
. 6. Fr ah i has cyl coins—sovereigns 7 florins ; Cr 

aS eS as orins as sove : how many o 
= ch a 

. A person spen of his yearly income in board 

and lodging, }th in clothes and other expenses, and he 
lays ee a-year : what is his income ? 

8. What number is that whose third part exceeds its 


“fifth part by 72? 


_ 9. Lhave a certain number in my thoughts. I mul- 
tiply it by 7, add 3 to the product, and divide the sum 
by 2. I then find that if I subtract 4 from the quotient, 
I get 15: what number am I thinking of ? 

10. A man 40 years old has a son 9 years old; the 
father is therefore more than 4 times as old as his son: 
in how many years will the father be only twice as old as 
his son ? 

11. Two ns, A and B, 120 miles apart, set out at 
the same time to meet each other. A goes 3 miles an 
hour, and B 5 miles: what distance will each have 
travelled when they meet ? 

12. Divide £250 among A, B, and O, so that B may 
have £23 more than A, and © £105 more than B. 

43. A can execute a piece of work in 3 days which 
takes B 7 days to perform: in how many days can it be 


done if A and B work together ? 
14. A cistern can be fi feet the first 
in 2 hours, by the second in 3, and by the third in 4: in 


what time can it be filled all the pi runni 
; by pipes ning 


15. Solve the preceding 
fills the cistern in 1 hour 


16. After A has been working 4 
can finish in 10 days, B is sent to help 
it together in 2 days: in what time could B alone have 
done the whole ? 

17. Davie C18 a eee ee 
ceive twice as much as B, . 


_ 19. Divide 90 into four such that if the first be 
increased by 2, the second dimini by 2, the third 
multiplied by 2, and the fourth divided by 2, the results 
may all be equal. 

20. Divide 39 into four 


may all be equal. 
The fetes, examples may serve to show how the 


e know that when factors are multiplied 
the result is called a product ; if the factors are 
the product is called a power of the factor whose 
tion in the multiplication has produced it: thus, i 
following instances, namely— 
5+5= 25; 34+3+43 = 27; 2—2+2+4+2=16, 
pide. ind nora or the square of 5; 27 is the 

of 3; 16 is the fourth poe 


a 


2 
g 


=F 


£e 


F 
3 
; 
- 
Es 
e 
2 
3 
: 
: 


weeex, and soon. But as this repetition of the factors 
is tedious and cumbersome, it dhe te to represent a 
y 


Petia ansiehaceote hich thus prod power, 
number or quantity, whi us uces a 

is called a root of that Dee thon, Stee root 
of 9, the cube root of 27, the fourth root of and so 
on. There is a convenient notation for roots as well as 


for 
the sgn for a root, is called the radical sign ; it is 
refixed to the quantity whose root is meant, and a small 
denoting what root is to be understood, is con- 
nected with it; thus, 3/4 means the second, or square 
root of 4, that is, 2; because the Bees 
of 2, is 4; in like manner, %/8 means the third, or cube 
root of 8, namely, 2; because the third power, or cube of 
2, is 8; 4/2 means the fourth root of «; that is, itis a 
number such that the fourth rv of that number is the 
number that « stands for. It must be observed, how- 
ever, that in the case of the second or square root, the 
little 2 is always omitted ; so that when there is no index- 
Jigure connected with the radical sign ,/, the square root 
is always to be understood’ You will now easily make 
out the following statements or equations :— 
N9=3, 2/125=5, 4/at=a, L/ad =a, Jz? =e 
But besides the radical sign, there is another contri- 
vance for indicating roots—a contrivance like that for 
denoting powers, namely, the attaching an exponent to 
the quantity whose root is meant; thus, the equations 
bbe expressed in this other form of notation, are as 
ows :— 


gh=3, 12545, (atjtma, (xb\b—a, (than 


= 


wake) « 


MULTIPLICATION. ] 
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In the case of a power of a qu a hae fe the exponent is 
a whole number, what power is meant ; 
in the case of a root, the exponent is a fraction, the 
beta oer of Seuieel cant what — mare 
te a pro quantity may ly 

as fee multiplication may be actually executed 
with but little trouble ; but to find a specified root of a 
proposed quantity—even of a common number—is often 
a difficult matter ; some numbers, indeed, have no exact 
roots. But we shall have to speak about roots again. 


MULTIPLICATION. 
Case I.—When the factors are simple quantities. 
Ruz 1. Observe whether the signs of the two factors 


are like or unlike ; if they are like, that is both + or 
both —, write + for the sign of the product; but if they 
are unlike, that is, ares the other —, write — for 


the sign of the prod 
2. After the Le vite the product of the coefficients. 
3. After the product of the coefficients, write that of 


the letters: that i is, put down the letters in both factors, 
one after the other, without any sign between them, 
and the complete product will be exhibited. 

Thus, if we have to multiply together the two factors, 
—4ax and 3by, we first observe the signs ; these being 
unlike, we know that the sign of the product i is minus ; 


efficients, and <tr we place against the 12 the quan- 
this being the product of the letters when 
"in alphabetical order, .*, the uct is — 


12abey. if we have to multiply —7bxz by — 
digeg! than the alone like, we write + for the sign 
of the product, 35 for the product of the coefficients, 


and abexyz for the product of the letters ; . — Tha X 
—b5acy = Sdabexys, the plus sign being omitted, as un- 
necessary. tae chanting way we have— 

3mx X Gay = 18amry, 2bey X — 4ax—— 8abery. 
ba=—20 abu, —3bz* XK —8a*baz—24a"b*xz°, 

"You will observe that the third of these examples is 
the same as—4aax x b5aaabe = — 20aaaaaber ; and 
that this result, in the more brief notation for powers, 


2 tit And ep ive ae always 
eh notati m' > oped rs of 
: ity “gr Pret yen ition o, 
Radagnents ot tha tadtrs ; thus, Pewee sat | 


factors which are all powers of the same quantity 2, are 

x, 2%, 2° ; the sum of the exponents is 24+ 3-+ 5 = 10; 

so that «2305 = x'°; ni , therefore, can be more 

easy than the multiplication powers of the same quan- 

roe We need scarcely tell you that « is the same as 
so that xr = «?, ote =e, &e. 


5 peed satisfy yourself that the rule for the signs is 
true as follows :-— 
Bi a Arming teeter yr eadonen 

varieties, as to signs, y; 
7x3, —7x3, 7x—3, iar —3. 

The first is the case of common arithmetic, the product 
being 21; the second case requires no consideration ; 
for —7, repeated three times, is necessarily — 21. The 
third case is peculiar; but we may arrive at the true 
product thus: increase the multiplier—3 by 4; the 
product, whatever it be, will obviously be 4 times 7— 
that is, oped joke but the multiplier increased by 4 
becomes 1 ; once 7 is7, and as this is 28 too great, the 
; erat sry 9 6 28, that is— 21, ...7 x 

In like manner, in the fourth case, increase the multi- 
plier —3 by 4; Sg as betoess Gan xodiack Will ba fons 
times — 7, that is, —28 too great; in other words, — 
28 must be subtracted from the erroneous product to 
make it correct ; but the multiplier increased by 4, is 1, 
and once —7 is—7 ; .. the correct product is—7-428, 
that is 21; cid ebm, You tha ne that 

t 


when subtracted ; “.—7X—3=21. You thus 


when the factors have like signs, the product is plus ; 
and that when they have unlike signs, the product is 
minus ; and, from the foregoing reasoning, it is plain 
that the same conclusion would have followed if any 
other two factors had been chosen; ,*, the rule for the 
signs in multiplication is general. 


Ex. 1. Jase 2.  —Tax® 
3b Sha 
2labu —21labx® 
3. —Tx743 4 —S8ayz? 
—3ax —iTbxy 
2lax5y> 56abxy?2? 
6. 134a2b3x 7. 16cy%2 
—9abrx* a 
—117a5 —l6ab cys 
8. —laizty® ~9. “Ee 
—barry 2 
Satehys hays? 


10. Satz%s!7a%ey = 2la®xty%23 
LL, —4r5y2 x Saty'z = —20z'yocA 
12. —Gb%ex*x— Shien = 18) %e%x? 
13. —ja%*x pax%st=—ga%ety? 


EXAMPLES FOR EXERCISE. 


[Norz.—You will observe that the rule for the signs 
enables us to fix the sign of the product of two factors 
only ; but it is unnecessary that it should do more than 
this ; if there are three factors, the product of two be- 
comes @ factor to be combined with the third. It is 
plain that, however numerous the factors when the 
number of them preceded by the minus sign is odd, the 
sign of the product is minus ; pen that ‘han the number 
of minus factors is even, the sign of the product is plus. ] 

1. 9a*y?x 4a?y? 2. pelt Kola 

3. —4a%SAx—6 4. —bb%ctyx 

5. Latey%s8 6. ee peat? 


x—he*ys aE By%y 
| x gah 
it fate x—haty xX —2y*2 Xx —L0a2na? 
Case IL —When the multiplicand is a compound quan- 
tity, and the multiplier a simple quantity. 
ute.—Multiply each simple term in the multiplicand 
by the multiplier, beginning always at the left hand ; 
connect the several products together by their proper 
signs, and the complete product will be exhibited, 


1. da®e®—2by? = 2, — Sary?—402-420? 
Bary 5axz? 
12a°aty—Gabry® = —15a°x*y%z*— 20abrz*+10a* xz? 
3. 6x*yz — 2ay* —3b*°y 
— 2xz* 
— 120% yz°+4axry*z*+-6b? xyz” 
4. —b5axr°y— by?z+4ab® 


— 6a* by? 
30a°ba*y*+-6a"b°y 5z— 3a*bty? 


5. 4a*x+4by?-+-az° 
— abr 


—4a*bx* — fab xy? —a*baz* 
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EXAMPLES FOR EXERCISE, 
1. Ser*— Qhry 2. Sa%y*—4r*y® 
4a*e —3ary 


3. —Gb*ys*f4ab"y? 4. 7a*b*a* —3e*y*-+5 
— ayz fax*y 


5. Om*nz* — 7a*y® — 2d°2*y 
—Tan*x* 


In the tollowing examples, the vinculum or brackets 
may be removed, and the simple factor (the multiplier) 
under the leading term of the compound one, as 
in the preceding instances ; but in most cases you will be 
able to write down the result of the multiplication at once, 
without resorting to this arrangement. 
6. (2a%z?— ha AE 
7. (2axy?— 2x) x — 4axy 
8. (may’ +3ny2*—2y*z) x—6m*x?y 
- Ay®2*— az —5by') x —5ab*y 
me BYP — X—12e%3 
12. {day?—(2b%* — yz —2)8a*yz3 
13. {2bax*y'—{5ey*s 4-4y2* — 32°)} x — Szty 
14, {5a%x*— (Sb*y* + 2a%x? — day’) } x — 207bxy 
Case IL. —When multiplicand and multiplier are both 


er quantities. 
uLe 1—Maultiply all the terms of the multiplicand 
by each term of the multiplier, proceeding with each as 
in the last case. 

2. Collect together the several products that are like, 
as in addition, and to the Agee of yl unite, by their 

r signs, the other products; and the complete pro- 

Buck will be obtained. : are 

1. Multiply z+ y by z—y. 


“~@ty@—y=7 —y¥ 
2. Multiply z+ y by x+y. 
ety 
e+y 


w+ay 
ay +? 


et yP=e? + aay + y? 
3. Multiply z—y by «—y. 


os (2—y)*=a* — Qey + y* 


We have a remark to make in reference to these three 
examples; you will do well to keep it in remembrance. 
It is this: since z and y stand for any two numbers 
whatever, we learn that— 

1. The sum of two numbers (x+-y) multiplied by their 


numbers (z*—y?). 

i: 2. iscg — of the - (x-+-y)of aly numbers (xand y) 
sum of their squares together 

wills Uirios thele peodadt (Qry) ili 


_ 8. The square of the difference (2-9) of two numbers 
is equal to the sum of their squares (z*-+-y*), diminished 
by twice their product (2zy). 

Exampte.—Let 7 be one number and $ the other: 
. then, Ist, their sum, 10, multiplied by their difference, 


difference (c—+) is the difference of the squares of those |: 


that 72—3? = (7—3)= 40. 2nd. (7-3)? = 
100, and 724-3? = 9=58; also twice 7x3, that is, 
2x 7x3—42; and 58+42=100, 3rd. (7—3)?=42=16; 
and 68 —42=16. 

4. Multiply (x +y)* by x+y, that is, multiply out or 


4, is 40; the of the numbers are 49 and 9; so 
C+ 102 = 


@+y)°. 
OTE ety = Ph oy ty 
bes 
af Qnty + ay? 
ay + 2ny'+y? 
*. @ + yP=a> + Sxty + Sxy? + y8 
5. Develope, ltiply ont (x —4 3); 
@—D; @e+3) Ge +: curler dete wires 
o—4 a+5 
a+3 2—T 
aden a 5x 
3a —12 \ rae 
e—e—ia Pe 
Qn +3 
anf ars 
6x? + 9x a+ az 
4+ 6 ba + ab 
6x?-+- 132 +6 w+(a+b)e+ab 


In the third of these results, the 13x is got by actually 
adding the coefficients 9 and 4; in the fourth exam 
the tae coefficients of «, not being 
cannot be actually added; but the addition may never- 
theless be indi as above: and where, in third 
exam the mi 


finished it sh Ta be’ hanged into (ab-+-4e 
a evga ; it shou L computed 
y 


the 
first. And we may as well tell you here, once for all, 
that algebraists always take care that their results are 
Lsrresaene a pmmceotngg vd yee alien Meee atten 5: 
arithmetical computer. is principle will in general 
Chain io nites Tellcons 
We shall now work an example which suggests a 
principle of some interest in arithmetic, 
(6.) Multiply n +-r by nv’ + 1, 
a+r 
v+r 


an'+-n'r 
nr’ rr’ 


an'-+-n'r--nr'+ rr’ 


Now suppose a number to be divided by any other 

tee: teen ites oe this Kaluber’ Saaktaty 
Tr: we n 

dhe remcinder, bys, taoventee tombe, i ba 

byn-+r. In e manner, a second number may be — | 


INVOLUTION.] 
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denoted by n’+-1’, where n and n’ represent numbers 
exactly divisible by 9; and rand 7’ numbers less than 
9. You see by the above expression for the 7 ohne of 
the two proposed numbers n-+r and n’+71’, that the 
whole of it is necessarily divisible by 9, except the part 
rr’, because n or n’ is a factor of every other term : you 
may, therefore, at once conclude that if you divide a 
multiplicand and its multiplier each by 9 (or indeed by 
any other number), and note the remainders (r, 7’), and 
then divide the product of these remainders by 9 (or the 
other ayseeseny Mis remainder arising from this last 
division must be the very same as the remainder arisin 
from dividing the product of multiplier and multiplican 
by 9 (or the other number). And thus you have the 
principle of the method of ing multiplication by casting 
out nines. (Arith., p. 497). ‘The reason that 9 is chosen 
for divisor is, because that for the divisor 9, the re- 
emi = be same whether the ayn ee or — 

sum e figures composing it, ivided ; and it 
is easier to sum up the and reject tre nines, than 
to perform the division on the number. 


EXAMPLES FOR EXERCISE. 


ee Scere 

z ti _ 

3. Multinle om bat aa asda (09? — 1) 

4. Multiply out 42) (w—2) (@ +3) (@—3) 

5. Multiply out (@ +a) (2— a) (x? — a? 

§. Multiply out (22-+ 3a) (42 — 5a) (w+-a) 

7. Gax—b) Gat (5aa —3) 

8. (4ax + 34y —1) (2ax — by+-2) 

9. (@—y)*(e@+y) 10. }2*—(a+))2+e} (x—c) 


11, 3°(@* —o?)? 
13. {(@+2) (e—2)}* 
14. (@*? —}v+1) 2? +22r—1) 


12. (22-43) (22 — 3) (42? +9) 


INVOLUTION. 
Involution is ing more than ication : it is 
aterm employed to fy that the factors multiplied 
are all product or result being a 
. Example 4, for instance, page 460, is a case of 


raising a proposed mie te Si peopseed, pores, sud 
this operation is iplicati following are ex- 
amples of the involution of simple quantities. 


(2ax)*=8a" x* ,(2a*x)*=16a* 2* ,(—aw*y*)°= —a* xt y"5, &e. 
The Rute for obtaining the powers in such cases as 
these is pretty obvious. ate 
To the power of the coefficient annex the letters, with 
their several exponents multiplied by the exponent of the 


power. 
The rue of signs must of course be attended to. If 
the quantity to be raised or involved be negative, the 


ign of every even power must be posi of every 
power negative. See following examples :— 
1. (ates) 2. (7by?)* 
3. (—4a*b® xt)? 4, (2x*y*z)® 
5. (—3a*y*z?)* 6. (—8?x"y*)* 
7. (5a2b%et)* 8. (—22a°w*y)? 


When the quantity to be involved is a compound quan- 
tity, age trae a te is to be found by multiply- 
ing the quantity the requisite number of times by itself, 
as in the examples below :— 
1, To find the cube of a— 2x. 
a—2z 
a—2z 


a? —2ar 
— 2ax+- 4x? * 


(a— 2x)* = a* — dar + 4x? 
a—2r 


a®°—4a°x+-4axr* 
+ 2a*x +-8axr* — 82° 
. (a— 2x*) = a® — 6a*v-+- 12ax* — 8x? 
* See Example 1, p. 460. 
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2. To find the cube of 3a2— 4y, 
sax —4y 
sax —4y 
9a*x2* — 12 
—l2axy + l6y? 
(3ax—4y)*= ta eee l6y? 
27a°x* —72a°x* bd 
ay a Soatete i Qbany — Gly 
+". (Bax—4y)®=27a° x°—108a2x*y+ lidaay?—b64y* 
EXAMPLES FOR EXERCISE. 
1. 2zx)8 z. (Sar — 4y)* “ b a 
4 Gat ber aye OF ETA 
6. {(a42) (a—a)}* 7. ((@+2) (@—2}? 
8. {(22—3) (2e-+-3)}* 9. {(@©—a)*-++-2ax} + 


10. {@ +1) (@—1) (#7? + 1} a 


The following is a table of the powers of (a+ =) de- 

in order, from (a + «)? up to (a-+)®; the result 

of the actual multiplication is called the development, 

and sometimes the expansion of a power. ‘The table 

exhibits the developments of the powers of an expression, 

consisting of two simple terms, a and. Every expres- 
sion of two terms is called a binomial. 


11. {(@—l*} - 


5 
6 = aS 4 bare + 6ax + x6 
7 =a? + Tate + Qadz? + 35atz3 4 35a3xt+ xMatzd+ Tax6427 
@ +22) = a3 8a72-+ 2a%zx*+-56a5z3-+70atzt-+ 5603254 28a%26-48az7-+29 
This table, which may be carried to any extent, shows 
that the coefficients of the terms in the development of a 
realy a follow one age acco’ “35 to iS remarkable 
w, by observing which, they may erived, each from 
that which precedes it, with very little trouble, so that 
the actual involution of the binomial may always be dis- 
pensed with. By examining the several rows of co- 
efficients, you will discover the law to be this ; namely— 
If the coefficient of any term be multiplied by the ex- 
ponent of a in that term, and the product be divided by 
the number which marks the place of the term in the 
row (as the 2nd place, 3rd place, &c.), the quotient will 
be the coefficient of the next term. Thus, look at the 
development of (a+«)’. The jirst term in that develo 
ment we might know to be a’, without actual multipli- 
cation. The coefficient of this first term is 1; and 


oy is the next coefficient, the complete term being 


Reaeeae 
tttt+t+ 
ul 
& 
“s 
: 
++ 
o 
% 
+++ 
= 
% 
++ 
+ 
% 


Ta°x. This is the second term; and ood ott, is the 
next coefficient, the third term being 21a5x?; and from 
this we get Oxo 35, the next coefficient, the fourth 


term being 35atz*. In like manner, from this we find 
£%35_'5, the next coefficient ; and in this way all the 
coefficients may be found, one after another, without 
involution. As to the letters connected with these co- 
efficients, the writing of them involves no trouble at all, 
The first term is the first term of the binomial, with the 
exponent of the power over it ; the last term is the other 
term of the binomial, with the same exponent over it; 
this is the highest exponent in the row of terms ; in each 
intermediate term, both the letters occur in conjunction ; 
rand, in proceeding from term to term, the exponents of 
ularly descend in yalue, and the exponents of 2 as 


a 

ascend ; is, the of a are— 
regularly ascend ; wr he ak aac a2 al 
and those of «, wt «2 oS ot oS of gt 


the swm of the exponents of both letters always making 
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very term. And, generall the sum of the ex- 
4 each term, is Seance to the exponent 


or two other things which it is im- 
ae to take note of in looking at the foregoing deve- 
m 


1. The number of terms is always one more than the 


os 
5 
2 


ber of terms is odd. ; 

You cannot, therefore, with propriety, speak of a 
middle term, except when the exponent of the power is 
even ; when it is odd, there are two middle terms ; and 
you see that the coefficients of these middle terms are 
always the same—another remarkable circumstance. 

2. But perhaps the most remarkable thing of all is 
that when, in the case of an even power, you have reach 
the middle coefficient, as above directed, the remaining 
coefficients are got by simply writing those which precede 
the middle one in reverse order; so that these remaining 
coefficients require no computing. ‘When, in the case of 
an odd power, you have reached the first of the two 
middle coefficients, you have only to repeat this coeffi- 
cient, and then to write all the coefficients, before the 
middle ones, in reverse order, as in the other case ; so 
that nd coefficient beyond the middle one, or the middle 
cl pag ever be computed; they have only to be 
co; 

The present examination affords a good opportunity to 

bring another particular for our attention. The fore- 

ing table presents us with a set of equations, but they 
Sitter from the equations solved at pages 456, &c., ina 
very marked manner; you must take notice of this. 
The equations at the referred to fix certain condi- 
tions, which the value of # must be such as to satisfy— 
no other values of x would do; but in the equations in 
the preceding table, no conditions are implied—both a 
and & in each may stand for anything whatever ; for the 
second side, or member, is only the first side weg as 
unfolded, or spread out; in other words, one side is 
nothing but the other side put in a different form ; so 
that, write what we will for a and x, the two sides must 
of necessity remain equal. Equations such as these, in 
which one side is only the other in a changed form, are 
called identical + Rena or simply identities. Now, as 
in identities anything may be substituted for the letters, 
you may in the table put —y for « ; you will thus get 
the developments of the different powers of a—y, or, to 
be uniform, of a—a; all you have to do is toc x 
into —« on both sides; you will see that the only change 
in the development is that the second, and every alternate 
term, becomes minus ; thus— 

(a—x)? = a® —3a*x +- 3ax*— 2° 
(a—2x)* = at —4a°x-+-6a*x*—dar® -+- 2*, 


and soon. With these changes, therefore, in the alter- 
nate signs, the table exhibits the developments of the 
power both of a-++-s and a—«. 

What has now been said in reference to the powers 
of a+, that is, in reference to the powers of a plus or 
minus x, must be very carefully read over, and fully 
understood. We have been giving to you the leadin, 
particulars of the.celebrated Boyomrat Turorem, an 
you must try to impress them on your mind. In order 

i should write out the developments of (a—z)5, 


maid a, and to Wry (aha), (4—2)*, he, finding 


coefficients according to the short and easy meth 
explained above; that is, deriving them, one after 
another, from the law shown to prevail, as far at least as 
to the eighth power, It prevails universally, but the 
ceneral demonstration of the Binomial Theorem requires 
wore advanced’ principles of Algebra ; you will do right 
to refuse assent to the law at present, for an exponent 
higher than 8, unless you like to put it to the test for 
9, 10, &c. You will find the theorem in a more general 
form hereafter. As an application of the Binomial 


Theorem, let it be required to develope (a—3y)*, which 
is the same as (a+-x)*, when — Sy is put for z. : 
From what is shown above, it appears that the terms, 
weer 
a®,a a ( a a . 
And from the law of the atten these ae 
1,5, sx8 (or 10), 10, 5,1; 


the last three being those of the first three written in 
reverse order; ‘ore, remembering to write the terms 
alternately plus and minus, 


comm ate ee Oak ie Hat — Oo. 


Again, let Example 461, be taken; namely, 
(Sax —4y)*. ha kev, ettnac Soa pafctertos tee 


3 2. : 
therefore, ar alana Pg pos ge ‘3, 3, 1, wo 


have— 
‘Sag — 44)8 a “poss ia 
Ct Ay orate 1heetet yt Lada Gg 


EXAMPLES FOR EXERCISE, 
cite Eero Rete 
. =a; e. * $; * LJ e 
7. {ee ay8)?, 8. (2a—a)”, 9. aa 


Nore.—The preceding process may be extended to 
expressions of three terms, four terms, &c., in the 
manner following :— : 
Daley Frees ba a oe ae 
[e+ b+e+d? =f le pba tetd) }S(ai tet 3 (048) (04.4) +c 

ao iit stg is ta eanceueee 
So that the square of the sum of three quantities, or of 
the sum ot Weer quantities, is equal to the squares of 
the — themselves, together with twice the sum 
of the products of every possible pair of them; and ~ 
the same is true for jive, and for any number of quan- 
tities, An extended use of involution will be found 
in the calculation of logarithms, in a subsequent chap- 
ter. 


» 


DIVISION, 


When one quantity (called the dividend) is to be 
divided by another (called the divisor), the object is to 
find a third quantity (called the quotvent), i 
the quotient and divisor be multiplied together, the 
product will be the dividend; and this is to be brought 
about whether the quantities concerned are the Ae 
of arithmetic, or the symbols of bra, The for 
division is thus suggested by that for multiplication ; it 
is as follows :— 


Case L—When dividend and divisor are both simple 


quantities. 

Ruz 1.—Determine the sign of the quotient, on the 
coe that if the signs of dividend and divisor be 
ike, the quotient is plus: if unlike, minus. 

2. Having found the sign, next find the coefficient by 
dividing the coeflicient of the dividend by that of the 
divisor, as in common arithmetic, 

3. To the coefficient, annex the letters, which must be 
such, that when they are united to the letters already 
in the divisor, they may exactly make up those in the 
ere that by foll th 

t is plai y following these precepts, you will 
+ a quantity for quotient such, that whet ane the 
ivisor are multiplied together, the resulting sign will 
be that of the dividend, the resulting coefiiciont also 
that of the dividend, and vag § the resulting lette 
arising from combining those of divisor and quotien 
— will be the same as the letters in the dividend. 
f it should happen that there are letters in the 
divisor, that is to say factors in the divisor, which are 
not also in the dividend; then, like as in arithmetic, 
since actual division by these cannot be performed, they 
must be written as divisors in the quotient ; the quotient 
will then appear as a fraction incapable of reduction to a 
simpler form—just as in division of numbers. 


MATHEMATICS.—ALGEBRA. - 


463 


— 12a. 
1. Divide — 12a%ety by Sax. Here 42? = — 


4a2zxy ; for the signs being unlike the sign of the quo- 
tient is minus ; also 12 divided by 3 gives 4, so that —4 
is the coefficient in the quotient ; and since, from look- 
ing at the letters in dividend and divisor, we see that 
two a’s, one z, and a y, must be united to the divisor 
to make up the letters in the dividend, these wanting 
letters are those which the quotient must supply; the 
complete quotient is therefore —4a*ay. If the divisor 
had been 3axz, then the foregoing quotient — have 
— x 
been further divided by 2; that is, ae 
=, for it is plain that to divide by 3azz is the 
same as first to divide by 3ax and aft by the 
other factor z. In like manner, to divide by 3axy? is 
the same as first to divide by 3axy, and then again to 
Es —12a3x*y ‘4072 
divide by the other factor y, ...——37,,2 =— 
All this is the same as in arithmetic; thus, if we 
have to divide 48 by 36, we may proceed as follows: 


43 124 4 5 124” | oa thi divided ‘bythe 


3 ~ 123-3) f° “79 
other factor 3, gives ;* 
2 Vatety® _ 9043 3. —Satstz _— 20" 
“Gary? —" T4ate®2*— — 22 
4, —12)°y"a* _ 3y*x 5. Jax®y® — Try 
—dbty’s ~~ b 2ax*y* — 2 
‘6, —3arty®z®  3x*y?2z° 7. —9ay*z* _ 3yz° 
—4ax?y® ~ 4a —6a*y*z— 2a 
8. —l6a7a* Vy _ dex) 
— 4ax* = id 
9. — dry Jz pee A a 2 2/2 
62*y* 3a*y 3xty 


Nore.—When the numerator of a fraction is minus, 
and its denominator plus, it is matter of indifference 
whether we put the minus before the numerator, or 
before the entire fraction; because, from the rule of 
signs, a minus on, is the result of the division in- 
dicated. Thus, in the last example it is indifferent 
whether tye write =o —— The same is true 

3a* Suty 

when the denominator is minus, and the numerator 
plus ; for in division of one quantity by another, as 
in multiplication, whichever of the quantities be 
minus, provided only the other be plus, the result is 
minus. Thus, the following all express the same thing: 
—4a a a 

—= —j=—7j For yousee, that in either case, when 


aand b are interpreted, and the division ) th 
Gatien taseinese.-/Bar' performed, the 
—6 6 6 
g=—3, —3=—3, —3 =—3, &e. 


Before proceeding to the following exercises, it will 
be well for you to look again at precept 3 of the Rule, 
from which you may yourself draw an inference of some 

ce in the theory of exponents. The 
afe’ is, that w! the same letter occurs in 
dividend and divisor, and that the exponent of it in the 
py winby r than that in the latter; the quotient, 
as far as letter is concerned, is simply sab- 
tracting the smaller Papeete medina 2 Lent 
EP ge pe ge pop ee beg genes 

a* in the dividend, and a* in the divisor, give a* in 
the quotient, and. «® in the dividend, and «? in the 
SE EN ee the in both is can- 
celled. ou thus see, that when same letter or 
quantity is concerned, division becomes the subtraction 
of exponents: multiplication, as you are aware, being 
the addition of exponents. You will no doubt think, 


* The learner will perceive, that ha’ indicated the division 
ftaetion, whether the fraction be or purely sical, all 


when the exponent in the divisor is greater than that in 
the dividend, that this view of division must be aban- 
doned ; but it is not so, as you will shortly see. 


EXAMPLES FOR EXERCISE. 
1. Divide 8ax°y? by 4axry 2. — Gbx*y*z by 2ha*y 


3. —12x%y*z* by —3x%y°z? 4. W6ax*y* by — 4a*ay? 
5, Zax*yz" by Sa2x*yz* 6. — 8d%y%z by Gb%y*z* 
7. 24cy* by — ate? y*z 8. —36a%a*y® by2X7a°aty 


9. 5abar ay by l0ab®*xV/y 

10. — 3a%e*a2* by — 12ac*a*° /z 
11, — 2mxrty® by 8m 2x*y® 

12, — 13£2y%zt by —26y*/zt 


Case Il.—When the dividend is a compound quantity, 
and the divisor a simple quantity. s 

Rue 1. Find the quotient of the divisor, and each 
term of the dividend by the former rule. 

2. Connect the separate quotients together, by the 
signs which belong to them, and the complete quotient 
will be obtained. 


1. 4x y* — 2 + 82xy? = 2x2y? —3ay+4 


g, 12ax°z® —8a%n2" — daz —_ 9,,._ 992 — zt 
4az* 
2la®x? +-7a*x* — (42a*x— 28). Here the com- 
3. 
7a*a 


pound term in the numerator is to be subtracted from 
what precedes, therefore the signs of the subtractive ie 
tities are to be changed, and they are then to be added. tf 

Hence the fraction is— 
2la* x? +-7a*x* — 42a*x 4-23 __ $650, 
Ja°x = phos ‘*: ae 


EXAMPLES FOR EXERCISE. 
9a*x* — 3a°x* +- Gate 
3a*x 
2. 12x%yz* + 6x2y°z* —3x7y? 
3a7yz* 
3. Sax (Avy —Say*)-+-12ary _ 


bay 
4. 8x°y*—A(dax —2y)x 
4n7y 
5. 8a%x*y? — 2(3ax*y%z? —1) 


-_ 


daxy 
6. 16a*b?2* —(8 — 3a*ba*) 
4a*ba? 


Case ILL.—When both dividend and divisor are com- 
pound ‘ities. ’ 

Rote 1. Arrange the terms of dividend and divisor so 
that the exponents of the powers of some one letter in 
both of them may appear in decreasing or increasing 
order ; that is, if #, for instance, be the letter chosen to 
govern the arrangement, place the terms in either of 
these two ways :—Let the term containing the highest 
power of be put first; that containing the next power 
immediately x, and so on; or else let the term con- 
taining the lowest power of « be put first, that containing 
the next lower immediately after, and so on ; but do not 
write the terms at random. 

2. The dividend and divisor, thus arranged, being 
a as dividend and divisor are pooe in arithmetic, 

ivide the first term of the dividend by the first term of 
the divisor ; the result is the first term of the quotient. 

3. Then, as in arithmetic, multiply the whole divisor 
by the part of the quotient thus found, and subtract the 
product from the dividend. “ 

4, To the remainder annex another term, brought 
down from the dividend, or annex more of the terms if 
more are seen, from the extent of the divisor, to be re- 
quired ; the row of terms thus got is a new dividend, 
with which, and the divisor, proceed as at first, and a 
second quotient term will be obtained. And in this way 
denominator: the result is the value of the fraction, reduced to its 


we have to do is to cancel all the factors common to numerator and 


p form. 
+t See ante, p. 458, ¢ See p, 455. 


' ration in arithmetic, till all 
been 


down, 
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the operation is to like the ing ope- 

terms of the dividen have 
tdown. When the last term has been brought 
annexed to the remainder—no term in the 
dividend having been overlooked or neglected—then the 


row of terms thus got is the remainder, Should 
it happen that the divisor will not go into this complete 
remainder, the operation is at an end, and you do just as 


you would in the similar case of arithmetic; you place 
1, 2x—a)6x*—ar— aX{3e+a 
Mio Sox x 


2ax —a?® 
2ax — a*® 


3. 22+ 2ax 5axt +- 10a°x3+ 10a%x? +- Bata a + Sac? + 3a% + a3 
+2an- Phe + Gal + 10att + 100% Bate + aM? + Sack Sate 


Sax! + 9a%x? + 10a%x? 
Sax! + Ga2x? + Satz? 


this complete remainder, with the divisor underneath, in 
the quotient, as a fractional 

divi aco. sersipel camsthiy Ss: Saesliesenel 
and divisor are e 
powers of x, the ne. ape power of that letter in 
the first term. If the arrangement be the reverse of 
the operation will be that of the second form below; 
minus the dividend is divided by minus the divisor for 
convenience.* 

2 a—22x ax— 6x*(a + 32 
Bales dl 


Sax — 6x? 
Sax — 6x2 


Sate} + Ta%x? + Sate 
Sax + Gatx? + Sate 


4. @—2)2ct — 32 +(2x3 + 4? 
“ 1 a i + 4x?48x + 16 


Ax3 " 
4a — 822 
8x? 
8x? — 16x 
162 — 32 
16a —32 
5. de® — Jux)12.c8 —130'\—14e3 + 3.2? 4 1(Sx8 4 Qu? + 2+ et 
12x5 — 2ixt 
8xt — 1423 
Sat — 1428 
8e? +1 
Bat le 
Remainder, 14x +1 F 


EXAMPLES FOR EXERCISE, 


Divide 2? —2r—B35byxr—7 | 
Divide 2? — # — 12 by +3 


Divide 62? +- 132 +- 6 by 3x -+- 2 
« Divide 122° 4- 2924 +. 14x by 32? + 2xt 
Divide 182° — 332° + 44 — 35 by 32° — 2r +5 


Divide 2* — y* 


. Divide 2* +- (a +- 2) @ + ab byw +a 
Bx* — aw by 4x*y 

vi + by at fe— 

« Divide 3 (2x? +- 3) 2? — 202 by 3 (@—1) 

12. Divide #* +- px +-¢ by r —a 

13. Divide 2° +- px® ++ ge +r by «—a 

[It is worthy of notice, that in each of the last two 

rxamples, the final remainder is the same as the 

di when the « in it is removed and a is written 

instead. 


PONooaurp~ 


—1 


* Whether one quantity be divided by another, or minus the former by 
minus the latter, the result is the same; for 2 is the same as — > what- 


ever a and b may stand for; it is of course the same with multiplication ; 
the factors a, }, give the same product as the factors — a, —b. 

4 This is evidently the same as 2rt + 023 4. Ort +0282; so that the 
= 32 need not be brought down till we arrive at the concluding step 


az? + 2ate + ab 
ax? + 2ate + ad 


ON EXPONENTS, ROOTS, SURDS. 


placed before the quantity, 
of a fraction, written 
in smaller character, over the eS ee 


or index. The radical is used exclusively 

for roots; are used for roots and for | 
wers— a‘ is the fourth of a, and a} is the 
Sacre reore a. But exponents or indices have a wider 


Your attention has already been drawn to the fact 
(page 458), that when a quantity with an exponent 


+1 ercises in di al ex) before the 
use eae Skeet Cant Ge tld ond 
divisor, eS ee, 
being the and visor 


EVOLUTION] 
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denoting a power, is to be divided by the same quantity 
with a smaller exponent, the subtraction of the latter 
exponent from the former is all that is necessary ; thus 


tan gl Gad =a =a, bo. 


a2 

Now, this mode of proceeding has suggested the exten- 
sidn of notation adverted to above, giving ris t such 
expressions as a, a—', a—*, &c.; thus, carrying out 
the foregoing principle, we have 


at Cine 
Fe 1=a°; but gorge -'. @°=1, aremarkabie result. 


, OC) : 0) 
In like manner, <e—t=a—; but = “.a—?} =1 


And in the same way, a—t= i, a—tat; and 


generally, = =a—"; whatever whole number n may 


standfor. We thus sce that without making any inquiry 
as to the particular values of mand n, we may always 


write = a—"; if m = 8 and n =6, then + =a—%, 
a a 


which, as seen above, is only another way of writing = 


It may here be observed that unity or 1, divided by any 
quantity, is called the reciprocal of that quantity ; 


thus, + is tlie reciprocal of a? ; + is the reciprocal of a; 


and soon. And any quantity with a negative exponent 
stands for the reciprocal of that quantity with a positive 
exponent ; thus, a—* means +,a—*means1, &e. ; 
so that not only powers and roots, but also the reciprocals 
So get ec Rg mente a Ae pei: 

the instances hitherto given of fractional exponents, 
the numerator of the fraction has always been wnit or 1, 
the notation implying a root of the quantity to which 
the e t is attached. When a power of this root is 
to be Indien ted, or the root of a power, the somewhat 
cumbersome form used at page 458—namely. (at) for 
the third root of the fourth power of a, or (a#)! for the 
fourth power of the third root of a, is not the notation 
usually employed; a single fraction is made to serve ; 
the numerator of the fraction denoting the power, and 
the denominator the root; thus a? would stand in- 
differently for the third root of the fourth power of a, 
or for the fourth power of the third root of a. Whether 
you regard the power to be taken first and then the root, 
or the root first and then the power, is of no moment ; 
the result is the same. . Thus suppose you have 83 ; if 
you regard this as the second power (or square) of the 
cube or third root of 8, then since the cube root of 8 is 2 
(seeing that 2° = 8), you have 83 = 22 = 4; but if, on 
the contrary, you regard it as the cube root of the square 
of 8, then since the square of 8 is 64, you have 8? = 
643 = 4, as before (seeing that 47=64). Or take the 
more general case noticed above; namely, af. If you 
regard this as (at), you consider it the same as (aaaa)}. 
And if you regard at as (a)4, you consider it the same 
as atatatat. Now these two results differ only in ap- 
pearance ; for let at, that is, the cube root of a, what- 
ever it be, be denoted by ¢; then, of course, a is c®; and 
it is plain that (c¥e%%c%)3 = cece ; the first side of this 
identical equation being the former of the above ex- 
pressions, and the side the latter. It is therefore 


matter of choice whether you call a* the nth root of 


1 
a”, or the mth power of a*; and, in actual numbers, 
Vou. 1, 


whichever of these two views is most convenient for the 
a Sig arithmetic, may be taken. 

er an exponent in the form of a fraction is 
such that the numerator and denominator are the same, 


as in a™, that ment may be replaced by unit, or 1; 
because if the power of any quantity be taken, and 
then the mth root of the result, the original quantity (in 
this case a) is of course brought back again. 

The second operation merely undoes what the first 
does ; the two operations mutually destroy one another, 


and are.*. of no effect, so that a"=a. In consequence 
pm P 


of this, such an ion asa? ™ is the same as a* 
since former means the mth root of the mth power 
of this. When a fractional exponent, therefore, has a 
factor common to both numerator and denominator, the 
common factor may be expunged. All that is said above 
applies as well to negative as to positive exponents, as 
each a there considered may be equally regarded 
as the denominator of a fraction whose numerator is 1, 
The following is a view of the principal operations with 
exponents when they are attached to the same quantity :—’ 
ag eh 4 


at” =a" ; for example, a°= $7, a'=a?.3=a?; &, .. i 
a" Xa"=a"*; for example, a®Xa?=a'; a’xXai=a! 3a" 
a” -a"= Ale for example, a°—a*=a* ; ate jt _t—,é 


(a™ "=a, for example, (a*)*=a; (a)t=at, &e. 
That is— 

To Mutarrty. Add the exponents. 

To Diving. Subtract the exp. of divisor from exp. of 
dividend. 

To Express A Power or Roor, Multiply the exp. 
of the quantity, by the exp. of the power or root of it which 
is proposed, 


‘ 


Tn mers or the cigar tg of roots, ~~ are me 
particu een signs which require to be especially 
mentioned. involution, or the raising of powers, 
you have seen that the sign of the result is always fixed 

y the rule of signs ; it is not so in the reverse operation 
of extraction. For instance, the square of 4 is 16, the 
16 being plus, whether the 4 be plus or minus; but the 

root of 16 is ambiguous as to sign; the numerical 
value of the root is, of course, 4; but we have as much 
right to prefix a minus to this 4 as a plus ; since (— 4)? 
and 4? are equally 16. Hence ,/16 = + 4; thatis 
plus or minus 4. And there is a like yf Ne to 
sign, in every even root of a positive quantity ; use 
the corresponding even power of that root would be the 
same whether a -+- or a—be prefixed to it: ,/4 or 41 is 
+2; 4/16 or 16} —is + 2, and soon. As toan even root 
of a negative quantity, the thing is impossible. Such an 
expression as ,/ — 4 implies an impossible operation ; 
for the square root of a quantity is that which, when . 
squared, reproduces the bogie & Now a quantity 
squared, whether its sign be + or —, is always + ; it 
is impossible .*. that — 4 can be the square of anything. 
Such expressions as ,/ —4, ./— 9, ./ —1, &e., are .”, 
called imaginary or impossible quantities ; and they an- 
swer this purpose, namely—whenever they occur in the 
solution of a problem, you. may take it as a sure indica- 
tion that the problem implies some impossibility or con- 
tradiction. ‘You thus see that the numbers of arithmetic, 
when introduced into algebra, divide themselves not only 
into positive and negative, but also into real and imaginary. 
Real numbers, too, are separated into two classes ; 
namely, rational and irrational, or surd. The following 
are examples‘of swrds; namely, J 2, J 3, / 5, J/7, 

/ 10, &e. Surds, you see, are roots; but roots of 
numbers that are not themselves the reverse powers: 3, 
5, 7, 10, &., are not squares ; they have ,*, no exact 
square roots. Nevertheless, either of these numbers 
being proposed, we can always find another number, 
such that its square shall approach as act to the pro- 

° 


in 

being actuall formed on this it becomes freed 
from the eo ch then sated only to the other 
any final result, a factor upon which the operation indi- 
cated by the radical can be actually performed, Thus, 
such an expression as ,/a*b should be reduced to the 
simpler form a ,/ 6. In like manner, R/ aay = ax 2/ 
ys UY 16 ax® = 9/82 ax® = Wx¥/ 2a; andsoon. Itis 
customary to call such forms as ,/ b, 2/ y, ¥/ 2a, &e., 
in which the operation under the radical cannot be per- 
formed, algebraical surds ; although, if the letters were 
interp it is quite possible that the braical surd 
might prove a rational number. Thus, if were 4, then 
J b would be + 2; which is rational, though ambiguous 


We shall 

We shall now give you a few examples on the evolution 
of simple quantities, or quantities consisting of but one 
term. It has been stated 1G. 461) that quantities con- 
sisting of two terms are ed binomials; you will be 
prepared to expect, therefore, that those of one term 
are often called monomials, those of three terms trino- 
mials, those of four quadrinomials ; a quantity consisting 
of more terms comes the general name of poly- 
nomial or multinomial. 


To extract a proposed root of a simple or monomial 
quantity. 

Ruts 1, Write the root of the coefficient with its 
proper sign, remembering that an odd root, like an odd 
power of any quantity, has the same sign as that quan- 
tity ; but that an even root of a positive quantity takes 
the double sign +. 

2. Divide the exponent of each letter by the exponent 
so Papel fe which a Hemme Gone, ly by 
the fractional index, by which the radical may re- 
placed ; and the pro root will be obtained. 

1. ,/ 16atz = 4a* ,/ x, or 4a*x}. Here the square 
root of the coefficient 16 is 4; the letters with their 


Saga§ = + 3az® 

3. »/ 2a8a4 = ,/ 2a%axt = az? ,/ 2a 

2ahz = —2a*z 
5. 2/ 27ab2z® = Sapbga = 3xrh/ab? 

It is to be observed, that when an irrational or surd 
quantity occurs among the factors of a term, the letters 
composing that term are not arranged in alphabetical 
order en beg ae aa is tebe elon a fractional 
exponent ; when it is deno the sign ,/, it is alwa 
placed last, to prevent all mistake as to the extank of 
influence of this sign. If the result in the last ex. had 
been written 32/ab*x, it would evidently have conveyed 
| a wrong meaning; it is true this might have been re- 
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posed number as we please ; we can thus approximate, medied by marking the extent to which %/ reaches by a 
as it is to the square root of 3, or 5, or 7, &c., to | bar-vinculum, thus, og hac #; but superfluous marks 
any degree neamess, as was shown in the operatic® and signs are always be avoided, so that the form 
for the root in decimal arithmetic, There is | 3r3/ab is to be erred ; a bar over ab? is not re- 
thus a ed difference between ,/ 3 and ,/ —3; the | quired, when it is understood that ./ covers, or 

value of the former can be approxi to any | to, all the factors which follow it. We have, indeed, put 


a bar over similar expressions at page 
fear that you should limit the influence of the radical ; 
it is best omitted when there is no danger of such mis- 
take being made. 


1 1 
6. api aht Ja F =A, or = a—'a—}—*, 
1 i 
The first of these forms, namely 5-77 1 that which 


would, in general, be employed; negative indices, though 
of much importance in certain general het, 2 = 
being seldom used in dco gd expressions. ut we 
must tell you that algebraists do not like to leave surd 
quantities in the denominators of fractions ; for as has 
been said before (page 460), they wish their final results 
to be in a form the best suited for arithmetical computa- 
tion. Now, suppose you had to compute, a being 


interpreted to j—say a= 11, You would have first 
fo teal the ruae ool ot 11, to several places of deci- 
mals; suppose four places were considered sufficient, 


1 4 | 


vision here indicated would have to be performed. But 
instead of taking this course, let numerator and deno- 


minator of - be multiplied by 4/ a, which, from the 


first principles of arithmetical fractions, you know to be | 


allowable, —Jqwould thus be changed into 4, and 
you would haye to compute ME ee er You 
can now, in a moment, pronounce the final result to be 
‘3015 ..., which, of course, is the same as the result of 
53168" but it would have taken you much longer to 


discover it. Ex. 6 therefore should not be left in the 
state in which we have left it above; the steps should 
‘a 


be :— Laan 1 “= 
; ‘Vaebt~ ab? Ja ab2a — a*b? 


EXAMPLES FOR EXERCISE. : 
1. fatty 2. 4/28aths 3. 2/8ahx%e 
4, 2/—Satady? 5. J—2aty%s® 6. ./SaSytx 


7. (a2324)* 8. aJaty2a? 9. Wee 
10, /a32-4 11. Ja-5x-4y-8 12. lege 


13. (—8a5z2y®)> 14, (b4z2y9) S15, 22(B1x%yta8y 4 
16, Y—16a%x*y-9 17, (S2ate2yt) +t 18, (82a-%x-Fysy 3 


FRACTIONS. 


Algebraic fractions are treated exactly the same as 
numerical fractions in common arithmetic; the only 
difference being in the symbols, and notin the operations 
performed, 

To reduce a mixed quantity to an improper fraction. 

A quantity is called a mixed quantity when it is partl, 
in ~§ partly fractional ; maf quanti ay 
always be changed into an equivalent one, wholly frac- 
tional in form ; the result is called an improper 
as well in arithmetic as in algebra, because an in 
gauky ney, — into “ The rule for 3 
ng & quanti integral an partly fractional to a 
form w. oily Laon, bos ee Pa 


ee 


REDUCTION OF FRACTIONS. ] 
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Rore.—Multiply the integral part by the denominator 
of the fractional part; connect the product with the 
numerator, by the sign of that numerator, and place the 
denominator underneath. 


1. ats al: nothing more is done than 


* o 
replacing a by = which is, of course, equivalent to it. 
The in part a is converted into a fractional form, 
by multiplying it by the given denominator b, and divid- 
ing the result by the same letter, thus destroying the 
effect of the multiplication. And this is all that is done 
in operations of this kind, 


2. a-+b— © (a+b)e—< 3-0? __to—y)-4 
P @ uy oF 
4, a_ Se aty : 
6. 242 tv ey tei ty? _ e+). 
wy 
6. @+u?_ 9. @—y) pp 
ey Taare 
a1 1 RE 


To reduce an improper fraction to a mized quantity. 
Ro1e.—Divide the numerator by the denominator, as 
far as the division can be carried, and to the quotient 
annex the remainder with the denominator underneath. 
If there be no remainder, the quotient, which will then 
fie agen ry will be the complete value ; showing 
that the ed improper fraction is an integral quan- 
tity disguised under a fractional form. 
] operation, you see, is nothing but that of divi- 
sion: the examples at 463, serve as well as any to 


pe setae as e; but a few others may be 
tH tat A 
3, NE ot te 10-4 as 
ot eee 


EXAMPLES FOR EXERCISE IN THE TWO PRECEDING RULES, 
Proye that the following are IDENTICAL EQUATIONS :— 


oo at 
g She Ponte a—n 
2 3—y— 


a. h 
ir ere a 
c 
8 (GES) Sing 
4 OEM gs par par 2 
a—oZ a—Z 
G8 
State 
wat uA 
Bad oma 
7 @tyt) @+y—)_ 1 8+y¥—2 
2ey 2ry 


a @tyt)@+y—9)_»_(e—y'—# 
Bry Boy 
9 tty _y_@—y—9) @—y +9) 
2ay Bay 


—y—4} 
a2—2 


10, f—32— CO — 9) 2@ 
Z—2 


To reduce fractions to a common denominator. 


Before fractions can be either added or subtracted they 
* See ante, p. 460. + See p. 405. 


must be reduced to a common denominator. No two 
a can be actually added together, or subtracted 

one from the other, so long as the denominations of 
the quantities are different. We cannot add 4 shillings 
to 2 pounds; but can only connect them together as 
distinct quantities, till both are brought to the same 
denomination. It is only then that they can be actually 
incorporated in one sum; 40s. and 4s, make 44s,; the 2 
and the 4 make 6; but these are neither pounds nor 
shillings, and have no meaning in reference to the things 
pro: A fraction, like a concrete quantity, denotes 
a stated number of things of a stated denomination; the 
number is expressed by the numerator, the denomination 
by the denominator; and ,*, so long as the denominators 
are different, two fractions can no more be added or sub- 
tracted than pounds and shillings. It follows, therefore, 
that before fractions can be fitted for addition or sub- 
traction, they must be prepared for these operations by 
a previous reduction of them to common denominators. 
The rule for this reduction is given below; it is founded 
upon the obvious principle that a fraction is not altered 
in value, though the numerator be multiplied by any 
quantity whatever, provided only that the denominator 
be multiplied by the same thing; since the new factor in 
the denominator just counteracts the influence of the 
same factor in the numerator : a multiplication, and then 
a division by the same thing, leaves the quantity operated 
upon, whatever it may be, virtually untouched. 

Rutz 1.—Multiply each numerator by the product of 
all the denominators except its own; the results will be 
the numerators of the ¢ fractions. 

2. The product of all the denominators will be the 
denominator common to all the changed fractions. 

This rule will effect the reduction of fractions to a 
common denominator in all cases; but sometimes the | 
desired change may be brought about in an easier way. 
The common denominator, found by the rule, is evidently 
such that each of the pro denominators is always a 
factor of it. It is the object of the rule to make sure of 
such a number in every case; but it often happens that a 
smaller number exists, such that each denominator is a 
factor of it; and whenever such smaller number can be 
discovered with little trouble, it is of course better to 
use if, than a larger number. The smallest number 
possible is called the least common multiple of the deno- 
minators; and a little examination of the denominators 
will often enable us to arrive at it very readily, as will be 
seen in some of the following examples :— 


4-448 485 
Cy 8 
Here the three fractions on the right of the sign of 


equality are ively the same, in value, as those on 
the left; and the denominator «yz is common to all. 
Bra 4b 4 1_1(e-+a) 4 10 4 6 
* “9 t3t5 ~ 30 1 30 * 30 
g, 22#+38_ 5e+1_6r+9_ ba?+z2 
x 3 3z 3a 


4, meth Here it is plain that 12 is a num- 


ber, and the least number, such that 6 and 4 are each a 
factor of it, .*, 12a is the least common multiple of 
6a and 4, so that the common denominator need be no 
higher than 12a; this 12a is the first denominator above 
multiplied by 2, .*, multiplying the numerator also by 2, 


the changed fraction is wert Again, the same 


12a is the second denominator multiplied by 3a, .* 
multiplying the numerator also by 3a, the second 


P - lbax, Qe-+1 , 5x Zz 
changed fraction is aa? so that ro + 7" 
2(2 +1) 4 1ba% 3, the rule the common denominator 
124 12a 


would have been twice as great. 


ji goatee Here, since we know that (2+ a) 
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| eye lager ge Saw rer fraction will be converted lefevre 
ono with a denominator the samo as the first, by 10. [-fe--a?” l—se+28 

merely multiplying numerator and denominator of the ato? a+b a—d 

22, 3(@@—a) ll. ati tb ate 
second by z—a, .*, tho fractions are fe @—bTa—b ab 

e—a@ 2—a* y =—3 y y+3 

G <4. = 4.5 Horo tho coefficient of the 1. 9-3 y Tye oy 

Sat * 2058? * Gab ae Show that a y 2 y 
is 6, the least number divisible by 13 Iw ety te—yoe—y e+y 


ees Seceinee 
ts 3, 2, and 6; the letters are a%b’, tho least 
quantity divisible by a8, a%*, and ab, ,*, the changed 


daz , Sbz , 5a*b?. is ae 
fractions are bails -f- 3 a Saar each fracti: 
differing from that which it replaces only in appearance 
— it is the original fraction with numerator and denomi- 
nator multiplied by the same thing. 


It will not be necessary that we should give any 
exercises expressly for practice in the —— rule, 
The examples furnished in addition and subtraction— 
the rule for which we are now about to give, will equally 
afford practice in the foregoing operation; for, as you 
have sepay atta, all fractions must have a common 
denominator before they can be either added or sub- 
tracted. We shall therefore at once proceed to 


ADDITION AND SUBTRACTION OF FRACTIONS, 


Rutr.—Addition.—Reduce the fractions to equivalent 
ones with a common denominator, which place under 
the sum of the changed numerators. 

Subtraction. — Reduce the fractions to equivalent 
ones with a common denominator, which place under 
the difference of the changed numerators. 


e+a,b,1_15@-+-a)+10b+6 
tol et gg 30 


q %+3_52+1_9+5e—ba* _9+ 5x(1—z) 
x 3 3a 3x 
a+b, a—b_(a+b)? + (a—b)? _ 2(a? + b? 

+ Fey uate a a? —b2 ss 

4. @+b_a—b_(@+b)?—(a—}b)?_ dab 


a—b a+b a? —}? a* — 2 
5. 2 —3__4e+2_ 27—3—(4e + 2)r_ de? +8 
3z 3 3a 3x 
1 Pi esp 


a*-a*+1 a*+1 
yyy _ et ty —@t—y?_ ay! 


w® + y® 2 +y% 2+ y? 
g My _2_22+y?—2ry_@—y)? 


ry ry zy 
In this example, as well as in the preceding, an integer 
occurs In connection with a fraction; and it may here 
be noticed, that an integer may always be put in the 
form of a fraction by simply giving to it 1 for denomi- 
nator: thus, in the present example, the 2 may be 


regarded as 7. 


EXAMPLES FOR EXERCISE. 
Norr.—It sometimes ha that th diffi 
— ppens the sum or rents of fractions 16 5 


fraction an at pl 1 
deprived of all » factors in nuth and denominator is said to 
be ie its fessent forsee, the umerator and denominator being called the 


terms of ‘ion, 
27—5 , r—1 @ # 
i he 2. estes 
l0r—9 32—5 2e—3 #—5 
8 7 4. 72 Br 
r—a 1 r—a 
&. Aoantet tae * tao 
Fo Tg Si 
Ly aGtanms 
3 1 4x? 
. matte iat 


2 Eee of ard Sy 
M. 5pe —y-fa = ype ee 
stadens may obinin sepeiaratie exteanne Se siete 
fractions, by combining with it that the 

the same subject.*—Ep. 


Norr.—The 
the addition, &c., of 
arithmetical branch 


MULTIPLICATION OF ‘FRACTIONS. 

If a fraction * is to be multiplied by an integer ¢, we 
have to take a things, of denomination b, c times; the pro- 
duet is therefore $° ; that is, ac of those things, just as _ 
if we had to multiply a pounds, or a ounces, by ¢, the 


product would be ac of those on ot or ounces. 
Y. 


But, if 
instead of ¢, we are to multiply only by the dth 
then, of course, the product will By ony the dik past of 


the former ; that is, it will be rd, or $59 6% yx 
=i This suggests the rule, which is as follows : 
Rutz 1,—Multiply the numerators together, the ro- 


sult will be the numerator of the product. 
2 Multiply the denominators together, and the result 
will be the denominator of the product. 


oo pear angered tir sige “ul it men peng, 
after operation, juction easily made 
the result; if so, reduce preceding Ni 


It is of importance, in dealing with algebraic frac- 
tions, that we pion Ma in remembrance the factors 
of such expressions as a2 —?, at —b4, a® —b®, dec. ; as 
also of a? + 2ab + b?, and a? — 2ab + b?. You have 
seen at 460, that the difference of the of two 
quantities is the product of the sum and di of the 
quantities; so that apr Bre er at — bt 


sat ak Lae CoeH Chae 
also that a’ = (a a or (a z 
pe Pir le way es (any ash ,or(a—v)% As 
iagiiel eadetigs vercbayrangenders: x ee 
perations with fractions, we re; em here, 
hes have full warning of what you will be apd 
remember. 
1 2x 6x" 6x? 


e—1*z+i  @—1)@+i) @—1? 
Hero itis easy to see that the 


factor « will enter into both numerator and denominator 
of the product: it is useless to allow it thus to enter, 
and afterwards to expunge it; we, therefore, silently 
suppress or cancel this common factor, and so pr 
its ap altogether. In like manner, the factor 5, 
foreseen to enter numerator and denominator of the 
product, is, at the outset, cancelled; so that, before 
actually multiplying, we imagine the factors changed 
Se—1,,_2 =~ 262-5, the product in its 
what 


Z 22 —3 
lowest terms, You areaware that all this is 

peep ode mpnemmeeny Pret: Pon. 
nothing to ons 
that is not in the fractions of pure 


ually necessary 
arithmetic, ‘Bapbose the example here commented upon 


Sa2@— a Oe that the 
had been ==" 55-53 then, seeing 
second fraction has the factor 2 common to numerator — 
and denominator, you would here, as in arithmetic, 
* See ante, p. 443, et seg. 


for 
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expunge or cancel that factor; and, to make each step 
perfectly plain, might write— 
3o8—a y 10 _ 82?—2 x 5S 2 Se--k 
5 22°— 4x 5 a2— 2a 1 
1 se—1 


x — == 


“a—2 2—2 


EXAMPLES FOR EXERCISE. 
4r 5 4x+-1_ 62 4a4+-2 52 
.GXoe 2% 3 7 8 Xe ET 
22—1  3r+1 até Bar 
4, +2 X33 5. 5 ae 
2° —a°r 4 an 
Ser es Smee | 8. ym 
3/e , 2y? 
9. yy 5Ve 
re Pd 
1. Toa 5 
(@—)* ety 
13. a? —y* @2—y 


as. (o—%) (+4) 


DIVISION OF FRACTIONS. 


If a traction + is to be divided by an integer ¢, the re- 


sult is of course 5; butif itis to be divided, not by ¢, but 


an em 
7. yn y 
x* —4a? 
2—a 
4a +-2 
12.°8 


yn 
am 
2? —a? 

a+2a 

52 92—3 


Xap 1” x 


10. 


14, a*—y* wy 


by only the dth part of ¢, that is, by, then the quotient 
will be d times the former quotient, as is obvious ; that 
is to say, the quotient will be =x d, or ant Hence di- 
vision is converted into multiplication, as directed in the 
following rule :— 
Rote.—Invert the terms of the divisor, or turn it 
upside down, and proceed as in multiplication. 
1, 2. Sed Se 2 te 7(3a—2) 
- “F Te te “be — 252-1) 
at—y* a tay_st—y* ay _(2*+y*\(e*—9") 
“Gy ay ey eet ty 
Lo __ (@? +9?) (2? —y?) 1 a? ty? 
a(e+y) a —y? XQ 2 
‘ < ax a? —2x? 


Fab ly a*—a* 
ae cl CH? RG le 


2 


EXAMPLES FOR EXERCISE. 


Norr.—Before inverting the divisor, you ney always expunge factors 
common to either both numerators, or to both denominators: thus, the 
zx in the denominators of example worked in the last page, might have 
been omitted, as also z—y in each denominator of Example 1. 


a , «—1 a+1, @—tl1 
1 = = Ty won Bo ms oo @ ‘ 
—9 2 — 2 x 
ae MRS 4G T9=e 
6 9x? — 4? | 3n—2y a — y? a2 + oy 
‘afy  #—y e—2Qey + yt ay 


CHAPTER III. 
ALGEBRA.—EQUATIONS. 


At rule was given for the solution of a simple 
a : ag 
its 


Deda a F ; P 
GENERAL ge cy gat the solution of a simple equation 
wit 


one unknown quantity. 
1. Clear the equation of fractions, if there be any. 
This may be done by multiplying each numerator by all 


the denominators except its own ; or by taking a common 
multiple of the denominators and then sang obs, ere 
numerator by this ealtgle, after suppressing that 
in it which is equal to the denominator. . 

2. Clear the equation of radical if there be 
ay: This is done by causing the quantity under the 


5 
. 


we must square 
oth sides ; and so 
i the 


here, that the example itself must i 
which the precepts given in either rule should follow one 
another. 


1 S45 -etM. Here, if each numerator 
be multiplied by the product of the denominators of all 
the other fractions (regarding 17 as 3) we shall have 
24a +- 30x = 60x — 40x -+- 2040, Tn Fob at te a 
60x = 2040 ; that is, 340 = 2040, “c= oq = 60. 


But if we take the least common multiple of 5, 4, 2, 
3, which is easily seen to be 60, we shall have to multi- 


ply the first numerator by 2 or 12, the second by Por 
15, the third by 2 or 30, the fourth by or 20, and. 
the last (17) by © or 60. The equation cleared of frac- 


tions in this way will be— 
12x + 15a = 30x — 20x +- 1020, ,*, 12% 4- 15x + 202 
~~ — 30x = 1020. 


That is, 172 = 1020, a= = 00, 


It is —_ that, whichever method be used, the equation 
free fractions always arises from multiplying both 
sides of the original equation by the same quantity ; 
thus, in the first way, each side is multiplied by 120, the 
product of the denominators; in the second way, each 
side is multiplied by 60, the least common multiple of 
the denominators. 


2. «+ ./60 + «*=3, Transposing the x, agreeably 


to precept 2, of the rule, ./6%-+- «®=3—z2; and squar- 
ing both sides, 6x + «* = 9—6x + «* 
3 


9 
+. 62 = 9— 6x, .. 12a = 9, “k= p= 7 


3. /2+7—J/2=1. Transposing, Je+7= J/e+1. 
Squaring both sides, # + 7=x + 2 t+ 1. Transpos- 
ing again, to get the radical alone on one side, _ 
a—x+7—1=6=2 ,/a, .*. 8= /x, .*. (squaring) I=a. 
z an a 
4. gs i? =a—a tate 
that (c—x) (a+), or a?—2* is the least common 
multiple x1 the ey, ) ( 
.l—a(@—2*) =an(a+n) +a(a—ax 
that is, L—a? + ax? = ae + az? + a? — ae. eo 
ing the unknown terms to the left, .*. ac —a*e = a8 
4+ a?—1, that is, (l—a)aw= a? + a®—1, 


Here it is evident 


[sucrue RQUATIONS, | 


4(e—2)*? 2= {(e—0)* —a}*. 
») f (--5)*— 2 
iee{ Qatiness. 
This example is in appearance difficult, but in reality it 
is easy. ti you look at the operations actually performed, 
yee that they are very trifling ; the work is for 
in 


Squaring, 


most merely indicated, not j-and such, 

sti is the am when we have to deal exclusively 

with literal, and not with numerical quantities. The 
work of an algebraic problem is usually the greater, as 
the merely numerical operations are greater ; because 
these must be actually performed : it is the arithmetic, 
not the algebra, that occasions the labour... An_ example 
purely algebraical, like that above, requires only a little 
address in the deduction of one step from another; a 
little caution in the management of signs, and some.care 
in indicating peceesnen, which arithmetic. must 
when the symbols are interpreted by numbers.- It is 
not easy, however, to embody in a rule all the expedients 
and artifices which may with advantage be resorted to in 
the solution of a simple equation ; these must be acquired 
by observation and experience, by the exercise of your 
own ingenuity, and the suggestions of common sense. 
A little thought and reflection will often do more than 


the most 


ala +2? +26 Sa le 
6. ai pate 8 In this example, Shp seenvek 
of the radicals is evidently the'first thing we should try 
to effect ; and it is easy to see that if we were'to attempt 
this by implicitly following the precepts in the rule, we 
soon have to deal with | complicated expressions, 
Let us try to evade these by a little ingenuity. You see 
that if we were at aiketien tp aabicank denominator of 
the first member from the numerator, the upper radical 
would be removed at once: this suggests the su’ i 
1 from each side; we therefore make the following the 


first step, namely— 
JPp ate bp yuh es wubme 
Rpts Te i tale 0 


And as it is in general less' inconvenient to have a radical 
in the numerator than in the denominator of a fraction, 
we shall take the reciprocals of these fractions ; that. is, 
mo lary Preheat srsgad teste Serie tees 
Ja? 4-2? —2 e z 2e 
a it waren Gat) 
c 
ba [A] 


squaring each side, oa? =(p Jute, 41 


=(+9) 
G29 
“a? _b+et dbo, —c)? 
a7Ge) 1 =Go ya 
ab 2) op ad — 
“t= 2 nw be < 
The step marked [A] may be reached a little di 
by help of ppm of dae de rei » hen ay 
will do well to remember, apply in examples like 
that above. Let 2s 2 be two equal fractions(? may 
q 
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@+a—1 (@+1)a'—1 stand for the first member of the given equation above) ; 
ve SES, oe SHO. then subtracting 1 from each, we have— attr, 
As already remarked at page 467, we may, if wo please, p= 1, be 
alwa: the signs of numerator and denominator q c 
ofa eee te Also, adding 1 to each, we have— 
' : igatsiet3 ptqbte 
the preceding expression for 2 thus : w ae. pe r 
6. Map e+V2+b=c. Transposing, /a+e=e—l—v 2. | Now divide these results by the former, and we get— 
Squaring, = (e— 0)? —2 (e—2) V x 
i 36.25) as kgf ptiapte 


‘orm 


rate rule. The following example’ will | 
serve to illustrate these remarks :— in wel 


By applying this property to the given equation, we got 
at once— 
3 
lai hate’, and thence ,/a?-pa =p te, 


EXAMPLES FOR EXERCISE, 


Notz.—Examples 8, 9, 10, 11; and 16, have been selected with a view to 
th lication of the Ty 
Femara) 3 ee rye en spammer ras eee Sh TY 


2. 5+54+ 7-6 
Cee 18 6 
83 —773—ete $ Breasts 

5. 21422 eK) ote 


Qn", 
LFEBIG 


6. ft +7 +e =7 7. Je—a~—b=0. 


alnt2_3 9 nJe+28 n/n 438 
J bodl obvi al aL er 6 
Ve+2a_Je+4a 4, Jax—a_3Jax—2a 
det bd o+B Jae-Fa 3,/az ba 
12 jaMg—n%M)—=WJo—2 13, f(de-+2)—9efe4) 
Mi YGet\e8 15, SP al) 


are neue ' Neti Je2—1_1, 7 i 
: te es Os Ue 


Simple Equations with Two Unknown Quantities, . 
There are three methods of solvinga simple | 
uations containing two unknown quantifies. we shall 

illustrate them by an example :— ng Ryle 

1. Find the values of « and y in the equations, 
22 + By=23, 

Wa—2y= 6. : 

From the first equa. by trans., 2a 


= 23 — by, | 

: = ey ale 
From the second equa., 
c= 


2 3 ah 

by trans., Sa = 6+ 2y rH § 
6 + 2y i 
3 Gh 

Equating these two different expressions for 2, we 
haye oS FY (clearing) 69 =12-4 4y 
“3 g++ (clearing) 69—15y=12 + 4y 
.. trans.— 19y=— 57.*. y=3. Substituting this value 
for y in either of the expressions oe ik win ee Sor 
instance, we havow =St Sid. om4 y=, This 
method, you seé, consists in equating the expressions for 


the same unknown quantity, as deduced from the two | 
equations, 1 


2. Having found an expression for x from one of the 
equations, as, for instance, ome, substitute it for 


a in the other equation, and we get ACF) + yen23; a) 


clearing and removing brack ‘ 
12+-4y-+-l5y= 00. «19m BT 23-90% \ys 


SIMPLE EQUATIONS. ] 
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so that 2 ort ON gs eed, y= 3. 
This is called the method of substitution. 


3. In the third method, the first object is to convert 
the proposed equations into forms such that one of the 
unknown quantities may have the same coefficient in ae 

e 


thus -—multiplying the first tion by 3, and 
second by 2, Suny teboe changed into 
6x +15y=69 
6xe— 4y=12 


By subtracting, 19y=57.". i a 

And this value put for y in one of the given equations, 
in the second for instance, there results, 3c—6=6.°. 

o=> =4, 

Or without, in this way, borrowing from the method 
of substitution, multiply the first equation by 2, and the 
second by 5: then change into 

4 + 10y = 46 
by addi 19z 


same unknown i Pesa in the two equations. When 

4 as the signs 

are fi: Meni! sill: ok leeatiastinoseve..cae. oF Fhe 

kno twenties thus th ber qos Ar fhe 
wh i got ri it is said to 

eliminated. 


The operations by the three methods may be stated 
ing rae as follows - 

y equating two expressions for the same un- 
known quantity.—Find an ag yt for one of the 
unknown ‘quantities from the equation. Find an 
expression for the same from the second equation. 
Equate these two expressions, and you will then have 


but a single equation: with one unknown quantity, the 
value of which may be found by the forte ania” The 
value of the other is got by substituting the value just 


found in one of the expressions in place of its symbols, 
2. By substitution.—Find an expression for one of 
the unknown quantities from either equation, and. sub- 


3. By equalising coefficients. —Multiply the two equa- 
tions by such numbers (or rroantities)? te ginalloe the 
better, as will cause the resulting coefficients of one of the 
unknown quantities to be the same in the two changed 
equations: then by addition or subtraction, according as 
the equal coefficients have unlike or like signs, an equa- 
tion will arise having only one unknown quantity. Both 
may be eliminated one after the other in this way ; or 
having eliminated one, and then found the value of the 
other from the resulting equation, the value of the 
former may then be got by substitution, as in the 
example above. 


1, Find the values of z and y from the equations 2.y 
ate-*3 
Multiplying the first equation by 2 and the second by 3, 
7 4V212 
a 2 
Bis 
Fa Me 
9 OBE 
Subtracting, $375 J”. 9e — 4¢=60 4°, 5a =60 
r=12 


.*. (equation 1) 2+ 7-6 1, f=4.-. y=16. 

2% 7 ,Y¥—7 ).*. clearing, 3e+2y—=42) ... [A] 
23 Qv+3y=48f, 4, 
§+4=8 “eS Ad—o 

f= 


Substituting this value of x in the first equation 
7a — 2 + Qy=42 5 
o*. 144 — 9y + 4y=84..*. 60=5y)..12=y 
And vam “Yo 18-6. 


Or, subtracting the upper from the lower of [A], 
—z eed 2 Y=6 +m, 
Substituting this in the former, ‘ i 
Sa + 12 + 2a=42 .-. 5e=30.. e=6 .. y=6 4+ c= 12. 
iis latter is the easier mode-of proceeding: ‘such 
slight departures from rule, as in equations with one 
unknown, may often be adopted with advantage. 


EXAMPLES FOR EXERCISE. ‘ 
lL 2a + 3y= 23] ” 2. Be -b4y = 58 
~ 5a—2y=10 SO Ba Ty 67 
* Bans wort He at ' 
U4 8x = 131 Le Simey 
bee ea ee ee 
et 8 3 Y 
+l 0 Y+5 + 109 = 192 
7. axv+by=1 8. ar+-by=e 
7, Bi by=1 ethet 


wit, when these are found, the reci- 


9. “11 _ 19} Here the unknowns had better be. regarded 
ae 4 
* Y — procals can be taken. 


= eR Show: NE Sa 
3 4 
2y-+2) te+py 2+ 18> i} 
3 8 
ll. # Guy 2 


12, 7+y=—19 
Solidyaiags 


Questions in Simple Equations with One or Two Unknown 
Quantities, 


1. Find a s aaher such that mde? it be divided 
into two parts, or into t equal parts, the 
product of the parts shall be the same. 4 

Let « be the number; then by the question 

BS Bee 
Ee ne Pk 3 
et. 2 1 2 27 
ge ee FD oO nde ,*, Af OR 
that is ¢ oF-": g=o7 27 =4e 4 i=e. 

When the question implies parts of the unknown 
quantity, fractions may generally be avoided in the 
solution by representing the unknown not by 2, but a 
multiple of », such that the proposed parts may be 
integral: thus, in the present case— 

Let 6x be the number ; then by the question iY 

Se X Se=—2u X 2x K 2x 


that is 922 =8x3 -, 9=8e ang " Go—= = 6}. 


2. A person after spending one-fifth of his income 
and £10 more, found t he had £35 more than half 
his income left ; what was his income ? 

Let 10x represent his income; then by the question, 
the number of pounds he spent is 2x +- 10, so that he 
had 10% — (2% + 10) left ; that is 8x — 10; but by the 
question he had 5x +- 36 left, 

. 8a —10=5a + 35 .. 8u=45.. e=215..*. 10n=150, 
so that his income was £150. 

8. There is a fraction such that if 8 be added to the 
numerator, its value is }; and if 1 be subtracted from 
the denominator, its value is }: what is the fraction ? 

* Sce ante, p. 470, 


472 MATHEMATICS.—ALGEBRA. 


[smreLs EQUATIONS. 


Let x be the numerator and y the denominator ; then 
the fraction is =; and by the question 

z+3 1 

A Se-+9=y 

: rhe { br = y—1, or y= Se +1. 
y—1 6 

Hence, equating these two expressions for y, we have 
be + 1l=32+9.°. 2c = 8.*. e—4, the numerator. 
And y =2-+1= 21, tho denominator, .-. 5 is the frac- 
tion. ¥ 
4. Aman and his wife could wnoag ag beer in 
15 days; but after drinking together ys, the woman 
ae tavak the howesed in 30 days. In what time 


could either alone drink the whole barrel? 
Suppose the man could drink it in 2 days, and - 


woman in y days; then in one day the man’s share is > 
of the whole, and the woman’s a so that 15 times the 
sum of these shares is 1 whole barrel: that is— 


But by the question 
6, 6 , 390 . 6 , 36 
ety ty =i: thatis, Oty 1. 


So that dividing the first equation by 15, and this last 
by 6, we have 


eh eae 
a ty “16 
1 Se 
e7 y 6 


By subtracting 
WS ee oe | 


76-10 ™ 
Sere 4, 15 (8: )18 15 es 
ey 10 yy 10 oo Sy 


«% Te = 150; om Tn 213. 
Consequently, the man alone could drink it in 213 
days, and the woman in 50 days. 
In this example, = and > are regarded as the unknown 


quantities, as spntelaitiied at page 471, Example 9. 


1. Find a number such that if it be increased by one- 
ay one-third, and one-fourth of itself, the sum shall 


2. There is a fraction such that if 4 be added to the 
denominator the value isa}; and if 3 be added to the 
numerator, the value is }: required the fraction. 

3. What number is that such that if it be increased 
by 7, the square root of the sum shall be equal to the 
aquare root of the number itself and 1 more ? 

_ 4. Fifty labourers are engaged to remove an obstruc- 
tion on a railway: some of them are by agreement to 
receive ninepence each, and the others fifteen pence, 
Just £2 are paid to them: but, no memorandum having 
been made, it is re to find how many worked for 
9d., and how many for 15d. : 

5. A person ordered a quantity of rum and brandy, 
for which he paid £19 43.; the brandy was 9s, a quart, 
and the rum He has, however, forgotten the. exact 
te each he has to receive; but he remembers 
| that if his brandy had been rum, and his rum brandy, 
his outlay would have been £1 13s. less. How many 
quarts of each did he buy ? 

6. A m has spirits at 12s, a gallon, and at £1a 
gallon ; how much of each sort must he take to make a 


gallon worth 14s,1 
irits tar pr 8 and 


/ 

i 

| 7. A merchant has 

at b shillings a gallon; much of must he take 


Bo ee as 


to make a mixture of d gallons worth ¢ shillings a 


on? 
8 In the composition of a certain tity of gun- 
powder, two-thirds of the whole + 1 was nitre; 


one-sixth of tha ubole tiem was sulphur ; and the 
charcoal was one-seventh of the nitre, all but 2lbs. How 
many lbs. of gunpowder were there ? 

9. A farmer wishes to mix 28 bushels of 
2s. 4d. a bushel with rye at 3s. a 
a bushel, so that the whole may make 100 bushels worth 
3s. 4d. a bushel; how much rye and wheat must he 


A and B, are engaged on a work 
y can finish in 16 days ; but after working 
together 4 days, A is called off; and B alone finishes it 
in eT In how many days could each do it 
separately? : se 

1. -A/compebiiien ab edge: sac: Ne, Soe 


cubic inches, w 505 ounces; how many ounces of [| 
each snotal did 35 Sania, ora ic inch of 
ic inch of tin to weigh 


copper to weigh 5} oz., and a 
4} 0z.? 


12, A cask is supplied by three spouts, which can fill it | 
in 


in a minutes, 6 minutes, and c minutes respectively ; 
what time will it be filled if all flow together? 


Simple equations with three unknown quantities ma; 
be solved by imitating the operations in equations 
two pe prio hens bumper Reghd sk 
known from two of the equations, eliminating 
the same unknown $a Shee of those two and the third ; 
the results of the eliminations will be a pair of equations, 
with only two unknown quantities: for example, 


A snd B om perform » piece Cb WSS aT ee Aand | 
ow 


Cin 9 days; and B and C in 10 days, In many 
an Be eet anid cee anit xth part, the yth part, 
nt and C can do the e 
and the #h part respectively in one day: then by the 
uestio: 
"Be-+ 8) = 1 (he whol), 9x + 92 = 1, 10y + 102 =1, 
To equalise the coefficients of y, multiply the first by 
5, and the third by 4; and we have 
40x + 40y = 5 
40x + 40y = 4 , 
.. Subtracting, 4ur—40z = 1. Mult. this by 9, and the 
second equa. 9x + 92=1 by 40: 
3602 — 3602 = 9 
360x + 3602 = 40 
Adding and subtracting, 720z = 49 and 720: = 31, 
ee ee ‘ 

s = == col =—.. pan 
v7 10y $102 = 10y ++ 75 = 1 Ly =F ye 
Hence A can do 4 a 
fon ot the whole in 1 day; B can do 55; and’, 55 
we tan do the igor wr von : 

Gg M78, Bin 77 days, and O in days. 


That Js, SPATE EAP 1732 days, and 233, days, re- 
spectively. 

aquatica which, like those considered in the pre- 
ceding pages, imply distinct conditions, all existing 
together, are called simultaneous equations: the con- 
ditions of the foregoing problem are implied in the 
three simultaneous equations at the commencement of 
the solution. 


Quadratic Equations with One Unknown Quantity. 

A quadratic is an equation in which the square of the 
unknown quantity enters, and enters in such a way as 
to require a peculiar process for its removal. It is pos- 
sible that even a simple equation may contain the square 
of the unknown; but then, in order that it may deserve 
the name of a simple equation, this square must be re- 
movable by transposition or division, or by some other 
of the operations common to simple equations in general; 
whereas a quadratic, properly so called, requires for its 


barley at 
and wheat at 4s, - 
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solution an additional principle; what this is, is now to 
be explained. _ 

first, you are to observe that the square of a 
quantity, consisting of but one term; that is, the square 
of a monomial is itself a monomial: thus the square of 
x is x*; the square of ax is a%x?, and soon. But the 
square of a binomial consists of three terms; that is, it 
is a trinomial: thus, (x -+ a)? =a? + 2ax + a?, (2—a)? 
= 2? —2ax-+a*, and so on. 

The next thing to observe is, that if only the first and 
second terms of the square of a binomial, «-+-a, or 
a—a, be given, the third term of it can always be found ; 
for you see that this third term is nothing more than the 
a nce OSes Se ences tare Thus, if 
the first and second terms, viz., x? + 2ax, or x? —2az, 
be written down, we can complete the square to which 
these two terms belong, by dividing the coefficient of x, 
ee oe a ee eee eee © 
the result. Thus, half the coefficient of z, in x* + 2ax, 
is a; the square of this is a ; adding this .*, to the two 
terms proposed, we have x? + 2ax + a?, for the complete 
square of¢-+-a. In like manner, knowing the two terms 
a* — 2ax, we have only to add to them the square of 
half — 2a, that is, (—a)?, or a?, to get x? —2ax+ a*, 
the complete square of (c—a)?. It follows from this, that 
whenever we have an expression of this form—namely, 
«*-+-px, whether p be positive or negative, we can 
always add to it a term, easily found, that will make 
the expression a complete square; this term being no 
other than the square of 3p ; that is jp? ; and moreover, 
that the root of the square may at once be pronounced 
to be «+p. In fact, common multiplication shows 
that 2 + pe + tp? — (e+ dy)? whether p be + or —. 

We give you an example or two of completing 
gare blag hme 

Zz Having the two terms x? +- 6x, complete the square 
to which these two terms belong, and express the root of 
that square. Here half the coefficient of x is 3, .*, the 
wanting term is 327=9, ,*, the square is c? ++ 6x-+ 9, 
and the root being x, with the half coefficient taken with 


Here the 


is «* —3a = (x — #)*. 
eg 7 pe now tte Grmettty in rendering an ex- 


To solve a Quadratic Equation. 

Rovre 1.—As in a simple ——- dispose all the 
unknown terms on one side of the equation, and all the 
known on the other; the unknown side, when the terms 
are collected, will then consist of but two terms—the 
first containing «*, and the second « simply. 

2. If «*, in the first term, have a coefficient other 
than unity, divide both sides by that coefficient; the 
cage Dia areca ga to the form «? + px =a, 
w a is the known side, and p a known coefficient. 
“yg Pi Se ee Nee ee eects es ot aides ; 

unknown side will then be a complete square, viz., the 
square of « + }p, the sign of p being the same as that in 
the above reduced form; and the known side will be 


a-+4p%. : 
wk Eaten the naa ot of ech land hers 
a simple equation, viz., «+ 1p = /(a 2), 
Tosh will ohememepaicd tloaagh ie sobs dhe cquor 
root of each side, yet as far as the unknown side is con- 
is, in reality, no actual extraction per- 
‘ou have nothing to do but to write down x 
cient of x, in the reduced 
2-+-px; but, as respects the known side, when 
. a number, the square root is actually found by 
OL. I. 


common arithmetic, unless it is seen to be a surd, when 
we may leave it under the sign ,/, the extraction being 
merely indicated. You must remember, however, that 
when the square root of a number is actually determined, 
the sign to be prefixed to that root is ambiguous ;* it may 
be ither + or —. 

1, Find the values of x in the equation «?+-6x=55. 
Completing the square, «2 + 6x + 9 = 64. 
Extracting the square root, « +3 = +8. 

“.%©=—38+8 =5, or —11. 
If 5 be put for w, the proposed equation is 
25 + 30 = 55. 
If —11 be put for «, the equation is 121— 66=55. 
2. 3u2+2x—9=76. Transposing, and then dividing 
by 3, the coefficient of «?, a? + 32 = §. 
Completing the square, «* + gx+}=9 +}="0" 
Extracting the root, +} = /*}*=+'5- 
Pian RD oath oxo 
3. 822 —9x—4=80. Transposing and dividing by 
3, x? —3x = 28. 
Completing the square, x? —3x + 2=23 + 3="{7 
Extracting the root, e—3=,/*{*=+'P. 


*.e=§+)=7, or—4, —— 


5 
4, z+ zo} Multiplying by 5, to clear fractions, 

a? 425262, .*.2?— 2627 —=— 25. 
Completing the square, #*— 26x + 13?=169 —25= 144, 
Extracting the root, ¢ —13= / 144=-+-12, 

6 ©=13412=25, orl. 
7 2 7 
e zit zu» Clearing fractions, 
7a 4- 2a 4+ 2=5a?-+ 52. 
ee 
Transposing, 52*—4e=2 2? — 5° = 5 
4 4 2 
Completing the square, 2*—; #-+4-95=5 + 


2 ui 
Extracting the root, e—=5—= v 95=5 v ld. 


4_u 
3 45° 


‘ weemed pM. 
The square root of 14 is found, by arithmetic, to be 
8742; and } of this is 748; also sinco 5 = ~4, we 
have # = -4 +748 = 1148, or — “348. . 


6. oe y Uh as, Multiplying by #7, to clear 


fractions, a* +- lla -+-9-+ 4r=72".*, 627— liv =9. 
5 
Or dividing by 6, oes, 


‘ a tae 
Completing the square, 2? — 5a + jg=3+ 74> 
49_ 47 
4 


Z See iene Clearing fractions, and remem- 
bering that sum X dif. = dif. sqrs. 
2742/7 ¢=—16—-a@ «.2 7 er=16—3e. 
ing, to remove the radical, 
4a = 256 — 962 +- 92 .-. 9x? — 100e = — 256. 
Dividing by 9, 2? — en. 
Completing the square, 


imei a as eet | Wena bi RAD 
5 196 14 
Extracting the root, oe / parte 
50, 14_ 64 
seek papers 
* See ante, p. 406, 


— 
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We might have com: the solution without clearing 
tee slid from ao ndotion 2042 /x=16—Z2, 
‘thus: by transposing, ‘ 


3e+2 Je=l.e+5Ve= 5 


Now, since « in the first term is the square of ,/ # in the 


second, it is plain that we may treat this as a quadratic 
equation, ing ,/ x as unknown quantity .°. 
rs 16,1 49 
2 1 
Extracting the root, 
1 49 7 


Nore.—And in a similar way may any equation of the 
form x** 4- px" -+- a, in which the exponent of @ in the 
first term is double that of « in the second, be solved 
as a quadratic; the equation just considered is «-+ 


:7* => where the exp. 1 of «, in the first term, is 
double }, the exp. of x in the second. 


EXAMPLES FOR EXERCISE. 
1, 2? —4e2— 45. 2. 22+ 82r—33 
3. 29—8r=9. 4. 327-4 22=161. 
5. 7a*— 202 = 32. 6. 2®@— 2 — 170=40. 
42°§—a@ 
7. Sa%+- 42 = 273. 8 es Sted 


72r—8_ 


9% 2+ =9. 10. 5a?-+4+3= 4x +159. 
35 — 32 P2 w—2 242 
M. 62+ _u=o. 2, 4 GSM. 


13. C+ Sauer 48v-? 4 32a-! = 11" 
14. 2*— 4027+4-39=0. 15. 2?+4-ar4+b=0. 


a+a.x—a a. Ka 
16. eae tite ; 17. 5x oe 22}. 
18.¢ (# —2) (l1—a2)=4. 19. 15a?— 4827 -+4-45—0. 
a2—2 w+2_, 
0. / ag t+/e— = * 


The preceding method of solving a quadratic equation 
is that which & usually employed for the purpose ; in 
certain cases, however, it is attended with inconvenience ; 
in those cases, namely, where the completion of the 
Sage introduces numerical fractions into the work. 

e shall now show you an improvement upon the com- 
mon rule; by adopting which, in practice, you will 
prevent the introduction of fractions. 

Pe most general pen the Ng ey see i 

© proper preliminary reductions, is =¢, t 
each side bo multiplied by 4a; the equation will then be 
4atz* +- dabe = dac, or, which is the same thing, 

(2ax)* +- 2b(2ax) = dac, 

The first member of this, you will observe, consists of 
two terms—namely, the square of 2ax and 2b times 2ax ; 
so that, regarding 2az as the unknown quantity, we 
shall complete the square by adding b?; and the root of 
that square will be 2ax +4-b: we therefore proceed thus— 
Completing the square, (2axr)* +- 2b(2ax) +- b? = dac + b, 

ericniing tes oak 2ax-+-b= ,/ (dac 4- b*), 


+b = ,/(4ac + b*), need not be gone h in 
particular example ; the reduced equation may be 
derived at once as follows :— ‘ 


Rule Il.—Take twice the coefficient of x* in the pro- 


Sori simple equation. 
To the first term thus found, connect with its 


will be obtained. 


second member, multiply the second 
i coeflicient of 


a*, add the square of the next pag eapel Soe ph ete ad § 


Proposed i Derived si equation. 
a = Peale haat Pe ar Oe 
You may either commit the rule to memory, or keep 
the formupls betona gtkh tala aye nee ‘i that, 
as a square is always plus, b® is to take the positive sign, 
ee is-+-or—. Thus (see Ex. 6, 
p. 47. 
62? —lix = 9 


or ‘i 
2e°—5r=03. . . . 4e—5=— A (24 4-25) = 749=+-7. 
Again, Ex. 5, p. 473, 


Sa*—4e=2. . . . 10r—4 = (404-16) = 562/14, 
Also Ex. 3, p. 473, 
x? — 3228. . . . 2e—3=V (1124-9) = V 121+ 11 


And from each of these simple equations 
deduce the value of x, ata single Wtep ¢ pws bf 


Ex. 3, en ent 


= 


2 
Ex. 5. om Ate NM maths; 


= 7, or —4; 


5 
Ex. 6, «=—{— =3, or —}, 


as at the pages referred to. All the examples worked 4 
the common method you may re-solve in this way, whi 
will be much the shorter and easier, whenever fractions are 
unavoidable by the former rule. We refrain from giving 
additional examples here, solely because we expect you 
to act upon this recommendation. 


To solve a pair o ions with Two Unknown iti 
when cht oe Stoohe Rencan cdi tinocetoie i 
The mode of proceeding in this case scarcely requires 
any formal directions. the simple equation an 
expression for one of the unknowns may be easily found 
in terms of the other and known quantities, as at page 
471; and this expression substituted in the « tie” 
will, of course, give an equation with only one unknown 
 Negesrh the other being eliminated in consequence of 


substitution. Thus— 
From the first equation 2 = 7 
lw Qy eZ Ck ahr page 
RP bet rr po Fr eeeaiing (at 201s 
—2y)? +3 (7 —2v)y— y* = 23; that is, 49— 
Pear) eh ar a ar a a 
*. Rule IL, 6y-++-7= 7 (812 +49) = V361=419. 
2 ride tee 13 


== OF — +" #7 — 2y = 3, oF 154; 
so that the two values of x and y which satisfy the pro- 


6 


posed pair of simultaneous equations are either— 
. «e=3 a= 15} 

*=3} Fohesrea ; 
2 ont tay by* 20} From the first equation a = 1 Sy. 


Substituting this in the second, it becomes— 4 
o( EY) +L y—sy2=20; that is, 1+ y+ 99" 
+rt *=20, or, multiplying by 2, and transposing, 
2y? 4+-7y = 39 


eT pm ee tae 
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w+. Rule I, 4y+7= v (312-49) = 7 361=+419 
—7+19 
STEN =5,0 8-2 l= 5,0r—9p 


a i ies 

so that the values of wv and y are either— 

ry] «2=—9} 

y=3} * (y= ok 

Sometimes pairs of equations, coming under the present 

head, may be most conveniently solved, independently 

of rule, by exercising a little ingenuity. Here is an 

example :— 

3. a pear By squaring the first equation, and then sub- 

#? + y*=74 5 tracting the second, 2ry =70.*.4 vy =140. 

From the sq. of the first, viz. 2? +4-2ry-+y? = 144 
Subtract Any = 140 


Extracting the square root, ; 
But, 


»*. adding and subtracting, 2e—=12+ 2, and 2y=122 
-*, 27, or 5; and y=5, or7 
that is, the values of x and y are either— 
uv =F ¥=7 
pad a Fe 5 
4. In a similar way you may treat the equations « —y—6, 
@* +-y* =50; and you will find that the values of 2 and y are 
cither 7 =7, y=1; orw=—l1, y=—7. 


Questions requiring the Solution of Quadratic Equations, 
1. The fore-wheel of a carriage makes 6 revolutions 
more than the hind-wheel in going 120 yards ; but it is 
found that if the circumference of each wheel be increased 
ly it will make only 4 revolutions more than the 
hind- in the same distance ; required the circum- 
ference of each wheel. 
Let e=No. of yards in circ. of larger wheel, 
qs 6s }, 5 Smaller wheel, 


then 22° = No, of revolutions of the former, and =? = 


No. of revolutions of latter ; and by the question, ™ 


120 6... 20y= 202 —ay.*. 2y=202—20y. . [A] 
m 120 120 
=(x+1) (29— y), that is, 20y + 30 = 29x-++ 29 — xy— 
yo". ey = 29" — Sly —1L 
Substituting this expression for xy in the equation [A], 
we have— 
292 — 3ly—1 = 20n— 2y.*. 9x =1ly+1.... [B}. 
This equation [B] is a simple equation, and [A] isa 
uadratic, or an Oo ton of two Maniaiahe because of 
tae eee oy 
From [A] we have «= dwthy this substituted in [B] 


— 20y.*. My? y= 220y + 20 — 180y 


= 40y +20... 11y*—39y—=20 
* Rule II., 22y— 39 = / (880 -4+39%) = / 2401 = + 49, 


gives— 
lly? +-y__ 220y + 20 
: me 9 


From the nature of the question, it is plain that the 
negative values of # and y are inadmissible; they fulfil 
the algebraical conditions [A] and [B], as well as the 
positive values, for there is nothing in those conditions to 
exclude them; and it will often be found that the 
algebraic translation is free from the icular restric- 
tions embodied in the question itself. The algebra 
furnishes all the values of the symbols, whether positive 
or negative, real or imaginary; and those of them are 
afterwards to be rejected which the restrictions of the 
question necessarily exclude. In the present case the 
only answers to the question are « = 6, andy =4 


2. A company at a tavern had £8 15s. to pay; but 
before the bill was settled, two of them left ; in conse- 
quence of which, those who remained had each 10s. more 
to pay. How many persons were in company at first ? 

Let x represent the number: then a is the share of 


z 
each in shillings, and 27 the portion each paid, after 


two had left: the difference is © — 275 19 by tho 
w—2 © 


question, .*. clearing fractions, 
15a — 1750+ 350 = 10x(e — 2) ; 
or, dividing by 10, 35 = a? — 2x, or a? — 2x= 35, 


wt Me — 2=/ (140-44) = 4 12,.. 2 2 


2 
=1+46=7, or—b. 
Consequently they were 7 persons at first. 

3. What number is that which, being divided by the 
product of its two digits, the quotient is 2; and if 27 
be added to it, the digits will be inverted or transposed ? 

Let « and y be the digits, then the number is 10x + 4; 
and when the digits are inverted or transposed, the 
number is 10y +- z. 

By the question, wet 2. 10x+-y= 22y.... [A] 
and 102 -++- y 4-27 = l0y+-a@.°. 94-427 =9y..e@+3=y. 
Substituting this value of y in [A], we have— 

Ne+3= 2e*+ Gr .°.22°— 523 
da —5= V (24-4 25) = 449 =+7. 
5+7 
= + =3 or— }.°,y=7-+-3=6, or 2}. 

The only admissible values are = 3, and y= 6, .*. the num- 

ber is 36, 


-: 


1. Divide the number 33 into two such parts, that 
their Pees may be 162. 

2. Find two numbers whose difference is 9, and which 
are also such that their sum multiplied by the greater 
gives 266 for the product. 

3. A company at a tavern had £7 4s. to pay; but two 
of them having left, the others had each 1s, more to pay 
+ oe fair share ; how many persons were there at 

4, A purse contains 24 coins of silver and copper; 
each copper coin is worth as many pence as there are 
silver coins, and each silver coin is worth as many pence 
as there are copper coins: and the whole is w 18s, 
How many are there of each ? 


5. Two m rs, A and B, were dispatched to the 
same place, 90 miles distant. A, by riding one mile an 
hour more than B, arrives at his destination an hour 


before him. How many miles an hour did each travel ? 

6. A grocer sold 80lbs. of mace and 100lbs. of cloves 
for £65 ; but he sold 60lbs. more of cloves for £20 than he 
nan mace for £10. What was the price of Lb. of 
each ? 

7. The product of two numbers is 240, and they are 
such, that if one of them be increased by 4, and the 
other diminished by 3, the product of the results is still 
240, Find the numbers. 

8. A and B set out at the same time for a place 150 
miles distant, A travels 3 miles an hour faster than B, 
and arrivés at the place 8, hours before him. How 
many miles did each travel hour? 

9. What number is that the sum of whose digits is 15, 
and if 31 be added to their product,, the digits will be 
transposed ? i 

10. There is a certain number consisting of two digits. 
The left-hand digit is equal to three times the right-hand 
one; and if 12 subtracted from the number, the re- 
mainder will be equal to the square of the left-hand 
digit. What is the number? 


A pair of simultancous equations, with two unknown 
quantities, cannot in general be solved without the aid 
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vely homogeneous equations, and 
i We shall very briefly consider 
in the present article. 
Quadratics,—A 
equations when each unknown 
occurs without either the pews of one of the unknown 
quantities, or the product of both ; the presence of two 
unknown factors—whether equal or po angen! a term, 
being the circumstance that renders that term of two 
dimensions. The following is a pair of homogeneous 
quadratics, each unknown term being of two dimensions : 
AS 77 ‘The following is the general way of solving 
such equations :—Put sy for 2, and the equations become 
g*y? + zy? = 77, and zy? —y* = 12, : 
From the first, y* = 543 from the second, y? = 
Pay 
ais oi i — ST. 
By means of this contrivance; viz. the putting « 
times one of the unknown quantities for the other, we 
easily obtain a quadratic equation involving 2 only : 
solving this, we have 
2z—65=v( —77X48 + 657) = 529} 23 
Oh 
24 3 4 
Substituting each of these in equation [A], we have 
12.12, A Ppt SS RC 
Paap Fz iteatisny => orl6.°. Y=Fa=3 72, or +4 
te ey V2, 0-7, 


You see that each of the unknown quantities has four 
values; for ,/ 2 is either + or —: such is wena the 
case when the proposed equations are each two 

—2 


dimensions, From the first equation above nee = 


and if this be put for y in the second, the result, cleared 
of fractions, would evidently be an equation of the fourth 

; and it is proved, in the Z'heory of Equations, 
that an equation always has as many roots as there are 
units in the number which marks its degree ; this is the 
reason that the values of « and y above are four in 
number. 


12 
z—l1 


. 
, 


ics. —An equation is said to be 
symmetrical, in reference to the unknown quantities 
which enter it, when they so enter that they may be 
interchanged without producing any alteration in the 
equation ; thus z+y=a; 2*+Sey+y?=b ; 2x°9—Sat%y? 


+2y3—c, &e., are all symmetrical equations ; because 
for every # you may put y, and for om, y, ®, without 
altering either of the equations. The wing is a pair 
of symmetrical quadratics; namely, 
24-/2—o—y=181 The general method of deal- 
if wy +-x-+-y=19 fing nd on equations is as 
follows :—Put u-+vfor #, and w—v for y, and the 
equations become 
*—2u—18 24-52% —9 “eee A 
(ot ee aai9 thas oe Daal Ay 
By adding 2u?-+- u= 28 .*. du-- l= / 22U4+1)=+15. 
ee Ey, 


4 ; 2, 


.*. [A], Oto —j=9.. eal eth 


16+0°+4=9..8e%=—1l eV 


or—4 


AS asupons 4 FE or—ttv—u ; that is, 2 —4, 3, 
or, —4-+-7—11 


Re Ray fe ae | 
adage or —4-+4-/—11; that is y=3, 4, 


or —4-+4+V7—11 


always yield to the f tog meats 2 ee 


equations for the solution of which no gen can 
may often be solved more easily by the exercise 


tarps ge he would 
not think of applying the first method to a pair of 
equations as a + cy =9, ay bated. because the 


vor om +2 Pay y=to—e- 4542 = 
Eats 

equations give x +y-2, and a . Ny=1Ore.y 
= ea .". by substitution in the given equations, you 
would have j 


Or you may proceed thus: the two 


25 5 400 : 
adie and a =} 
These equations give no different values for x, since 


the second is nothing but 1° times the first : henco the 


only values of waren 9, y= Beat % 


CHAPTER IY. 
ALGEBRA.—RATIO AND PROPORTION. 


Tue abstract number which arises from dividing one 
yee by another of the same kind, is called the ratio 
of the former to the latter. Ratio, therefore, is only 
another namo for pet geet of one quantity by another 
of the same kind : first quantity (the dividend) is 
called the antecedent of the ratio, and the second (the 
divisor) the consequent: these are the terms of the ratio. 


| Thus, of the two quantities a, b, the ratio is *; or, which 


b 
is the same thing, a+-b; but the little mark between 
the two dots, in the symbol for division, is usuall 
omitted in expressing a ratio ; so that the ratio of a tod 
would be denoted bya:b, Thus, the ratio of 8 to 4, 


that is 8 ; 4 is $ or 2; this ratio is of course the same as 
the ratio 4 ; 2, or the ratio 2 : 1. 

When there are four quantities such that the ratio of 
the first to the second is equal to the ratio of the third to 
the fourth, the four quantities are said to be in 
tion; thus, if the four quantition, @, B, 6, @ ta sie Maas 


5 = 77 0% Which is the same thing, a:b=c:d, then 


a, b, c, d are in proportion; and we express this 

sw 0 Shak 6 Ani sie ee fr 88 

Of these four terms, the first and last (a and d) are called 

the extremes ; and the intermediate terms (> and ¢) 
means, 
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From what is here said, you see that two equal fractions 
may always be conyerted into a proportion, and a pro- 
portion into two equal fractions. All the properties of 
proportional quantities may therefore be derived from 
those of equal fractions: the following are the most 
a d, th 

our proportional numbers, a4:6b::¢:d, the 
product of the extremes is equal to the product of the 
means; for sinee P= 5 -*, ad = be, 
, if the product of one pair of factors be 
equal to the product of another pair, the four factors are 
rtion : the factors of one product being the means, 
ose of the other the extremes: thus, if ad=be, 
a:b::¢:d; because from ad =be, we get, by 
dividing each side by db, * =<. 

3. If four quantities are proportional, they are propor- 
tional when taken inversely ; that is, the second is to the 
first as the fourth to the third: thus, if a:b::¢:d, then 


b:a:;:d:¢; because from 5 = 5 we get, by taking the 


ag 
then 


S b_d 

reciprocals, ek 
4, They are also ional if taken alternately, 
vided the four quantities are all of the kind 


is, the first is to the third, as the second to the 
fourth : thus, if a:b::¢:d then a:e::b:d if the 
quantities are alike in kind; because from * = we 
get, by mutiplying by 2, © = 5, 
tities of different kinds, as for instance, pounds and 
yards, they could of course have no ratio; ratio being 
always an abstract number expressing how many times 
the antecedent is contained in the consequent, 
5. Three quantities a, b, ¢ are in proportion when they 


supply the equality ¢ = 2; that is, when a:b::b:0. 


It is plain that three such quantities must always be of 
the same kind ; the first of them is to the third as the 
square of the first to the square of the second; that is, 


a:e::a?:0%; because from *—°, we get, by multi- 
6 a@ b&b? a? 

plying by =) =a = pr 

6. It is further obvious that you may multiply or 


divide the first and second terms of a proportion by any 
number, and the third and fourth by any number, with- 


out disturbing the proportion ; for 5= 5 is the same as 


me ="“ And that the first and third may be multiplied 
or divided by any number, as also the second and fourth; 


ma me ; 
for from 7 = 5 we got 7) =o Moreover, since 575 


If a and ¢ were quan- 


leads to”; = > whatever bo m, it follows that the 
same powers or roots of four proportional numbers are 
also in proportion. 
7. The terms of two proportions, when they are num- 
ee ne Ss Someta; Bat t— 
@rb4res 
and sspiar® 
then ae: bf: :c¢g: dh 
for this is only multiplying the equations ¢ =<, s=f 
8. If.g:b::e:d} thon a:e::e:f. This follows 
andb:e::d:f “Sua ae Hand 
.. ‘ +, gd = 
from multiplying together the equations 5 =» > 7 


a@ ¢ 


ett, 


f 
By thus deducing different equations from the equal 


ab ed 
which give be af 


a 


fractions or ratios 73 an endless variety of sets of - 


proportionals may be obtained ; but the most general of 
these déductions is derived from the following principle, 
namely ;— 

a 


If two fractions, Ss are equal, then we may replace 


the terms a, b of the first by any expressions involving 
a and b that are eneous in reference to these quan- 
tities, provided we replace the terms ¢, d by ex- 
pressions involving ¢ and d in the same manner, For 

ce— 

2a? — 3ab +b? is homogeneous as respects a and b: 

each term being of two dimensions ; so also is 5ab + 4a? 
— 2b; we may therefore substitute these for a and 6, 
provided we put the similar expressions 2c? — 3ed + d2 
and 5ed + 4c? — 2d? for c and d; that is, we may infer 
that because — 

@_¢, 2a? — 3ab +b? — 2c? —3ed + d? 

d d** bab+4a2— 2b? Ged + 4c? — 2d? 
The reason of this is pretty obvious ; two fractions can- 
not be equal unless one is convertible into the other by 
multiplying num. and den. of the former by some factor 
(m) ; so that in the above, c must be = ma and d = mb. 
Now, if in the second of the changed fractions above,.you 
put ma, mb for their equals c and d, you will see at once 
that that fraction will be nothing but the Jirst fraction 
with its num. and den. multiplied by m?. If the homo- 
geneous expressions chosen for the terms of the first frac- 
tion had been of three dimensions, then after the substi- 
tution of ma, mb, for c, din the similar terms of the 
second fraction, the result would have differed from the 
first fraction only by the num, and den. being multiplied 
by m, and so on, as is obvious. The particular case of 
this ral theorem which is most frequently employed 
is this, namely :— 


$ osS 2,02 OE ms 
b d a+ nb ~e 4 nd 


oa+mb:atnbi:e+md:e+nd 

where the values of m and n are arbitrary. In most 
applications they are chosen each equal to 1, or one equal 
to 0, and the o equal to1, We need scarcely men- 
tion, that when any of the conditions of a question are 
expressed by a pr ion, the product of the extremes 
equated to the product of the means converts the pro- 
portion into an equation. 


ARITHMETICAL AND GEOMETRICAL PROGRESSIONS. 
Arithmetical Progression, 

An arithmetical progression is a row, or series of quan- 
tities, such, that each quantity, after the first, is merely 
the preceding quantity with some invariable value added 
to it, or subtracted from it: thus, 1, 3, 5,7, &c., and 1, 
—1, —3, —5, &c., are arithmetical progressions ; the 
terms after the first in the former are obtained, each 
from the preceding, by adding 2; and in the latter by 
subtracting 2. The constant quantity thus added or sub- 
tracted is called the common difference: it is usually 
denoted by d; and as d may stand for a age a either 
positive or negative, the following will be the general 
way of expressing an arithmetical progression—viz.: 

a,a+d,a+ 2d, a+ 3d, a+4d, +++6a +(n—1)d; 
where n stands for the number of the terms: the last 
term being evidently derived from the first by adding to 
it as many times d as there are terms after the first; that 
is mn —1 times d; so that calling the last term /, we have 
l=a+(n—1)d. You thus see that the problem— 
Given the first term, the common difference and the 
number of terms, to find the last term, is one of very 
easy solution. We shall therefore proceed to {the next, 
which is this — ; 


"sts 


72 
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the com. diff. (d), and the 
the sum of the series (8). 
S=a + (a +d) + (a+ 2d) (a+ 3d) +...-4 
| or writing the terms in reverse order, 
S=l + (—d) + @—2i) + ((—3d) +... . , 
eee or et eT Det) 
. a @ 


And as there are n terms in each scries for S, there 

must be n equal terms in this last series ; that is to say, 
Wan (a+) «.S=jn (@+ I; but l=a + (n—1)d 
“. S=}n {2a + (n— 1d} 

The f ing expressions for and S will enable you 
to atone ange ta of the five quantities concerned 
when the other three are given ; as shown in the follow- 
ing examples. : . aa gl 

The first term of an arithmetical progression is 5, 
and the ninth term 37 ; what is the common diilerence 
of the terms ? 

For the particular numbers here given, the formula 


l=a-+(n—1)d 
is 837=5 +8d.. tant 
Therefore, the series is 5,-9, 13, 17, 21, 25, 29, 33, 37. 
2. Required 1+3+5+7+9+ &e., to twenty 
terms. 
S=}n {2a + (n — 1)d} 
=10 {2+ 19 x 2} =400. 


8. How many terms of the series } +} -+}-+ ke. 
(where d =— }) pe a amin in fez may be 
nothing ? 


Given the first yoy 
number of terms (n) to fin 


s=50 j2a +a— ya 


0=5" {1—F@—2 


1 n . 
=; _— 2) 2. 0=7n—n? .0=7—n 

*. N=7 

RY Sree! TS hk! 

therefore, the sories is3 + 5 + § +9—§ — 53-7 

4. Insert four arithmetical means between 2 and 17. 
Here 2 is the first, and 17 the sixth term of an arith- 
metical progression, and we have to find the common 


difference. 
l=a + (n— = 
17=2 + dd. d=5=3 : 


.*. the means are, 5, 8, 11, 14; which evidently fill 
gap between the first term and the sixth ; the 


S= In { 20+ (n—1)d} 
“ 2= jn {18—2(n—1) } =10n— 12? 


“0 —10n = — 24». 2n— 10 = /100 — 96 = +2 
n= 4 or 6. 


Consequently, whether we take four terms of the pro- 
posed series or siz, the sum in either case will be 24; 


Ofer terme 94148 BE Bh 
9+74+543+1—-1=%, 


six terms 
EXAMPLES FOR EXERCISE, 
1. Find the sum of sixteen terms of the series — 
142434 4+ &, 
2. Find the sum of fourteen terms of the series— 
44+3424140—1—2—&c. 


3. Sum tho series 4 + 1}-+4+2}+ é&c., to twenty 


4. Insert three arithmetical means between 2 and 0, 
5. Insert five arithmetical means between } and —}. 


6. The first term is 5, and the fifteenth 47; what is 
the common difference ? 

7. How many terms of the series 12 + 11} + 11 
+ 30h oe he gee 

8. is 7, 
e ninth term, 


he first term of an arithmetical 
the common difference — }: required 

9. The sum of eight terms of an arithmetical series 
is 2, and the common difforence—~1}: required the 
first term. 

10. The first term of an arithmetical series is — 3}, 
the common difference $: required the sum of twenty- 
one terms, 

Geometrical Progression, 

In an arithmetical progression, the several terms give 
equal differences ; in a penatrion! progression they give 
equal ients ; and this constant quotient, arising 
from dividing =| term by that which immediately pre- 
cedes it, is called the common ratio. The gounesl tics 
for a geometrical series, continued as far as n terms, is 

@, ar, ar®, ar®, art, sos ws art 
where a is the first term, and r the common ratio; the 
last, or nth term, being 1 = ar*-1 ; which formula en- 
ables us readily to find any remote term (the nth term) 
when the first term and the common ratio are given. 

By glancing at the above general form for a 
metrical series, you will at once see that the product of 
any two terms is always equal to the product of any 
other two equidistant from them; and that if the 
number of terms be odd, the product of the extreme 
terms is always equal to the square of the middle or 
mean term. Thus :—the product of the first and fifth 
terms is equal to that of the second and fourth, as also 
to the square of the third: that is— 

art X a= ar X ar=(ar*)? =a°rt, 


i gee Nia ie lied caren ck ion is 
given, it is plain that we only uire to know the 
common ratio in order to write down the succeeding terms 


to any extent; and from this it follows that when the 
leading term and any remote term are given, we may 
always find the intervening terms, and thus fill up the 
: for instance, if a and ar* be given, to find the three 
intervening terms, we should divide ar* by a; and knowi 


—from the fact that there are five terms al her—tha 
the Bese) would be the fourth power of ratio, we 
should obtain the ratio itself by taking the fourth root of 


that + gaan by help of the ratio, the wanting terms 
may be easily supplied, as noticed above. These in- 
tervening terms are called geometrical means between the 
iven extremes; if only one mean is to be inserted 
tween two extremes, it is found by taking the square 
root of the product of the extremes. § for 
example, it were required to find a geom 
between 2 and 8; then, since the square root of 8 x 2, 
or 16, is 4, Vaan a's men fe Lerma pene Fi 
rogression being : if the pro’ extremes 
Beak — 2, —8, we should have taken the minus root of 
16, and have written the p ion thus, —2, —4,—8: 
nevertheless, whether the given extremes be both plus or 
both minus, the square root of their product with either 
sign may be truly regarded as a mean, for the following 
are geometrical p ions, as well as those above, 2, 
—4, 8; —2, 4, —8: the common ratio here being — 2; 
in the sets above it was -+- 2. 

Again, sup) we had to insert fwo geometrical means 
between 3 and 81: then, as there are four terms alto- 
gether, the exponent n —1 above, is here 3, ,*, 81-3 
= 27 =r ..r=3. Hence the progression is 3, 9, 27, 
81; the required means being 9 and 27. 


To find the sum (S) of n terms of a geometrical progression. 
Sines Bey eats eatin os reas 
.*. Sr =ar+ ar? +ar+art+... art—2 
ar*—! + ar", 
Subtracting the first expression from the second— 


Sr—S+ar—a.*, § = 954, or = at 


o-_ 


— 


> ge EM 
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We have already seen that the last term 1 is av™—', so that 
rl = ar", . *. the first expression for S may ke written 


S= oe Pee 
and this formula, expressed in words, furnishes the fol- 
lowing rule to obtain the sum. 
Seren the last term by the ratio; from the 
roduct subtract the first term, and divide the remainder 
by the ratio minus 1. 
_ This rule applies, of course, whether the ratio be whole 
or fractional, positive or negative. When it is a proper 


- fraction, the series is a decreasing one ; and if carried on 


to an unlimited extent, must supply terms approaching 
nearer and nearer to zero or nothing, the terms at length 
differing from 0 by quantities too small to be assigned. 
Although we cannot write down such an infinite number 
of terms, yet we may affirm, with confidence, that they 


are all comprehended between these extreme limits,” 


namely, the first term a, and 0; with these limits in- 
cluded ; for including the 0 in the series cannot affect the 
value of the sum. In finding this sum we may therefore 


regard 0 as the last term of the prec mproioge, ory 
-| so that, for all such series, the formula above, J being 0, 


will be— 
a - . 

87-35 tre G11 Oe 0 (2); 
and from this see—strange as the thing may ap 
—that it is iauee find the enti sum of an injinite 
geometrical ing series, than to find the sum of 
three or four of its leading terms ; because the formula 
JU aie more calculation than the formula (2). For 
istinction sake, it is usual to replace the symbol S, for 
the sum of a finite series, = when the series is infinite ; 
that is, to write the formuls (1) and (2) thus :— 


1. Required the sixth term and the sum of six terms 
of the series 14+ 2+ 4+ &c., in which a=1, r=2, 
and n=6, 1 =ar—1 = 2 = 32; 8=2=% = 2x32 
—1=63. 

2. ired the sum of five terms of the series 1—4 
= 16—64+ &., in which r = —4, 


i tae, BOS —1024—1 


3 5 


r—1 —5 
- the sum to seven terms, as also to infinity 
of each of the series, 1+ 3 + }-+ &c., and 1— }-+4+}1— 
&e, In the first series r = 34, n =7 .*, | = ar™—1= (})° 


1 
“6s 

e ee a z' — au, 127 = 63 
“8 5 ~ Gg) +5 ia ae 


This is the sum of seven terms. When the number of 
terms is infinite, that is when n = o,* the sum is— 


a 
a4 ==; 1+} 2; 


| go that the sum of the infinite series is just double of the 


first term ; and you see how much more easily the sum 
of an infinite number of terms is found than the sum of 
seven terms. z 


In the second series r=, .*. for the seventh term 


we have |=ar"-! = (= a gat—a 


r—1 
1 $127.5 2 127 
=(5 —1)+—5= ia * 5 = 100 


- And when n=, Bade 3m1 xia. 


4, Insert five geometrical means between 2 and 35 
® This symbol stands for the word infinite, 


Here, when the means are supplied, there will be seven 
terms .. n = 7; alsoa = 2, andl =a} but 1 =ar™—-1! 


= Ort +. aot pay), 
32 G4 —2 
Consequently the five means are -++ 1, }, + 3, $ + v's; 80 that 
the ither 2+ 1 
wees ee 


EXAMPLES FOR EXERCISE, 


1. Required the sum of five terms of the series 1 + 2? 
+ 24 12¢4+- &e, 

2. Hight terms of 1—}-+1—1- ke. 

3. Ten terms of ia atedt &e. 

4, What is the geometrical mean between 6 and 54? 

5. Insert two geometrical means between 2 and 54. 


eee 1 : 
6. Sum the series 75 + oz + jos + &c., to affinity ; 


that is, find the true fractional value of the recurring 
decimal ‘1111, ... 

7. The first term of a geometrical series is 3, the 
common ratio 5, and the last term 375 : find the sum. 

8. The first term of a geometrical series is §, and the 
common ratio —}: find the sum to infinity. . 
9. Insert three geometrical means between } and 3. 
10. Required the sum of the infinite series, - 


1424545 + he 


and thence deduce the values of = in the particular cases 
of a = 2, and « = — 2. 


Besides the two classes of progressions just treated of 
there is a third kind which may here be briefly adve 
to, namely, harmonical progression. This name is given 
to every series of which the terms are the reciprocals of 
those of an arithmetical progression. Thus the re- 
ciprocals of the terms of the arithmetical series 1+ 2 + 
3+ . . . . m give the harmonical series 1-+4+}+ 


Ee = It has been found that musical 


strings, of equal thickness and tension, when their 
lengths are as the numbers 1, }, 4, &c., are in harmony 
when sounded together ; and hence the term harmonical 


‘There is no general formula for the swm of an har- 
monical series, but any number of harmonical means 
may be inserted between two given extremes by help of 
be corresponding problem in arithmetical progression. 

us :— 

Insert four harmonical means between 2 and 4. 

First insert four arithmetical means between } and 4, 
from the formula! = a +-(n—1)d, where a = 3, n= 
and 1 =}: we thus get} =—}+5d; .°. d=(—}) 
+5=— *. since } = 39, by applying the constant 
» pe — dy, we ae for bd ‘our arithmetical age 

e quantities %, sy, Yo) vo 3 thatis 2%, 2, vo, Yo; and, 
taking the sotocttle of ll the hdd so noat 
means are 22, 24, 28, 8 ; 

9 “5, “7 YD: 

And in this way se ei nt that two harmonical 
means, between 1 and 2, are 1} and 1}; and that four, 
between 2 and 12, are 22, 3, 4 and 6. 


Questions in which bomen and Progression are con- 
cerned. 


1. Divide 18 into two parts so that the squares of 
those parts may be the one to the other, as 25 to 16. 
Let « be one part, then 18—wis the other, and by 
the question, 
a2: (18 —a@)? :: 25:16 
.*. (Theo. 6, p. 477) a : 18—a% :: 5: 4 
or(p. 477)a%.: 18 eg et, 
.'. (Theo. 6, p. 477) a : 2 3: Seek 
.*. (Theo. 1, p. 477) # = 10 .*. the parts are 10 and 8, 
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as 
} ae - 

the original price 1 
| gat a = the coat price, thon tho gain was £2 per 
| £100, 


2 
s*s 100: @3:2:; jo the number of pounds gained. 


But the number of pounds gained was also 39—z 
x? 
"+ Jpop = 39-2 
* +, x2 4+ 1000 = 3900 .*. x? + 1002 + 50? 
= 3900 + 2500 = 6400. 


.*. 24-50 = +80 .*. 2 = 30 or — 190. 


.*. the cost price was £30; the negative value of x, 
though satisfying the algebraical conditions, being ex- 
cluded by the nature of the question. ¢ 

$. Tho sum of three numbers in arithmetical progres- 
sion is 9, and the sum of their cubes 153. What are the 
numbers ? 

Let z— y, x, x + y represent the numbers ; then 


e—ytert+aety=3e=9o.2=3 

(e—y)® +29 + e+ y= 82° + Cay? = 3. y? = 
1s =4.°,y=-+2,.°. the numbers are either 
1, 3,5; or 5,3, 1; being the same set, whether the 
common difference y be taken positively or negatively. 

4. A person travels a distance of 198 miles as follows : 
namely, 30 miles the first day, 28 the second, 26 the 
third, and so on: in how many days will he have finished 
the journey ? : Be Ue . 

Here we have an arithmetical pro; ion, in which 
a= 30, d = —2, and § = 198, to find n, the number of 
terms or days. 


By the formula, p. 478, S=y-n {2a-+(n—1)d}s 
that is, 


198 = 5-n {60—(n—1)2} =S31n—n? .. n?—Sin 
= —198, 
+ °. 2n—B1 = J (B12 —792) = / 169 = + 13. 
pa et ee ar ee 6. 


It would seem from this result, that he might arrive 

at his journey’s end either in 9 days, or in 22 days. But 
must always remember, in solving particular questions 
Le be gece: that the equation which embodies the conditions 
the question is not necessarily restricted to those con- 
ditions, The solution will furnish all the values which can 
satisfy theequation; whereas, from the limited natureof the 
question, some of these may be inadmissible. You per- 
| ceive, in a moment, that the question solved above is of 
wider meaning than that proposed: it includes the - 
and something more ; for it is this—namely, ‘The 

sum of an arithmetical series is 198, the first term is 30, 
and the common difference — 2: find the number of terms. 
The answer is ectly general ; for the series consists 
of either the nine terms 30 -+- 28 +- 26 + 24 + 22+ 20 
+ 18 + 16 + 14 = 198, or of the twenty-two terms fur- 
| nished by extending the series to the thirteen additional 
| terms + 12+10+8+6+4+4+2+0—2—4—6— 
| 8—10—12; for you see that these additional terms 
| amount to 0; and therefore that the sum of nine terms, 
or of twenty-two, equally amounts to 198, It is plain, 

| therefore, that the algebra would have been imperfect if 
n = 22 had not been contained in the result, though the 
limitation of the question excludes it: this limitation 
evidently is, that each day’s travel adds to the distance 
from the starting-point ; the traveller is presumed not to 
f° back, so that a subtractive day’s journey is for- 


5, The sum of three numbers in geometrical progres- 


* See Quadratic Equations ; ante, p. 473. 
+ lbid., Mule 1. ; ante, p. 474, 


sion is 13; and the product of the mean and sum of the 
extremes is 30 ; required the numbers. 


Let the numbers be represented by ©, #, and xy; the 
condition that they are to form a geometrical progres- 
sion bein, thon gona: : 

Then the other two conditions are as follow—namely, 

5 tat ays 
and ( + zy) 2=30 

From the first of these equations 

5 bay 18 —a...-(A} 


From the second © + ay =", 7 1S seems 


© 
. 13a — 2? = 30, orc? — 132 =— 30, 
ora em by Rule IL of quadratic equations, 
page 47 
22 —13 = Jf (— 120 + 13)=,/ 49= +7, 


¥ 
“o= —p—= 10, or 3. 
Therefore, substituting 3 for x in equation (A), we 
have 5 + 8y=13—8= 10 “8 + 9y% = 10y, oF 38 


—10y = —3; 
$ 6y—10 = (—36-+ 100) = /o4= +8. 
10+8 1 


Hence, putting 3 for 2, and 3 for y, in 2, ay, the 


numbers are 1, 3, 9; or putting 3 for x, and 5 for y, 


the numbers are 9, 3, 1; forming the same geometrical 

progression written in reverse order. If, instead of 

2=3, — rat — c= ce ac grenagee the cor- 

responding values of y wou ve imaginary, or 

impossible: thus, putting 10 for « in (A), the equation 
mes 


“yt 10y=13 —10=3 -. 10 + 10,8 dy, 
or 10y? — 8y = — 10, 
#20 —3=,/ — 400 + = _ 
y Cyt ees /—391, 
i 
These two values of y are imaginary; so that the 


three numbers, 1, 3, 9, determined above, are the only 
real numbers that fulfil the conditions of the question. 


1. Divide 49 into two parts such, that the greater 
increased by 6 may be to the less diminished by 11 as 
9 to 2. 

2. Two hundred stones are placed in a straight line at 
naan itn Daal: sapioes & parson shoring ch te 

vance of a et: suppose a person starti 
basket collects the has et returns them one by one 
to the basket. How much ground does he go over 

3. The sum of four numbers in geometrical progres- 
sion is equal to 1 udded to the common ratio; and yz is 
the first term: required the numbers. 

4, From two towns 165 miles apart, A and B set out 
to meet each other. A travels 1 mile the first day, 2 
the second, 3 the third, and so on: B travels 20 miles 
the first day, 18 the second, 16 the third, and so on: in 
how many days will they meet ? 

_ 5. The Ls of the first and sent eee wat 
in geometrical progression is 15, an e sum ; 
third and fourth 60: what are the numbers ? 

6. The sum of three numbers in geometrical 
sion is 35; and the mean term is to the difference of the 
extremes as 2 to 3; what are the numbers ? 

+ See Quadratic Equations, Rule IL. ; ante, p. 474. 
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CHAPTER V. 


ALGEBRA.—MISCELLANEOUS INVESTIGATIONS. 


A Few particulars connected with the elements of 
algebra remain to be noticed. These might have been 
introduced earlier, and are so introduced in most books 
on the subject. We have thought it expedient, how- 
ever, with a view to facilitate the progress of the stu- 
dent, to postpone them to this place. 


To Extract the Square Root of a Polynomial 

When we set about extracting the square root of a 
quantity, whether a number or an algebraical expression, 
we proceed on the supposition that the proposed quan- 
tity is really a square ; that is, that it is ca ble of being 
produced from two equal factors. You know, that in 
numbers, this is not always the case ; 2, 7, 8, 10, &e., 
are not squares, and therefore, in strictness, have no 
square roots ; by the aid of decimals, however, we can 
ant, as it is called, to the square root of any of 
Jt numbers ; that is, we can find a number such that 
the square of it shall differ from the number proposed 
~ by as small a decimal as we please; so, that for all 
practical pu the root, thus determined, may be 

used for that of the proposed number ; since it is the 
exact root of a number differing from the proposed one, 
by a decimal too minute to be appreciated. The 
here spoken of would be ly exhibited by 
the remainder left at the close of the operation ; for, b 
su ing this remainder from the number pro 
we should convert that number into a complete square ; 
we always take care, in such arithmetical ions, to 
push the approximative f oagh ys sufficiently far to render 
the correctional remainder of no moment, in reference 
to the practical inquiry in hand. 

It is the same with algebraical expressions or 
polynomials ; we proceed (by the rule presently to be 
given) on the supposition that the square root actually 
exists, ing on the process, as in arithmetic, till the 
terms of the garage have all been used up. Ifa 
remainder be left, we conclude that the polynomial is 
not a square, and can assign the correction necessary to 
make it a square ; for this correction, as in arithmetic, 
is the remainder. In algebra, it is usual to stop as soon 
as the proposed polynomial is exhausted ; the object 
being, in general, more to ascertain whether the ex- 
pression submitted to the process is a square or not, 
than to seek braical approximations to imperfect 
squares, I the term algebraical approximation 
would be meaningless, as you must see; for, in the 
absence of all numerical interpretation of our symbols, 
how could we speak of a set of symbolical expressions 
approximating, as to value, to any other such expres- 
sion? When numerical values are given to the letters, 
we may with propriety speak of such approximations ; 
but, even then, what are approximations for some nume- 
rical values, will be departures for others. 

Let us now take a complete algebraic square, and 
to discover by what process its root may be evolv 
And first, let the square be that of a binomial; namely, 
the square of a +b, which is a? + 2 ab + b?. 

a Por Sore Se mas in the margin, and 
mar! a place for 

a? + 2ab + b? (a+b 
a? 


root, to the right. The 

square root of the first 

term is a, which we know 2a+6] 2ab+b? 
to be the first term of the 2ab + b? 
sought root ; rreegcte ee get 20 38 P 
ing a* from iven ion, we or a 
renainder. _ Consider this remainder as a dividend, and 
a geen hace Ie Ag” sop dae tog ok already in th 
root, we cannot discover divisor 
this dividend, suited to give b, the 
root. A glance at the dividend shows 

you. I 


leading term is just double the partial root a, already 
obtained ; we therefore write 2a for the first term of the 
divisor we are seeking to form ; and as, in algebra, the 
Jirst term of a divisor is all we want, to get a term of the 
quotient, we at once pronounce b to be the second term 
of the quotient or root; and, to complete the divisor, 
we put this b, not only in the quotient, but also in the 
divisor ; and we find that } times the complete divisor, 
2a-+b, equals the dividend; and thus the operation 
terminates, and the required root is discovered. 

Guided by this easy process, let us now endeavour to 
evolve the root from the square of a trinomial; namely, 
from the square of a+b6-+c, which is (a+)? + 
2(a+b)c+c%; this being evidently the square of 
(a+ 6)-+¢. Writing the polynomial in the usual way, 
it would be a? + 2ab + b? + 2(a+6) c+ c?; and the 
following method, for discovering the terms a, b, ¢, of 
the root, one after another, is in exact imitation of the 
operation above. 


> @+2a+0+2(+de+e[a+s+e 
a 


Qa+b] 2ab+8? 
2 ab +o? 


——_—_ 


2(a-+ 2) +e] 2(e+De — 


————_—___—_. 


Here the first term a of the root is found as before : 
we then get the remainder or dividend 2ab +b? ; the 
double of the known portion a of the root furnishes the 
trial or incomplete divisor 2a, by help of which the 
second term b, of the root is found; after which the 
diyisor is completed by joining this b to the incomplete 
form: we then a second remainder or dividend 
2a-+ b)e+c%, and take the double of what is now in 
the root for the co mding incomplete divisor : this 
gives for quotient ¢ third term of the root; and 
the addition of this ¢ completes the divisor, the multi- 
plication of which by the quotient-term ¢, finishes the 

as no remainder is left. 

Tn like manner, by applying the same proceeding to 
cobain Pal 8 pmaege gs a+b+c-+d, we should 
obtain the several terms of the root, one after another ; 
the Pg oma whose root is sought being written in 

‘orm 


the 
@+2a+d)b+2@+b)+ee+a, 

as a mere contemplation of this form, in connection 
with the above process, makes sufficiently evident. And 
as the square of any polynomial (a+b+ce+d-+. .+1)?, 
may be wri 
a} (248) + (2(a-0) He) e-+(2(a-+d-+0) +d) d-....F2, 
the process is general; it is expressed in words as 
follows :— 

Roe 1.—. the terms of the proposed poly- 
nomial as if for division, marking off a place as for 
quotient. 

2.—Find the square root of the leading term, put it 
in the quotient’s place, and the square of it under the 
leading term, which will of course be equal to it. Draw 
a line, as if for subtraction, and bring down, under it, 
the next two terms of the polynomial; these will form 
a dividend, and a place, to the left of it, is now to be 
marked off, for a divisor. 

3.—Put twice the root-term, just found, in the divisor’s 
place ; see how often this incomplete divisor is contained 
in the leading term of the dividend, and connect the 
quotient, with its by oe sign, both to the root-term, 
and to the incomplete divisor ; the divisor will thus be 
completed, 


3Q 
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4.—Multiply the complete divisor by the root-term | the root-quantity already found, for an incomplete divisor, 
ust found, o tract the " uct from the dividend, and | by aid of which the third root-term may be found, which, 
the remainder unite the two next terms of the poly- ed to the incomplete divisor, renders it complete. 
nomial ; and a second dividend will be obtained. And this uniform process is to be continued till all the 
Proceed with this as with the former, marking off a | terms of the polynomial have been brought down, as 
place for a new divisor, and putting in that place twice | the following examples :— 
1. Oat — 12a? + 16st Be + 4 (3s° — Bef 8 


fx? — 22] — 1223+ 1624 
— 1229 422 


62* — de + 2 122° —8r-+-4 
1 1227 — 82 -+-4 


2. 4a" — 242" + Gat — 80s? + 60a" — 2k + 4(2e* — Gat 4- Gr — 2 
4 


43 — — 2425 + 602* * 
S?.. Dig 
dar — 122° +- 6x] 242* — 8023 + 602? 
24a* — 722° +- 362? 
4a? — 1227 + 12x — 2 | — 8a + 2a? — Mr +4 
a i — 82) 242% — 24e “A 4. 


3. ate — date 4 * 4 Gate fm — dam 36 tn (atm — Dam fe * fat, 
<n 
Qa — 2am -f-*] — dain 4 of Gat 4 2 
— 4a° -+-" 4+. 4a™ +. 20 
2a — da" }" + at] Date 8 — dam f Mat gle 
2am 4. %n _. fqm 4. Sn}. gin 


4. dat —da* — Sat 29 + 4 (2a? — 1 


In this example there is a remainder, after all the | marking off two commencing at the units’ place, 
terms of the pro’ polynomial have been used : we | then two to the left of these, and so on. This enables 
infer therefore that the polynomial is not a complete | us to determine the local value of the leading figure of 
square ; but that it would be made one, by subtracting | the root, and thence the number of integer-places in the 
3 (the remainder) from it: the expression 2x2 —2—1 | complete root. Thus, taking for example the number 
is the complete square root of 44 — 4x3 — 3x2 + 20 +1: | 76807696, we see, by help of the periods, that the 
il Sans proposed cannot be produced from two | first figure of the root must be in the place of thousands, 

factors: it is the product of the al factors | the square of it being so many millions, like the 76 in 


(228 —2—1+ J/—83) (22? —x2—1—',/—3). the first period. The detail ean as suggested 
by the Algebra, is therefore as follows :— 
EXAMPLES FOR EXERCISE. 76,80 76 96(800 Ne it oe 
Extract the square root of each of the following ex- patdnadn | vi 
on 16000+-700=16700)12 807696  876044—8764 

1, +42 4-42. Root, x 4- 2b. MT G9 00.00 

2. 9x4+12 2% echt a Root, 32°7-+2 0-4-1, — 

3. 9eb122°4342°4202-+25. Root, 3a7-+2a-+5. 174004 60= 17460) 1 11 76 96 

4. 44a? 2a4+ 9 et 4 abd. Root, 22-2 at—x+2, 1 04 76.00 


5. a4 10 244 297 24 +16, Root, a9—2 22 
+304. 


6. dap Gat + Pat 1504-25, Root, 22°43 a5, 


. The above operation is the same, in principle, as that 

Peo last ar He'you many, Hye Please, multiply | at page 449 of the “Arillanetia: by. sem ag ao 
ynomial order ion : : ' 

the 54 stock of the He-Will, off pours, "be the you will see that the more compact form, which the 


- sae work assumes in the place referred to, arises merely 
mare root of the given expression, multiplied by the : 5 és 
os week Goat Shed P y. the suppression of the useless ciphers or noughts, and the 


is, by 2; you must, therefore, | postponement of the successive periods till they are 
remember to divide the root by 3. F iwi 
The above goneral rule, for the equare root of an actually wanted in the several dividends, 
algebraical expression, a) cou numbers ; Lee! 
and suggests the arithmetical operation given at page 449, To Extract the Square Root of hare Qondae i whose | | 
in the Arithmetic, The first step in this operation, is| terms is Rational, and the other a 
to separate the figures of the number into periods, by! It sometimes happens that expressions of the form | 


17520 4- 4 = 17524 7:00 96 
a : 7 009 
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J (a+./5) occur in the results of algebraical problems: 
if they be left in this form, and then when a and } are 
interpreted, the operations of arithmetic be mf to 
them, you see that if b be irrational, we shall have to 
find the square root of b to a certain number of decimals, 


and then to extract the square root of a-++,/b, a quan- |: 


tity necessarily involving decimals. The square root of 6 
may be taken out of a table of square roots to several 
decimal places, when b consists of not more than four or 
five figures ; but the square root of_a number consisting 
of three or four figures, followed by five or six decimals, 
cannot be found to any degree of nicety by existing 
tables ; so that, in such a case, the arithmetical opera- 
tion must be executed. As we have told you before, 
algebraists seek such a form for their results as will give 
arithmeticians the least trouble in the numerical com- 
putation of them ; and this is one reason why they have 
ip at eerrear AN (a+.,/ 5b), into the simpler form 

a . 
vn order to show how this is done, a theorem or two 
respecting binomial surds must first be established. 

1. The square root of a quantity cannot be partly 
rational and partly a quadratic surd : that is to say, the 
condition ,/p =q-+.,/r is impossible, provided p and 
rare not themselves squares. 

For, assuming this equation to be possible, we should 
have, by squaring each side p = g* +2q J/ 1-7, 80 


that frat, a rational quantity, which is 
contrary to the supposition, as it shows that r must be 


the of the second member of this equation. , 
2. In every equation of the form a+ ,/b=—a2+./y, 
where 4 and x are 


a gre Spy and 4/ b irrational 
or surd, a must be to #, and therefore b will 
equal y. For if a and»x had any difference, then by 
transposing the a, we should have the square root of a 
quantity, not itself a square, expressed either by a 
rational quantity, which is absurd, or by a quantity 
partly rational and ly irrational, which has been 
shown above to be impossible. It follows that ,/ y must 
DR eatnibaa8.4.9; thee aoe / Gem 
‘a =ae+y:t must a— a/b) 
=x—y; where ,/b isa quadratic s and one or 
F aoa ao 5 te 3 
or by squaring equation a + ,/b=«* + 2xy 
+, where «*+ y* is necessarily rational, and .*. 2xy 
jeans (by 2 above) being equal to ,/b: that is 
a=e+y’, /b = 2xy, 0, a— a/b = 2? —2ay + 
Ys /G—/b)=a—y. 
By help of this latter principle, combined with theo. 


2 above, the extraction of the square root of a binomial, 


surd consisting of a rational term, and of a quadratic 
irrational term, may be effected, as in the following 


examples :— 
1. Extract the square root of 7+-2,/10. 
Put /(T+2V 10) =2-+y, . / 7—2 9/10) 


=ri—Yy; 
-* taking the product, of 4940) = 28 +. 
ae —— F's 
But 7-2 4/10 = a? 4 Qry-fy?, +. 7 = a2+ty%, .°. 
Hand 10 aS ALY: ey, 


t= JB, Y= 2, 0°. / (T+2/ 10) = /5 + /2. 

You will at once see that the change of ,/ (7 +2,/ 10) 
into ,/5 + ,/ 2 facilitates the arithmetical computation : 
a table of square roots gives us ,/5—=2-2360680, and 
a/ 2 = 14142136 ; so that the root sought is 3°6502816. 
If the unchanged form be used, we should have, from the 
table, ,/10 = 3°1622777 ; twice this increased by 7 is 
13°3245554, and the square root of this we should have 
to find by actual extraction, on account of the necessarily 
limited extent of the tables, 

2. Find the square root of 10 — ,/ 96. 


Put /(10+,/9)=2+y, .*. J (10— / 6)=2—y, 
. .*. a/ (100—96) = a? — y? = 2. 
Also a? + 2xy-+y? = 10+ ,/96, «2? + y?= 104 
“at = 6 y= 4,0". af (10— vf 96) = /6—2, 


3. Find general expressions for the square roots of 


a+,/b, anda—,/b. 
Putting «+ y, and «—y, for the required roots, we 
have— 


b=2? 
Sena can ci w+ y? =4 


Also a? —y? = ,/ (a? —0) 


By adding and subtracti 
ee eee 85/0) 
4 2 ry? 2 


therefore «+ y, z—y, that is ./(a-+ ./b) and ,/(a— 
a/ b) are respectively 


Net /frynyf ttt EHO Seve) 
+/(@—) —V@—b 
Va—V/ =H SEV E—Y) ove) 


These general expressions show that, whenever a? — 
b is not @ square, nothing is gained by changing ,/ (a + 
,/ b) into the new form, but in fact something lost in the 
way of simplification : the changed form is less complex 
than the original only when a*—b is a square: it is 
prudent, therefore, to ascertain whether or not this be 
the case, before entering upon the proposed transfor- 


mation; and to leave the form unc! if a*@—bbe 
not a square, : 
EXAMPLES FOR EXERCISE. 
1, 9+8,/3)=4+,/3 
2. “Et +o Da Tess 
t YG 9/49) =30/ 2649/6) 
5. ./ (76 — 82/3) =8—2,/3 


6. 4/31 +12 ./—5) =6+/—5. 


On Multipliers which render Binomial Surds rational. 

It has already been noticed (page 466), that it is in 
general inconvenient to have the result of an algebraic 
operation in the form of a fraction with a surd denomi- 
nator; and when the surd so occurring is monomial, the 
means of removing it have been explained. We are now 
to show how, in like manner, a fraction having a binomial 
surd ,/a+ ,/b or ,/a—,/b for denominator, may be 
converted into an equivalent ion with a rational 
denominator ; in other words, to explain the method of 
rationalising binomial surds of the above form. This is 


very , the rationalising multiplier being at once 
suggested from the binomial surd itself : if it 4 a+ 
,/ b, the multiplier is obviously ,/a — ./b ; and if it be 


/ 4—/ b, the multiplier is ,/a-+ ./6; and you thus 
have a useful application of the principle that the sum 
multiplied by the difference of two quantities gives the 
difference of their squares. Suppose, for example, our 


fraction is JE + 7% form which is inconvenient for 


computation, because after getting "i 5-+ ./7 we should 
have the troublesome operation of dividing 3 by a num- 
ber consisting of many figures. But by multiplying 
numerator and denominator by ./5—,/7, we change 
the fraction into Sof = $( J/T— /5), by which 
—7 
change the long division spoken of is avoided. 
J3+1 
As a second example, let 5—/3 be proposed. The 


rationalisin rat) ori i : + 4 5, ys the changed 
Lae 5 
fraction is 3—3 =: 

Sometimes the binomial surd- to be rationalised is of 
the form %/ a + %/0b: in this case the suitable multiplier 
will be trinomial : it will consist of the squares of both 
the irrational terms, and of their product with changed 
sign, as actual multiplication will show ; for 

(Va+%/b) W/o Vad +7 —a4b, 
The rationalising multiplier is therefore easily remem- 
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(EXTRACTION OF THE CUBR ROOT, 


bered: the following is an example of its applica- 
tion — 


Convert the fraction 375—-y7q into an equivalent 
one with a rational denominator. 
6 _ SV B+VIFY/S) 5,4 0, 
—2 3 


/5—Y/2 5 
+Y¥0+¥4) ; 
And this form, though involving three cube roots, is 
of easier calculation than the original, if tables of cube 
roots are used; because there is no long-division operation. 


EXAMPLES FOR EXERCISE. 
Prove that— 


Lh sgpoaga7evT t+ 30%. 


234/38 6 
/6 4/3—8,/2 
3. N8+ ft 5 . 


4 gy a VIF VE+YS), 


8 payee V+ +Y 2. 
n/12— /10 


6. “J6p 5  Lv2—4,/ 16. 


To Extract the Cube Root of a Compound Quantity. 

In order to discover the means of arriving at the cube 
root of a polynomial, we may proceed in imitation of 
the course adopted for the determination of the square 
root. Thus, to begin with the simplest case, let us take 
the cube of a+); that is, the expression a + 3a% + 
3ab* + 6°; and, availing ourselves of our previous know- 
ledge of the cube root of this expression, let us inquire 
by what steps it may be evolved. 

We see that the first term a of the root is at once 
obtained from the leading term of the polynomial; we 
thus have the step 


ae haet Ea 


3a* +- 3ab? + b3 ; 
and ing the remainder, here exhibited, as a divi- 
dend, it remains to find a divisor of it, such that the 
quotient may be b. It is plain that three times the 
square of the root term a, just found, taken as a trial 
or incomplete divisor, suffices to suggest the second term 
b of the root ; and we see, moreover, that if three times 
the product of the two root terms, a and b, as also the 
square of b, be added to the trial divisor 3a%, that the 


The following is an example of the operation :-— 


after the first divisor is obtained, 


complete divisor, nding to the quotient b, will 
be obtained ; hence the process is as follows: — 


a? + 9a" + Sal? + 040+ d 


amuse 2 


If the root consist of three terms, a+b+-c, that is if 
the polynomial be (a +b +c)’, or (a+ 6) +3(a4+ 


of 
Saba BY ale i then the portion (a+b 


one of the letters, as in the o} 
Gents place, subeeack the othe of ten the pobyapanal 
tient’s p) subtract the cube of it from the i 
bringing down the next three terms for a dei 

the left of which mark off a place 


3 

Fs 

& 
ie 
BB's 


suggests will be the second term of 
‘o three times the product of t 

preceding, add the square of the new term, and 

the * ¢ to the trial divisor; the whole will be the 


complete divisor. 


For the corresponding trial divisor put three times the 
uare of the root-quantity now found, in the divisor’s 
hate! and with this trial divisor find the third term of 
the root; and then complete the divisor, by adding to 
what is already in the divisor’s place three times the 
product of the new term and the preceding part of the 
root, and also the square of the new term; proceed then 
as in division, adding three new terms of the polynomial 
to the remainder; and so on, till all the terms of the 
polynomial have been brought down. 
ou will perceive that the principal part of the work 
consists in forming the successive divisors, each of which 
is made up of three portions—namely, thrice the square 
of the part of the root Yabo obtained, thrice the 
product of this part-and the new term, and the square of 
that new term. The first of these portions is what we 
have called the trial divisor; but you will not fail to 
notice, that, as in the operation for the square root, the 
leading term of the ‘ches divisor is always sufficient to 
make known any subsequent term of the root; so that 
every new term of the 
root may be discovered at once, without the aid of any 
special trial divisor; and therefore every subsequent 
divisor may be inserted at once, in its proper place, and 
in its complete form. 


af — Ga +} 152 — 2024 4. 152° — Ge + 1 (a? — 22 $1 


"on as 
— 625 


3a — 629 4 42%) 


15a* — 2023 
122+*— 8x 


Sat — 122° + 152? — 6x +1 
This is made up of se 


3(a? — 2x)? + 3(2* — 2x) 41 
As a second example the following may be taken :— 


Pompe et 


2748 — Sdat + O8a* — dda? + 21a" — Gx +1 (Se? — 22 41 


— 5425 


— 82" 


2744 — 182° + 42%) — Stet Set — 44 


27a — 3629 +- 21a* — 6x +1 
This is ade cy of hY 


3(S2* — 20)" + 3 (32° — 22) 4-1 


27a* — 3629 4+- 21a? — 6x +1 
2724 — 362° 


21a? — 62 4-1 
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The operation, as just conducted, is tolerably short ; 
but there is some work, in finding the several divisors, 
which does not to the eye in looking at the 
finished form. e shall explain another mode of pro- 
eceding, much more complicated in but very 
simple indeed in the performance. It presents to the 
eee work, as below; they are formed 

us — : 

Write down 0, 0, and the given polynomial, as the 
leading quantities of three veotial pel of work ; and 
then proceed to fill up the column thus :—Puit the first 
term of the root not only in the quotient’s place, but also 
under the first 0; to which, for uniformity sake, you 
may consider it to be added ; cate Ped sum by the 
same root-term, and add the product to the next 0; 
multiply the sum still by the same root-term, and 


subtract the uct from the polynomial, bringing do 
however, cole ures terms for remainder. a Se 

Return to the first column, and add the same term 
anew, multiplying the sum and ing the product to 
the second column as before, but not extending the work 
to the third column. “Return again to the first column, 
repeating the former operation, and there stop. With 
the last result in the second column, taken as a trial 
divisor, find the second term of the root ; and go over 
with this exaétly the same process, extending the several 
columns, by successive additions, till the polynomial is 
exhausted. Asan inspection of the operation will convey 
a clearer idea of the several steps than words will do, we 
here give the work of the last example in the form 


proposed. 


0 0 27 28 — 54 25 + 63 at — 44 2 4 21 2? — Ge 41 (32? — 2 + 1, 
32? 9a* 27 2 ¢ 
32? 924 — 54 25 + 63 at — 44 2? 
32? 18 24 —54 2+ 362'— 82° 
627 27 2* 27 at — 36 a8 + 212°—62r4+1 
32* —182°+4 2" 27 a — 36 2? + 21 2?’ — Ge 1 
92% 27 at — 18.29 + 4 2? 

—2& —18 2?+ 8 2? 
92" — 2x 27 at — 36 23-412 24 

Se 927—6e+1 
a? — fe 27 xt —26 27 + 212°—6r+1 
9x? —6r 

+1 

a ae o 1d be to contrive means of abridging the work here exhibited in the fullest detail : learner 
92* — Gr +1 * Pi Liertahes ciceriy Cas tvteaddia etapare of tas Peomes ty aioe every taems of then yet tetere en 


By the very same process, the fifth root, the seventh root, and indeed any root whatever of a polynomial, may be 
extracted: we have only to form, as above, as many columns of work as are sufficient to mark the number of the 
root; that is, five columns for the fifth root, seven for the seventh root, and so on; to construct the first column by 


that number of additions of the first root-term, of the 
of the other columns as above. Whether you ad 
ial or not, it is the arrangement we w 


polynomial > freee 
of a number ; as it precludes the necessity of retaining in the memory 
remember than the very simple series of recurring operations of which the several steps of the following 


easy to 


second root-term, and so on; and to carry on the formation 
this method of arranging the work of extracting the cube root of a 
recommend you always to observe, in extracting the cube root 


a somewhat intricate rule : nothing can be more 


Se up: the close of each of these steps we have marked by an Egyptian figure, in order that you ma 
m™m i gins. 4 


ore distinctly see where one step of the operation ends, and another 


We call that a step whic 


comprises the work between the determination of one root-figure and that of the immediately succeeding figure. 


1, ome the outs root of 189119224. 


189,119,224(574 
5 25 125 
x = 1 
5 25 64119 
5 50 60193 
te) 7% 2 
10 "5 3926224 
5 1099 3926224 
—_ } —— 
15 8599 
7 1148 
157 9747 
7 6856 
164 981556 
7 
—% 
171 
4 
1714 


2. Required the cube root of 469,640,998 917. 
0 0 469,640,$98,917(7773 
7 49 343 ai 
— =“ 1 
7 49 126640 
7 98 113533 
'- aeil 2 
14 147 13107998 

7 1519 12564433 
—1 — —— 3 
21 16219 543565917 

7 1568 543565917 
— 2 
217 17787 
7 16219 
224 1794919 
7 16268 
ang Poh 
231 1811187 
69939 
2817 181188639 
2324 ¢ ‘ 
7 
—$ 
2331 


j 
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8. Required the cube root of 3 to five or six places of 
als, 


0 0 9(1'442249.... 
1 1 1 
ne = -1 
1 1 2 
1 2 1744 
= =-1 —-2 
2 2 "256 
1 136 241984 
a | —— 3 
3 4°36 14016 
“4 152 12458883 ; 
= — 2 er 
3-4 5°88 1557 112 
“4 “1696 1248 
38 60496 309 
4 ‘1712 249 
at 8 —_ 
42 6:2208 60 
oe 8644 56 
4°24 6°229444 
4 8648 4 
428 6,'2;3,8092 
t 
— 3 
4°32 
2 
4-322 
2 
4°324 
2 
—-4 
4326 ‘ 


It is easy to foresee, that after the step marked 
(Ex. 8) is reached, the work of the subsequent steps can 


have little or no influence upon the three leading 
6-23 of the forthcoming divisors ; so that regarding 
three figures as constant, and recognising the others, 
8092, only for the sake of what is carried from them, we 
may, as above, make sure of at least three true decimals 
of the root, beyond the three already found, by common 
division, provided we reject a figure of the constant 
divisor, 6°23, at each step, taking care to secure accuracy 
in the ings from the rejected figures. 

Ex. 1. The cube root of «° + 9x5 4- 6x4 —99x3 — 
42x* + 4412 — 343 is 2? +32 —7. 

2. The eube root of 2° + 6x5 + 4023 —96x —64, 
that is of 2° 4- 6x + Oct — 40x + 0x2 + 962 — 64, 
is #2 4-22 —4, 

3. The cube root of 12994449551 is 2351. 

4, The cube root of 2 is 1:25992104989. 

5. The cube root of 959 is 9°8614218. 

§, The cube root of #® — 15a5y+-69nty? —13822y4 — 
60xy5 —8x° is x? —5ry —2y?. 5 


We here conclude the treatise on Elemen 


Algebra. 
The subject, in its widest acceptation, is one con- | 
siderable extent—we might almost say of ited 


extent ; as there are no definite bounds to its operations. 
our cap ote has been to unfold 


In the preceding treatise, 
to you, fully and perspicuously, the leading principles of 
the science ; and thus to lay a sufficiently secure basis for 


future researches. There is one d ent of the 
subject—the general moras of i and Series— 
which we have not touched upon here. It is a part of 


Algebra which is marked by eon features, and is 
occupied with investigations different in kind and in 
object from those necessary for the solution of an alge- 
braical equation, or for the reduction of an algebraical 
expression ; and is, moreover, of sufficient importance to 
merit distinct consideration, We shall, therefore, first 
ive solutions to the various exercises contained in the 
oregoing chapters; and in the su ing one, the 
subject of Series and ithms will be fully entered 
into. An extended Table of Logarithms of natural 
numbers will be also included. 


SOLUTIONS TO THE EXERCISES IN THE CHAPTERS ON ALGEBRA. 


At page 452 of the ALcErPRa, a promise was given to | 
furnish the Answers to all the Examples pro for 
exercise in that subject. Considering for whom the 


' work was expressly written—for persons not merely 


| unacquainted with the ve: 


alphabet of Algebraical 
Science, but also precluded from the advantages of 
academical instruction—we have thought that more 
acceptable service would be rendered by supplying 
sketches of the solutions themselves, rather than a mere 
— of the results. You will therefore regard what 
follows as furnishing a Key to the unworked examples ; 
showing briefly—but, we hope, clearly—the processes by 
which the answers are to be obtained. 

In Addition and Subtraction, however, all that can 
here be done is to put down the totals; for the result of 
an addition or subtraction example exhibits, in itself, the 
whole work. . 


Exercises. Pace 452. 
3444.3 = 12412 = 24 


13n +b =18.14+2=13+42 = 165, 

ppp 21.8 —9.5 = 168 — 45 = 123. 

d+ 4n—20=7.5+4+4—24=35+4+4—8= 31. 
8a + 4b — be = 3.4442—5.3 = 12+4+8—15=5, 
7. 6m—5n —3b = 6.8 —5—3.2 = 48 —5— 6 = 37. 
8. 14—3e+ m= 14—3.3+48=14—9+4+8 = 13. 
9, 11b-+n—13 = 11.2+4+1—13=10. 

10. ee = — Ot Bae 

m 


er ta 


Sm Ro 3 eee 
1. P 4+6—G > |G t6—_7 = 6+6—4=8. 


Sa), aa 64, 45 
12, $+ ha + —28=104+4-68 


2443, 
70+ Sp m—n= 4 t98 greed 
het 
Ga — 4b + Or—2  S4—4294683—2 
0 as 
20 


13. 


14, 


15. 3ab + dm — 5b + 6cen — 18 = 3.4.2 +5.8—5.2) 


+6.3—18 = 64, 


16, 2abm — Sedin ++ a + ad =2.428—83.5.8-+4+ 


$68 + 4.5 =—197. 


bam — 2be-+n—49_ _ 5.48—2.2.34+1—49 


17. 140 140 
—1=-—7. 

24, babe 6O m+n_ 24, 5.4.23 60 
8 nt ted d~ Bt BaD 
8+1 _, 

2245. 

Page 453. Ex. 1. day +1 =lMey. - 
= 2. aoe _ ela eaten doen 


3. 9mnx +- Smnx — 13mnx=mnz. 
a a a “a a a 
4, CT +2557 2p t+ GH 5 
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Appition. Case L Pace 453. x fee 
1. 260. “ 2. Bar. 3. Thy. tevbday’ 9.—3z+1ljy—ir+9. 10. y 2az 4 25 6b+ 4. 
. — 6zr. . Yar — dbz, 7. 5pqgy—'2mxr— 3a, z 
8. 2ryz+-5ab—8. 9. Saber Poe 8a—-1, | M.—Says—5~ +1050e—Amntp. 12. djar—jy—8. 
10, 15aex— 17bey + 4kg. 11, 15z-+- 18abe— 8mp. 
12. 19ky —4mz— 3abe. 13. 10abz-+- cey-+-5me. Paar 455 
14. 6gx + 13pgy + 13. 15. dary + 4ab+ 2c. -Suprraction. Paar 450. 
16. Llayz+- 9am — 10dn. 17. 8bex—ny +-2mz. 1, 32 —10y-+ 82. 2. — ax + 6by— lez. 
18. 19exz-+- 15dey —11. 19. ax. 20. 6egr —3. 3. zy —l5ar+-11. 4. —5ay— dbx + 6. 
5. 20abe-+- 10de —Gfy—5. 6. 6bz —Saxr—m—en. 
Page 454, Case II. 1. Gdy-}-3ez-+ 14e-+ hes aaa 
. . - by e--12. 8. dy — 24f2 — 3m — 8n : 
2. Sry +2az-+-e—15. 3. 6yz-+-9 av—Tbe+-cyz+en. 9. — llayz — 17bx 4- 4c +- 4d — 2e. 
4, ab — ed + 8ef — 10e + 14. 10. 12cer — Saby + 4dx + 32+ 11. 
5. 7ay— 15b2z-+ 10w — 3cd— 16, 11. Sar — 5by + Sez. 12, 4bz — Gey — dar. 
6. damz — 13n2 — 8bv-+ 6ew —8. 13. 3ay-+Sbe—3ez—16. 14, 52 —8y + 8z—4. 
7.—ary+10bz—3e45. 8.—labe+2de+f48. | 15, —4Jary43bz-+-4m—2n. 16, 2hyz — 2az—3.- 


Surere Equations. Exampres ror Exercise, Pace 407. 


ril+t 
peer E 

= 

ih 

| 

ll 

& 

| 

R oe 

e 

ll 

8 

ll 

oe) 


+65, that is, 4z—4—=2+5. Transposing, 32 = 9, .*. 2=3. 
Cada), that is, bef 10 = 22+ 16 ernadeg, ho, stamoe® 
3) = 4(«—2), that is, 6a —9 = 4r—8, Transposing, 2r=1, .. w=}. 
=7. Multiplying by 3, to clear the first fraction, 


2+ 3 =21. 


oo] LAMCOM LS TP 
RR eS 
et De 


F Booneopppe 


»la | 


+ ¥ 


Multiplying by 4, 42 + 3x = 84, ., 7a = 84, = ald 
2, 5 —4=1. Multiplying by 3, -— 2 = 
Multiplying by 4, 42 —e = 12, «2 = 12. 
—%=5, Multiplying by 3, 22—“? = 15, 
Multiplying by 4, 82 — Sz = 60, .*. 5x = 60, .*. 2 = 12 
1. G+ G=31—Z. Muliplying by 2, 


2r 
3. 5 


ee he a Ye : 
5 ast 6x 
Multiplying by 3, 32 + 2x =186— >. 


5, 15% + 10x = 930 —6z, .*, 15x -+ 10z + Gx = 930. 


930 
That is, 31a = 930, .°. = gy = 90. 


1b F+Gt+G=l Multiplying by 3, 
e+ e+ E=3. 
Maltiplying by 4, 4r 4 3-4 20 = 12, °. 92=12,...2= 5 =1f, 
16. 2r —(48—2) = 2 +12, that is, 2e— 43-4 « = 2+ 12, or transposing, 2x = 12-4- 48 = 60, .*. 2 = 30 
ay, SOF) 35, Multiplying by 2, and removing vineulum, = 
152 +10 = 70, .*, 152 = 60, 2 = 4 


3 3 oe. 
13, + —1=2—F, ort? = 3%, Multiplying by 5, 


o4+3=15—, ore = 12, 
Multiplying by 7, Tz = 84—5zx, .*. 122 = 84, .°. 2 = 7. 
19. $+ ¢—P—1=0. Multiplying by 2, 


a+ —P—2=0. 
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6c 
Multiplying by 8, 8c 22— 6 =O, or a — 5 = 6 
” by 5, 252— Gr = 90, .*, 197 = 90, 1.2 may, 


n * 
20. S+g—G—_=0 Multiplying by 2, 


4 3 
Multiplying by 8, 8x -+ 2-—“;—8 =0, orbe— 73 =0, 
»  by2, Wx—32—6=0,.°. Te=6,..2=-0. 


+>. Multiplying by 8, 
to — b0 = de 


Multiplying by 3, 264—15x = 12—16x, .*. 264 = 11x, ..2= te = 24, 

3 
22, 40 —2 3—x) =f that is, 42 —6 + 2x = st’. or 6x—6 = 24 , 
15 


Multiplying by 2, 122-12 =2+3,.°. Ix=15,.:.2= i= 


4—3c 29 sane 
23. ee ee. Multiplying by 5, 
302 —4-+4 3x = 29, .*. 332 = 33,.°.2 = 1 reget 
e—6 , « 2—2 oe x % ‘ % 
24. —5— + 3 = 20——z > that is, > —3 +3 = 20-9 +1, or by transposing, # + -¢ = 24, -*. mult. 
by 3, Se-+a = 72, .°. de = 72, .. 0 = 18, 


~ se dx ey. 
25. 7 +— z— =9. Multiplying by 7, 


%e—184 (Saw 
Multiplying by 3, 92 —39 + 77 — 28x = 0. 
ransposing, 38 = 19x, .*. 2 = 2. 
26. 6—2* 28 Soe. Multiplying by 4, in order that both the first and last fractions may be 
cleared at the same time, we have 


m—o+2— Sas i3_5 
Multiplying by 3, 72—Gx + 6—4r +8 =9—3e. 
posing, 72+6-+8—9 = Gr + 47— 32. 
Collecting, 77 = Ta, .*. « = 11. 


Questions To BE Sotvep By SrwPLE Equations. 2 -+-x—13 + 17 = 62, .*. 2x = 62 + 18 — 17 = 58, 
Pace 458. .. © = 29, the greaternumber, and .*. 29 — 13 = 16, the 

1. There are two numbers of which the difference is | less number. 3 : 4 
9, and the sum 43. What are the numbers ? 4, There are two numbers of which the difference is 


Let « represent the smaller of the two numbers, then | 15, and which are such that if 7 times the less be sub- 
by the question, the other must be z + 9, and their | tracted from 5 times the greater, the difference will be 
sum ‘ 19: what are the numbers ! 


c+ 2+ 9= 43, that is, 27 = 43 —9, Let x be the greater number ; then, by the question, 
«2 — 15 is the less ; also 
“om p= 17, 5a — (Ta — 105) = 19, that is, — 2x + 105 = 19, 

the smaller number, and ., 17 + 9 = 26, the larger .*. — 22 = — 86, 
ar t laces, 108 miles apart 86 

m two p * iles a) two. persons, A pray 
=~ B, = har at the ape oe to met each oer. "A .*. © = ——9-= 43, the greater number, and 
Tavels es a-da: trav ; in how man . en) 
days will they meet {’ y -*. 43 — 15 = 28, the less number, 


—— they meet in @ days: then by the question, | 5. A person starts from a certain place, and travels at 
the first, A, will have travelled 17x miles, and the | the rate of 4 milesanhour. After he has gone 10 hours, 
second, B, 18z miles; and since the sum of these | a horseman, riding 9 miles an hour, is dispatched after 
distances is the distance between the two places, we | him: how many hours must the horseman ride to over- 
have the equation take him ? oe orlokon‘Siacalbaniadiian 
17x + 18% = 108, .*. 35a = 108, .*. « = 3,f, days. Suppose the ov im atter Ti = 
8. Find two numbers of which the difference is 13, | hours ; then, by the question, the pedestrian ie 
and which are such, that if 17 be added to their sum, | Walked 40 -- 4x , aud the } rl ic 
the whole will amount to 62. ridden 9 miles; and since the distance tra 
Let x be the greater number; then, by the question, each is the same, we have the equation 
a — 13 is the less ; also Ox = 40 + 4a, .*. Br = 40, .*.0 = 8; 


ne 


= 


F 
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hence the horseman has ridden 8 hours, so that each 
person must have travelled 9 x 8 = 72 miles. 

6. A person has 264 coins—sovereigns and florins ; 
he has 43 times as many florins as sovereigns: how many 
* Speeae lates then, by the questi 
P uppose he & sovereigns ; question, 
he must have had 442 florins ; so that 


2 + 412 = 264, that is, 5ix = 264, 


or 11x = 528, -. © = 48, 
rp ag at tt and .-. 48 x 44 = 
mag person spends }th of his yearly income in board 


anid lodging, ¥ }th in clothes and other expenses, and he 
lays by £85 a-year: what is his income? 

To avoid fractions, suppose 28% to be the number of 
Rivisible ‘by both and? wid nn Jose because it is 
ivisible by both 4 and 7: then, the rrr iothen he 
pie eee ee Ee pet 8 and in clothes, 

4x pounds. faces endich since he lays by £85, 
ve the equation 

Tx + 42 + 85 = 28x, that is, 1a + 85 = = 282. 

, 85 = 17a, .*. w= 5, .*. 28a = 140. 
Hence his yearly income was £140. 
8. What number is that whose third part exceeds its 

fifth part by 72? 

To avoid fractions, let 152 represent the number ; 
then, by the question, 

5a — 3x = 72, .*, 2x = 72, , = 36, 

.". the number required is 36 x 15 = = 540. 
anaes ve a certain number in my thoughts, I mul- 
it by 7, add 3 to the uct, and divide the sum 
I then find that if I subtract 4 from the quotient 
Rents kstunbes eat] Eaking 087 

z represent the number ; then, by the question, 


TS noe Ot? 8 19 


haben fonkto Te + 3 = 38, .. 7x = 35, ». c= 5, 


10. A man, 40 years old, has a son 9 years old the 

is therefore more than four times as old as his 

son. In how many years will the father be only twice 
gg ing 

eeere that as es the father will then be 40 + = 

e son 9+ a : by the question, 

es iene suber io cs to tin of the latter: h 
the equation 


40 + «© =18 + 2x, .*. 40—18 = 24 = 22, 

Therefore the father will be twice as old as his son in 
ad pa in which time the father will be 62, and the 
son 

11. Two persons, A and B, 120 miles apart, set out 
at the same time to meet each other. A goes 3 miles an 
hour, and B 5 miles: what distance will each have tra- 
velled when they mect 1 

ea en ere © eae then B also 
om Pd he oe —— 5 therefore have 
resem an wc miles ; and since ther 
must have travelled 120 miles, we have ice 
3a + 5a = 120, that is, 8c = 120, ». « = 15. 

The time occupied by each is therefore 15 hours; so 
that A must have travelled 15 x 3=45 miles, and B 
15 x 5=75 miles. 

Otherwise. —Su A goes x miles, then B goes 
120 — x miles; time occupied by A, at 3 miles an 


hour, is therefore 3 hours ; and the time occupied by B, 
120 — 


~ 


ence 


= hours; but the times are 


at 5 miles an hour, is 


Multiplying by 3, « = 72%, 


voL. I. 


Multiplying by 5, 5a = 360 — 3x, 
-7= 45, A’s 
. 120 — 45 = 75, ees 

12. Divide £250 amo: A, B, and ©, so that B may 
have £23 more than A, C £105 more than B. 

Let A’s share be x pounds, then B’s is x-+ 23 ; and C’s 
x-+ 234-105; and the sum of the shares is 250: hence 
the equation 

atat 23-+2-+4 23+ 105 = 250 

Collecting, and transposing, 3a = 99, .° -%= 33: hence 
the shares are as follow :— 

A’s share £33; B’s £56 ; C’s £161; and their sum is £250. 

13, A can execute a piece of work in 3 days, which 
takes B 7 days to perform: in how many days can it be 
done if A and B work together ? 

Suppose they can do it in x days ; then since A can do 


one-third of it in 1 day, he can do = in x days; in like 


*. 8x, = 360, 


ce. 


manner B can doi of the whole in « days: hence, when 


working together, they dos + 7 ina-days but these parts 
ee en ee Se ee 


s+ soem 
Multiply by 3, a+ 9 
” by 7, Ta+3a = 21 -102= 21,. ‘c= 2.: 


oy they complete the wonk in two days and one- 
14. A cistern can be filled by three pipes ae N Hcpiegye 
in 2 hours, by the second in 3, and by the third in 4; in 
pratt Seg can it bé filled by all the pipes running 
er 
uppose it can be filled in « hours ; then since the first 


can supply one-half in 1 hour, it can supply 3 in « hours; 
in like manner the second can supply Sin « hours, and 


the third 5; and by the question the sum of these parts 
is the whole, 

x cd x“ 

-gtgtq=L 


Multiplying by 4, in order that the first and third 
fractions ipa be removed at the same = we have 


a+ S40 =4, that is, Sx} = 4. 


12 
Multiplying by 3, 9% + 4a = 12,.*. 13% = 12,.*. © = 7g} 
hence, when they all run together, the pipes will fill the 


15, Solve the preceding question, when the first pipe 
fills the cistern in 1 hour 20 minutes ; the second in 3 
hours 20 minutes, and the third in 5 hours. 

Imitating the foregoing solution, « being the required 
number of hours as in a, the part of the whole sup- 


the part supplied by the 


second is ay? and the part supplied by the third is = in 


ee ; hence, since these parts make up the whole, we 
ave 


plied by the first pipe is ip 


re ae 
RtR ts ~" 
Or, ool oe, the terms of the first pair of fractions 
by 3, 97 4 4 e 
SR 
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Multiplying by 4, 92+ S24 $= 4, or S242 = 4, 
: that ia, Be = 4. = 5 
hence, the time is jh, = 48 minutes. 


16. After A has been working 4 days at a job, which 
he can finish in 10 days, B is sent to help ; they 
finish it together in 2 days: in what time could B alone 
have done the whole? " 


Suppose B can finish it in w days ; then he can do = 
of it in 1 day, so that in the 2 days he does 7 of it. Now, 


as A does Bs of it in a day, in the 4 days, working alone, 
he has done «ot ; of it; hence, when B commences 


2) 3 18 
there is only > of it to be done, so that zt i075? or 


- Be 2 2 » cae: | 
at feel er hel Sa 2 

Multiplying by x, and then by 5, we have 5=2; 
hence, B can finish the work alone in 5-days. 

17. Divide £143 gee be B, and C, so that A may 


receive twice as much as B, and B three times as muc 


as C, 
Suppose O’s share to be # pounds 
then B’s Pe Se 45 
and A’s ms Oe 5 


.*. the sum of ma yas is 10x=143, 


fe =e = £14 6s. 


.*, O's share = £14 6s.; B’s, £42 18s.; A’s, £85 16s. ; 
and the sum of which is the whole = £148. P 

18. A person has 40 quarts of superior wine worth 7s. 
a quart ; he wishes, however, so to reduce its quality as 
that he may sell it at 4s. 6d. a quart ; how much water 
must he add? 

Suppose the water to be z quarts, then the entire 
number of quarts in the mixture will be 40 + #, and by 
the question the worth of the pure wine is 280s., and 
that of the reduced wine is 4}(40+ 2) shillings. As the 
worth is to remain the same, we have the equation 


4}(40 + x) = 280, or 180 + 4}x = 280 
+, de = 100 ; and ,*.@ = Ge = 9 = 2255 


hence, the quantity of water to be added 

is 22% quarts ; so that the mixture will 

make 623 quarts. The value of this at 44s. 

a quart is found, as in the margin, to 

280s. which is the value of the unreduced 

40 quarts. 31} 
19. Divide 90 into four parts, such, that 

if the first be increased by 2, the second 280s. 

diminished by 2, the third multiplied by 

2, and the fourth divided by 2, the results may all be 


Let the first be « —2: this increased by 2, is x. 
Then the second willbew+2: ,, diminished by 2, is «. 


. Z. : : . 
i third ,, 5° multiplied by 2, is «. 
» fourth ,, 22: ,, divided by 2, is x, 
The sum of these is 4a 5 = 90. 


Multiplying y 2, 84+ = 180, .*, De = 180, .* 
= 20 ; hence, Soe ge ange are 18, 22, 10, and 40, 
‘ which together make 90. 

20. Divide 39 into four parts, such, that if the first be 


ee eae second diminished by 2, the third 
multiplied by 3, and the fourth divided by 4, the results 
may all be equal. 

Let the first part be «—1; this increased by Lisa. 
Then the second will be x -+ 2: this diminished by 2 is x 


» third ,, this multiplied by 3 isa. 
$s fourth ,, 40: this divided by dis. 
The sum of these is Gx 5 -+1= 39, .*.6x-+ 5 = 38. 


Multiplying by 3, 18¢-+ «= 114, .*. 197=114, .*. 
w= 6; hence, the required parts are 6, 8, 2, and 24, tho 
sum of which is 39. 

From the last two examples you will perceive, that 
although, in , the unknown quantity fees best 
represented by a single symbol x, yet the itions of 
the question may be such as to suggest @ more conye- 
nient form for it ; a judicious form of representation at 
the outset will often save several steps of work in the so- 
lution. When fractions are foreseen to enter the equa- 
tion, when the symbol for the unknown quantity is x, it 
wil vy ee of x, such a multiple 
of x as will preclude their entrance, as in Examples 7 and 
8, just given. 


Moutrretication, Case I. Pace 459. 
EXAMPLES FOR EXERCISE. 


1. 9aty? 2. —Tbxty® 3, —4a%a%s* 
4a°y? 8bty> —6 
36a%y> — 5605x*y* 2ia*x*z* 

4. —5b%c* 5. lla‘xy?z° 6. —13a°x*y* 
pat Belyes —oatety! 72 Matx%y? 

150% e%y'z —99a%a®y72> — 182a%x*y® 

7. Bbta%y? 8. Sanz? 9 2x? 
—4b* ay atyz* —3a' 
—258x4y7 axly2® Gate? 

aly jauty2 cp y' 
24a®a*y' 

10, —3b%yz ll. “dexy? 12, fa*s? 

Dyess icy —iry 
6b°yz* Jax*y* —fa®xty*z* 
at aE cates 
— 24ab yz? —aix*y® ptoatxty*s* 
13. —$a*y? Me fate 
— 3b7z? ; —tay 
a®h?y%z? —hatrty 
— 2yz — yz 
— $ab®x*y?2? faiaty®z 
v —10a*xz* 
— Madaty*z* 


Mottretcation. _ Case II.' Pace 460. 


1, 3axr* — 2bey 2. 5a%y?—4x*y? 
4a*x —3ary 
12a°a* — 8a*ba*y — Lda*xy? + 12ax4y! 
—- ——— 
3. —6b2yz*-+- dab y* 4. Ta%btx® — 3x7y' 4-5 
— 2ayz 4ax*y 
12ab2y?z' — 8a*b'y*z 28a'b'z°y — 1 2ax5y® + 20ax*y 
5. 9m*nz? —7a®y® — 2U%a*y 


— fan®x* 


— 63am2n'e?s? + 49ane?y? + dab nra’y. 
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6. (2a%2* —Szy*) X 3ax2y = Ga%ba'y — l5ax%y’. 3. 5a — 4a? + 32 —2 
7. i eu a Pg al 22?@—a2+1 
8. 29 p2y —— Cm? . a - —42? 
eat ep pleat se Fe Tie tse 
9. (4ytz* —3az5 — 5dy*) X —Sab%y = — 20ab%y'z* tian 
-F 15a*b*yz5 +- 25ab%y*. 1025 — 132 + 1523 — lla? + 52 — 2. 
10. (5ex2z? — y‘z? — 32") chr whe = 60c%xSyz*—120%2%y5z4 
i =o ae — 120%be? = — 8a%bc8x? 4. (@+ 2)(@—2) = 2° — 4; @ 4+ 3)(e#—3)=2°—9 
eae erie ne yf Mabe, : pats 
12. {4ay* —(2b72* — yz —.2)} 3a®yz* = [4ay? — 2b72? + yz at — 422 
+ 2} 3a%yz? = 120°y%s? — 6a®b%y2 + 3a%y?s*-+ Gatys%. we & 
13. {2b2%y?— (Sey*z + 4y2* —323)} X —32°y= at — 1327 + 36.* 
2ha*y? — 5ey®z — 4yz* 4-323} X —322y = — I 
ea ie a Re Fer oeee Satie ee) 
14, {5a%x? — (30?y? +- 2a%x? —day*)} X —2a°*zy = 6. 2x-+ 3a 
{5a*x* —3b?y* —2a*2* + day*} X — 2a°b?2y = — [aaah De 
10a‘b? ay + 6a°btry? +- 4a‘ 22'y — Bab? ry’, 82? + i 2 ad 
Mottiriicatioy. Case III, Pace 461, pciit Sp--pemaarnt 
1. 2a2” — 3be4 —2 
32? — 2x 827 + 2az* — l5a%e 
ae 8az* + 2a%x — 154° 
6art — 9ba* — 
— fax? + 6ba* + de 829 + 1l0ax* — 130% — 150°. 
Gax* — (4a + 90) a® + 6(b — 1)2* + de. 7. 3ar—b 
dax +c 
2. oi. Tee — tabs 
9bxy —1 Fa wha 
a i re Oy a oe 4b)ax — be 
Gas * 60a’ + 5(3¢ — 4b)a%x* — 5abe. 
12aby? + (96x +- Bac)y + Ghe(x — 2y) —8e*. Feta Se aes cb B50 


Gar? + {5(8e — 4) — 35} ax® — {3(3e — 48) + Sbe} ax + She. 


8a%x? + 2abry + Car — 3b%y? + Thy —2. 


% @—We+y= m 253 =e THety=C—ne—9) 
2ry + y* 
a5 
a het ft Se 


at — ay + 2p — y' 
10. 2 —(a+d)e Le 


@7—e 


e—(a+s 
Ce Pe Fee 


# —(a-+b-+e)x*+ (@+b-+4 ler —@ 


11. 3%? — a*)? = 27(a* — 2a%x? +- at, 
12, (2% + 3)(2% — 3)(4a? 4+ 9) = 42* — 9)(42" + 9) = 162 — 81, 
13. { (w+ 2)(7 — 2)} * = (@? — 4)? = at — 82 4 16.4 

* See Algebra, p. 460. t See ante, p. 460, 
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« 3yeH 


ae s* 
“Ets Qe ~ 
—s+ie—l 


at + lhe? — 2? + Qhe — 1. 
ass Invotution. Pace —. . sabi’ 
L 2)2 os 5 = 4 
3. Y = — 64a %x'2- 4. eek = a 
5. aa = — 243a'Sy'%2", 6. ¢ = — 512)%xM*y?, 
7. (Ga*bPct)! = 625a*'%c'*, 8. A 


INVoLvrTION, Exampres yor Exercise. Pace 461, 
L sepadiliptialipndsniircpah VEG ok 
a+ 2x 


* @ + 4ax + 4ax? 
2a%e + 822 +- 823 


a® + 2a(a + 2)x + 4a + 2)n? + 828. 


& et = OS 8O = Sit ene aaat 
—4y 


Mavs — 72a + ABary 
eT Seatety 4 Maat — Oly? 


Mata — 108a%y +144axy?— 64), 


3. b 4. 3x? + 2n +5 
teas state 
a? + ab Ox! + 6x? 4+ 1522 
OLE +t + hat dat + 102 
beh Sitar 15x? + 10x + 25 
a? + 2ab + 2ac + b* + 2be + o%, Out + 1223 + B42 4- 207 + 25. 
5. a—2b-+ 3c 6. {(a+2)a—z)} = (@?— 
a—2b+ 3c ls I oe 
—2ab-+ Ga a 
4b? — 6be a® — 2ate? + arxt 
3ac— Ghe + 9c* _  —aty? + 2a%et — 28 
a? — dab + Gac ++ 452 —12be + 9c. a® — Satz? + Sa%at — 2%, 


7 {@+2)(@—2)}% = (@2— 4) = (@*§—4)' (ot —4) bai 
28 — Set + 1602 
— 4e + 3222 — 64 


gh —19et + 4802 — 64, 


8. { (2x —8) (2x +3)}4 = (4a®— 9)! = ‘ 
Safed = (16! — 722% + 81 - 
16x — 72x + 81 
25608 —1152x° + 1296: 
—1152x° + 5184at — 5892x° 
12962 — 5832x +- 6561 
256a° — 23042° + 7776x — 116642? + 6561. 


9 a@— 2Qax = 2° — Qax 2 = 
Goa Gt bay = fetta ta i 


xt + 2a%x* + at 
a8 +- 2a%x® + ated 
2a%c® + date + 2a%? 
atx! +- 2a%x* +- a® 


os {(@— a)? + ax i = a + date + Cate! + datx! + at 
® Sco Example 2, p, 460. + Sco. Example 3, p. 460. ¢ Seo Note, p, 462, 


~~ 


3 | 
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10. (@+1)(@—1)(22 + 1)=(@2—1) (2? + 1) = 2t —1, and (et — 1) = 8 — 2c! + 
WL. @—IP=2—241 2t— 241 


2. { @— IP 8 = 2 — Gad + 15a — 202 + 15a? — 6a + 1. 


Nore.—In working the foregoing it will be seen that frequent application has been made of the 
inci marked 12.5, at pase 400. They should alwa be used in like paige pes Nk 5 gratin ees 
Binomial Theorem, in the next elt however, of still wider application, and you should make yourself 
well acquainted with its form : the eleventh example here worked out in full, is solved in a moment by aid of the 
Binomial Theorem, as you will see by a reference to the table of developments at the middle of 461. The 
example in question is to find the sixth power of e—1; for {(—1)*}° is the same as (« —1)°. you suppose a 
in the table to be —1, you will see that the development of (c—1)° is the same as that found above by actual 
multiplication ; the directions at page 462 show how this development might have been written down at once, 


Bryomrat Toeorem. Exampnes ror Exercise. Pacer 462. 


1. To +y)*. The terms without the coefficients 
vp a" hag a wy, OV, OF, 
The coefficients, as far as the third, are 


(a+ y)' = at + daty + Gary? + day? + y*, 

Instead of finding the terms without the coefficients, and then the coefficients in a separate step, it is just as 
easy to write down each term in succession in its complete form, attending to the directions at page 461. 

2. (a—z) = a — bate + 100%? — 16a*x* + Sart — 25. 

8. (a-+ 22)? = a? + Sa%(2r) + Sa(2z)* + (22)? 

= a + 6a*z + 12027 + 82°. 

4. (1—a) = 1— 62 + Lix*® — 202 + lia! — 6x5 + «*. 

In this le the of 1, the first term of the binomial 1— , of course, ressed ; but th 
sidaaices: sa tuenmameaih op seaalalae Comalydh enn: olin oiteny 40 Souza tee enedsalante Pa ‘ 


woes cer a 
<7 ERRORS PR 4a +07 

Lt TRIOS MOR Sg B77 +0 
8 Ca 9S iy et MOM 1 Ore ar ae 


. (0 — 2y2f =a — Q1a5(2y")? — ae Tax(2y2) — (2y% 
8 eT dai | Bdaty—” Bo0cyh | bob Oreo faust tae 


Division, Case I. Exampres ror Exercise, Pace 463. 


1 ee = Dey 2 a = — SP 3 et 
1Gax%? _ __ day Taatys® tu? 6, — Shs _ Ab? 
—4a*zy? a — datz yz baz * 6b8yha? 3y%a 

. Moy By g, —36a%a*y? _ __ 18y? 9 Saba? ./y x 
— 2lety2z fs 2x Ta%xly ~~ Fu? l0ab®e Jy ~ 2b 

— Sa%eixt ac — 1 —1 z 

10 -<; 11. er 12 ee = 


Drviston. Casz II. Pace 463. 
— 3a*x? + Gate 


2. 1a + Re SEE test + 248 — 


eee 


. 
“ 
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3. Sax(dary — Say?) + 12axry Nasty — eee + OY a 22 — day + 2 a 


8aty!—A(daxr— 2y)n _ Sxty!—16ax* + Sry _ ¢ 2. 
. 4x*y duty = et 
two examples might have been treated somewhat more simply ; dius, cancelling 3x from dividend 


Tho last 
and divisor in Example 3, we have 
fy he tte = 99 — day +2. 
gata babepterinencncmers In like manner, in Example 4, by cancelling 
we have 
2x%y' — daw + saet = 2 — “42, 
5. Can 2, _ fom dividend and ety S2 have 


— Saxty's? +1 — 1 


16a%b2x? — 8 + Sa%act a? =i 
* haba = hale + opp 
— 
Drvston, Case III. Pace 464. 
1. £—7)s* — —2xr— 35(@ +5, , 2. #+3)2°9—#—12(e—4, 
a*—7r ~ a? + 3a 
5a —35 —42—12 
5a — 35 —4x—12 
3. B8x+4-2)6x% + 132462243. 4. Sx-+2)12x° 4 202-+ (de +7. 
a ee + 6(22+ + ete (4a + 
9x +6 Qle +14 
ots Qle +14 
5. 3a? —2x-+ 5)182° — 3322 4 442 — 35(62 —7, 6. a—y)et—y*(2® +a 24 3, 
sap nae he 5( v ne 6 le *ytay+y*. 
—2le? + l4r— 35 Rees 
— 21a? + 142 — 35 oy — ety? 
= ay? — 
sty? ay? 
ry’ —y* 
ry? —¥y, 


Example 6 may be worked differently, thus : 
Bae EE EH 2 oy og aie } by multiplying 


@=—y @z—y 
a + ay* + a*y +y". 
7. #—a)x* — ax* —Tax* + 8a°x —a*(x° — fax + a*. 8. aie la a al 
a* —az* ; a+ ax 
—TZax* +-8a°xr ba +-ab 
—Tax* +-7a°« coaa 
a’a—a* 
a’z—a® 
9. 4x? —1)82* 857 De®. Su8 a, 
y+ Sey 9 ol dase 3x*y -a(22* —@ 
—ir®y — 3x? 
ay a MALS 
2r 


10. #*-++-x—1)a°—2* $at ast ltt 4+ eo —24+1— SRT 
2 +a —e 


st 


at*—z?—1 
at +ao?—2? 


—2r'—]) 
—2—a+er 


2 —r—1 
a’+ar—1 


22 Remainder, 
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11. Cancelling x, from dividend and divisor, and removing the vincula, the operation is as follows ; 


4 
32 —3)6x° 4 92" —20(24* + 52-5 — 55 
6x° — 62? 
152? — 20 
15a? — le 
15 —20- 
152 —15 


————— 


a 


12, a—a)e*+pr+oe+eatpt—yia atete 


13, e—a)e*-t pet getre H(eto)epa’ + pep g po ee 


z—a 
2* — ax? 


Cth eee Le pee 


es + LES-t tea bes — oe 
a°++-pa*+ga-+r Rem. 
pa vry mae xr wo oui eb rbting ut tn = i Sn da in each case 


the remainder is the _ same expression as we should get by rubbing out the x in the Boos and putting a 
instead, volt ee har 462. The property is Leper A general : if any polynomial ee 
the powers — «#—a, the remainder will al vers be the same as the polynomial itself when the x 

pita te ules a is any given number, you be able to ascertain, without actual division, stablost 
a Die is divisible by “%—a or not: thus, re it were asked—Is x? — 22 — 35 divisible by 


— 3 for x in z*—#— 12, it becomes 9 + 3—12=0. Hence, 


fone 13 » diviible wee And siabting 8 to show that the division may performed without 
remainder in Ex. 7. 


Square Roor or a Surpte Quantity. Exampres ror Exercise. Pace 466, 


1, JS ataty =a'e* vy. 2. 4/ 2a'l® = + 2ad*. 3. 2/ 8a*a*z = 2ar} /z. 
4, 4/—8alety? = — 2axV/ay*. 5. ae a’y*zt./ — 2, 6. V3a'y'e = aby? /3az, 
7. (a*’2*)? = aba? 8. Vatyts? = yst/e. 9. => y= = 
10. eee ’ c van. L. Vaxty—? =a te a-yt 
8a" 4. _ 2% 2a bax az 2 Sep ew 
12. 2is*y* — 9.30%" — Szy? Se — Sey" 32 . 13. (—8a*w*y*)* = 2ay?h/ x? 


14, (9b*x*y*) tea = = Sexy Jy — 3 xy® 
oa al a 2 1 _ (Byz")} _V9 2 
ene laty"s* — Say? 27 2/3yz* 37x Raye" ="oyis* — =H 
~ 16. i — Watsty 9 2aaty-2 yi. 
17. (320 *ety) —? = 32 aig 4 - 'y* = “Gay 72. =i 


“18. (32a — 9x — Sy?) = Pes tay = =sr= ets wl 


Repverion or Fracrions. Secunten ror Exercise. Paar 467. 
@—a+ at a 2—y'_9-y—2+y_ _7 
1. etet53= ‘=e fame 2.3=—y—= 3y— S+y 347 
aw. (Ett) a= Ete +O — (OF — Met 4be 
(o—c)? Fe a 


St by actual division, a? a + 2 bg 


a—a@ 

5. By actual division, 4-7 3 = 8 

atat at—att+et+at  — 2xt 

+ay a= x? +a? =~ e+ a" 

9, Gtuteety—2_)_(e+y+2lety—1—2y _@+yi—# — ery _#e+y¥—2 
. dry pees aay at ary - ery 


a 
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a Wetotaledn=n _»_ Cts _e—tyt ps oops 
ary 


day day 
es 1a OB ty — # Le)? Reg EO 
2xy 2xy xy 


10 oe Cre xf (@—3) oe 


x (e—9) (e—2) + 3(e-— 9) } a e=) 634) ee 
z— a2—2 
_ 22 —2e—8) _ a(x 2e + 1—4) _ «{@—13—4} 
a2—2 2—2 z—2 


AppiTion anp Suprraction or Fractions. Exampnes ror Exercise. Pace 468. 
2e—5 , w—1 _ 4h — 102 +32—8 _ At —T2— 3. : 


+ 8 coe Gx Gx 

e 848s —~vt+3e+e—Se_ 2x? 

«—3 «+3 a—9 —9 

g, Wx—9_32—5 _ 70r—03— Mr + 40 _ 462 —23 

: 8 7 56 56 

4 2 —38_2—5 _ 6c? — Me — 72? + B50 _ 944 Ue _ Ww +11 
Tx 8c 56a? 56a? 56x 

b. 2—a rf 1 _#—a'+2*—ax+a _ 2x? —ax 
zw—ax+a? ‘x+a a + a8 w+ a 

w—a_xz+a—az+a_ 2a > as be a. 


6. i—vte +a e+a oy 
In this seventh example, the terms of the first fraction are multiplied by z, ‘al those of the second by  ; the 
denominators thus become each equal to xyz. 


8. t4+a-p: Maltiplying the terms of the first fraction ‘esata: and those i paca by a" —?*, we have 
ae—t 4p gt? ] 


——- 


ag Saati 4a? _ 2 fat 2r—a—4a* _ 4x —42" 
2e—a ' Orta 4°—a 42?—a? —iF—a- 
10, l—2  _ +2) (1-2 4+2°)— (140429 (12) _ (142)2*— 2" (12) _ 
os es a Oe f(s) +a} (+24) —2} (fa)? —a 1 fat fat 
ot bas wey ce Ae a el Anan a what an b?) 3a? — 2? 
Sed ey Sade eke a—o — gq? —b?°* 
ear 3 ree 
y—3 y ty+3 y=" 
The second and fourth fractions united give — ee 2, the first and third make ett we ye ry Hence the 
oes _ w—%w+418_ 18 
sum of all i art ~F—9 
rhe Ses a —ay+ayty*® _ 2’? +y* 
Katy —y Pc lcaa hes” 
x y ry—ayty?_ 2*+y° 
. sai TT esl @—y) etry  #-¥ 
“. —* aytaz—ay—yz_ __(@#—y)z 
‘eps ree Besant ~ @+2)9 +2) 
ee 2 weft yz— 22 
y+2 242 otn@+) ~ @+90F2 
Mutrrerication or Fracrtons, ExaMpnes FoR ge Pace 469. 
4x 5 4 5 20x de +1 Qe 8a2?+2r 
b> Xe=7 Xo = Ge - + x Fay F= 7 
de42 Se 2 10x Qe—1 — 3r+1 _ 6e*—2—1 
a Mel a AT: Se. * eos — st —a—6 
5 a+b bx a5 be _ br 6 e—atr « at—a®x? 
+ R= SS a * aoa > Gee 
eet ante ay" ay 
1 pk pee 8 ys m= ay 


Sve. 2y* _ by 10. a? — 4a? x SE = (20) (2? bar + a?) = 29 — ax* —a?x—2a3, 


y 5/72 5 “ @—a 
Tn this tenth example it is seen at once that the numerator of the second fraction is divisible by the denominator | 


of the first, eee t < ie ee the result is 0.* 
2x* 
+. 


22 7 9x z 
nu. 2x Xa g*%ptexIixs= 


4 alt 
wil aad “e's tar gs = wees eee 302 — 10. 
(t—y)* ~ frre z—y 
14. = . 
Bay Xeay= Soya yy * ETE =e FF ~e+¥ 

’ © Seo p. 405, 
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15, «($43 a5 fp al ee ea Otherwis2, 
Be b b b = UM at — bt fi E* 
(¢—) (4+a)=3 F-aGts = G—s)= ae = =, 


Drviston or Fractions. Exampzes ror Exercise. Pace 469. 


z a2+2 a? + 2r a+l Garg yd 
gaa * 1 FP — e+? aah Ga Ft ae Os | 
2—9 2+3 e2£—3,1 2-3 4x — 12 6e27— 22 , 2? 6x — 2 _ 6 —2 
clea ee ee MSs Saat Fe fs ee 
922 — dy? _ 3r—2y _3e-42%y , 3 4 
5. eae I Hg OE NE HB) = BP — 29 — 2 


ay tay _ ety. ety) yal 
ety fy ey eyo wy” 


Snrete Equations 1s Generat. Examptes 1x Equations wita onty OnE UNKNOWN Quantity, Pace 470. 
2a ' ar Mets 
1. 3+s- 224. Multiplying the terms of the second fraction by 3, 


Qe , 3x x 
tg rBte: 


Se SP 
Transposing, = + 3 = 22. 
Clearing,  6x-+ 5x = 330, that is, 11x = 330 .*, x= 30. — 
This might also have been readily solved by multiplying each side of the proposed equation by 30, the least 
number divisible by all the denominators; the equation thus cleared of fractions would have been 
122 + 15a = 660 + 5a 
'. 272— Sa = 660, .*, 22x = 660, .*, « = 30. 
2. ot+et+p=4. Multiplying by 12, the least common multiple of the denominators, we have 


3 
Ga + 42 + 3a = 78, 
that is, 192 = 78, ", «= 6. 
3. oi 3 eth or eS 8 E41 5 that is, 
. ca=ett 
Multiplying by 12, 82 = 22 +12, .*,2—=12. 
18 

4. Bre 8 45 thatis, +198 45,0. Gad ade ead 
5 at Ea MED + TST Multiplying by 16, 


$36 + 32—11 = 102 — 10 + 776 — 56x. 
i 8a — 10x = 776 + 11—10—336 
Dron, ef See = TF 
6 V@+Nte=t, VEE N=T—a 
Squaring, 2-+7 =49— 14a 42%, .*. 14x = 42,.°. 2 = 3. 
7. /(e—a)—b=0,.°. J/@—a)=),.°. z—a=..2=4+8% 


2_3 By . a 5 
8. yitint Applying the principle explained at page 468, we have Vea F Je=10, “2 = 100. 


9. + = + = = “ te Applying the principle referred to in the last example, we have 


fe t16 — Vet Multiplying by 3.44, 
‘ 4/et+64=3/2+6,.. f/2=2,..0=4 
yo, M2+24 _ J2+40 5, ino principle at page 468, 


Veto Jato ga 
2f/e+2a+b 2/2 +4a+3h; 
Sa) 4a—3b ” that is, 


2 Ja, 2a+b_ 2 Ja 4+ 4443) | 
Ra—b ' 2a—b 4a—3b © 4a—3d 
SiS 2c 4a+3b 2a+b 
hearts Bc eon a a oe 
Multiplyi 2a —b) (4a — 3b 
bi Sant octal ee Ge (da + 38) —(2a +5) (da— 38) 
.*. (4a—4b) /a¢ = —8ab + 12ab = dab, 


ab ab 
o*e a 54— 5° o*, a =(——;)° 


VoL. f. 
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_ —2a f - ies ax 6,/ax-+ 3a 
1. et eae Applying the foregoing principle, ve - v tan 
Clearing, 7 ,/ ax = 6./ ax+ 3a, .*. / aw = 3a 
.*. ae = 9a*,.*, @ = 9a, 
i adalah Sa nes wbore o+4, 
Transposing, 4/2 = 28, .*. om 7, w= 49, 
13. 4e-+-21) = 2 1. Squaring each side, 
ern sh ae Wis pny rs ey, 
Transposing, 20 = 4,/«, .°. /e=5, .*.% = 25. 
2x = 3, Cubi h side, 
MRM ER Ont 3 = 27, .. Sn = OM, wD, 


15. Fea = Je The numerator of the first fraction is the Tifference of the squares of the 
two quantities in the denominator ; therefore, the numerator is actually divisible by the denominator, so that the 


equation is the same as 


V/5e—3 = LE, +. 24/526 = / eI, 
ws / ba = 5,.*. Ga = 25, .*. = 5, 
/@+1)—/@—)) 1 sale 
16. 7@+1)+ J@—=1) 3° By the principle at page 468, 
J@tt 3 , atl iy 
J@—i) 1°**a—1 4s 
afl =9—9,.°. 10 = 82, .2 = = 1h 


Surere Equations wirn Two Unknown Quantitrzs, | Otherwise, thus: multiplying the first equation by 2, 


Examp.es For Exercise. Pace 471. we have 
On + Sy = 23 : 10x + 8y = 116 
1. bee if Ast. Proceeding by Rule L., we 30+ Ty = | 
4 = 23—3y, Subtracting, Yet y= 49, .y=49—Tx 
have from the first equation « ser mane, and from the Multiplying by 3, ale +8y = 1 a 
second « = Wry; hence equating these two expres- hac acy 8 Pick tha = 
. Subtracting —l6x+y =—89, .. y= 162 —89 
sions for 2, . 16x — 89 = 49 —Te, .*, 232 = 138, .*, 2 = 6, 
23—3y _ 10+ 2y 2 y =49 —Te = 49— 42 = 7, : 
2 5 d xe - . . . 
Clearing fractions, 115 — 15y = 20+ 4y, Sgt By SIE) | eens ae 
Transposing, 95 = 19y, .*. y = 5, Y 4.8 = 181 w+ 64y = 1552 
op = 1 +2Y_ 10410 _ 20 _y 8 ag y+ 64x = 1048 
i 5 5 Si By adding th 65x = 2600, .* 
2nd. Proceeding by Rule II., we have from the second 7 Aiets bag 40 a 
equation 2 on 10+ 9Y oy OY 2 65 
5 5 And by subtracting,  63y—63x= 5604, *. y—wx 
Substituting this in the first we get = 504 _ g 
4y os . 4y = 63 
+e + Sy 23, « 5 ty 19, .*. adding and eetrip La 2y = 48, and 2x = 32, 
Clearing, 4y + 15y = 95, .*. 19y = 95, .". y= 5; . y = 24, and x = 16, 
» dy + lby = 95, .*. 19y = 95, .*. y 3 Nore.—The rule has been departed from in the pre- 
204 ceding solution; and you perceive that considerable 


ge 30 By, 4 
And since x wat sean Fa a advantage on the score of neatness and simplicity has 


been gained in consequence, By the rule we ld 


8rd. Proceeding by the third method, multiplying the 
first equation by 2, the second by 3, and ini adliug have gi ya ON : 
the results, we have Substituti opie yah pg @ = 1652 — 
ee eo eee ubstituting in the second, y + 64(1552 — 64y) = 1048 ; 
; ] 76, ' That is, 64 x 1552 — 1048 = (642 — 1)y 
Again, multiplying the first equation by 5, the second F 64 x 1552 — 1048 __ 64 x 1552— 1048 
by 2, and su’ ting the results, we get se as 6—1 = 6 x 63 
19y = 95, .*. y= 5. — 98280 _ 94 
52+ 4y = 58) Multiplying the first equation by 3, 6.9.7.13 
2. 32+ Ty = 67 fand the second by 5, there results) And « = 1552 —G4y = 1552 — 64 x 24 = 16, 
1bx + 12y = 174 4, ©+Y¥—5) Clearing, these equations become 
lida + 35y = 335 3 aty=15 
; roe agl yfel dain”! 
Subtracting, 23y = 161, “.y = == % 7 Adding and subtracting, we get 


= 22, and 2a =8.".y=law=4 


2 
And since from the first equation om ty, 5. te —ty _ det yt Clearing fractions, we have 
ane 4 ag 6 152 — 35y = 6x ++ Sy +3 
** Bee i 2— 6 =0 


10—«+y=0 
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Or, transposing, 9%—S38y= 3... (1 a+6_y+2 
Bae e we | BE a and | Amiving to thw trains te 
F «*e sa = eae o+3 y—T gen principle at page we 
Subtracting (1) from (8), 29y = 87, ¥ = 3. =i ~y—is) have : 
) of = o et5_y : ‘s 
6 Ft? +ey =31 Clearing the fractions wo have “pte hiker senate 
© = w+38 y—10 . Le 
YTS + 102 = 192 y+5+40x = 768 i> 3s" 8e-+-9 = y—10. 
uating the two expressions for y, we have 
gti te Spt: 2 A A Rear 
* * Y= = =e 
Multiplying oe Ee so0y = 9640 12, «+y= at Dividing the second equation by 
= oer7 a2—y? = 95 the first, we have 
Subtracting, 959y = 2877, .". y= 5-5 = 3 ep 
Also, x + y =19 
soe Bey TP = 19. %s adding snd subteacting, 2 = #4, S029 = 1 
7. ax + by=1}] Equalising the coefficients of 2, we ne FES ROP 


az + b’'y =1f have 
a's +- a'by =a’ 


aa’s + ab'y =a 
Subtracting, sels tha gd 
em 
“-9= GW —ab 
In like manner equalising the coefficients of y, 
ab’ + U/by = 
alba + V’by = b 
Subtracting, Ware oe 
er te 
8. az + by=c}  Equalising the coefficients of x, we 
an +V. athens ; 
aa’'z + a'by = a’e 
aa’s + aby = ac’ 
Subtracting, (ab/—a’b = ae’ —a’e 
—a’e 
“UW at 4 
In like manner equalising the coefficients of y, we have 
abt + Vby = Ve d 
abe + W/by = be’ 
Subtracting, (a’b—a sid —Ve 
—be 
a= Fb —a * 
9 1 1 =12 . 5 * 
My paw Multi the first equation 
Sth by 3, and then subtracting the 
o* ; = 25] second, we have, 


pe ea ay 
—< = 36 — 2} = 33 


56 
Multiplying by 7y, — 56 = 233y, .°. y= — o53° 
1 pee __ 233 _ 439, — 56 
Ae, c= Be = Bae ee” 
a—2 10—2 —10_ : 

10, SF E79] Clearing ten 
uA- 

ate Sty st. — ‘cag 


ae a bate = by ta 18. 
—12a-+ 13y = 46. 
Multiplying the eae 3, ere a by 8, we have, 


Adding, Boy = 590, .*. y= 10; 
sat since tO wins, 130 — 48 my 


adele teas 


Questions rx Snrete Equations. Pace 472. 
1. Find a number such that if it be increased by one- 
ae one-third, and one-fourth of itself, the sum shall 


50. 
Let x be the number; then by the question, 
e+et+st {aoe 


Multiplying by 12, to clear the fractions, 
12x + 6x + 4e + 3x = 600, 
that is, 25a = 600, .*. © = 24. 
Otherwise.—To avoid fractions, put 12x for the num- 
ber ; then by the question, 
12x + 6x + 40 + 3a = 50, . 
that is, 250 = 50, .°. w= 2, .. 12¢ = 24, 
2, There is a fraction such that if 4 be added to the 
denominator, the value is}; and if 3 be added to the 


‘umerator the value is ? : required the fraction. 


; x : x 
Let the fraction be y? then by the question, 777 


Also # = ¥+1=3, «. the fraction is $- 


3. What number is that, such, that if it be increased 
by 7, the square root of the sum shall be equal to the 
square root of the number itself and 1 more ? 

Let « be the number, then the condition is that 


J@+D= Je+1; 


Squaring, e2t+7 =e+2JSe+1; 
Transposing 6 me Daf ty 0° Bal My. 0°. De G3 
hence the number is 9. 


4, Fifty labourers are en, to remove an obstruc- 
tion on a railway ; some them are, by agreement, 
to receive ninepence each, and the others fifteen pence. 
Just £2 are paid to them; but, no memorandum having 
been made, it is required to find how many worked for 
Od., and how many for 15d. 

Suppose there are « workmen at 9d., and y at 15d, 
then number of pence received by the former is 9x, 
and the number received by the latter 15y; and since 
by the question the number of ‘pence paid altogether 
is 2 X 20 X 12 = 480, we must have the equation 

9x -+ 15y = 480 
Moreover, «-++y = 50 by the question. 
. 92 -+-9y = 450 
Subtracting, Gy = 30, .. y = 5, .. « = 45, 
Consequently, 5 of the labourers received 15d., and 45 
recelv 

Otherwise.—Let « be the number of labourers at 9d., 
then by the question 50 — « was the number at 15d.; | 
consequently the former received 9¢ pence, and the 


’ 
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latter 15(50 — ce; hence, as they received together | 7. A merchant has spirits at a shillings a gallon, and 

pan ge ed gy ine re at b shillings a gallon ; how much of each must he take 

50 — x) + Dx = 480; to make a mixture of d gallons worth c shillings a gallon ? 

Thatis, 750— 15x + 9r = 480; Suppose he take « gallons at a shillings, and y at b shil- 

Transposing, 270 = 6x, .*, 2 = 45, and 50-—2=5; | lings; then the worth of the mixture of x + y gallons— 

Consequently, 45 received 9d. each, and 5 received 15d. | that is, of d gallons—is 
5. A ordered a quantity of rum and brandy, ax +- by = ed, by the question ; 
=d. 


for which he paid £19 4s. ; the brandy was 9s. a quart, 
and the rum 6s. He has, however, forgotten the exact 
quantity of each which he has to receive; but he 
remembers that if his brandy had been rum, and his 
rum brandy, his outlay would have been £1 13s. less. 
How many quarts of each did he buy? 
Suppose he bought x quarts of rum and y quarts of 
brandy ; then, by the question, the number of shillings 
said for the two was 6x + 9y; but if the brandy had 
is Gs, a quart and the rum 9s., the number of shil- 
lings paid would have been 9z + 6y. The actual. price 
paid was 384s.; the sum that would have been paid in 
the latter case, we are told, is 33s. less than this, that is, 
351s.; hence we have these two equations—viz., 
Gx + Sy = 384 | 2e + 3y = 128 
9x -+- Gy = 351° * 3x4 2y = 117, 
By adding these two equations, we have 
Ba + by = 245.°. y-+-a=49 
By subtracting, y—e=11 


Therefore adding and subtracting, 2y = 60, 2x = 38, 
.". ©=19, and y = 30; so that he had 19 quarts of 
rum and 30 quarts of brandy. 

Otherwise.—Suppose he had # quarts of rum ; for this 
he paid 6z shillings by the question ; therefore 384 — 6x 
is the number of shillings paid for the brandy ; and as 1 
quart of brandy cost 9s. the number of quarts must 
have been tS = or = 3 i Now, by the ques- 
tion, if these quarts had cost 6s. each, and the 2 quarts 
9s. each, the number of shillings paid would have been 
only 351: hence we have the equation 


138 — 2 6492. 361, 


—— 
256 — 4a; + 9x = 351, 
.*. be = 95, .*. 2 = 19, quarts of rum, 


and 35 » = 38 _ 30, quarts of brandy. 
It is plain that the former is the easier mode of solu- 
tion ; and ‘it will usually be found that both thought 
and work are diminished when as many unknown 
sabes are employed in the solution of a question as 

re are distinct conditions embodied in that question. 
It is a mistake to sup that it is always easier to 
solve a question with only one unknown quantity than 
with two, when two are implied in the conditions; the 
contrary is more frequently true. Some of the present 
examples will sufficiently show this. 

6. A person has spirits at 12s. a gallon, and at £1 a 
gallon; how much of each must he take to make a 
gallon worth 14s.? Let the ‘fractional part of a gallon 
at 12s, be represented by «, and that of a gallon at 20s, 


by y; then 
- o+y=1, 
and the price of the mixture= 12x + 20y = 14, by the 
question. 
Multiplying the first of these equations by 12, and 


or, 


_ subtracting 


i 


ee 


Sy = 2.°, y= 43 and 2a 1—y => 
Consequently the mixture must consist of on at 
20s., and } gallon at 12s, Tg 

Otherwise—Suppose he take w gal. at 12s.; then he 
must take 1 — x at 20s,; the price of the former is 12x 
shillings, and that of the latter 20 (1 — x) shillings ; 
therefore the price of the whole gallon of the mixture is 

122 +. 20-— 202 = 14, by the question. 


Transposing, 6 = 8x, .°. =e; a y=l—e=p 
so that there must be } gal. at 12s., and } gal. at 20s, 


also x y 
Mult. bya, ax-+ay=ad 


Subtract, (a—b)y = (a—c)d, .*. = 
In like manner, multiplying by b, and subtracting, 
(a—b)e = (c—b)d, tree c= 
Otherwise.—Sup he take 2 


ons at @ shillings, 
then, by the partes he must 


e d—« gallons at b 
shillings : the price of the mixture is, 


ax + b(d —x) = cd, by the question ; that is, 
(a — b)x = (c—b)d, .*. a= © cals, at ashillings, 


_ neg e—d_ (a—od - : 
andd—a=d ee » gals. at b shillings, 
8. In a composition of a certain quantity of gun- 


powder, two-thirds of the whole + 10lbs. was nitre ; 
one-sixth of the whole — 4} 1bs. was sulphur; and the 
charcoal was one-seventh of the nitre, all but 2l]bs, 
How many lbs. of gunporder were there ? 
Suppose there were « of gunpowder; 
then there were “2 + 10 of nitre ; 


re §— 4 of sulphur ; 


” 12 +10) —2 of charcoal ; 
consequently, adding the ingredients, we have 
2 ee +10) +546) = 0; 
or, multiplying by 6, 
p(t + 60) + 2 + 39 = Gx, 


8 
ote 7 (4a + 60) — 39 = 5x, 
Multiplying by 7, 
"Fa + 480-4 973 = S8a, 
.*. 207 = 8a, .°. « = 69, 
Consequently there were 69 lbs. of gunpowder, 
9. A farmer wishes to mix 28 Pashela of barley, at 


t 


2s. 4d. a bushel, with rye at 3s. a bushel, and wheat at — 


4s.a bushel, so that the whole may make 100 bushels 
worth 8s. 4d. a bushel: how much 
Mena bushels of 
up @ bus! ! and y of wheat ; then z 

y+ SD week make 100.” : 
Now the price of « bushels of rye is 36x pence 

” 4 »»  Wheatis 48y ,, 

7 »» barley is 23 x 28 pence, 
eh rice of the ars it a bea is 36x 4+ 

x ce; which, e question, is 

100 x 40: . z =e 


ence we have 
o-+- y+ 28=100.... (1) 
36x + 48y + 28 x 28 = 100 x 40; 
or, dividing the latter equation by 4, 
_ 9+ 12y + 28 x 7 = 100 x 10 


Multiplying (1) by 9, 9x + 9y + 252 _ = 900 
Subtracting, 8y— 56 =100 
156 
. "oy Ss si = 52 


+ 
to 


rye and wheat must: 
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.*. (1), = 100 — 28 —y = 72— 52 = 20. 

Hence must be 20 bushels of rye, and 52 bushels 
of wheat. 

Otherwise.—Suppose there were x bushels of rye ; then 
there must haye 100 — 28 — x bushels of wheat. 
The worth of ‘the z bushels of rye is 36z pence, and the 
worth of the 72 — z bushels of wheat is 2 — 2) 

; also the worth of the 28 bushels of barley is 
x 28 Hence, because the 100 bushels is 


pence, by the question, we have 


Dividing by 4 orf 10a— =f. 28% 7 = 1000 
= aa apie 

stn that is, — 3 + 864 + 196 = 1000 
.*. —3z = 1000 — 1060 = — 60, .*. z= 20, bushels 


of rye 
.*. 100 — 28 — x = 72 — 20 = 52, bushels of wheat. 


This latter solution is perhaps somewhat easier than 


_ the former: you may vary both by re 


instead of pence; representing 
Toone if apres eee 
10. Two persons, A , are engaged on a w 
which they can finish in 16 days ; but after working 
together 4 days, A is called off ; and B alone finishes it 
in 36 days more In how many days could each do it 
Dearaicly! Suppose A can do it in zdays, and B in y 


days: then in one day they can do the = and the > part 
respectively, and consequently in 16 days they can do 
10 4%, which by the question, is the whole 

16 16 _ 

we y 


4,4 
Also in 4 days they do the 5+ 7 part, that is, the } 


; so that after that time the ? 
by B. Now, in 1 day B does the 
that is, the yi; = dy of the whole; 


fof the whole in 1 day hence 
: oy = 48. 


48’ 
Substituting this value of y in the former equation, we 
have 16,1, 
ae) 
<nae B age 


ise, without Algebra.—Since A and B have 

ey can complete what is left 

in 12 days ; and, therefore, Yy of it inl day, while B 
1 ; so that the part of it 


whole in z days, then in 1 day he ean do > of it; but A 
b sanarhaath Sieg toed hence B’s part in a day 


2 but B’s part is also J, of 3; hence 


And since B does the J; part in'1 day, he can do the | ' 


whole in 48 days. 
11, A composition of copper and tin containing 100 | 

cubic inches, weighed 505 ounces ; how many ounces of 

each metal did it contain, supposing a cubic inch’ of 

ee een inch of tin to weigh 
[X4 , 


Suppose there were x ounces of copper and y ounces 
of tin: then + y= 505. Also by the question, 


2 y = 4 ed 2 
RTE Rt pH 
ot. 17a + 2ly = 8925 
Mult. Ast equa. by 17, | | 170+ 17y = 8585 
Subtracting,  4y—340,.°. y= 85 


.'. @ = 505 — y = 505 — 85 = 420. 
Hence there were 420 oz. of copper and 85 oz. of tin. 

This is solved with only one unknown quantity, by 
putting « for the number of ounces of copper, and 
505 — « for the number of ounces of tin. 

12. A cask is supplied by three spouts, which can till 
it in a minutes, b minutes, and ¢ minutes, respectively ; 
in what time will it be filled if all flow together ? 

Let x be the number of minutes, then the part of the 
whole supplied in 1 minute is 

bl 1 . 
sat a tg! by the question, 
Clearing, si Aakers date 
c 
©“ 8= ae $ le 

Questions of this kind may be treated rather differently, 
thus : since the first spout can fill the cask in a minutes, 
it can fill be such casks in abe minutes. In like manner 
the second spout can fill ac such casks in abe minutes, 
and the third ab such casks in the same time; so that 
when all flow together, they can fill ab + ac +- be casks in 
abe minutes, and, consequently, one cask in 

Lae 
ab +- ac +-be 


Quvapratic Equations. Exampies ror Exercise. 
Pace 474, 
Completing the uare 
il Ps) pte ; 
r—2=+7, 
°°. @=2+7=9 or—5. 
2, a2-+82=33. Completing the square, 
afer fis= 9 . 
Extracting the root, e+4=+7, 
2.@=—44+7=3 or — 11, 
3. a? —8x=—9. Completing the square, 


a? —8e2-+ 16=25. 
Extracting the root, a—4=-+5, 


.@=44+5=9 or—1. 
. 2 161 
4, 8729161. Dividing by 32° Fe=—3~ 


een Oe eee 
fea ha ads a 


minutes, 


1, a? —4r=— 45, 
Extracting the root, 


Completing the square, 2°-- tet 


22 

Extracting the root, @-+- rats 
’ 

1, 22 23 

c= git gSlo—z 


Or, by Rule SI., page 474, 
$a?-+- 22161, .. pyar (1932 4-4) = / 1936 


—§ 233: 
—V fed 7 


tS 


—o+u 
6 


32 


5. Ta?—202—= 32. Dividing by 7, 2°— oa : 


20 100 32 , 100 324 
Completing the square, P—Fet =7+D=H-° 

10 324__ , 18 
Extracting the root, —_—i= 7 a 


y i 
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8 
a et * =4or—1}- 
Or, by Rale II., 47 
Fat Bae Sd, ae 20= 4 (82 X 28-4400) = + 86, 
“ en thay, or —1}. 


6. 2? — 2 —170 = 40, or2*—2=— 210. Completing the 


! 

| 

; R41 
| Soe t=0047= 5° 
| 

: 


1 841 29 
aang ae =VY a =i 2" 


=} +? =15, or —14, 


Soe eat: mee 74 
: 2—r—210, 


Se — Tey OM S29, 
1429 


*. 2 ——— = 15, or— 14, 
z 3 r 


RM, 
7. Sa? + 42273. Dividing by 5, 2+ = 


273 4 1369 
Completing the square, 2* 4- sta Bo 


1369 +7, 


ae 
4 ro — 7p. 


Or, by Rule IT., page ne 
52? + 42 = 273, «. 10x + 4=—y (273 K 204-16) = 
a "54764 74 ) 


pa ey 


ct 10. 

8. eau. Multiplying by 3, 42?—2—33. 
1988 

a 


or —7#. 


Dividing by 4, 2*— 


1 


aS 
Completing the square, 2 vat ie a= a> re 


1 
Extracting the root, z— 5 = 


APY: 344 g —3, or —2}. 
Or, by Rule IT., page 474, 
dst a8, Be — 1S V9 KG) 889 
14+ 23 
oom 8 
je—8 
x 


= 8, or — 2}. 


=9. Multiplying by 2, «+ 7x—8 


== 9x, ee Qu = 8. 
Completing the square, «?—2e+1=9. 
Extracting the root, *—1l=+3, *, «= 4, or—2, 
10. bu* 4+ 3=42+159, jeter Dividing by 5, 


9 2+ 


| 


a a 
Completing the square, 
4 4 156 784 
; dad wa tae aaa ae 
ing teens «2 : 
a= +3=6, or—op 
Or, w Rule IL., page 474, 
| Bat — de = 156, 102 — 4 = ce X 20 + 16) = 
4/3136 = 
4+ 56 
t= 9 = 6, or — 5}. 
11, 62+ B= — 44-0, or 02+ —3 — 44 =0; 


Multiplying by 2, 6x2 + 35 — 472 =0, 


—4iz=—35. Dividing by 6, 
47 35 


e— Fe =i. 


6 


Coneiene eae a, 
s _ 2209-35 _ 1369 
oa tat (f 144° 6 Tae 
Extracting ee ce 
37 


e-n-Y fa ty 


BS. elastin ae 
1 @ = jp tig 7%, or G- 


Or by Rule IL., page 474, 
Ga — 472 = — 35, .*, 122 — 47 = of (93 x BA a7) 
= 4/1369 = +97, Lee 


a abel 
—2 2 F , 
12. a3 t a Clearing the fractions, 
do +44 a4 de $4 = 1424), 
Collecting and transposing, 


64 = 1222, praca. Ot ato 


13, 48% —* + 322—!=11. Dividing by 48, 
11 


att 2, te 
Completing the square, 
2 1_i1,1_ 49 
— —i s+ 
Su ak 28 a a ro 


Extracting the root, «—! tardy 
2-1, that is = = — —j+5 
—1 
Or, by Rule IL, ane aoa t 
482 —2-+4 $22 —1=11, ». 962 — Bo = of (6 08 


-3 RIES 


32%) = 4/3136 = + 56, , 2 
. ee el, > 11 
<< 96 o°~- i 
*.©= 4, or —I1y. 
14, xt — 402? +- 39 = 0, or (x*— a2) = — 39, 
Completing the square, (x*)? — 40(a*) 4- 400 = 361. 
Brewies OS a? — 20 = ./ 361 = +19, 
“a? = 20-419 =1 or 39, «.2= +1, or+,/39. 
1b. 22 --ar+b— 0,.°.2%+ar=—b. ; 
Completing s the manare: 
tarts laa} t¢—pa t= 
Dc 
sxinstn Goes oi ton LOO) 
—a-+-,/ (a*— 4) 
og ae ee? 


This may be or as a general formula for the solu- 
oats of an: tic equation whatever ; for tting 
pula vat paises for and b in this this result, we shall have 
the eprprepar wakes of win the quadratic to which those 
particular values of the coeflicients belong. We further 
learn from this formula a few general principles well 
worthy of notice : thus, 
1. In every catalle put into the form a? + ax +b= 
0, if a? = 4b, the two roots, must be equal; since, in this 
—a+0 
= ie 


case the general form for the roots is z= 
that cach root is half tho coefficient of » taken with 


che be greater than 4), the two roots are nnequal 


. 
H 
i 
| 
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and real; for a?—4b, under the radical, is in this case 


positive. 
3. If a*be fess than 4), the two roots must be ima- 
ginary ; for then a? — 4b, under the radical, is negative. 
Hence, by examining the coefficients of a q tic, 
we may ascertain the character of its roots without 
actually solving the equation. 
ata ,“2—a 2 A 
16. aoatete b. Clearing fractions, 
~ @+a)?+ (e—a)? = be? — a? 
that is, 1 a a a 
Transposing, (6 —2)x? = a*(2+ D), 
. og  8O+2) 
S, ilaeraliat Fas id 


b+2 


owe c=+a is. 
17. Put y for Ja, then multiplying by 6, we have 
by! — Dy = 133,” 


7. y? =2 = 49, or 40}. 
Or, by Rule IL., page 474, 
$y2—2y=133, .*, Gy —2— /(1506-4+4)— ./1600=— + 40, 
y= heey or — 6}, 
242 =1, 
18. eos ge 
Cee ees 
Dividing by 3, 2? he =—4» 


Completing the square, 
jeans i 2 23. 
3° T36~ $63 * hes 
1+ /—23 
6 


*.2.=— 


19, 152? — 487+ 45 = 0, or 1522482 = — 45, 
1 
Beer was Ey 
Completing the square, 
16 64 64 il 
Ao peta way 8 may 
Extracting the root, 
‘— = gv—1,..2= 
We might have known, without actually solving either 
of oe tee equations = Examples ty ane 19 that the 
or - : fi 
roots preeT ae oped ons ig 302? — ax 


8+/—1 
5 


A thedie he and — 482 + 

, al rs eee, SP, cn 
exceeds the ccd Oar aeklla’ Gece th \- 
iple 3 a (See the prin 


and this tion has alread, 1 i - 
a 'y been solved in Ex 


QUESTIONS REQUIRING QUADRATIC Equations, 


Pace 475. 
1. Divide the number 33 into two such parts, that 
their product may be 162. 
Let x be one part, then 33 — a is the other; and by 
the question, . 
33a—a? = 162; or x? — 33x = — 162, 
.*. Rule IL., 2e—33 = ,/ (1089-— 648) = n/ 441 = + 21, 
33 + 21 t 
I= — > = 27, or 6. 


.*. 33—a =6, or 27. 


Hence th d 27. 
‘ e parts are 6, an 


.—Let the two parts be w and y; then by the 


a+y=33, andzy= 162 
.. @2 + Qry + y? = 1089 
And 4ocy = 648 


question 


——s a? —Qey+y2 = 441 


That is, 
(@—y)? = 441, e—y=+Al 
And since e+y= 33 


.*, adding and subtracting, 22 = 33-+ 21, .. a= 27 or 6 
2y = 33+ 21, .. y= 6 or 27. 
2. Find two numbers whose difference is 9, and which 
are also such that their sum multiplied by the greater 
gives 266 for the product. 
Let « be the greater number, then z—9 is the less, 
and by the question, (22 —9)x = 266; that is, 
Qu? — 9x = 266 
.. RuleIL, 4c¢—9=,/(2128 + 81) = J 2209=+ 47 
won St ou, or — = —9} 


.. 2—9=5, or —18}; 
— the numbers are either 5 and 14, or — 9} and 
Otherwise. —Let o and y be the numbers ; then by the 
question, « — y = 9, and («+ y)x =.266. : 
From the first of these equations, «= y + 9, .*. by 
substitution in the second, (2y + 9)(y + 9) = 266; or 
Qy? + By + 81 = 266, .*. 2y? + 2Z7y = 185 
.*. Rule IL, 4y + 27 = ./(1480 + 729)= »/ 2209 = +47 
—27 + 47 
ay y=—_ — =Sor— 18} 
os o 9=1 -—9 
Or thus : : , Les whe: ’ 
266 


Rist gt eee 


Adding, Qx = 94+ =, 1. 2x? — 9a = 266, 


and the remaining steps as in the first solution. 

3. A company at a tavern had £7 4s. to pay ; but two 
of them having left, the others had each 1s. more to 
a Arr oe eae tal how many persons were there 
at 

Suppose there were « persons, then the fair share of 


each was ua shillings ; but after two had left, the share 
to be paid by each of the others was -***, ; and by the 
question, 


ot — 2x + 1 = 289, .*. extracting, s—1=- 17, 
.*. e= 18, or —16. a 


Consequently there were 18 persons at first. The share 


of each was therefore 8s.; but when two had left, the 
share of each of the remaining 16 was 9s. 
4, A purse contains. 24 coins of silver and copper ; 


facepiece eo Sa 
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worth as many pence as there are | negative : hence the price of 1b. of mace was or 
ee eee. = ak ae coin mat as many | 10s., and of 11b. of cloves £}, or &, 
_ as there are coins ; and the whole is wo: Otherwise.—Multiply (1) and (2) together; we then 
there of each ? have 


) Suppose there were # of one sort, and therefore 
24 —« of the other: then the worth of the whole in 


pence is 

—« —x)x = 216, or 2(24—x)x = 216 
Completing the square, 7*— = 36, .°. o— 
e a tool, or — 6, .°. 24—a2= 6 : hence there 
were 18 silver coins and 6 copper coins, or 6 silver and 


18 copper. 
OPrerwise,—Let the number of coins be « and y: then 


a + y = 24, and 2ry = 216 
.*. (2 + y)* = 576, and 4ry = 432. 
| Hence by subtraction, (e —y)* = 144, .*. 2 —y= +12. 
*. by adding to and subtracting from the first equation, 


we have 2x = 38, Qy=12; c= 18, y= 6, 

| The negative values are suppressed, Tiskanes they aré 
| inadmissible, from the nature of the question. 

| 5. Two messen; A and B, were dispatched to the 
/ same place, 90 miles distant. A, by riding one mile an 
hour more than B, arrives at his destination an hour 
| before him. How many miles did each travel? 

Suppose A travels x miles an hour, then he reaches 


his destination in = hours ; and B, by travelling 1 mile 
an hour more—that is, « + 1 miles an hour—reaches it 


| in shi hours. And, by the question, 
= 0445 0 M2 
ry ya iM ta z+1 


Clearing fractions, 902 -++- 90 = 91a + a? 
nsposing, +a= 90 
.*, Rule IL, 22 +1= (360 + 1) = /361 = + 19, 
—1+19 
AEB = 9, 0.2 + 1=10. 


Hence A travels 9 miles an hour, and B 10. miles an 
hour. The negative value of « is suppressed, as it is ex- 
cluded by the conditions of the question, You will 
| observe that algebra gives all the values of the unknown 
| quantity that can satisfy the i, warrep if there are any 
| restrictions in the question embodied in that equation, 

the final results must, of course, conform to those re- 
| strictions. 

6. A r sold 80lbs. of mace and 100lbs. of cloves 
for £65; but he sold 60lbs. more of cloves for £20, 
than he did of mace for £10. What was the price of 

Se th ice of th Ib. ds, 

ua the price of the mace per 1b. ®% poun 
and it of ieedisven y pounds ; then by the question, 
80x + 100y = 65. Also, the number of Ibs. of cloves 


for £20 is and of mace for £10 is 2; and by the 


c= 


deition, = = Oy 60 ¢ hence, the two equations are 
80z + 100y = 65, .°. 162 + 20y=18.. . (1) 
and? =F + 00, 2) 
Clearing the last of fractions, .*. 22 — y= Gay . . . (3) 
Substituting in (3) the expression for « given by (1)— 
viz, o = 6 , it becomes ot 
13—20y __ ,, .-39y — G0y! 
8 an 
Multiplying by 8, .. 13 — 20y — 8y = 39y — 60y* 
Transposing, 60y? — 67y = — 13 
.*. Rulo IL, 1209 — 67 = ./ (— 13 x 240 + 67%) 


67+37 1 13 
= 9/1360 = + 37." y=—399 "a? ™ 5 


13 — 
= 5 = 5; the other value of x is 


—y= 


35-2, tea pent 54, 
. det vo . 
167 10° 27 


Multiplying (2) by &x, 167 —8 = 482 


Subtracting, 194 — 8 = 480 — 27 
Dividing (1) by 2x, 8 ++ 10% =3, fh 10% =13 —8. 


Hence, by substitution in the preceding equation, 
13 13 ; 
d; — 16 = 482 — 27, og ee 
Clearing the fraction, “al 
96x? — 222 = 13, .*. Rule IL, 1922 —22= 
n/ (96 X 52 + 22%) = + 74 


192 
and, rejecting the negative value of x, we have from (1) 
18—16x _ 18—8_1 
, ae 2 «64 

Therefore, the price of 1lb. of mace was £3, or 10s,; and 
of Ub. of cloves £}, or 5s., as before. : 

7. The product of two numbers is 240, and they are 
such that if one of them be increased by 4, and the other 
diminished by 3, the product of the results is still 240. 
Find the numbers. 

Let « and y represent the numbers; then by the 


question, 
- be 240, and (x + 4)(y— 3) = 240, 

That is, cy — 3x -+ 4y —12 = 240 
Subtracting this from the first equation, 3x — 4y +12 
4y—12 


=0,.°.¢= 


3 
219 
ye a. 240, .*. 4y2— 12y = 720 


yy sy= 180, -*. Rule AB iy 2y—3= / (720 + 9) 
= 427.y= SE 15, or —12 


ee 16, or — 20. 


ang the numbers are either 16 and 15, or—20 and 
8. A and B set out at the same time for a place 150 
miles distant. A travels 3 miles an hour faster than B, 
and arrives’ at the place 8} hours before him, How 
many miles did each travel per hour ? 
Suppose A travels # miles per hour, then B travels x 
—8 miles an hour; and the number of hours occupied 


by A is2®® the number occupied by Bis 2°. ; 


the question, this latter number exceeds the former 


.. 150 150 
ig t8b= 3 
Clearing fractions, 4502 — 1350 + 2522 —752 = 4502 
Transposing, 25a® — 75x = 1350,.*.2? —32 = 54, 
.*. Rule IL, 22-—3 = 4/(216 +9) = 4/225 = +15 
S415 og on —6, 


2 
.2—3=6, 
Hence, A travels at the rate of 9 miles an hour, and B 
at the rate of 6 miles an hour, 

9. What number is that the sum of whose digits is 15, 
and if 31 be added to their product, the digits wiil he 


transposed ? 


‘c7.= 
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Let x and y denote the two digits ; then the number is S = 1n{2a | 
Mie fp sand by ths usdbind: F ya {20+ (w—1)4} mtn 


oty=15, andzy+ 31=10y+-2. 
From the first, c= 15—y, .*. Cay ats Me 
—y 

That is, 16y—y? + 31 = 9y +15, ©, y? —6y = 16. 
Completing the square, E 

y? —6y+9 = 25, ...y—3 = +5,...y=3+45=8, 

or—2 .°..%=15—y=7. 

Hence the digits are 7 and 8, and the number is 78. 

10. There is a certain number consisting of two digits. 
The left-hand digit is equal to three times the right-hand 
one ; and if 12 be subtracted from the number, the re- 
mainder will be equal to the square of the ieft-hand 

by phere 


ox jaa 
is 10x + y. ad by the question, 
x = 3y, and 10z +y—12 =a? 
.’. by substitution, 30y + y—12 = 9y? 
Transposing, 9y* — 3ly = — 12 
-*. Rule IL, 18y—31 = ,/ (—36 x 12+ 31°) 


=J/ 529 = +23 .°. -¥= 7 5 OF o 


The fractional value ame he Spee oh -c=Sy= 
hence the number is 93. , ad 
Otherwise. —As above, 
10z + y—12 = z?, and x—3y = 0, 
Multiplying the first by 3, 30x + 3y —36 = 3x2 
7 Adding the second, a— By =0 


.*. 8lz—36 = $2? 
Transposing, 32? —31z = —36, .-. Rule IL, 6x —31 


SS aarti oa =9, 


. “Y=35 re 
EP ape pis and the number is 93. 


AnirumeticaL Procression, EXAMPLes For EXERrciseE. 
Pace 478, 


1. Find the sum of sixteen terms of the series 1+ 2 


4344+ be, 
By the formula, S = }n({2u + (n —1)d}, where a = 1, 
d =1,andn= 16. 
Consequently § = 8 {2-15} = 136, the sum required. 
2. Find the sum of fourteen terms of the series 4 + 3 
+2+1+0—1—2—d&. Herea=4,d=—1, and 


nm = 14; hence 
S = jn{2a+ (n—1)d} 
=7({8—13} =—35, the sum. 
3. Bevan pdaLiien2: Gates 


= 10 1+ 19} = 200, the sum. 
tg rr sala, aad yh here ae’, 
or tha =a n— wherea=2,n= 
“.0= 2+ 4d, .* .d=—}=—} 


ein me 
pag t bd, d=}, 
RCL Cos rt het 
4; 7 6 sy Be 
Sig oa re es a age fifteenth 47 : what is 
Ss scxastlns diimacoes 
l=a+(n—1)d, 
a 47 = 56+ 14d, .°. d=7=% 


" %. How many terms of the series 12-+4 111 -+- 11+ 
10} + &c., must be taken to make 55? 
vou. I 


+ the two digits ; then the number |. 


. 55 = <in{t—@ —D) = 12n—"—— - 


. 220 = 49n — n?,. i Tas, 
Ruel. » p.474,2n—49= ’ (49880) = ,/1521—= +39, 


49 + 39 
“n= + = 5, or 44, 
Hence, whether five terms, or bmg & four terms of the 
series be taken, the sum will be 55 


8. Tho first term of au arithmetical progression is 7 


and the common difference —5 a marcned the ninth term. 
Ces ee . 
.l=7—8*X 3 = 7—12 =-—5, the ninth term. 


9. The sum of eight terms of an arithmetical series is 
2, and the common difference —1}; required the first 


term. 
8 = jn {2a + (n—1)d} 
Fe a= 4(20—7 x 1h}, ... 1 = 4a — 21, 
. 4a= 22,. . @ = 5}, the first term. 


10. The first term of an arithmetical series is — 3}, 
and the common difference }; required the sum of 
twenty-one terms. 


8 = Jn (2a + (o— 1p} 


car +5 *} = 21{—3} +3} 
ah ae we ase aa ae 


GeometricaL Procression. Examenes FoR Exercise. 


Pace 479. 
1. Required the sum of five terms of the series. 
1+ 22426429 + &e. 
t= ar" - 1, $= 24, where a =1, r= 4, n=5, 


o's b= 256, .*. g = - su, the sum. 


2. Required the sum of eight terms of 
bik d 
be eee ‘ 

a 
say Throat, ota oe 8, 


Stew en hy, Be 1 25 2 85 
o pe 8“ hy 206 *3 Bi Kia 
sum. 

3. cag exch corner ative atb tee Apes = 


= where a = 1,7 = 2, n = 10, 


*, b= 612, .° go t= 1 _ 1023, the sum. 


4, &. Whedbblebipscraeheseauacmtietton Cosckeat 
54 X 6 = 324, and ,/324 = + 18, mean, 
Hence when the mean is inserted, the progression is 
either 6, 18, 54 or 6, — 18, 54, 
the ratio in the former case being 3, and in the latter 

—3. 

5. Insert two geometrical means between 2 and 54. 
When the two means are inserted there will be four 
terms, therefore n = 4; also a = 2, and | = 54; and we 
have to find r. By the formula, | = ar" —3, 64 = or, 


+, 73 = 27, 2. =R/27 = 3, 
eoes supplying the means, the progression is 2, 6, 18, 


t=art-', 


t=am —}, 8=* 


6. Sum the series otis +ia+ &e, to infinity. 
B Me Semis 
. EARLS Sarit 
barat 


ar 


sap 577s Me 


7. The first term of a geometrical anon % the 


ne 
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common ratio 6, and the last term 375: find. the 1 4 16 64, 

m . dient 17 17’ i7 i7’ 
—6 . 5. — 1 

0 =. sa .8 rr = 468, the sum. on, i iP ee 
a eae te Speen eae ing om the) oe roe ee ee 
meet eac' z vi e@ ry; 

Ph: infinity. the second, 8 the third, and so on; B travels 20 miles 

> ep tary! ocean - : the first day, 18 the second, 16 the third, and so om: in 

“NS oe ee Oe Oe ow many days meet 
By the formula, 2 ay se 275 *19 > Suppers shes ane tate aaie: tiled 


sum. 

9. Insert three geometrical means between Zand 5. 
When the means are inserted there will be five terms, 
therefore m = 5 ;.also a = 3, andl = 3; and we have to 


find r. 
By the formula, ! = ar" —', .*, 


Hence the progression is 
parvtptetev ts g 
10. Required the sum of the infinite series 
142 +454+ 5+ 0, 
and then deduce = for x = 2, and ¢ = — 2, 


1 
pe B=1+(1—>)= 


“ 
ax—tl 
When «= 2, 2 =2; whenz =—2, 2= 3. 


a 
ook ee 


QUESTIONS IN WHICH PRoporTION AND PROGRESSION 
ARE CONCERNED. Pace 480. 

1. Divide 49 into two parts, such, that the greater 
increased by 6, may be to the less diminished by 11, as 
9 to 2, 

Let x be the greater, then 49 —~ is the less, and by 


the question 
r+6:38—2::9:2 
Multiplying extremes and means, we have ° 
Qu + 12 = 342 — 9x, .*. lz = 330, .*. = 30, 

.*.49— a =19: hence the two parts are 30 and 19. 

2. Two hundred stones are placed ina straight line, 
at intervals of 2 feet, the first stone being 20 yards in 
advance of a basket.. Suppose a person, starting from 
the basket, collects the stones, and returns them, one by 
one to the basket. How much ground does he go over ? 

U returning the first stone, he will have gone 40 
wands spon res ing the second, 40 yards and 4 feet ; 
upon returni ‘the third, 40 yards and 8 feo and so 
on; hence we have to find the sum of the ari tical 
progression, following, each term being feet. 

120 + 124 + 128 + 132+ d&c., to 200 terms, 

By the formula, 8 = jn {2a + (n— 1)d} 
.*. S = 100 {240 -++199 x 4} = 103,600 feet, 
and 103,600 feet = 34,533} = 19} miles 213} yards, 

3. The sum of four num in geometrical progres- 
sion is equal to 1 added to the common ratio; and 


is the first term: required the numbers. 
pat da common ratio, then wea 
Roe riot AS: ia Mesh | a ed 
S=a——j’ - tle rey" (r=) 


That is, rp1—=CtVOCHY . e241, 
.*, 7? = 16, “r= +4; 


Hance the progression is = +. 18 


1 
i7 


64 n 
i? Say’ 17’ T 77: that is to 


say, either of the two ions, following, will fulfil 
thy cond! eee ollowing, } 


1+2+3-+ de, ton terms = jn {2 + (n—1)} 
= A’s distance 
and 20+18-+16-+ &c., tonterms=4n {40 — 2(n—1)} 
= B’s distance 
-*. the sum of the distances =}n {42—n + 1} = 165 
.*. 42n — n* + n= 330, .*. n? — 43n = — 330, 
.*. Rule IL, page 474, 2n — 43 = 4/ (43° — 1320) 
= /529 = + 23 

2 
Hence they meet in 10 days. If it were a condition that 
B is to continue travelling after he meets and passes A, 
diminishing his distance by two miles daily, he will on 
the eleventh day travel 0 miles, and therefore on th 
twelfth day — 2 miles; that is, he will return 
miles, on the thirteenth day 4 miles, and so The 
gee value of n above, assis old da; tiie 
in this way again come up wi osirictting 
In these 33 days A will have Pearl be directly onwards 
to a distance of 561 cap Behar tae have been follow- 
ing him for a distance of 396 miles, for B’s whole distance 
is expressed by — 396 ; and 561 — 396 = 165: so that 
the algebraic sum of the two distances still makes 165 
miles ; and the only condition implied in the braical 
statement of the question is, that the sum of the two 
distances shall be 165 miles, 

5. The sum of the first and second of four numbers in 
geometrical progression is 15, and the sum of the third 
and fourth 60 ; what are the numbers ? 

Let the geometrical progression be 

ee 
~ y’ %, XY, 
then, by the question, the conditions are 
bd 215 . . . 1 
ety (1), 


and «+oy=60 .. . (2), 
and since 4 times the first is equal to the second, we 
have, after dividing each by x, ‘ 


4.4 , 
pty mith 


t= 


4 4 

¥ 1 y y’ 
pe 4 oo 

or, which is the same thing, 73 —1=—y(,— )> 


" - 4 
that is, transposing, (y ++ 1) (a-1=0 aia (. 
Now a product is 0, whichever of the factors is 0; hence 
we must have either 
4 
yt ind, or —iad 


The first of these conditions cannot be admitted, 
because it is plain, that for y= — 1, the equation (2), 
becoming 0 = 60, is impossible: hence the condition 
which is to satisfy (3) is 


A-1=0,.4— 90, yak ytd 


3 6o _ 60 
“@ e=iTTy Tp 5 —™ — O. 
Hence the progression is either 
5, 10, 20, 60, or — 15, 30, — 60, 120. 
6. The sum of three numbers in geometrical 
sion is 35; and the mean term is to the difference 
extremes as 2 to 3; what are the numbers? 


~~ 


the 


Se De A nl RIE ca 


eal 
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Let the three numbers be , 2, and ey; then by the 
« 
gre tey= 3% ea we () * 


and @ say — 5 2:228, 1.80 = 2(xy— 5)» 
i 
Bhatia 20) Oe 
. Sy = 2y? — 2, .*. 2? — By = 2, 
Rule IL ry 4 —3= 16+ 9 
Sn a ae wt ) 


3+5 
yng, or — 3. 


Hence, (1) becomes 


5 tat 2x = 36, or — 2x + —5 = 35, 
that is, 342 = 35, or — 11a = 35, 

.*.@ = 10, or, — 233. 

Hence the numbers are either 


5, 10, and 20 ; or 463, — 231, and 113, 


1. adds + Aba 2 


; Qe +26) 403 


dbx 
4ba +- 40%. 


6a? +22) 125° 10st 
wait hasiad 


1) Gt ce baeti 


62?-+ 42 + 1) 


22° + 42? — — 2x* + 02 + 927 
tere Sete 


223 4 42? — 22 +2 


Bree 


229 — 422432) 62'— 4a — 722 


6x — 1223 +92? 


— 


Exrracrion oF THE Square Root. Exampres ror Exercise, Pace 482, 


ett 120? 4 10st dof 1(Sat + 20 +1 


3. Qe} 1208-4 Sts! + 20s + 25)8at + 20-45 
corey papas 
erebo etme 
4. of Aat 4 Deh LOA Dat — dat Ao 2st — 2 42 
2) 4z5 4-224 
me a4 soPth ax 


eteaute > 


at — dat + 10st Aa? — Tat + 2h + 16(a— 208+ B24 4 


228— do?+62-+4) 82*— 1622+ 2424-16 
hi pie4 ofa tee? 4 that 16 


both of which sets satisfy the conditions of the question, 


2027 4 152 + 25 


6. 4x +62 + Pe 2b 15a 25(222 4 Se4s 
4z* 
i+ 3e) 6a? + Pa 
629 + oa 
dz? + 32-45) 0 a -152-425 


* The 0x3 in the above square is of no value, end has peen retained solely to indicate the successive diminution in the value of the exponents of z,—En, 
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Otherwise. —1Gz* + 242" -+- 892" + 602 + 100(4z* + 3x4 10 
let BB aah 


Square Roor or a Brvomian Surv. Exampres ror Exercise. Pace 483, . 


/(19+8 3) = 2 A (19—8 3 —y. Takin the produc, , 
r ali Ea ot es: that i, Bea. ‘Alsoe ; | 
19-+-8 /3=4°+ 2ry +7’, 19= 24+! 


EEG, 0. wad a Seen 
i = ise / Ba Peay 4 


2, /(12— /140) = 2—y, . V (12-- 140) =a+y, Taking the | 
+7 hada 140) aa? hh thet le, Bey g the product, : 


Also, 12 — / 140 =a*—2zry+-y%, .. 12=2*+y* 


Wi 22%, 10 2y? | 
Ay aly A Bold Hg eae Nag 9 
Tilia 710) =I — v5 


3. V(7—2/10)=2—y, . V(T4+2 710) =2 Taking the 
; WA 7 fei fi oie + paper the rete it 


Also, ee heme 
. 10 = 227, 4 = 2y? 


ay ces Poh ys ae 


4. VOtymaety -- BS te hy’ Te ya Taking the product, | 


Also, 8 + +/ 39 = 29+ 2zy+-y*, °. 8=2% +y? 
“13 227, 8 = 2y? 


weak, eh 26; y=, “yh V6 
“eV 8+ 39)=4 (Vv 26+ v 6). 
5. ¥ (76 — 32 3)=2—y, ee Rich de Rede 7 Taking the product, +/ (5776 —3072) = 2? —y’; that is, 
=2—y’. 


Also, 76 — 324/ Sx a — day +9, - 2.76 = a8 + y? 
1238 = 223, 24 = 2y%5 ih 
28S O, .2=8; y¥=12,. Bata Ae 

= G6— 32/3) =8—2y 3 


6. 7 (314 12 —5) =2+y,« ‘SO By —) Li Taking the product, +/ (961-4720: =a%—y?; thatis, 
Also, 31 + 12 —5 =a? + 2ry-+y', - s=2+y/ 
R= Ox, pee ag, 
. #36, . 26; Y=—5,s.y=V— —5, 
~VGlERY—)=6+y —% 


To RatronatiseE Bryomtan Surps. Exampres ror Exercise. Pace 484, 


1. Prove that 57 575 = 35 (2 7+3y 2) 


277 
Multiplying numerator and denominator by 24/7 +-34/ 2, 
Wrowi= svi eiy? — eV T+3y 2). 


+73 _Stvs ' 
& Prove that 5-73 = Multiplying the terms by 3 — y/ 3, | : 


2+73_ atvna- v3) _3+/¥73 
3+y3 Bact 
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3. Prove that YS 5 = Fe 2s 
V6 _— Vb6xXW/8—73)_ _ Eee 8 os —4¥3—372 
V8t+V3 8V¥+v¥ 3) (V8—v 3) aaa 5 . 


4. Prove that Feaya= Wty e+ V9. 


2 2R/9+V6+%4)  — _ 22/94/6474) 
V3s—V2 W3—-VDA/I+VEFY) —O 2 
=2(2/9+4+ 2/6+%/ 4). 


_5. Prove that Vinyi=3 S Q/49-+-9/ 35-4 2/28). 


Multiplying numerator and denominator by ee + 2/ 35 + 2/ 25, we have 


ores = OE = S yet ys 442m, 


6. Prove that vEav eS 11 2—44/154/. Multiplying numerator and denominator by / 6—¥ 5, 


yea ii ks a Bek) = 2-21 60+ 50 


=6Y 2—4 715-45 f 2=11 / 2—4 15, 


Extraction or THE Ouse Roor Page 486, 


L 0. 0, ah Oa + Gat — 994 — 2s" + Adler — 343(02-+ Se — 78 
. 
? P as ett — 9923 
a? 2x 9a + 2724-42729 
2x3 oat — 12623 — 422? + ddl — 343 
Za 929+ 922 —21zt — 12629 — 4229 4 4412 — 343 
322 3a*-+ 92? + 922 

8x 92*-+ 182° 
32-4 32 Bat} 1829-4 2722 
me — 21a? — 632-449 
322-4 Gr Bat 182° ++ 62? — 63a +49 
3z 
3a? +-9e 


—7 
3z*+4-92—7 Hence the cube root of the proposed polynomial is #* +-3z — 7, 


2. 0 0 af + 625 + 02'+— 402° + 02? +- 962 — 64(2? + 227—4 
2 a af 
2 a Ox — 4023 
2 2x4 cod ieee 12z4 + 823 
2x2 Bat 127 — 4829 402? + 962 — 64 
2? 62° + 422 —12z — 4823-4 0x? + 96x — 64 
3x2 Bat + 629 + 422 
as + oot see 
3a? +- 22 Bat 4 1229 +1222 
+? + eis — ote 4-16 
Sat + de 3at + 1229 + 02? — 244 +16 
322+ Gr 


—4 
827-+-62—4 Hence the cube root is #7 4-27 — 4, 


* Bee the Note appended to the last example in this Key. + This is of no value, and merely completes the series of exponents of as 


MATHEMATICS.—ALGEBRA. 


(SOLUTIONS TO THE EXERCISES, 


iol 


Sl oBl Bl oF! Omi wows we 
i) 


le 


7051 


162175 
‘3500 


In this method of extracting the cube root, all abridg- 
| ment of the work has been di 
the operation may be exhibited 
4, 0 0 


3°7,7,9,7 


1 1 
1 1 
1 2 
- -1 
2 3 
1 64 
Oe aS 
3 3-64 
2 68 
_ —2 
32 432 
2 1825 
34 45025 
2 1850 
aa 8 
36 46875 
5 33831 
| 36 4721331 
6 33912 
poe 4 
$70 4755243 
acd 
375 475864311 
9 340092 
3759 476204403 
9 7599 
3768  4°7621196,2 
9 756 
4 
3777 «47621952 
9 38 
37779 -4°762199,0 
9 4 
87788 47,6,2,2,08 


994, 449,551(2351, the 
ry re arviglhery 


rded, in order that 
in the fullest detail. 
2 (125992104989 .. , the 
1 cube root. 


4999809 
4762199 


237610 
190488 


———_ 


47122 
42860 


4262 
3810 
452 
429 


23 


“In the preceding example the decimals of the root 
are interminable, since 2 is not an exact cube; 
required to approximate to the cube root as 
eleven or rot can of sate only ; so 
is no necessi ing on the work of developmen: 
to make any provision for decimal beyond thispreseried 
imit ; and, accordingly. e@ operati 

emt tncla to the eereal colteame have baae eased 
from accumulating to an unnecessary extent. You 
will, of course, remember that in multiplying a num! 


abri of final decimals, the carryi the re- 
jeatod decimals are to be taken adeotets of, as noticed at 


of declare 2 = 1:25992104989, In the third 
column of the work, the decimals have not been allowed 
after the marked 5, since more 


ecimals, 
two preceding columns are curtailed of the decimals 
which are foreseen to contribute only to that portion of 
the third column thus rejected. Another imal— 
viz., 4, or 5 very nearly—might obviously have been 
added to those already in the root ; so that we may with 
safety affirm that 3/2 = 1:259921049895 is to the 
nearest unit, in the twelfth place of decimals. the 
suppression of additional decimals been postponed ti 
another step of the work had been reached, we should 
have found 
R/2 = 1'259921049894873 .... 


which is true as far as fifteen places of decimals. 


Such an extent of figures is very rarely, if ever, re- 
quired in actual practice, ned (ny have fade given here 


merely to show the accuracy with which a cube root ma: 
be extracted by the foregoing contracted method. i 
5. 0 0 959(9°8614218 .... 
9 81 729 ; 
9 81 230 
9 162 2127192 A 
_ —l1 
18 243 17°808 
9 22°24 17393256 x 
ae 
27 26524 414744 
8 22°88 : *291688 
278 288 ‘12 "123056 
8 - 17676 "116692 
28°6 2898876 6364 
8 ‘ 17712 N 5835 
29°4 2916588 529 
6 296 292 
29°46 291°688,4 237 
6 30 233 
29°52 291°718 4 
6 - -12 
2,9, 6,8 ayise.0 ‘ 
29,1°,7,4 
Hence, the cube root of 959 is 98614218, which is 
true to seven places of decimals, 


6. To find the cube root of 
w® — 1ba5y + 69xty? —138x%y4 — 60xy5 —8x°. 


From this expression a term was accidentally omitted ; 

He as it ghee! . _ with it as aS want- 

term Deters unsupplied, work 
carried on as in next page. 


till q 
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“4 0, af — Lbaly + 602"'y! — 1388°y' — GOsy! — Baa? — Sy —2y? 
= ou Tier) t isey = tase 

slaty that a Gee A Gousye — 1389 — Gouy? — Bat 
igh eae = 

3a2@—52y 382 — 302%y + 7527y? 


— 6x*y? + 30xry?+ dy! 
ca 3a — 302%y + 692°y? + 30xy? + 4y! 


3a? — lbzy 


3a? — 1 5ary — 2y? 


Hence the cube root of the proposed polynomial is 
sxpranion pecvsiod difers by Oboy? trom: tho, eunplob 
ression pro ers e complete 
cube of «? — Sry — 2y%. Tf the remainder be intro- 
duced, with changed sign, into the polynomial, it will 
then become a complete cube : that is, 
a” — lia*y Rega pay a ~ 4 eee cas 
eee a te ae xe may ways ascertain what expres- 
m introduced into a proposed polynomial, in 
order to render it a complete sabe: ¥ 
Nore.—The process ad above, in imitation of 
that at page 485, of the oceupies a good deal 
more space than the work by old method ; but it 
must be observed that here there are no bye-operations : 
the whole is placed fairly before the and every step 
may be ‘ormed with great ease and rapidity, and may 
be ily revised in case of mistake—advantages not to 
be overlooked, 


The solutions now completed will, we think, afford to 
the learner all the aid he can reasonably ex in his 
efforts to make himself acquainted with the Prrvcrpres 
or Atcrsra. Wherever his own attempts to accomplish 
the sati solution of a question fail, he will find it 
of much service to him to have at his command the 
assistance here offered ; and even when his endeavours 
are successful, he will often gain instruction by com- 
paring his own work with the details thus given. In 
the expectation that the present collection of solutions 
will be consulted with a view to such instruction, we 
have frequently given different methods of working out 
the same example, and of thus exhibiting certain alge- 


braical artifices and expedients—familiar enough to pro- 
ficients, but which can be acquired by a learner only by 
ice, and the careful examination of illustrative 
models. No one can become an algebraist by Rule: all 
that rules can do is to dictate the mode of applying 
general principles; while, in many special cases, inde- 
pendent judgment and ingenuity must be exercised, in 
reference to the icular circumstances of the inquiry, 
in order to avoid an unn accumulation of sym- 
bols, and a needless outlay of time and trouble—in fact, 
in order to give to the algebraic process that com 
ness of form, and neatness of finish, which constitute 
what is called an elegant solution. This mastery over 
his subject the student can acquire only by consulting 
the best models, and by cultivating the power, himself, 
of ing under the guidance of his own free judg- 
ment and penetration, unfettered by the shackles of 
rules, A learner should always be on the look-out for 
those facilitating expedients, which are often to be 
brought into operation in cases, in reference to which 
rules can afford but imperfect guidance. He would do 
well, however, to keep in remembrance that a short 
solution is not n the best solution : what looks 
short upon paper may the result of more mental 
exertion than what looks long; the art is so to manage 
that the expenditure of time and thought may be re- 
duced to the smallest possible amount: a solution thus 
characterised is entitled to be called an elegant solution. 
To those merely mechanical operations—the performance 
of which it is the business of the early parts of algebra 
to teach—these remarks do not, of course, apply ; they 
refer exclusively to the subject of problem-solving, and 
to the more advanced portions of algebraical research, 


CHAPTER VI 
SERIES AND LOGARITHMS. 


ON SERIES. 
1. The Principle of the Permanence of Equivalent Forms. 


Tr was stated at page 451, that ‘‘the processes of 
Algebra are, for the most part, only processes of Arith- 
ee extended and rendered more comprehensive by the 
aid of a new set of ibols, taken in combination with 
the well-known ols of Arithmetic ;” and in the ex- 
planations following, it is made to appear that Algebra is 
a [i aase ipsa of eee re a, Bird 
represent certain special numbers, a, b... represent an 

numbers. This is professedly an ‘vanities view of the 
case; and, as an elementary view, is quite sufficient. 
But when =f nature of the pepe is oe closely 
considered, it appears that, in what is commonly called 
Algebra, there are really two distinct, though closely 


connected sciences, which may be called respectively 
Arithmetical Algebra, and Symbolical Algebra. In 
Arithmetical Algebra, ‘‘ the symbols represent numbers, 
whether abstract or concrete, whole or fractional, and 
the operations to which they are subject are assumed to 
be identical, in meaning and extent, with the operations 
of the same name in common arithmetic. The only dis- 
tinction between the two sciences consists in the substi- 
tution of general symbols for digital numbers.” 

Thus, in arithmetic, it is impossible to subtract 7 from 
5: so that 5 —7 is impossible ; and hence in arithmetical 
Algebra, when we write a—b, we do so with the tacit 
assumption that a >. If we generalise a step farther 
than this, and allow ourselves to write a—b for all 
values of a and b, then it is clear that the negative 
sign has a more extended meaning than that of mero 
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subtraction ; and it remains for us to ascertain what this 
more extended meaning is. The science which concerns 
itself with this second generalisation is called Symbolical 
A Thus, then, we have, in all three sciences— 

1). reap me = which the _— employed are 
particular in form, particular in value. 

(2). oes . in which the apace em- 

are in form, but icular in value. 
rd Symbolical Algobee, in Mhich the symbols em- 
plo: ral in form, and also general in value, | 

as a second of these sciences is a generalisation 

of the so the third is a generalisation of the second. 
Tho principle in accordance with which this second 

isation is conducted is called that of ‘‘ The per- 
manence of equivalent forms.” The principle may be 
stated as follows :— : 

‘Whatever algebraical forms are equivalent, when 
the symbols are general in form, but specific in value 
will be equivalent likewise when the symbols are general 
in value, as well as in form.” 

For the fall exposition of relations between these two 
sciences, the advanced reader is referred to a T'reatise 
on Algebra, by George Peacock, D.D., to whom is due 
the detection of the co-existence of these two sciences in 
that which is generally treated as one science—Algebra. 
We shall have several occasions to make use of the 
principles above enunciated in the course of the following 
pages. Asan example of their application, we will re- 
consider the Theory of Indices already treated in p. 465. 

2. On the Theory of Indices. 

We have already seen that a” signifies a X a X a X a, 
&c., to m factors, when, of course, m must be a whole 
number. 

__ In like manner a” signifies a x @ X a, &e., to n factors. 
Hence— 

a" X an=aXaXa....to(m-+n) factors, 
and therefore a™ x a" = a™+*, 

This is a result in Arithmetical Algebra. It is perfecfly 
general in form, but it is particular in value ; for m and 
n aro, by the definition of a", limited to being positive 
whole numbers. If we suppose m and n to have negative 
or fractional values, this involves a generalisation of our 
original definition ; and the question arises, what meaning 


2 
we must assign to such expressions asa@—"a?, Toanswer |. 


it, we proceed in the following manner :—By assuming 
m and m general in value as well as in form, we enter 
the domains of Symbolical Algebra ; hence, by the prin- 
ciple of the permanence of equivalent forms, under all 
circumstances— 
a” X a" = ant, 
”. a™ xXxaxev= ant xXxv= aM tnt rs 
and so on for any number of terms. Hence— 


Pe 
at X ae X FX. 6. tog terms = Gag th t+. baiaction 
Py\a 
(c’) =a, 
ae 
- a= Var, 
i.e., az must (in accordance with our general principle) 
signify the « root of the pm power of a. 
Again, a” X a" Xa—""=a™t" =a", 
o. a X a" = 1, 
a" =~ 
Hence, we sce that in assigning the meaning ,/ a to 


a}, we are doing so not arbitrarily, but in accordance 
with a principle which lies at the foundation of Algebra. 
3. On Impossible Expressions. 

Again, we know that ,/a*=a. In like manner if 
we were to have — a®, this is = a? x (—1), and.*, ,/—a? 
=a,/—1. Theexpression ,/—1 is frequently spoken 
of as an_‘ impossible quantity,” an inary ex- 
pression,” and so on, since—1 cannot be uced by 
multiplying either+-1 by+1, or—1 by—1, In 


reality, however, ,/—1 is as ible or as impossible 
neg for in arithmetical a and ,/ ware only 
admissible on the supposition that a is positive. In 
symbolical Algebra this restriction is removed, and there- 
fore in that both —aand ,/—aareadmissible. Hence 
in future investigations we shall make use of ,/—1 just 
as freely as ,/ a, whenever it may suit our p uite 
undeterred by the circumstance of its scaled tances 
sibility. Of course there are many differences between 
the symbols — 1 and ,/—1; for instance, the interpre- 
tation of the former is a much simpler matter than the 
interpretation of the latter, and in some cases a—b 


belongs to arithmetical ra; buta+b ./—1-never 
does. We cannot enter further into the matter now ; 


phere ak ey ie wich ediageie levies are 
justified in introducing into our tions 


mba gi Beet de at +..-. +n %,; for all values of x. 


+... tA aye bays... bate; ag 


number of terms in each series is finite, the — 
TF cook, noise wero fisiaiad thei heone atedk not 


_ Sa? 7 ; 


tions, 
1— 22 4 822 5 ae: | A 
Assume (Ty (@—2)@—3)e—ite—a tes 
eta hee erant ke 
— c— —2)= — |. 
2(6A, +44, -+3A,)4+6A, 34g +2A5. 
This being true for all values of «, we have 


A. +A, Ag =o, 

BAL + 4A, + 3A, =2 

GA, +3A, + 2A, =1. 
Rie hry Fe: | 


4a +A, =—5 
= 2 .A=L 

a*s A,=—9. 

A, = 11 


‘* Sa? — Qe +1 tole Se 

*"@—1)@—2)@—3) s—1 «2—2'e—3 

N.B.—A fraction written in the above form is said to 
be resolved into its partial fractions, 


(2). Resolve EDGES into its partial fractions, 


e—1l . A ,Mez+N 
Assume et @T) a—it +8 


e—1=a(A+M)+2(M+N)+3A+N 


ie pak) ae a 
@+D@+8)  — %w+H~ 249 


The student the followi 
ig Sel ds 6 10. Lets ois 
@+)l@e—)e@e—)~*#+1ta—1+e—s 


' INFINITE SERIES, ETC. ] 
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(2). 22 +3 ae Le) Se ee 
EF C—9@—H  — Se+2)_ 1e—3 
a 79 
70(@— 5) 
x a 1 b 
@). (w@—a) (x—b) “a—b'2—a a—b 2—bd 
‘ (4). 1 1 1 


ie ez Pile—9) nf e=4 (@—a)" al 


barre Gah at. oO @—c) «—e 


(5). A series is a number of algebraical expressions, 
each of which is connected with those which precede it 
in some determinate manner. 

For le :—In the treatise on Elementary Algebra, 
geometrical progressions.* ‘ormer case, 
term is derived from the one preceding it by adding a 
certain known number called the common difference. In 
the latter case, each term is derived from the one pre- 
ceding it by multiplying that term by a certain known 
number the common ratio. Hence, 


b DA Shy eecs 
ere t ees 
and 1+ rr? +r+ sone 
are series, 
Def.—A series is called a finite series when it has an 
ble last term. It is called an ‘infinite series 
eta a fix on any term whatever, there are terms 
cee 
1+r4r4 foes 


+++” isa finite series. But 

inf. is an infinite series, because, if 

we take any term whatever—for instance, the 50th, or 

500th, or 5000th—there are always terms it. 

6. To explain what is meant by a Convergent and 
a@ Divergent Series. 


Def.—If the sum of the terms of a series has an 
arithmetical limit when the number of terms is infinite, 
that series is convergent ; if otherwise, it is di . 

If we divide 1 by 1—r, we shall produce 1 + r+ 77 
++ ++++ which series we can continue to produce to any 
number of terms whatever. Henoe the fraction ;~— 
and the series, 1+ r-+ 1?-+ ++++ ad inf. are equivalent 
to each other ; or 


— =1+4r+41241+ ad infinitum. 


Now, it has been already proved, that if r <1, by 
taking a sufficiently number of terms, the numerical 
value of the series can be made to approach to the nume- 


Pe 1 \ F ‘ 
rical value of i? to within any assignable limits. 


For instance, if r = } then ;+~—=2; and if we take four 


terms the series equals 1°875. If we take five terms it 
equals 19375; if six terms, it equals 1‘96875; and 
hence in the extreme case, when we suppose the number 
of terms to be infinitely large, the series is actually equal 
to2. And hence if r be less than 1, ‘ 


1 ee 

Fag TL Erte $08 + ad infinitum, 

whore by the sign = we mean that the fraction ;~— 
is arithmetically equal to the series. But if r be greater 
than 1, for re tay if equal to 2, the fraction ~ gr 
—1; whereas if we take four terms, the series 15; if 
five terms, 31; if six terms, 63; and so on, where there 
is no trace of approximation towards arithmetical 
equality between the series and the fraction. In the 
former case the series is said to be convergent, in the lat- 
* See ante, p. 477, of seq. 


Vou. } 


ter divergent ; and if we include both cases in the ex- 
pression, 
1 

Top Ti tr te t+... ad infinitum ; 
it must be understood that the sign = signifies . 
braically equivalent, not arithmetically equal. The 
explanation will be sufficient to enable the student to 
understand the meaning of the terms convergent and 
divergent, when applied to special series. The general 
questions that, sre * by series, ried their st 
vergency and divergency, belong to the higher parts o! 
Toc nclcnos td neberod ee ooo al ata 

7. A test for comctining, Be Convergency of a given 


We have already seen that— 
is 1+r+r+r+.... is convergent when r is 


<1. Hence if we have a series 


A+B+C+D-+.... 
bil Git hoe HD Vel On aD @Reale 


A+B+O0+D+... <A(Q+r+r+4+r*+....). 
This latter is convergent ifr be < 1. And if so, the 
former must plainly be convergent too, This gives us a 
test for ascertaining whether a given series is convergent, 
which we shall find useful hereafter. The student must 
remember that, though all series which submit to this 
test are convergent, many may be convergent which do 
not submit to it. 
For instance, to ascertain whether the series 


& Se * * . 
9+ 755 + fegae TF he, ad infinitum, is convergent 
when @ < 2. 

The series may be written— 


eof 
e455. +aaa5t--} 
Fes ie Nelvenieed Cy 


33) 3. 3... 3, 2 2 
: o 0,4 
Similarly, 2345 < (=) and so on for the other 


terms ; hence the given series is less than 
6.2 6.4 : 
ofL+ (5) + (g) +. i adingn 
9.2 
and this is convergentif (>) < 1, or if 0 < 2; and hence 
the given series is convergent if @ < 2. 

N.B, ro =1—r+r—r-+.... is true arith- 
metically when r < 1. Hence, the above test of con- 
vergency holds good when the terms are alternately | 

tive and negative. 
poe aeeanin ae atte 
series—the 
pe ser aponent 
8. To state the Binomial Theorem.+ 
If a. b. n. are any numbers whatever, then— 


(a+ b)" = an + na" —1b + 26-2) gn—%? 


+4 se—-De—) a" —93 + do. 

The reader will observe that the first term is an, that 
in each term the index of a diminishes by unity, while 
the power of b continually increases by unity, so that the 
sum of the indices of each term is n. 

Again, the coefficient of each term has for each deno- 
minator the continued products 1.2.3....up to the 
index of b inclusive ; and for numerator, the continued 
product n(n—1) (n—2).... down to the index of a 


+ See ante, p. 462. 
3u 
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exclusive. Thus the coefficient of the term which in- 
volves a*~ "br is 


n.(n—TI) (n—2)....(n—r+)) 
» ae roar . 


r 


9, To prove the Binomial Theorem when n is a positive 
Integer. 


(a) To show that (a +b)" = a" + na"*—1b+.... 
By actual multiplication, 
et ipie tam tes. 
a b = a + 3a%+.... 
a + b)* = at + 4a%+.... 
These results plainly suggest the assumption 
(a + b)" = a* + ma"—1b+...- 
Multiply both sides by a + 2, and we have 
(a + br *+? = ant! +(m +1) a+... 
which is clearly of the same form as the assumption, i. ¢., 
this has m+ 1, wherever that has m. Hence, if the 


theorem be true for m, it must also be true for m+-1. 
Now it is true for 4, .*, it is true for 5, .. for 6, and 
so on; therefore it is always true for any positive 
whole number. 


.(a+b)" =a" +na"-1b+.... (a) 
N.B,—If a=1, andb =, we of coursehave 
(l+2)" = 1+ ne+esee (b) 


(8) To show that— 
Q+ap— 1+ ne + VOX ay 


e+e... 
For sup 


n(n— 1) (n— 2) 
1.2.3, 


: ao 
A+ayp—1+nepAgat+AseP+Apat+... () 


It is plain, since (1+- x)" means (1-+-2) multiplied 
into itself n times, that this series is finite, so that we 
wag: Kowa. aad the principle of indeterminate coefficients. 

the series A,, As, Ay,....- do not at all depend 
on x, and will therefore continue the same for all values 
of x, so that, for instance— 

(1+ 9)" = 1+ ny + Agy? +Agy? + Aut +.+.. 

In equation (a), writex=y-+2. Then— 


a tetra! +niy+2z)+A2 + 2)? +43 +2)* 
ce PS 8 Ag (y* + 2yz +26.) + As (y® + 3y°2 


c a reer arr iy CYTE"! EN Ree 
+ z{n+2A,y+ 3Asy?+ 4Aay? +.... $+ &e. () 
which is true for all values of y and z. 
Again, if in equation (a) we take 1+ y= aandz=b, 
we have— 
1 e— (1 ‘es 1 | am eae ). 
Crs ia a he hg ail valle “of % 
.". the coefficient of z in each must be the same, ,*, 
n(1-+-y)* — *=n-+ 2Acy+ 3Acy?+- 4Ayy® +... 
for all values of y; multiply both sides by 1+-y, 
ten (L-by)» = n+ 2Acy + BAgy? +4A y+. eee 
"Typo diay okt 
But by equation, Oe ee 


ot. n-pnty + nAgy* + nAsy?-+-nAgy+.... 
=n + (2A, -+n)y + (3A5 + 2A5)y? + (4A, + 3A5)y'+...s 
These expressions are true for all values of y, 
Hence 2A, +n =n? 
SA, + 2A, = nAg 
4A,+ 3A, =nA, 


“2A, = n—n=n(n—1, A= fe 


bono a a,x e=d 
4A,= A,(n — 3) A, un _ Ne —3) 


Hence— 


A+ ant $ ne OSD t+ Mo—NO=D ps 


The student will observe the manner in which each 
successive coefficient is derived from the one that 
aie and > tomeoe Bere eee r 
— 1” an Viz., Api, &— 
we should then have an equation— 7 oF 

rA, —(r—1) A,_,; = nA,_), 
.*. TA, = A,_; (n—r +1). 
so that the general term of the expansion will be— 
n.(n —1)(n— 2)... (wn—r+1) 
a Rey Sarr di r ba 

He will also observe that if nm be a whole number 
when r is greater than n, there will be in the general 
term a factor n —n+1-+1=0; or 2” is the last 
term of the series, also the coef. of 


nn—1... 21 
OP eas rere Hence— 


A+ ap a1 4 ne + MOHD 4 OK“ VOKD 
O+... $a" 


(y) To prove the series— 
(a+b =a $nar-1b4 2G) ge 252+, , +0" 


For in the last series write z=, ‘Then- 

b b n(n —1) ba 
(14 gr atte at te 
Now, a(1 +2)=a-+8, 

rye! $y Gt. 
megs hyme tad co AGED ew 


Foe pKa 


of UP Har + nar—1 + EOE Don ge g  , 
+... (OD, 


which is the Binomial Theorem when n is a positive 
integer. 

eet 461, a table of the developments of powers of 
a binomial is given. These may be immediately deduced 
from the series we have just proved. Thus, to develop, 
or expand (a + 2)®, we have— 


@paymartna-tep gine do, 
satay = as A Soerg ct + 8275 ass 
+ S18 ates, 
Ht or + Bettas 
Hie + eee 


87 8-76 8765 


8-76 8-7 
+ gg O + pg oe + San! + ot 
=a* + 8a’x + 28a%x? + 56a5x* + 70atzt + 56a%xS 
+ 28a%x® + San" + a. 

The student will observe that the coefficients of a’ 
and of ax’ are the same, as also of a%x* and a%x® of ax? 


and a*x®, 
And, in general, if we write the series, whether we 
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begin from a or from «, we get the same coefficients. | Now p is a positive integer, 
jus— 
a + Safa + Bital + Bbatot 4 TOstat + Boat cltpe+ POV +... = dtep 
a? + 8a'x + 280%? + 56a%? + 70atat + 56a%x5 os Sip) =A+ap 
+ 28a%28 + 8ax? + a*. . { PM +a 
Tt can easily be seen that this must be the case, for ba KG 
the former of these two is (x + a)*, and the latter p P. 
(a + 2)*, which are clearly the same thing. This con- os SJE) = (+a) 
sideration greatly facilitates our expansion of a binomial. q 
Thus— at =n 
, 10-9 10°9°8 
os —— az? + —___ aa 
(a + x)” a” + 10 ae + {2" + [23 a R Atay =fn) = 14+ ne4 "= aay 
10°9'8°7 10°9°8-7'6 . * 
psn HNP UP iin: A al ppt when n is a fracti 
+ 234 + Tasa5 OH + Again, if w Ye aegnitva we have 


=a + 10a% + 45a%x? + 120a7x + 210a%* + 2520525 
+ 210a‘x® + 120a%x? 4+ 45a%2* 4+ 10ax* + 2. 
Tn like manner— 
(a+2)° = a + 9a8x + 36072? + 840% + 121054 
4 12latz5 + 84a%x* + 36a%x7 + Yan’ + 29. 

It will also be observed that, in the case of (a+ a)? 
there is a middle term, 252a5x5; but in the case of 
(a +2) there is no middle term. In fact, it is plain 
that the ex ion of (a+ b)" contains n +1 terms, for 
the expansion contains one term in which b does not 
appear, and also terms containing b, b?, b* .... up to 
bo". Hence, if n be even, n + 1 is odd, and the expansion 
has a middle term ; if be odd, n +1 is even, and the 
expansion is without a middle term. 

10. To prove the Binomial Theorem for any value of n. 

Let us use the notation 


f= 14 ne + OV. Bee 
for all values of n. - 
ee er a ee 
and 
f (m+n) =14+(m+ne+ 
"om, when a) 2 are positive integers, we obtain 
C+ ep nips pe) oy... 
Gpepetgne + os et... ; 


(m+ n)(m+ n—1) 
12 


(m+n) (m+ a )) - = 


(tate ait (m+ n)a2+ 
+e see 


vhf me fat $d) x Lt e+ 


OES + sh Chins tr 1+(m+n)e+ 


12 a? + &e. 
Hence, when m and n are any positive integers what- 
ever, 
F(m) fr) = flm +) 


Tn accordance with the principle of the permanen 
equivalent fi we neouia tlie 20014 00d, dion 
nel able = hirem age ae meee rs must 
a 2 1 gence assump 

Sim) fin) F(p) = flm + n) fp) = Km + 0+ p), 
5, ha acl n Sentel of terms. 

ence, 


i) xf) x ff) to 4 factors = fT +E +7 + tog 


fractions): ) /()} = fo). 


Sr) Ke) — m) = fn +m —m) =f(r) 
o f(m) f(— m) = 3 
Now, mis positive .*. f(m) = (1+ x)» 
grrned 
es Fimy =(1+n)—= 
. A+2)-"= f(—m), 


Let n = —m 
.0+2y"=f(n)= 1+ ne + 2O>! 
when v is negative. 


And therefore, for all values of n positi i 
in pa ee positive or negative, 


Ars 


Ataf ne 4 BOD 24 MO—Dn—2) 
‘ a+... (IIL) 
leta= 7 
b.. b , n(n—1) 
@—3) =1l+n7 $2e—». a +f vvee 


Now, a"(1 +2)— (a+b 
n.(n —1) 


ts (a4-b)"= an + nab + 12 —a"-1h?+-....(IV.) 


which is the Binomial Theorem, and we have proved it 
to hold for all values of n° positive or negative, 
fracti or in 

N.B.—The Binomial Theorem was discovered by 
Newton ; it is very important, and is constantly used in 
almost every part of mathematics; it is therefore very 
necessary that the student should be quite familiar with it. 
It will be well if he will carefully examine the following 
results. 

(1.) To show that 

n(n—1 n—1)(n— 
(L—a)" =1—na+ —Fa Naas = ~ 
x + &e. 

We obtain this from eauation (IV.) by writing a = 1, 
and b = —a. . 

(2). To show that 

nw (n—1) , n'(n—1) (n— 
mart nt T+ tS eae 


write in the series (IV.) a = 1 and b = 1, and we obtain 
this result. 
(3). To show that 


52s 1\ (nies 
n$ OOH? 4 bo = 1 Tq +4. 


write in the series ([V.)a=landb=—1. Then 


nn—1) .(n—1) (n—2) 
cc ie i239 


Ea doo 


0=1—n+ 
Whence the result, 
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(4). To show that + Now, rcan be taken so large that *“F < 1, and there 
1 13 13° 
—— te | a+ a? + pane t ke, n+1 -- h—?r n—r—l1 
Vina theta +206 fore “4 <1. So that if SP < 1 MEST is 


1 be 
For re b 
Hence, by the general formula (IV.), this equals 

oa i aS 
1+ (—» 2) + PA 2» 
+=) Ci—) C3 —%) 
1:23 (— 2) 

mip get tees + EEF + bo 

Whence the result. : 
(5). To ascertain whether the series 1+- nx “<>? 

For the mkoal erity, let us write the series 
l+ne+.... Az +Aryzivti+A ut?+.... 


chen = Ass 


a—fT 


oe Arg = Ar TT 
n—r—l1 
Ange = Aen 9 
n—r_on+1_ 
gece > wees 2S 
nm—r—1_n+1 L 


> pax © be 


1 
1 1 
g 20 
5:10:15 + 


Also, these fractions are all negative, .*. if A, be posi- 
ti is negative, A,+,¢ is positive, and so on. But if 
gw the consideration of the signe trons hak Bas 
bene. Pome it appears that A,, > A,41, A’t! > A,4o, 

C. 

Hence, the part of the series beginning with A,2’; i.e, 

A, + Argipoti+A,,or+2+.... 
has its terms (if « be positive) al itive and 
negative, satean i oee bos thas aa 

A, ar —A, at! + A, a7 t+ 2®— Go, cee 
provided A, < 1. 

But this latter series equals— 
A, w (l—a+ 2*—) ke. 

which is con tofa <1. 

Hence, provided « < 1, the series, at all events, after 
a certain number of terms, converges. 

(6). Hence, if « < 1 

n(n — 1) 


(l+2)=1+n0+ To @t-es 


is true arithmetically. We may therefore apply this 
formula to extracti roots numbers. us to 
extract the 5 root of 11. The fifth root of 1/1, is 

12, 
atioe 

Now, | 
1 1-4 14-9 
(1 + x) 3 =1 + 3? + 510° a + 510-15" od 
14-914 | 1-4-9-1419 , 
— Fois20 + si0152005 * — & 
f 1 
= Gio io = 0008 
me 14914 1 00000336 
1 ry ¥ 
ioe = 000048 510-15-20-+10*~ -00080336 
1-020048 
000803, 36 

» 1019245 
so on; hence the term involving the first power of 
when (a) is re-arranged, must be 


Wildlife the Bs root of 2°1, true to & piaote of Gockmula: 
A’ A*%x5 
1L. To show that a,= 1+ Ax+ so tjragt---- 
ad infinitum. ei 
where A = (a—1)— ESF 4 CM pg, 
This is called the Exponential Theorem or series. 


By the Binomial Theorem. 
a =(1+a—1)* ‘ A 
=1+2(a—1) es @—1+22—9G-) 


G—P+.... @) 

Now, it is plain that if we multiply the factors of the 

coefficients of ary dy (a—1)', (a—1)‘... . together, 
e 


we may re-arrange series so that it shall become 
a@=1+ Ar+ Be? +C2 + Dat+.... (b) 
where A, B, 0, D,.... contain a—1) and its powers 


in some determinate manner. For example, if we ex- 
amine (a), we shall find that each term, after the first, 
contains the first power of «; viz., the second term con- 


aaa 
tains 2(a—1), the third contains —2. C=" the 


fourth contains 2» °=™" the atth — a C=O" ana 


—— 


e\a—n —S5¥ 4 eH _ eo +} to. 
Am @+1)> Gay + coy 
a Ot ine () 


eset ad takag ‘soy we peoiead al heakabittegeeet 
Instead of ee eer is 
true for all values of x, we must have— 
w=1+Ay+By+Of4+Dy.... @ 
Now, a* x @ = a*tv 
Oy aCe atone 
+y {A+ A% + ABr? + ACx3 +..., 
TE NO ame 
EB sb ee 


LOGARITHMS, ] MATHEMATICS.—ALGEBRA. 517 
And a*+¥=1-+A(x2+y)+B (x+y)?+C(at+y)i+..++ Definition.—If aY = x, then y is called the logarith 
ma iy yo pray ALR Ne abn of a to the base a, and is qustaxally east, aoa 
+ Ay + 2Bry + 3Cx*y + 4Da5y where log., means ‘‘ logarithm to base a.” 


¥ kao 
+ By? + 30zy? + 6Dz4y? +.... 
+ Oy8 ee viel) 


Now, from the early of this article, it appears 
heed aces aloe daptntle Cepeeistons of, ecahice of at+¥ 
Hence (e) and (f), which are each the ex: ion of a? +¥, 
are not merely equal, but are actually identical ; there- 
fore they must be, term by term, the same. 

A? 

. 2 = . instore 

., A? = 2B “ B=79 

A3 

AB = 30 C=T33. 

AC =4D oe 

D=1234 
Hence, 


At? Atz8 Att 
w=1+Act+ so +te5 tiegat: - (V.), 
where 
—1 —1 —il1 
Sesca—% 5 ¥4 5 East ze +.. (VI.). 


N.B.—Suppose e to be such a number that— 
1=¢—1)— e+ ery — So + 


a a aa a 
Then * =1+2+ 75+ jog tiggat:::: 


This number e is very important, and is called the 
base of the Napierian Logarithms, for reasons to be ex- 
plained hereafter. We can easily ascertain its value in 
the following manner :—In the above series let x= 1, 


ee 1 
e=l+1t+agtigstiagat::: 
This series is convergent, since it is clearly— 
<1+(1+3+ptpt--.) 


The series, therefore, gives the numerical value of e. 
This value may be calculated as follows :— 
” g 1:0000000000 


BOOT Aaa che 
& 


thom 


. Eel. 1 
These decimals are respectively [5° [Og [OQ9a 


pagay &e Their sum is 718281827 ; and hence e = 


a* can be expanded in a series of ing powers of x ; 
that it can be ex: in only one series of that 
These assumptions, in the t case, may be 


considered as on the fact 
a* is simply a 
same remark a) to the following article :—If 


we make the assumption —viz., that every func- 
tion of « can be in a single series of ascending 
powers of , we enter upon a question which has given 
rise to many di ions, which cannot be further noticed 


12, To show that A logs (1 +2)=~—54+2—= 


+ &e., where A has the same value as in the last article. 
This is called the logarithmic series. 
Let y = log.. (1 +2). 
Then by definition 1 + « = a’ 
“(+ 2)" = a™- 


By the last article, ifk=2—S +2 —&o, 
Gfayaithnt es + bo, 


and a” =1+ Ayn + =” + de, 


Now, since (1 + «)" is identically the same as a", these 
two series must be identically the same, 


-. Ay=k, 
2 3 . ae 
ie, Alog.(l+2)=2—-g+9—GH+....(VID. 


wana: te @—) CFV FEED be 


NB—Now i= G—1)— CS) + C= 1 — ao 


2 3 at 
«*. log. 1+2 =e—Zt+5—Tt ke 


—1 —1 
(a 5 y+ 5 F aewdred 


. log.a= (@—1)— 


-*» A= log... 
Hence, equation (VII.) may be written— 


log.ea log.. (1+ 2)=2— Sp _ 2h 4 ke. 
It will be observed that if « be < 1, the series 
ieee it &e. 
i 3 


is term by term less than «& — a + «a — ke. 
and is therefore convergent, provided « is < 1. 


ON THE CALCULATION OF LOGARITHMS, 


13. On the Calculation of the Arithmetical Values of 
Quantities expressed by Infinite Series. 

In the Treatise on Elementary Algebra, the method 
has been explained of obtaining in numbers the value of 
an ETE expression, when definite values are as- 
signed to the letters composing the Sen For 
instance, if a = 2 and b = 5, then (2a + b) (6 — a)= 27, 
The sti + may ask, how can an infinite series be re- 
duced? Although we have already given three instances 
of the manner of doing this, the question is well worth a 
distinct consideration, We have y seen that 


te Ltotitetottet.... 
Now, if « = 3, the fraction is equal to 2; and we know 
that if we took the whole number of terms of the series 
we should get exactly 2. The first two terms are 15; 
the first three 1°75 ; the first four 1°875; the first five 
terms 1°9375 ; the first six 1°96875; each result being 
nearer to the truth than the one before. Thus, by taking 
a sufficiently large number of terms, we can get as near 
to the exact value as we like. The series, in fact, affords 
the means of a imating to the true value. Of course, 
in such a case as the above, we should not care for the 
approximation, since we can so readily get the real value. 
But in the large majority of cases we cannot get at the real 
value, or even the real value cannot be expressed by digits 
at all—i.e., is not commensurable with unity; in such cases 
* See ante, p. 451. 
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l= (e—1)—}(e—1° + 34C¢—)® — de. 
This is an equation we have no method—no direct 
method—of solving. We have seen, however, that ¢ is 
expressed by the series , 
= 1 1 1 ike, 
enltitiatiostiesa t 

obo as we have already seen, we can find that 
¢ = 2°7182818, &o. The student may think an approxi- 
mation a very unsatisfactory result; but he must re- 
member two things:—(1). That greater part of the 
quantities we have to deal with cannot be expressed in 
whole numbers, or in vulgar fractions—¢.g., 80 common 
and elementary an expression as \/ 2 cannot be expressed 
as a vulgar fraction ; and (2), that in practice no mea- 
surement is accurate, but is known to lie within certain 
limits. For instance, if a tailor measure a piece of cloth, 
he calls it a yard, though it may happen to be a quarter 
of an inch more or less. In like manner the most re- 
fined scientifie measurements (the length of the second’s 
pendulum, of an are of the meridian, dc.), are generally 
the means of several results, and are accurate to within 
certain very small limits. Now, in approximating to a 
result by means of a series, we can always get to within 
any given limits that may be assigned. And thus ap- 
proximations by means of series are as accurate as any, 
the most refined, measurements can be. 

In practice, if we know a number to be true for the 
first six or seven places of decimals, it is generally known 
with sufficient or even more than suflicient accuracy. 
Thus, if we are certain that z. lies between 316754 and 
316755, we may call it 316754 ; although if we calculated 
toa ter nicety we might obtain x = 3°1675438295, 
for the error we commit is < ygghqqq) ¢-g-, an error less 
than } of an inch in one mile. 

It is to be observed, that in calculating the value of a 
series, we must calculate each term to one or two more 
places of decimals than the result we wish to obtain, so 
as to be quite sure that we oe ight number to 
the seventh place. Thus, in finding the value of e 
se we calculated each term to nine places of 

mals, to ensure that our result should be true to 
seven places, 

It is also to be observed, that in cutting off the eight 
and subsequent decimal if the eighth place be 
5, 6, 7, 8, or 9, we add 1 to the seventh place; but if 
4, 3, 3, 1, or 0, we simply omit it. Thus we reckon 

2°59716345827 = 2:5971635 
But 259716343254 = 2-5971634. 

For it is plain that 259716345827 is nearer to 
2°5971635 than to 2-5971634: whereas, as in the second 
instance, the contrary is the case. 

_ We now proceed to consider the subject of logarithms 

in detail. 

14. To Explain the Principle on which Logarithms may 
be used to Facilitate Calculations. 


From the definition of a logarithm already given, it 
follows that if M = a* then @ is the logarithm of M to 
the base a; and if N = a then y is the logarithm of N 
to the base a, Now observe M x N = a*+¥, whence it 
is plain that the multiplication of one number by another 
corresponds to the addition of their ithms. In like 
manner, M ~ N = a*—", or the division of one number 
by another corresponds to the subtraction of the loga- 
rithm of.the dividend from that of the divisor. Again, 
M"=a™, or the raising of a number to a given power 
corresponds to the snultiplieation of the logarithm by 


! 
that power. In like manner M= = aj, or the extraction 
of the root of a given number gr ope to the divi- 
sion of the logarithm by that root. that if we knew 
the logarithm which corresponds to any number what- 
ever, and wished to find the product of two numbers, we 


should mae have to write down the logarithms of the 


volution by multiplication, and evolution by division. 
In the following pages we shall feet in the 

method by which these tables are calculated, and then 

proceed to show how they are practically employed.* 


15. The following results follow i 
ti OF rele nuoinaly Sram het 


(1). That if P = Q, then log.,P = log..Q. 

2). Since at = a, ee tos - 

3). Since a = 1, -. log..1 = 0, 

4). If M =a", N =a, then « = log..M, y =log.,N. 
Now, MN = a* x a@ = atv .*, 2+ y = log.. MN 


»*. log..M + log..N = log..MN. 
(0). Similarly, a* +a" a?-¥, .*% ms =a 


ne log. en 


log. .=M—log. .N = log. a 


(6). Again, if a» = M. .*. log M==-, 
Now, M™ =a? .*. log..M = ma, 
-'. mlog,.M =log..M". 


tof 
(7). Similarly, M"= a 
“. = log..M = log. Mz 


(8). From (4) it is manifest that : 
log..M + log..N + log.aP + ....=log,MNP.... 
16. To show that log.ab, + log.yx = log. x. 
Now, suppose « = a”, and « = b" 
.*. log. = m, and log.~s = n. . 
But since a" = b" we must have a = ba 
pen log..a = log."b= 
. ” jog.,b. 
“a 1 = -logab 


. n.log..b=m 
or log. 4b log.»x = log.g@. 

From this it follows, that if we know the logarithm of 
a given number to a given base, we can find its logarithm 
to another base, by dividing the first logarithm by the 
logarithm of the new base ; for instance, sup our 
tables give the logarithms of numbers to the . 10, 
and suppose we wished to find the logarithm of a given 
number (N) to the base 19, we have | 

log-3019 log.,9N = log, 1 oN. 

Then log. , 919 and log. if are given by the tables, and 
therefore we know log.49N by division. : 

17. The practical advantage of Calculating Logarithms 

to the Base 10. 


The tables of Logarithms commonly printed, are 
logarithms to the base of 10. In all future articles, 
whenever we write log.«, we mean logarithm to the 


base 10, 

We might calculate tables to the base ¢; and the 
calculation is obviously rendered much easier when this 
base is employed by the circumstance that 


loge =e 4 — bo, 
whereas, if we use the base 10. en 
log. 10. log. « = t— 5+ ake 


© An extended table of logarithms will be found at the end of this 
chapter. 


a ae 


4p Se eS 
’ 
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And, in point of fact, the inventor of logarithms, Napier, 
valculated logarithms to this base e, which is 
hence called the base of the Napierian logarithms. 
For the purposes of numerical calculation, however, 
the base 10 possesses the following decisive advantage 
over any other. 


Su 10 N 
10*°+"*= N x 10" 


Now, suppose nto be a whole number, then N. x 10" 
has the same digits as N in the same order, and only 
differs from it in having its decimal point shifted n places 
to the right ; and again— 

N 


10°* = —° 
10" 


And when nis a whole number, ix only differs from N 


oe hansen erry poy eyo ; neee. 
t follows, therefore, decimal loga- 
rithm of a number is the same Yi eoted ths debinal 
point may be in the number, and that for every place 
that the decimal point in the number is shifted to the 
right, 1. is added to the logarithm; and for every 
lace, it is shifted to the left, 1. is subtracted from the 
Feesattiea. Thus the table gives us 


log. 75684 = +8790041. 
- 75684 = 1°8790041. 

log. 75634 = 2°8790041. 
So again— 

log. “75684 = —1- 8790041. 
or, as it is more generally written— 

log. ‘75684 = 1°8790041, 
Similarly— 

log. ‘00075684 = 48790041. 


Tt is plain, then, that one calculation gives us the 
logarithm of the above five numbers, and in fact of as 
many numbers as can be made by shifting the decimal 
— different positions in the combination 75684 ; 

t if we ado any other base, we should require a 
he aeage ion for each of them. This advantage, 
which the base 10 has over any other, was first seen 
and applied by Bri who was professor at Oxford 
about Tease Gia icicle tae. theravee, oomnn- 
times called the ‘‘ Briggian ithms.” 

The student will perceive that the base 10 has this 
advantage, in consequence of our system of notation 
being decimal. If our system were duodecimal, our 
logarithms would then have to be calculated to the base 
12, to be possessed of a like advantage, and so on for 


-B.—The decimal part of a logarithm is called the 
mantissa: the whole number is called the characteristic. 
18. To show that every number has a Calculable Logarithm. 
Tt will be observed that— 
log.. a = (a—1)— @— I, @— IP _, &e., 


may not be (for aught we have shown) convergen’ 
~~ Sage 2. Now if abe any number then ey rd 
eee cen May he mes, wad shall be less than 2. 


log. ad = (0 —1) — (=D + (=I, — be 

which, since a —1 is less than 1, is convergent. Now, 
log.* ax = * log.ea,. + log.e a= n{(a>—)—} (a*—1)3, 
+1, (er —1) — e.,) which series being convergent, if 
m be properly chosen, for every value ta the value of 


-a@might be found from it, for all values of a. To 
a table from such a formula would be most 


laborious ; but as the calculation of the common tables 
presupposes that we know log., 10, if we treat the sub- 
ject in its logical order, it would be necessary to calculate 
og.* 10 from this series, before going further, We shall 
find, if we do so, that— 
log... 10 = 23025851, 
Hence— 


1 > oer 
fog. 10 434294481, 


In future pages we shall denote thisnumber by p. It 
is called the modulus of the tabular logarithm. 

The logarithmic series to the base 10 we have already 
seen to be— 


a 8 
log.. 10 log. (1-++ x) = x— at3- &e, 


lee Ae) nye 5 + Geo}. 


19. To derive from the Logarithmic series, others from 
which the numerical values of Logarithms may be 


We have seen that ie Ms 
log. (1 +2) =H\e—§ +35—&e.} 
a 


. a 
oe log. i—az)= BK {2-3-3 — be. 


1+<2 


1—a 


Now log. (1 + z)—log. (l— a) = log. 


1 th, PES: GAS eR 
ei log. {em Be fet get eet... 
1+2 q— 
Now suppose 5 = 2.-. e= 0 
3 q_ 5, §1—P , 1 (a—»\* 
“Ss 2 Ee es) ton 
Suppose q = p+ 1. . 


pti Lai 2d 
ee log. = le rT +e pp t+ 


1 Petes 
-*. log. p+ 1) = log. p. + 2p ‘op pI +3 @+D3 


teve | VIEL 
From this we can calculate successively the values of 


. 2, log. 3, log. 4 .... as far as we please. 
ay aie et or log. 1 = 0, we have 


log 2= 24 S45 Ht Bt} 


wad ba 
log. 3 log. 20S +5 Et Eset oS 
x 


Peo at a 
log. 4= log. 3+ 2p ‘5 +3: rat 5: et 


In the ordinary tables the logarithms are given calcu- 
lated to 7 places of decimals. Hence, in making the 
calculation from the above series we must take in every 
term >. 1; or, since each term is greater than 
the one that comes after it, we must reduce each term to 
decimals until we find one < -00000001, which we can 
omit, together with all that come after it; all that go 
before it being reduced to decimals and added together, 

ive the required logarithm. Thus, to find log. 11 :— 
erep = 10.°. 2p +1 = 21. 


Pier GO g 
+s log. Ue 106.104 2nhar + gas pay +n} 
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Now, 
aq = 047619047 
252 
11 » Bee 
7 ie 000000049. Fair < 0000000001 
d 38088062 
epah 1 __ 047655089 x °868588062 = 
. a x} ats art} gqrtee ™ 041392674 
But log. 10 = 1. 
11 = 10418927. To seven places of decimals, m7 b 
Sky the logarithm you Sill and segutered in the must be at least many hundreds for > to differ sensibly 
table. From the formula 
1 from tnt Now, the formula would give us 
tog = {255 + 5 1S) +e . log. (w + + 1) —log, (a +n) = log. (2 +n) — 
Another eo peste formula can be derived. B 
<a log. (27 + n—1)— @ +n)? 


Thus let 1a D Then ip” =I 


x 
i | = lara + F aa yt:: }. 
a a 
Now log.3—G = 18. —t)@ +1) = 


2 log. «— log. (¢ —1)—log. (@ + 1). 
«. log.(@+1) = 2log.a—log. (~—1) — 2u ar i 


20. To explain the use of this last Series. 


The use of this formula, which converges very 
rapidly, gives us any logarithm in terms of the two that 
preale i it. It will be observed in this formula that 


é a Wn and all the terms following it can be 


omitted, provided 


+ garry < mono 


+ ke. 


and. 


it ox =1)* < ‘000000027. 


1 
a — 1 < 003. 
Or if 2x?—1 > 334, 
-*. if 2” > 169. 

-if 2 >13. 


Hence, if we ‘oy this formula to calculate logarithms, 
we have, for all numbers greater than 13— 


ry 


Qu 
2u?—1 


log. (@ + 1) = 2 log. « —log. (e—1) — 
Agnin, suppose x > 10000. Then 


en hae 1 
—T “2° * ae =f hit ar feted. 
and 
oer < - 00000001. 


Hence, the formula finally reduces itself to 
log. (2 + 1) = 2log. #—log. (c—1)— 4... IX) 
Or log. (# +1) —log. # = log. x—log. @ —1)— 4, 


ery ioe 


x 
*. if © > 10000, in which ease J > .00000001, 
Hence, if we only calculate to 7 places of decimals, n 


Now 5 — 


which, unless n is several hundreds, we Have seen is 
practically the same as 


log. (e+ n) — log. (@ n=) = iu @+n—1) 
— log. (e+n—2)— * es 


So that log. (a + 1)—log. # = log. a — log. (w —1)— Fy, 


log. (« + 2) —log. @ = log. (# +1)—log.2— 5, 
log. (@ + 3) — log. (# + 2) = log. (w +2) 
log. (w+ 1) — 4. 
log. (7 + n) — log. (2 + »—1) = log. (2 +n—1) 
—log. @ +n—2) — 


“. adding together 
log. (a + n) —log. x = log. (« + n—1) — log. (¢c —1) 


—ns 
«+. log. (2 + n) — log. (a + n—1)=log. x 


—log. («c—1)—n. 4 
Now, if n be sufficiently small forn -t- tobe < 0000001, 


it is clear that we may omit n. 47 so long as this is the 


case, and hence the differences between the successive 
logarithms will continue the same within that limit. 
‘or instance, we can show by formula (VIII.) that 
log. (10000) = 4:00000000. 
log. (10001) = 4:00004342945- 
*. log. (10001) — log. 10000 = 00004343. 
ph 
= 0000000042934. 
(10000)? 


and 


Hence n 700000) < 0000001. 


bro Si So that the logarithms of 10001, 10002, 
+ 10020. can be found the one from the one 


before it by merel: adding .0000434294. 
We shall then have to Se atoniots 1 Bye and log. 
I.) and find how 


Spay from tl © original | presi (Vv. 
~: we om ad Fhe en a pig for rape 
100: (10023 some or 
guts Ty ie by sim) addition, a = 
culation necessary : 
manner, without any exorbitant pe Pare Sy which 
gives the logarithm for every numberfrom 10000 up to 
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99999 can be constructed ; which is practically the same 
as from 1 to 100000. 

It is to be observed, that with such a table, by means 
of a very simple subsidiary calculation, we can obtain 
the logarithm-of any number from 1 to 10000000. 

Thus, the tables give us log. 73894, log. 73895, i.e., 
log. 7389400, log. 7389500, for these only differ from 
those in the characteristic. 

The subsidiary calculation referred to enables us to fill 
eee ee 


21. To explain the construction and use of the Table of 
Proportional Parts. 
Suppose N to be a number such as that above referred 
to, > 1000000 ; and suppose its log. to be given in the 
table ; then log. (N + 100) is also given in the tables. 
From these data we want to find log. (N + é) where 3 
lies between 0 and 100. 


Now log. (N + 8) = log. N (1+ 4) 
= log. N + log. (1+ $) -loe N+u {2-7 2)’ 
Ce Salt 
Now 3 < 100 » > 1000000 
‘VLA 
(x) <Zio000) * 00000001 


which can be omitted, since we only take in the first 
seven places of logarithms. 


w*. log. (N + 2) = log. N+ 4-7 


«log. X + 100) = log. N + §. 100. 
Ni » log. 00)—log. N = i 
ae oe Reed Frehed A (suppose) is given 


oa F 
A yw 1” 


3 
.*. log. (N + 2) = log. N+ 4 x ino" 
which is true for every value of 3 from 1 to 99. 


If aand 0 are the digits of 3, so that d = 10.a+ 6. 
This formula can be written— 
Aa ,1 Ab 
log. (N + 3; = log. N + 49 +39° Zo" 
We have already seen that the difference between two 
consecutive logarithms is the same for several logarithms 


together ; accordingly, a eae, table, giving 
A. AE ARS. AX ig calculated for each 


different value of A, and is printed, as A occurs, in the 
margin of the table. For instance, A corresponding to 
log. 28568, is *0000152; or, as it is written, 152; it 

understood that the last figure, 2, falls under the 
seventh decimal of the logarithm, In this case 152. 
the ett table is the accompanying. Itis jj 15 
called a Table of Proportional Since @ 9) 30 
and b are digits, this table gives at once 4 and 2 . 
Ab 1 


Ab 5| 76 
“fo and therefore to’ io" Hence, by means of 91 


this table, we can determine log. (N + 2) from 7/106 
log. N by addition only. “i ) 8122 
Thus, log. 2856800 = 6-4558798. 9\137 


Ax3 By AC% 

Now, 9 = “0000046, and 75° —qq— = 00000106 
= ‘0000011, as we only take in seven places of decimals. 
Hence, log. 2856837 = 64558798 +- 0000046 + -0000011 
= 6°4558855. 

We have now givena full explanation of the principles 
on which Logarithmic Tables are calculated, so far as 
that explanation is possible in a purely elementary 
treatise, and have exemplified those principles in the 
case of the ordinary tables which (practically) give the 
logarithms of numbers from 1 up to 10,000,000, to seven 
laces of decimals. The student may ask, what would 
done if a case occur in which we have numbers ex- 
ceeding 10,000,000? The answer to the question is the 
arg y Spa the number were, for instance, 97536982, 
and if calculation demanded so much accu that 
we could not consider this as bo to 97536980, then a 
more refined set of tables would be necessary ; in point 
of fact, however, for all pe scan crore He d 
of accuracy which the common tables allow of is 
We an to explain the cal method of 
e now — explain practical m: 
using the tables :— 


THE USE OF A TABLE OF LOGARITHMS. 
For the purpose of explanation, the following is printed from p. 78 of Hiilsse’s edition of Vega’s Logarithms, 


N. 46000 * L. 662 
N oO 1 2 3 4 5 6 7 8 9 Pt PB 
4600 | 662 7578 | 7673 | 7767 | 7862 | 7956 | 8050 | 8145 | 8239 | 8334 | 8428 
4601 8522 | 8617 | 8711 | 8805 | 8900 | 8994 | 9089 | 9183 | 9277 | 9372 95 
4602 9466 | 9561 | 9655 | 9749 | 9844 | 9938 |*0032 *0127 |*0221 #0315 10 
| 4603 663 0410 | 0504 | 0598 | 0693 | 0787 | 0881 | 0976 | 1070 | 1164 | 1259 19 
, 4604 1353 | 1447 | 1542 | 1636 | 1730 29 


1825 | 1919 | 2013 | 2108 | 2282 


COnavchkonrn 
~ 
a 


(1). To find the Logarithm, when the number is given in 
the Tables. 

(°). To find the mantissa. 

we want to find the logarithm of 46017. The 
number N. 46000 at the top of the page will direct us to 
the on which we shall find 46017 ; the number 4601, 
in column marked N, will give us the line in which 
we shall find what we want. pad i Ke elage 2 By. 
ine, 4601, until it comes to column 7, 
9 You will observe that there is 662 written in 
column O ; this is to be written before every one of the 
numbers under the other columns, and is only written 
VoL. I. 


once to render the tables more compact. Write this in 
front of 9183, which we before found, and we obtain 
6629183. This is the mantissa of the logarithm of 
46017 ; it is, therefore, a decimal, and must be written 
6629183. 

So again, to find mantissa of logarithm of 46035, look 
down col. N for 4603, look along the line 4603 till you 
come to col. 5, when you find 0881; before this x 
663, and ‘6630881 is the mantissa of logarithm of 


Again, to find the mantissa of a logarithm of 
look for 4602 in col. N; along this line, in col. 8, you find 


*0221 ; the asterisk in front of this 0221 —_ that we 
x 


MATHEMATICS.—ALGEBRA. 


[use oF THE TABLES, 


must add 1 to the 662, and thus we obtain for the man- 
tissa of this logarithm *6630221, 
(. To find the characteristic. = : j 
e have already explained the rinciple of doing this : 
if we apply that principle, we obtain* 
log. 4.6017 = 6629182 
log. 4601°7 = 36629182 
log. 4601700. = 66629182 
log. 00040017 = 46629182 
log. “46017 = 16629182 


If you examine these cases, you will find that they 
suggest the following rule :—“‘ Place your pen 
the first and second ¥icuRE (Not cipher), and count one 
for ‘each figure or cipher, wntil you come to the decimal 
‘point ; the number this gives will be the characteristic: if 
you count to the right, the map shear sepa ot apy th Pe 
the left, the characteristic is negative. Thus, in finding 
log. 46017, if you place your pen between the first figure 
(4), and second (6), it on the decimal point; in this 
case, therefore, there is no characteristic. Next, in the 
case of log. 4501-7. place your pen between (4) and (6), 


and count Vie3 the characteristic is 3; and as you 


count to the right, it is plus 3. Next, in the case log. 
4601700, here the decimal point falls behind the last 


cipher. Hence, counting as before, we have eon 


| 123456, 
and the characteristic is plus 6, Again, in the case, 
log. 00046017, the first re is, as before, 4. Hence 
counting, we have or 6017; ut here 
the left, so that the characteristic is negative or 4 
Again, in the case, log. °4601. we have m ee and the 
characteristic is I. a 

Instead of wing log. ‘00046017 = 4°6629182, this is 
frequently written 6629182, To explain this, observe 
that 4°6629182 means — 4 + ‘6629182, which clearly 
equals 6 + ‘6629182 — 10, or 66629182 — 10. It is 
usual to omit the — 10. and write 66629182: no ex- 

ienced calculator would forget the —10, although it 
is not written down; but as this tract is intended for be- 
ginners, we shall never omit the —10, but as it may 
suit our purpose write log. ‘00046017 = 4:6629182 or 
66629182 — 10. 

To find log. 46. Since 46 = 46000 and the table gives 
mantissa log. 46000 = ‘6627576. 

«. log. 46 = 1:6627576. 

Hence, to find the logarithm of any number given in 
the table, first find the mantissa, and then prefix to it 
the characteristic, in the manner above explained, 

Find the logarithms of the following numbers from the 
tables at the end of this chapter, viz.:— - 


we count to 


72-643 72643 85972 6315.9 

84658 6397200 64532 65973. 

057234 000058 762 *035872 

"35872 63500 635 e~ 

20000 200 02 

(2). To find the Logarithm of a Number not given 
in the Tables. 


The rule for the characteristic is the same as given 
above. For finding the mantissa we proceed as follows : 

_The student will observe that each logarithm on p. 521, 
differs from the one before it by 94 or 95. Call this 95, 
and construct a table of fr aigkas parts as before ex- 
plained ; this is printed in the column marked PP, We 
then proceed as follows :—To find log. -0460267. 


N. L 
46026 6630032 
PP ¥ 67 
460267 “6630099 


® See Art. 17, p. 518. 


N L 
os log. 0460267 = 2°6630099. 
In practice this is arranged as follows :— 


46026 6530032 R 
7 67 
log. “0460267 26630099 
Again, to find log. 460 3629, 
16036 6630976 
2 19 
9 8,6 
log. 460 3629 = 20031004 
To find log. 4604°508. 
6631825 
08 A 
Tog. 460-4508 26631833 
In like manner the student may find the ithms of 
7584653 0927543. 02528, 


(3). To find the iment to a given 


It vi my ee 4 ms that the ee is exactly to 
be found in the tables. If it be, the only difficulty we 
have to contend with in such a case is that of fixing the 
decimal point. For instance, find the number correspond- 
ing to the logarithm 3°6629089. At the top of the 
we have L662 ; this will direct us to the page oii 
the logarithm will be found ; then, looking in the other 
of the table we find 9089, in the column 6 of the 
ine marked 4601 of column N._ .*, the number corres- 
ponding to the mantissa 6629089 is 46016. To fix upon 
the position of the decimal point, we must modify the 
rule previously given: place the pen between the first 
and second figure, and count off as many figures as there 
are units in the characteristic—to right if the 
characteristic be positive, to the left if negative; and if 
there are not figures enough, add or prefix as many 
ciphers as necessary; thus, in the present case, er 
.”, the number corresponding to logarithm 3°6629089 is 
4601.6; similarly, that corresponding to 3°6629089 is 
0046016. 

4). To find the Number corresponding to a given ba 
ri mo, sthich does’ nob. aad oes to tas tahed @ 
proceed as follows :— 

Find the number corresponding to the logarithm 
26629319. 

The Logarithms 6629277 and 6629372 are in the table ; 
the number, therefore, will be between 46018 and 46019. 
It will therefore be the former, with something added 
on. To find this ‘something Bigeye as follows :— 

1 


Logarithm next less 46018 6629277 


42 
Prop. ingto 4 .... 38 
be PRA 03 .... 38 


.*. logarithm of 4601843 is 6629319. 
.*. logarithm of 460°1843 is 2°6629319, 
. To find the Arithmetical complement of the Loga- 
© - rithm of a Number. f 

N.B.—If « be any number whatever, then the ar. 
comp. of « = 10 —«. 

Now 10 — 3°7568274 = 62431726, 

10 — 23907526 = 11°6092474, 
10— -9328243 = 90671260. 

If you examine these, you will find that the sub- 
traction is performed by subtracting the last figure (to 
the right hand) from 10, and each of the rest from 9; in 
fact, to take the first case, we should proceed as follows : 
4 from 10 leaves 6, and carry 1. Then 1-+-7 = 8; take 
8 from 10, leaves 2, and carry 1; but taking 8 from 10 
is of course the same thing as taking 7 from 9, and so 
on. The student may, pethaps, think this very obvious, 
but he will do well not to despise it. 

Hence, to find the ar. comp. of the logarithm of a 
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number, find the logarithm and subtract it from 10, in 
the manner already explained. 

e. g.-Find ar. comp. of log. 46-028, 

log. 46-028 = 16630221. 

ar. . comp. log. 46-028 = 83369778. 

To find the product of several numbers by means ©, 
sia _ Table of Logarithms. a 
We have seen that if N = wyz..... Then 


log. N = log. # -++ log. y + log. z+, de. .... 
dogether’-dhds given ts logarithms of tho quckent-—find 
is gives the logari e quotien 
the number corresponding to this logarithm, and we have 
the product itself. 
Ex, Find the product of | 52°731 x 6°0032 x ‘0759 
log. 52 = 1:7220660 


log. 60032 =  °7783828 
log. 0759 = 8- 8802418 — 10, 
1°3806906 
24026 8806815 
91 
5 ; 91 
24°0265 Ans, 


N.B.—In any example of this kind, never use a 
negative characteristic, such as 2°8802418. but 8°8802418 
—10 as above ; by doing so, there is nothi bel ereige- 
forward addition to be performed until end, w. 
—10 can be easily struck off the characteristic of the sum. 


. To divide one number her 
(7) one wo St by means of a Table 


We have seen thas if N= & .telog. N = log, a — log. y. 


. log. N = log. x+10— log. y—10 

-*. log. N = log. # + Ar. Comp. log. y— 10. 

Hence, ‘To log. of numerator, add ar. comp. logarith 
of fre thes subtract 10 from the Maen ry 
gives ithm of quotient.—Find the number corres- 
i ‘ this logarithm, and the number is the quotient 
Ex. Divide 37052 by 6741°6, 

log. 37 052 = 1'5688117 

Ar. : ©. ; log. 67416—10= 61712370 —10 


87400487 
7400647 


54960 


2 16 


5 40 
05496025 Ans. 
(8). Similarly, if N = =. We have— 


N = log. a + log. b + log. c+ Ar. C. log. x —10 
ie 4 Ar 0.1 ah rng ©. log. 2 — 10. 


By this means log. N is age og Anya 
, x 
sum. Thus, find the value of —S 97466 x S104 
log. 30972 “4909693 
log. 56-035 1-748594. 
Ar. ©. log. 002 — 10 12-6989700 — 10 
Ar.C. log. 87465 — 10 60581657 — 10 
Ar.C. log. 3124 —10 95052890 — 10 
5018534 
3 1758 5018531 
3 
02 2,7 


(9). To find any r of a Number, we have seen that i 
a ay yey aa bl 
Hence, if we multiply log. of the number by the index, 
we obtain the logarithm of the power of the given 
number ; and finding the number corresponding, we 
obtain the power itself. 
Thus, find the fifth power of 2:00573 


20057 3022660 
a - 65 
log. 200573 = 8022725 
Multiply by index 5 
15113625 
32.461 5113619 
04 6 
5,4 
32°46104 Ans. 
Again, find the third power of 02751. 
log. ‘02751 rte —10 
Bsisi7is — 30 
or, 5°3184718. 
We may in practice write this as as follows :— 
g. “02751 can —10 
3184718 
20819 3184599 
119 
5 104 
15 
7 14,6 


“00002081957 Ans. 

(10). To find the Root of any Number. 
IfN=a*,then, 

log. N = :. - log. a 

Hence, “Find the | thm of the given number ; 
divide it by the number indicating the root—this is the 
logarithm of the Tae ope root—the corresponding 
number is the root itself.” 
Thus, extract the 5th root of 72-095. 


log. 72°095 5)1-8979051 
3795810 
2°3965 “B795774 
36 
2 36 
239652 Ans. 


Again : extract the 7th root of 00972. 

Log 00972 = 3 ‘9876663 = 7°9876663 — 10. 
All this has to be divided by 7. This will be effected 
most easily by adding and subtracting such a multiple of 
10 as shall make the negative part 70. 
ie., take log. 00972 = 67-9876663 — 70. 

7)67-9876663 — 70 


97125238 — 10. 


“51585 7125234 
4 
05 4.2 
*5158505. Ans. 


If we had to extract the 6th root of the above number, 
we must of course take log. ‘00972 = 57:9876663 — 60. 
And again, to extract the cube root, we must take log. 
00972 = 57:9876663 — 30, : : 

(11). The student must exercise himself in working 


several examples, like each of those above given. When 
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he has done so, he may then, for practice, work some 
more complicated examples, such as the following :— 
Find the value of 31? x (-05796)5 
15,/2 
(a) _— dog. 318 14919617 
$ 29827234 
9942411 
() log. (05796) 67601904 —10 
6:2893852 — 10 
(c) log. 15 1°1760913. 
(@) log. ./2 2) -3010300 
"1505150 
Hence log. 312 9942411 
log. (°05796)3 6-2893852 — 10 
Ar, ©. log. 15 — 10. 88239087 — 10. 
Ar. ©. log. ./2— 10 9-8494850 — 10 
5.9570200 
90577 “9570179 
4 21 
19 
4 2 


“00009057744 Ans. 
N.B.—To find the logarithms 6f a mixed number, 
reduce it to an improper fraction. 
To find the logarithm of a vulgar fraction, use the 
formula— 
lf N= j, then log. N = log. a+ Ar, Com. log. b— 10, 
oer yr in division, excepting that there is no occasion 


to find N itself. 
Thus, in the following example— 
- 37052 
Find log. of o74i6 
log. 37052 = 4:5688117 
Ar. Com. log. 67416—10= 5-1712370—10 
9.7400487 — 10 
37052 _ — 
+*, log. me 
8 Br4gig — 1°7400487 


[Before entering into another department of mathe- 


Algebra, 
to intro- 
duce, in an easy and consecutive method, not only the 
first elements of the sciences, but also to 
way for the more difficult studies invol in 


chapter cm Fesien tes Lomieinnss, (Wp Sane that all our 


this respect, will depend on his having well studied what 
has been taught in reference to the Bin 
and Arithmetical and Geometrical i 

———— study of the later books in Euclid, we 
advise that he should re-read the chapters devoted to the 
consideration of the subjects we last named, er 


with that on Series, &c. The necessity of this he will 
find out when he arrives at the investigation of the 
values of sines, tangents, &c., in our future 


The calculation of trigonometrical tables depends en- 
tirely on the reas of the principles already ex- 
plained, in combination with those involved in the 
elements of Geometry, both plane and spherical. With- 
out such a preparation as we urge on our readers, the 
study of mpeg be very perplexing. On the 
other hand, one who thoroughly acquainted himself 
with all that Res aempelen it, will find his future pro- 
press comparatively easy. We have each 
ranch of this section on the plan of gradually unfold- 
ing the subject. The reader, therefore, cannot, with 
vantage to himself, omit any Our plan is pro- 
gressive, as his course must also be; and following that 
method, we can promise that his difliculties will gra- 
dually melt away before perseverance and close atten- 
tion. We may extend these remarks also to the study 
of Euclid. a ipa will only dip here and there 
into that admirable compendium of reasoning, he will 
never understand it. The whole of each ‘‘ book” de- 
pends on reasoning based on the premises enunciated 
at its beginning. Each proposition is not only derived 
from its predecessors, but prepares the way for that 
which follows: Hence, the study of geometry must be 
taken as a whole ; and any one link in the chai i 
broken, is fatal to the success of those who attempt its 
study. If any of our readers intend pursuing mathe- 
matical science in its higher branches, nothing is more 
essential than a thorough knowledge of the principles 
taught in the preceding and subsequent chapters in this 
section.—Eb.] 


MATHEMATICAL TABLES. 


A TABLE OF THE LOGARITHMS OF ALL NUMBERS, 


FROM 1 TO 10,000. 


No. Los. No. Los. No. Los No Los. No. Loc No. Loa, No. Los. 
0 62 | 7923917 | 124 | 0934217 | 186 | 2695129 | 248 | 3944517 | 310 | 4913617 | 372 | 5705429 
1 | 0000000 | 63 | 7993405 | 125 | 0969100 | 187 | 2718416 | 249 | 3961993 | 311 | 4927604 | 373 | 5717088 
2 | 3010300 | 64 | 8061800 | 126 | 1003705 | 188 | 2741578 | 250 | 3979400 | 312 | 4941546 | 374 | 5728716 
3 | 4771213 | 65 | 8129134 | 127 | 1038037 | 189 | 2764618 | 251 | 3996737 | 313 | 4955443 | 375 | 5740313 
4 | 6020600 | 66 | 8195439 | 128 | 1072100 | 190 | 2787536 | 252 | 4014005 | 314 | 4969296 |. 376 | 5751878 
5 | 6989700 | 67 | 8260748 | 129 | 1105897 | 191 | 2810334 | 253 | 4031205 | 315 | 4983106 | 377 | 5763414 
6 | 7781513 | 68 | 8325089 | 130 | 1139434 | 192 | 2833012 | 254 | 4048337 | 316 | 4996871 | 378 | 5774918 
7 | 8450980 | 69 | 8388491 | 131 | 1172713 | 193 | 2855573 | 255 | 4065402 | 317 | 5010593 | 379 | 5786392 
8 | 9030900 | 70 | 8450980 | 132 194 | 2878017 | 256 | 4082400 | 318 | 5024271 | 380 | 5797836 
9 | 9542425 | 71 | 8512583 | 133 | 1238516 | 195 257 | 4099331 | 319 | 5037907 | 381 | 5809250 

10 | 0000000 | 72 | 8573325 | 134 | 1271048 | 196 | 2922561 | 258 | 4116197 | 320 | 5051500 | 382 | 5820634 

11 | 0413927 | 73 | 8633229 | 135 | 1303338 | 197 | 2944662 | 259 | 4132998 | 321 | 5065050 | 383 | 5831988 

12 | 0791812 | 74 | 8692317 | 136 | 1335389 | 198 | 2966652 | 260 | 4149733 | 322 | 5078559 | 384 | 5843312 
13 | 1139434 | 75 | 8750613 | 137 199 | 2988531 | 261 | 4166405 | 323 | 5092025 | 385 | 5854607 
14 | 1461280 | 76 | 8808136 | 138 | 1398791 | 200 | 3010300 | 262 | 4183013 | 324 | 5105450 | 386 | 5865873 
15 | 1760913 | 77 | 8864907 | 139 | 1430148 | 201 | 3031961 | 263 | 4199557 5118834 | 387 | 5877110 
16 | 2041200 | 78 | 8920946 | 140 | 1461280 | 202 | 3053514 | 264 | 4216039 | 326 | 5132176 | 388 | 5888317 
17 | 2304489 | 79 | 8976271 | 141 | 1492191 | 203 | 3074960 | 265 | 4232459 | 327 | 5145478 | 389 | 5899496 
18 | 2552725 | 80 | 9030900 | 142 | 1522883 | 204 266 | 4248816 | 328 | 5158738 | 390 | 5910646 
19 | 2787536 | 81 143 | 1553360 | 205 | 3117539 | 267 | 4265113 | 329 | 5171959 | 391 | 5921768 
20 | 3010300 | 82 | 9338139 | 144 | 1583625 | 206 | 3138672 | 268 | 4281348 | 330 | 5185139 | 392 | 5932861 
21 | 3222193 | 83 | 9190781 | 145 | 1613680 | 207 | 3159703 | 269 | 4297523 | 331 | 5198280 | 393 | 5943926 
22 | 3424227 | 84 | 9242793 | 146 | 1643529 | 208 | 3180633 | 270 | 4313638 | 332 | 5211381 | 394 | 5954962 
23 | 3617278 | 85 | 9294189 | 147 | 1673173 | 209 | 3201463 | 271 | 4329693 | 333 | 5224442 | 395 | 5965971 
24 | 3802112 | 86 | 9344985 | 148 | 1702617 | 210 | 3222193 | 272 | 4345689 | 334 | 5237465 | 396 | 5976952 
25 | 3979400 | 87 | 9395193 | 149 | 1731863 | 211 | 3242825 | 273 | 4361626 | 335 | 5250448 | 397 | 5987905 
26 | 4149733 | 88 | 9444827 | 150 | 1760913 | 212 | 3263359 | 274 | 4377506 | 336 | 5263393 | 398 | 5998831 
27 | 4313688 | 89 | 9493900 | 151 | 1789769 | 213 | 3283796 | 275 | 4398827 | 337 | 5276299 | 399 | 6009729 
28 | 4471580 | 90 | 9542425 | 152 | 1818436 | 214 | 3304135 | 276 | 4409091 | 338 | 5289167 | 400 | 6020600 
29 91 | 9590414 | 153 | 1846914 | 215 | 3324385 | 277 | 4424798 | 339 | 5301997 | 401 | 6031444 
30 | 4771213 | 92 | 9637878 | 154 | 1875207 | 216 | 3344538 | 278 | 4440448 | 340 | 5314789 | 402 | 6042261 
31 | 4913617 | 93 | 9684829 | 155 | 1903317 | 217 | 3364597 | 279 | 4456042 | 341 | 5327544 | 403 
32 | 5051500 | 94 | 9731279 | 156 | 1931246 | 218 | 3384565 | 280 | 4471580 | 342 | 5340261 | 404 | 6063814 
33 | 5185139 | 95 | 9777236 | 157 | 1958997 | 219 | 3404441 | 281 | 4487 343 | 5352941 | 405 | 6074550 
34 | 5314789 | 96 | 9822712 | 158 | 1986571 3424227 | 282 | 4502491 | 344 406 | 6085260 
35 | 5440680 | 97 | 9867717 | 159 | 2013971 | 221 | 3443923 | 283 | 4517864 | 345 | 5378191 | 407 | 6095944 
36 | 5563025 | 98 | 9912261 | 160 | 2041200 | 222 | 3463530 | 284 | 4533183 | 346 | 5390761 | 408 | 6106602 
37 | 5682017 | 99 | 9956352 | 161 | 2068259 | 223 | 3483049 | 285 | 4548449 | 347 | 5403295 | 409 | 6117233 
38 | 5797836 | 100 162 | 2095150 | 224 | 3502480 | 286 | 4563660 | 348 | 5415792 | 410 | 6127839 
39 | 5910646 | 101 | 0043214 | 163 | 2121876 | 225 | 3521825 | 287 | 4578819 | 349 | 5428254 | 411 | 6138418 
40 102 164 | 2148438 | 226 | 3541084 | 288 5 350 | 5440680 | 412 | 6148972 
41 | 6127839 | 103 | 0128372 | 165 | 2174839 | 227 | 3560259 | 289 | 4608978 | 351 | 5453071 | 413 | 6159501 
42 | 6232493 | 104 | 0170333 | 166 | 2201081 | 228 | 3579348'| 290 | 4623980 | 352 | 5465427 | 414 | 6170003 
43 | 6334685 | 105 | 0211893 | 167 | 2227165 | 229 | 3598355 | 291 | 4638930 | 355 | 5477747 | 415 | 6180481 
44 | 6434527 | 106 | 0253059 | 168 | 2253093 | 230 | 3617278 | 292 | 4653829 | 354 | 54! 416 | 6190933 
45 | 6532125 | 107 | 0293838 | 169 | 2278867 | 231 | 3636120 | 293 | 4668676 | 355 | 5502284 | 417 | 6201361 
46 | 6627578 | 108 | 0334238 | 170 | 2304489 | 232 | 3654880 | 294 | 4683473 | 356 | 5514500 | 418 | 6211763 
47 | 6720979 | 109 | 0374265 | 171 | 2329961 | 233 | 3673559 | 295 | 4698220 | 357 | 5526682 | 419 | 6222140 
48 | 6812412 |.110 | 0413927 | 172 | 2355284 | 234 | 3692159 | 296 | 4712917 | 358 | 5538830 | 420 | 6232493 
49 | 6901961 | 111 | 0453230 | 173 | 2380461 | 235 | 3710679 | 297 | 4727564 | 359 | 5550944 | 421 | 6242821 
60 | 6989700 | 112 | 0492180 | 174 | 2405492 | 236 | 3729120 | 298 | 4742163 | 360 | 5563025 | 422 | 6253125 
61 | 7075702 | 113 | 0530784 | 175 | 2430380 | 237 | 3747483 | 299 | 4756712 | 361 | 5575072 | 423 | 6263404 
52 | 7160033 | 114 | 0569049 | 176 | 2455127 | 238 | 3765770 | 300 | 4771213 | 362 | 5587086 | 424 | 6273659 
53 | 7242759 | 115 | 0606978 | 177 | 2479733 | 239 | 3783979 | 301 | 4785665 | 363 | 5599066 | 425 | 6283889 
54 | 7323938 | 116 | 0644580 | 178 240 | 3802112 | 302 | 4800069 | 364 | 5611014 | 426 | 6294096 
55 | 7403627 | 117 | 0681859 | 179 | 2528530 | 241 | 3802170 | 303 | 4814426 | 365 | 5622929 | 427 | 6304279 
56 | 7481880 | 118 180 | 2552725 | 242 | 3838154 | 304 | 4828736 | 366 | 5634811 | 428 | 6314438 
57 | 7558749 | 119 | 0755470 | 181 | 2576786 | 243 305 | 4842998 | 367_| 5646661 | 429 | 6324573 
58 | 7634280 | 120 | 0791812 | 182 | 2600714 | 244 | 3873898 | 306 | 4857214 | 368 | 5658478 | 430 | 6334685 
59 | 7708520 | 121 | 0827854 | 183 | 2624511 | 245 | 3891661 | 307 | 4871384] 369 | 5670264 | 431 | 6344773 
60 | 7781513 | 122 | 0863598 | 184 | 2648178 | 246 | 3909351 | 308 5 370 | 5682017 | 482 | 6354837 
61 | 7853298 | 123 | 0899051 | 185 | 2671717 | 247 | 3926970 | 309 | 4899585 | 371 | 5693739 | 433 | 6364879 


526 


[Nos. 434—965.] 


MATHEMATICS—LOGARITHMS, 


[Loo. 6374897—9845273. 


No. 


Los. 


No. 


Loo. 


Loo. 


Loo. 


Loa, No. Loa. 


6503075 
6512780 
6522463 
6532125 
6541765 
6551384 
6560982 
6570559 


7050080 
7058637 


7067178 


7075702 
7084209 
70927: 

7101174 
7109631 
7118072 
7126497 
7134905 
7143298 
7151674 
7160033 
7168377 
7176705 
7185017 


7193313 |- 


7201593 
7209857 
7218106 
7226339 
7234557 
7242759 
7250945 
7259116 
7267272 
7275413 


7283538 - 


7291648 
7299743 
7307823 
7315888 
7323983 
7331973 
7339993 
7347998 
7355989 
7363965 
7371926 
7379873 
7387806 
7399723 
7403627 
7411516 
7419391 
7427251 
7435098 
7442930 
7450748 
7458552 
7466342 
7474118 
7481880 
7489629 
7497363 
7505084 
7512791 
7520484 
7528164 
7535831 
7543483 
7551123 
7558749 
7566361 
7573960 
7581546 
7589119 
7596678 
7604225 
7611758 
7619278 
7626786 
7634280 
7641761 


| 7649230 


7656635 
7664128 


| 7671559 


7678976 
7686381 
769377 
7701153 
7708520 
7715875 
7723217 
7730547 
7737864 
7745170 
7752463 
7759743 
7767012 
7774268 
7781513 
7788745 
7795965 
7803173 
7810369 
7817554 
7824726 
7831887 
7839036 
7846173 
7853298 
7860412 
7867514 
7874605 
7881684 
7888751 
7895807 
7902852 
7909885 
7916906 
7923917 
7930916 
7937904 
7944880 
7951846 
7958800 
7965743 
7972675 
7979596 
7986506 
7993405 
8000294 
raves 
8014037 
8020893 


8095597 
8102325 
8109043 
8115750 
8122447 
8129134 
8135810 
8142476 
8149132 
8155777 
8162413 
8169038 
8175654 
8182259 


8188854 
8195439 


736 


8202015 | 737 


8208589 
8215135 
8221681 
8228216 
8234742 
8241258 
8247765 
$254261 
8260748 
8267225 
8273693 
8280151 
8286599 
8293038 
8299467 
8305887 
8312297 
8318698 
8325089 
8331471 
8337844 
8344207 
8350561 
8356906 
8363241 
8369567 
8375884 
8382192 
8388491 
8394780 
8401061 
8407332 
8413595 
8419843 
8426092 
8432328 
8438554 
8444772 
8450980 
8457180 
8463371 
8469553 
8475727 
8481891 
8488047 
8494194 
8500333 
8506462 
8512583 
8518696 


8662873 
8668778 
8674675 


8680564 
8686444 
8692317 
8698182 
8704039 
8709883 
8715729 
8721563 
8727388 
8733206 
8739016 
8744818 
8750613 
8756399 
8762178 
8767950 
8773718 
8779470 
8785218 
8790959 
8796692 
8802418 
8808136 
8813847 
8819550 
8825245 
8830934 
8836614 
8842288 
8847954 
8853612 
8859263 
8864907 
8870544 
8876173 
8881795 
8887410 
8893017 
8898617 
8904210 
8909796 
8915375 
8920946 
8926510 
8932068 
8937618 
8943161 
8943696 
8954225 
8959747 
8965262 
8970770 
8976271 
8981765 
8987252 
8992732 
8998205 
9003671 
9009131 
9014583 
9020029 
9025468 


‘| 9439889 | 955 | 9800034 


| 9489018 | 965 | 9845273 


9100244 | 890 | 9493900 
9111576 | 891 | 9498777 
9116901 | 892 | 9503649 
9122221 | 893 | 9508515 
9127533 | 894 | 9513375 
9132839 | 895 | 9518230 
9138139 | 896 | 9523080 
9143432 | 897 | 9527924 
9148718 | 898 | 9532763 
9153998 | 899 | 9537597 
9159272 | 900 | 9542425 
9164539 | 901 | 9547248 
9169800 | 902 | 9552065 
9175055 | 903 | 9556878 
9180303 | 904 | 9561684 
9185545 | 905 | 9566486 
9190781 | 906 | 9571282 
9196010 | 907 | 9576073 
9201233 | 908 | 9580858 
9206450 | 909 | 9585639 
9211661 | 910 | 9590414 
9216865 | 911 | 9595184 
9222063 | 912 | 9599948 
9227255 | 913 | 9604708 
9232440 | 914 | 9609462 
9237620 | 916 | 9614211 
9242793 | 916 | 9618955 
9247960 | 917 | 9623693 
9253121 | 918 | 9628427 
9258276 | 919 | 9633155 
9263124 | 920 | 9637878 
9268567 | 921 | 9642596 
9273704 | 922 | 9647309 
9278834 | 923 | 9652017; 
9283959 | 924 | 9656720, 
9289077 | 925 | 9661417: 
9294189 | 926 | 9666110 
9299296 | 927 | 9670797: 
9304396 | 928 | 9675480 
9309490 | 929 | 9680157: 
9314579 | 930 | 9684829. 
9319661 | 931 | 9689497 
9324738 | 932 | 9694159 
9329808 | 933 | 9698816 
9334873 | 934 | 9703469 
9339932 | 935 | 9708116 
9344985 | 936 } 9712758 
9350032 | 937 | 9717396 
9355073 | 938 | 9722028 
9360108 | 939 | 9726656 
9365137 | 940 | 9731279 
9370161 | 941 | 9735896 
9375179 | 942 | 9740509 
9380191 | 943 | 9745117 
9385197 | 944 | 9749720 
9390198 | 945 | 9754318 
9395193 | 946 | 9758911 
9400182 | 947 | 9763500 
9405165 | 948 | 9768083 
9410142 | 949 | 9772662 
9415114 | 950 | 9777236 
9420081 | 951 | 9781805 
9425041 | 952 | 9786369 
9429996 | 953 | 9790929 
9434945 | 954 | 9795484 


9444827 | 956 | 9804579 
9449759 | 957 | 9809119 
9454686 | 958 | 9813655 
9459607 | 959 | 9818186 
9464523 | 960 | 9822712 
9469433 | 961 | 9827234 
7474337 | 962 | 9831751 
9479236 | 963 | 9836263 
9484130 | 964 | 9840770 


[Nos. 966—999.] MATHEMATICS.—LOGARITHMS. [Loe. 9849771—9995655.] 527 
No. Los. No. Loe. No. Los. No. Loa. No. Loa. No. Loe. No. Loa. 
966 | 9849771 | 971 | 9872192 | 976 | 9894498 | 981 | 9916690 | 986 | 9938769 | 991 | 9960737 | 996 | 9982593 
967 | 9854265 | 972 | 9876663 | 977 | 9898946 | 982 | 9921115 | 987 | 9943172 | 992 | 9965117 | 997 | 9986952 
968 | 9858754 | 973 | 9881128 | 978 | 9903389 | 983 | 9925535 | 988 | 9947569 | 993 | 9969492 | 998 | 9991305 
969 | 9863238 | 974 | 9885590 | 979 | 9907827 | 984 | 9929951 | 989 | 9951963 | 994 | 9973864 | 999 | 9995655 

970 | 9867717 | 975 | 9890046 | 980 | 9912261 | 985 | 9934362 | 990 | 9956352 | 995 | 9978231 
[Nos. 1000—1609.] TABLE OF LOGARITHMS FROM 1,000 TO 10,000. [Loa. 0000000—2065560.] 
i . w ‘0. i a Tas 
(Norg.—This table is simply ae iienael ae few ncn Jeg but i oat Sal Si weal ah — giving a Taste or DIFFERENCES, 
No. 0 1 2 3 4 5 6 7 8 9 
100 04341 08677 13009 17337 0021661 25980 30295 38912 
10L 43214 47512 51805 56094 60380 68937 73210 7747 81742 
102 86002 90257 94509 98756 03000 0107239 11474 15704 19931 24154 
103} 0128372 32587 36797 41003 45205 49403 53598 57788 61974 66155 
104 70333 74507 78677 82843 87005 91163 95317 99467 03613 07755 
105 | 0211893 16027 20157 24284 28406 0232525 36639 40750 44857 48960 
106 53059 57154 61245 65333 69416 73496 T7572 81644 85713 89777 
107 93838 97895 01948, 05997 10043 0314085 18123 22157 26188 30214 
108 | 0334238 38207 42273 46285 50293 54297 58298 62295 66289 70279 
109 74265 78248 82226 86202 90173 94141 98106 02066 06023 09977 
110 | 0413927 17873 21816 25755 29691 0433623 37551 41476 45398 49315 - 
lil 53230 57141 61048 64952 68852 72749 76642 80532 84418 88301 
112 92180 96056 99929 03798 07663 0511525 15384 19239 23091 26939 
118 | 0530784 34626 38464 42299 46131 49959 53783 57605 61423 65237 
114 69049 72356 76661 80462 4260 88055 91846 95634 99419 03200 
115, 0606978 10753 14525 18293 22058 0625820 29578 33334 40834 
116 445380 48322 52061 55797 59530 63259 66986 70709 74428 78145 
117 81859 85569 89276 92980. 96681 0700379 04073 O7765 11453 15138 
118 } 0718820 22499 26175 29847 33517 37184 40847 44507 48164 51819 
119 55470 59118 62763 66404 70043 73679 77312 80942 84568 88192 
120 91812 95430 99045 02656 06265 0809870 13473 17073 20669 24263 
121 | 0827854 41441 35026 38608 42187 45763 49336 52906 56473 60037 
122 63598 67157 70712 74265 77814 81361 84905 88446 91984 95519 
123 99051 02581 06107 09631 13152 0916670 20185 23697 27206 30713 
124 | 0934217 37718 41216 44711 48204 51694 55180 58665 62146 65624 
125 69100 72573 76043 79511 82975 86437 89896 93353 96806 00257 
126 | 1003705 O7151 10594 14034 17471 1020905 24337 27766 31193 34616 
127 38037 41456 44871 48284 51694 55102 58507 61909 65309 68705 
128 72100 T549L 78880 82267 85650 89031 92410 95785 99159 02529 
129 | 1105897 09262 12625 15985 19343 1122698 26050 29400 32747 36092 
130 39434 42773 46110 49444 52776 56105 59432 62756 66077 69396 
131 72713 76027 79338 82647 85954 89258 92559 95858 99154 02448 
132 | 1205739 09028 12315 15598 18880 1222159 25435 28709 31981 35250 
133 38516 41781 45042 48301 51558 64813 58065 61314 64561 67806 
134 71048 74288 77525 80760 87223 90451 93676 96899 00119 
135 | 1303338 06553 09767 12978 16187 1319393 22597 25798 28998 32195 
136 35389 38581 41771 44959 48144 51327 54507 57685 60861 64034 
137 67206 70375 73541 76705 79867 83027 86184 89339 | 92492 95643 
138 98791 01937 05080 08222 11361 1414498 17632 20765 23895 27022 
139 | 1430148 $3271 36392 39511 42628 45742 48854 51964 55072 58177 
140 61280 64381 67480 70577 73671 76763 79853 82941 86027 89110 
141 92191 95270 98347 01422 041494 1507564 10633 13699 16762 19824 
142 | 1522883 25941 28996 32049 35100 38149 41195 44240 47282 50322 
143 53360 56396 59430 62462 65492 68519 71544 74568 77589 80608 
144 83625 86640 89653 92663 95672 98678 01683 04685 07686 10684 
145 | 1613680 16674 19666 22656 25644 1628630 31614 34596 37575 40553 
146 43529 46502 49474 62443 55411 58376 61340 64301 67261 70218 
147 73173 76127 79078 82027 84975 87920 90864 93805 96744 99682 
148 | 1702617 05551 08482 11412 14339 1717265 20188 23110 26029 28947 
149 31863 34776 37688 40598 43506 46412 49316 52218 55118 58016 
150 60913 63807 |, 66699 69590 72478 75365 78250 81133 84013 86892 
151 89769 92645 95518 98389 01259 1804126 06992 09856 12718 15578 
152 | 1818436 21292 24147 26999 32698 35545 38390 41234 44075 
153 46914 49752 52588 55422 58254 61084 63912 66739 69563 72386 
154 75207 78026 80844 83659 86473 89285 92095 94903 97710 00514 
155 | 1903317 06118 08917 11715 14510 1917304 20096 22886 25675 28461 
156 31246 34029 36810 39590 42367 45143 47918 50690 53461 56229 
157 58997 61762 64525 67287 70047 72806 75562 78317 81070 83821 
158 86571 89319 92065 97552 2000293 03032 05769 08505 11239 
159 | 2013971 16702 19431 22158 24883 27607 30329 33049 35768 38485 
160 41200 43913 46625 49335 52044 54750 57455 60159 62860 65560 


MATAR EMATICS.—LOGARITHMS, 


ae} is< [4 [oo B ape 


85479 | 87986] 90491 6] 92995: | 95497: 
10482 -| 12974-]- 15465 | 2417954 | 20442 
35341 37819 hs Fes 1 45245 
60059 62523 986 | 2467447 69907 
84637 | 87087 89536 1984 94430 


81582 | 83978 ‘| 86373 766 | 91158 
05484 | 07867 | 10248 | 2612629 | 15008 
29255 31625 | *33993 1 38727 
52896 | 65253 | 67609 59964 | 62317 
76410 | 78754 | 81097 85780 


46196 - 63114 7 
9211 7 73800 | 76092 78989 
4 17150 | 19419 | 2821688 | 23955 
$7534 | 39793 | 42051 46563 
62319 | 64565 10 | 69054 

82492 | 84728 | 86963 196 | 91428 
04798 | 07022 | 09246 | 2911468 | 13689 
31415 26 | 35885 

fir | fear | ita | Hw | fi 
i808 95073 | "97252 «|* 99429° O1008 
14641 | 1 ‘3021144 | 23309 
mais | ome [tun | fay | Sen 
.| 81874 | 83509 | 85644" | 87778 

| 04809 | 3106933 + 

21774 9 |* 26004 | 3128118 | 30231 
42887 | 44992 =|. 47097 |’ 49201 | 51303. 
“63898 .| 65993 | . 68088 70181 | 72273% 


26327 | 28393 | 80457 |* $2521 | $4584 
46939 ‘| 48995 | 51050 | 53104 | 65157 
Sige 69500 | 71545 7 5633 
87872 | 89909 |. 91944 93979 


MATHEMATICS.—LOGARITHMS. 


[Loe. 3747483—4954050.] 529 


wol 0 1 2 3 4 5 6 | 7 | 8 9 

esr | s747483 | 49316 | sit47 | 52977 | 54807 | 3750636 | 58464 | Goz92 | 62119 

238 | 65770 | 67594 | 69418 | 71240 | 73063 | 74884 | 76704 | 78524 89161 
239| 83979 | 85796 | 37612 | 89427 | 91241 94863 | 96680 | 98492 | 00302 
240 | 3802112 | 03922 | 05730 | 07538 | 09345 | 3811151 | 12956 | 14761 | 16565 | 18368 
241} 20170 | 21972 | 23773 | 25573 | 27373 | 29171 | 30969 | 32767 | 34563 | 36359 
242 | 38154 | 39948 | 41741 | 43534 | 45326 | 47117 | 48908 | 50698 | 52497 | 54275 
243 | 56063 | 57350 | 59636 | 61421 | 63206 | 64990 | 66773 | 68555 | 70337 | 72118 
244 | 73898 |- 75678 | 77457 | 79235 | s1012 | 82789 | 84565 | 86340 | 88114 | s9ses 
2451 91661 | 93433 | 95205 | 90975 | 98746 | 3900515 | 02284 | 04052 | O5819 | 07585 
246 | 3909351 | 11116 | 123880 | 14644 | 16407 | 1sie9 | 19931 | 21691 | 23452 | 25211 
247 | 20970 | 28727 | 30485 | 32241 | 33097 | 35752 | 37506 | 39260 | 41013 | 42765 
248 | 44517 | 46268 | 48018 | 49767 | 51516 | 53264 | 55011 | 56758 | 58504 | 60249 
249 | 61993 | 63737 | 65480 | 67223 | es964 | 70705 | 72446 | 74185 | 75924 | 77663 
250| 79400 | 81137 | 82873 | 84608 | 86343 gesit | 91543 | 93275 | 95007 
2511 96737 | 98467 | 00196 | 01925 | 03653 | 4005380 | 07106 | 03832 | 10557 | 12282 
252 | 4014005 | 15728 | 17451 | 19173 | 20804 | 22614 | 24333 | 26052 | 27771 | 20488 
253} 31205 | 32921 36352 | 38066 | 39780 | 41492 | 43205 | 44916 | 46627 
254| 48337 | 50047 | 51755 | 53464 | 55171 | 56878 | 58584 | 60289 | 61994 | 63698 
255| 65402 | 67105 70508 73909 | 75608 | 77307 | 79005 | 80703 
256 | 2400 | 84096 | 85791 | 87486 | 89180 | 90874 | 92567 | 94250 | 95950 | 97641 
257 | 99331 | 01021 | 02710 | 04398 | 06085 | 4107772 | 09459 | 11144 | 19829 | 14513 
258 | 4116197 | 17880 | 19562 | 21244 | 22925 26285 | 27964 | 29643 | 31321 
259} 32998 | 34674 | 36350 | 38025 | 39700 | 41374 | 43047 | 44719 | 46391 | 48063 
260} 49733 | 51404 | 53073 | 54742 | 56410 | 58077 | 59744 | 61410 | 63076 | 64741 
261 | 66405 | 68069 | 69732 | 71394 | 73056 | ‘74717 | 76377 | 78037 | 79696 |. 81355 
2621 983013 | 94670 | sea27 | 87933 | 89633 | 91293 | 92047 | go4coa | 96254 | 97906 
263 | 99557 | 01208 | o2g359 | 04509 | 0615s | 4207806 | 09454 | 11101 | 19743 | 14304 
264 | 4216039 | 17684 | 19328 | 20972 | 22615 | 24257 | 25808 | 27539 | 29180 | 30820 
265 | 32459 | 34097 | 35735 | 37372 | 39009 | 40645 | 42281 | 43016 | 45550 | 47183 
266 | 48316 | 50449 | 52081 | 53712 | 55342 | 56972 | 58601 | 60230 | 61858 | 63486 
267 | 65113 | 66739 | 68365 | 69990 | 71614 | 73233 | 74961 | 76484 | 73106 | 79727 
263 | 81348 | 82968 | 84583 | 86207 | 87325 | 89443 | 91060 | 92677 95908 
269| 97523 | 99137 | oo751 | 02384 | 03976 | 4305588 | o7199 | o8s09 | 10419 | 12029 
270 | 4313633 | 15246 | 16853 | 18460 | 20067 | 21672 | 23278 | 24883 | 26487 | 28090 
271| 29693 | 31295 | s2s07 | 34493 | 36093 | 37698 | 39298 | 403906 | 42495 | 44092 
272| 45639 | 47285 | 4sssi | 50476 | 52071 | 53665 | 55259 | 5es5t | 58444 | G0U35 
273| 61626 | 63217 | 64807 | 66396 | 67985 | 69573 | 71161 | 72748 | 74334 | 75920 
274 | 77506 | 79090 | soc7s | 82258 | 83841 87005 | 83587 | 90167 | 91747 
2751 93327 | 91906 | 96484 | 98062 | 99639 | 4401216 | 02792 | 84368 07517 
276 | 4409001 | 10664 | 12937 | 13809 | 15380 | 16951 | 18522 | 20092 | 21661 | 23230 
277} 24798 | 26305 | 27932 | 29499 | 31005 | 32630 | 34195 | 35759 | 37322 | 3asa5- 
278| 40448 | 42010 | 43571 | 45132 | 46692 | 48251 | 49811 | 51370 | 52928 | 54485 
279} 56042 | 57598 | 59154 | Go709 | 62264 | 63818 | 65372 | 66925 | 68477 | 70029 
230 | 71580 | 73131 | 74681 | 76231 | 77780 | 79329 | sos7z | 82424 | 83071 | 85517 
231 | 87063 | 83608 | 90153 | 9ic07 | 93241 | 94784 | 96327 | 97868 | 99410 | 00951 
232 | 4502491 | 04031 | 05570 | o7109 | 08647 | 4510185 | 11722 | 13258 | 14794 | 16329 
233} 17864 | 19399 | 20932 | 22466 | 23998 | 25531 | 27062 | 28503 | 30124 | 31654 
284} 33183 | 34712 | 36241 | 37769 | 39296 | 40823 | 42349 | 43875 | 45400 | 40924 
235} 48449 | 49972 | 51495 | 53018 | 54540 | 56061 | 57582 | 59102 | 60622 | 62142 
236} 63660 | 65179 | 66696 | 68213 | 69730 | 71246 | 72762 | 74277 | 75791 | 77305 
237] 73819 | 80332°| 8is44 | 83356 | 84863 | 86378 | 87839 | 89399 | 90908 | 92417 
238| 93925 | 95433 | 96040 | 93446 | 99953 | 4601458 | 02963 | 04468 | 05972 | 07475 
239 | 4608978 | 10431 | 11983 | 13484 | 14985 | 16486 | 17986 | 19485 | 20984 | 22489 
290| 23980 | 25477 | 26974 | 28470 | 20966 | 31461 | 32956 | 34450 | 35944 | 97437 
291{ 38930 | 40422 | 41914 | 43405 | 44895 47875 | 49364 | 50853 | 52341 
292| 53829 | 55316 | 56302 | 58288 | 59774 | 61250 | 62743 | 64227 | 65711 194 
203 | 68676 | 70158 | vie40 | 73121 | 74601 | 76081 | 77561 | 79039 | 80518 | 81996 
204| 83473 | 84950 | 86427 | 87903 | 89378 92327 | 93801 | 95275 | 96748 
295 | 98 goco2 | ores | 02634 | 04105 | 4705575 | o7044 | 08513 | 09982 | 11450 
296 | 4712917 | 14384 | 15851 | 17317 | 18782 | 20247 | 21711 | 23175 | 24639 | 26102 
207 | 27564 | 29027 | 30488 | 31949 | 33410 | 34970 | 36329 | 37788 | 39247 | 40705 
298| 42163 | 43620 | 45076 | 46533 | 47988 | 49443 | 50893 | 52352 | 53806 | 65259 
299 | 56712 | 58164 | 59616 | 61067 | 62518 | 63968 | 65413 | 66367 |. 68316 | 69765 
300} 71213 | 72660 | 74107 | 75553 | 76999 | 78445 | 79890 | 81334 | 82773 | 84292 
301| 85665 | 87103 | 83550 | 89901 | 91432 | 92973 | 94313 | 95753 | 97192 | 98631 
302 | 4800069 | 01507 | 02045 | 04381 | 05818 | 4807254 | og6sa | 10124 | 11559 | 12993 
303 14426 | 15859 | 17292 | 18724 | 20156 | 21587 | 23018 | 24448 | 25878 | 27307 
304 | 28736 | 30164 | 31592 | 33020 | 34446 | 35873 | 37299 | 38725 | 40150 | 41574 
305| 42998 | 44422 | 45845 | 47263 | 48690 | 50112 | 51533 | 62954 | 54375 | 55795 
306| 57214 | 58633 | 60052 | 61470 | 62888 | 64305 | 65722 | 67138 | 68554 | 69969 
307 | 71384 | 72798 | 74212 | 75026 | 77339 | 78451 | 79863 | 81275 | 82686 | 84097 
308 | 85507 | 86917 |- 88926 | 89735 | 91144 | 92552 | 93959 | 95366 | 96773 | 98179 
309 | 99585 | 00990 | 02395 | 03799 | 05203 | 4906607 | 08010 | 09412 | 10814 | 12216 
310 | 4913617 | 15018 | 16418 | 17818 | 19217 | 20616 | 22015 | 23413 | 24810 | 26207 
311| 27604 | 29000 | 30396 | 31791 | 33186 | 34581 | 35974 | 37368 | 38761 | 40164 
312| 41546 | 42938 | 44329 | 45720 | 47110 | 48500 | 49890 | 51279 | 52667 | 54050 


530 (Nos. 31303889. ] MATHEMATICS.—LOGARITHMS, 

No, 0 1 2 | 3 ri 5 | 6 7 8 9 
$13 | 4955443 | 50931 ' 58218 | socos | 60990 | 4962375 | es7c1 | 65145 | 60529 | 67913 
sia) 69296 | Toera | T2002 | 73444 | 74825-| 76206 | 77587 | 78007 | 80347 | 81727 
315 83106 S4454 85862 87240 88617 89994 91370 92746 94121 95496 
316} 96871 | 98245 | 99619 | 00992 | 02365 | 5003737 | 05109 | 06481 | 07852 | 09222 
3i7 | 5010093 | 11962 | 13332 | 14701 | 10069 | 17437 | 18805 | 20172 | 21539 | 22905 
318 | 24271 | 25637 | 27002 | 28366 | 29731 | S109 | 32458 | Sasan | 35183 | 36545 
319 | s7o0r | 30208 | 40cz9 | 41989 | 43349 | 44709 | 46008 | 47426 | 48785 | 50142 
320 | 51500 | 52as7 | 64213 | 55569 | 60925 | 59230 | 569635 | 60990 | 62344 

321 65050 66403 677 69LOT 70459 71810 73160 74511 75860 77210 
3e2| asso | 79907 | 81235 | 82603 | 83950 | 85297 87990 | 89335 | 90680 
323} 92025 | 93370 | 94714 | 96057 | 97400 | 98743 | 00085 | 01497 | o2768 | 04109 
324 | 5105450 | 06790 | 08130 | o9469 | 10808 | 5112147 | 13485 | 14823 | 16160 | 17497 
325 | 18834 | 20170 | 21505 | 22841 | 24175 | 25610 | 26844 | 28178 | 29511 | 30844 
32¢| s2i7e | 33508 | 34840 | 36171 | 37502 | 38832 | 40162 | 41491 | 42820 | 44149 
327 | 45478 | 46805 | 48133 | 49460 | 50787 | 52113 | 53439 | 54764 | 56089 | 57414 
323 | 58738 | 60062 | 61386 | 62709 | 64031 | 65354 | 66676 | 67997 | 69318 | 70639 
329 | 71959 | 73279 | 74598 | vool7 | 77236 | 73554 | 79872 | s1is9 | s2507 | 83893 _ 
330 | 85139 | 86455 | 87771 | 89086 josey |. Siya6°-4: 980m |. Okbapels Soeumok. Sepen 
331 | 98230 | 99592 | 00903 | o2214 | 03525 | 5204835 | 06145 | 07455 | 038764 | 10073 
332 | 5211381 | 12639 | 13996 | 15303 | 16610 | 17916 | 19222 | 20598 | 21833 | 23138 
333 25746 | 27050 | 28353 | 29656 | 30958 | 32260 | 33562 | 34863 | 36164 
334| 37465 | 38765 | 40064 | 41364 | 42663 | 43961 | 45259 | 46557 | 47854 | 49151 
333 | 50448 | 51744 | 53040 | 54336 | 55631 | 56925 | 58220 | 59513 | Goso7 | 62100 
336 | 63393 | 64685 | 65977 | 67209 | 68560 | 69351 | 71141 | 72431 | 73721 | 75010 
337 | 76299 | 77588 | 78876 |. 80163 | 81451 | 82738 | 84024 | 85311 | 86596 | 87882 
338 |  so1e7 | 90452 | 91736 | 93020 | 94304 | 95587 | 96870 | 98152 | 99434 | 00716 
339 | 5301997 08278 04558 05839 07118 09677 10955 12234 13512 
340 | 14789 | 16066 | 17343 | 18619 | 19896 | 21171 | 22446 | 23791 | 24996 | 26270 
341 | 27544 | 28817 | 30090 | 31363 | 32635 | 33007 | 35179 | 36450 | 37721 | 38991 
342| 40261 | 41531 | 42800 | 44069 | 45338 47874 | 49141 | 50408 | 51675 
343 | 62941 | 54207 | 65473 | 56738 | 58003 | 59267 | 60532 | 61795 | 63059 | 64322 
344} 65584 | o6s47 | 68109 | 69370 | 70631 | 71892 | 73153 | 74413 | 75673 | 76932 
345| 78191 | 79450 | 80708 | 81966 | 83223 | 84481 | 85737 | se994 | 88250 | 89506 
346} 90761 | 92016 | 93271 | 94525 | 95779 | 97032 | 98286 | 99538 | oo791 | 02043 
347 | 5403205 | 04546 | 05797 | 07048 | 08298 10798 | 12047 | 13296 | 14544 
348 | 15792 | 17040 | 18288 | 19535 | 20781 ] 22098 | 23974 | 24519 | 25765 | 27010 
349 | 28254 | 29498 | 30742 | s1936 | 33229 | 34472 | 35714 | 36956 | 38198 | 39439 
350 | 40680 | 41921 | 43161 | 44401 | 45641 | 46880 | 48119 | 49358 | 50596 | 51834 
351 | 53071 | 64308 56781 | 58018 | 59253 | 60489 | 61724 | 62958 | 64193 
352| 65427 | 66e6o | 67394 | 69126 | 70359 | 71591 | 72893 | 74055 | 75286 | 76517 
353 T7747 T8977 80207 81436 82665 83894 85123 86351 87578 88806 
354} 90033 | 91259 | 92486 | 93712 | 94937 | 96162 | 97387 | 98612 | 99836 | 01060 
355 | 6502284 04730 | 05952 | 07174 | 5508306 | 09618 | 10839 | 12059 | 13280 
556 14500 15720 16939 18158 19377 20595 21813 23031 24248 25465 
357 | 26682 | 27809 | 29115 | 30330 | 31545 | 32760 | 33975 | 35189 | 3e403 | 37617 
358 | 38830 | 40043 | 41956 | 42408 | 43680 | 44392 | 46103 | 47314 | 48524 

359 | 5oo44 | 5eisa | 59363 | 54572 | 65781 | 56989 | 58197 | 59404 | GoGi2 | 61818 
360 | 63025 | 64231 | 65437_| 66643 | 67848 | 69053 | 70257 | 71461 | 726065 | 73869 
361 | 75072 | 76275 | 77477 | 78680 | 79881 | 81083 | 82284 84686 | 85886 
362 | s7ose | 88285 | 89484 | 90683 | 91882 | 930380 | 94278 | 95476 | 96073 | 97870 
363 | 99066 | oo262 | 01458 | 02654 | 03849 | 5605044 | 06239 }. 07433 | 08627 

364 | 5611014 | 12207 | 13399 | 14592 | 15784 | 16975 | 18167 | 19358 | 20548 | 21739 
365 | 22929 | 24118 | 25308 | 26497 | 27685 | 28874 | 30062 | 31250 | 32437 | 33624 
366 | 34811 | 35997 | 37183 | 38369 | 39555 | 40740 | 41925 | 43109 | 44293 | 45477 
367 |. 46061 | 47844 | 49027 | 50209 | 51302 | 52573 | 53755 | 54936 | 56117 07208 
368 | 58478 | 59658 | 60838 | 62017 | 63196 | 64375 | 65553 | 66731 | 67909 

369 | 70204 | 71440 | 72617 | 73793 | 74969 | 76144 | 77320 | 78495 | 79669 | so0s43 
370| s2017 | s3io1 | 84364 | 85597 | 86710 | s7ase | s905t | 90226 | 91307 | 92h68 
371| 93730 | 94910 | 96080 | 97249 | 98419 588 | 00757 | 01926 | og004 | 04262 
372 | 5705429 | 06597 | 07764 | 08930 | 10097 | 5711263 | 12499 | 13594 | 14759 | 15994 
373 | 17088 | 18252 | 19416 | 20580 | 21743 24069 | 25231 | 26393 | 27555 
374! 23716 | 29877 | 31038 | sig | 33358 | 34518 | 35678 | 36897 | s7996 | 39154 
375| 40313 | 41471 | 42628 | 437386 | 44943 | 46099 | 47256 | 48412 | 49568 | 60723 
376| 513878 | 53033 | 54188 | 55342 | 56496 | O7 58303 | 69956 | 61109 | 62261 
377| 63414 | 64565 | 65717 | 66303 | 68019 | 69170 | 70320 | 71470 | 72620 | 73769 
378| 74918 | 76087 | 77215 | 78363 | 79511 | 80639 | 8is06 | 82958 | 84100 | 85246 
379 | 86392 | 87533 | 83633 |- sos23 | 90973 | 92118 | 93262 | 94406 | 95550 | 96693 
330} 97836 | 98979 | oo121 | o1263 | 02405 | 5903547 | O4638 | 05829 | o6969 | 08110 
881 | 5809250 10389 11529 12668 13807 14945 16084 17222 18359 19497 
382 | 20034 | 21770 | 22007 | 24043 | 25179 | 26314 | 27450 | 28585 | 29719 | 30354 
333} 31988 | 33122 | 34255 | 35388 | 36521 | 37654 | 38786 | 39918 | 41050 | 42181 
384| 43312 | 44443 | 45574 | 46704 | 47834 | 48063 | 50093 | 51222 | 52351 | 63479 
385 | 64607 | 55735 | 56863 | 57990 | 59117 | Go24a | 61370 | 62496 | 63622 | 64748 
336 | 65873 | 66998 | 68123 | 69247 |" 70371 | 71495 | 72618 | 73742 | 74865 | 75987* 
387! 77110 | 73232 | 79353 | 80475 | 81596 | se717 | 83838 | 84958 | se078 | 87198 
388 88317 | 80436 | 90505 | 91674 | 92792 | 93910 | 95028 | 96145 | 97263 | 98379 


i 7 


a ae 


ee 


(Nos, 3890—4589.] MATHEMATICS—LOGARITHMS. — [Loa. 5899496—6617181.] 531 
nail; “6 1 2 3 4 5 6 | 7 | 8 9 
389 | 5899496 | 00612 | o1723 | 02844 | 03959 | so05075 | osiso | o7304 | osais | 09539 
890 | 5910646 11760 12873 13986 15093 16210 17322 18434 19546 20657 
391| 21763 | 22878 | 23083 | 25098 | 26208 | 27318 | 28427 | 29536 | 30644 | 31753 
392| 32861 | 33968 | 35076 | 36183 | 37290 | 38397 | 39503 | 40609 | 41715 | 42890 
393| 43926 | 45030 | 46135 | 47239 | 48344 | 49447 | 50551 | 51654 | 52757 | 53860 
304| 54962 | 56064 | 57166 | 58268 | 59369 | 60470 | 61571 | 62671 | 63771 | 64871 
395| 65971 | 67070 | 68169 | 69268 | 70367 | 71465 | 72563 | 73661 | 74758 | 75855 
396 | 76952 | 78043 | 79145 | 80241 | 81336 | .82432 | 83527 | 84622 | 85717 | sesi1 
397 | 87905 | 88999 91186 | 92279 | 93371-| 94464 | 95556 | 96048 | 97739 
398 9883L 99922 01013 02103 03193 6004283 05373 06462 O7551 08640 
399 | 6009729 | 10817 | 11905 | 12993 | 14081 | 15168 | 16255 | 17341 | 18498 | 19514 
400| 20600 | 21686 | 22771 | 23856 | 24941 | 26025 | 27109 | 28193 | 29977 | 3u361 
4o1| 31444 | 32527 | 33609 | 34692 | 35774 | 36855 | 37937 | 30018 | 40099 | 41180 
402 42261 43341 44421 45500 46580 47659 48733 49816 50895, 51973 
403 | . 63050 | 54128 | 55205 | 56282 | 57359 | 53435 | 59512 61663 | 62739 
404| 63814 | 64839 | 65963 | 67037 | 63111 | 69185 | 70259 | 71332 | 72405 | 73478 
405| 74550 | 75622 | 76094 | 77766 | 78837 | 79909 | 80979 | 82050 | 83120 | 84191 
406} 85260 | 86330 | 87309 | 88463 | 89537 | 90605 | 91674 | 92742 | 93809 | 94877 
407 | 95944 | 97011 | 98078 | 99144 | 00210 | 6101276 | 02342 | o3407 | o4472 | O5537 
408 | 6106602 | 07666 | 038730 | 09794 | 10857 | 11921 | 12984 | 14046 | 15109 | 16171 
409| 17233 | 18995 | 19356 | 20417 | 21478 | 22539 | 23599 | 24660 | 25720 | 26779 
410| 27839 | 28808 | 29957 | 31015 | 32074 | 33132 | 34189 | 35247 | 30304 | 37361 
411 38418 39475 40531 41587 42643 43698 44754 45809 46863 47918 
412| 48972 | 50026 | 51030 | 52133 | 53187 | 54240 | 55292 | 56315 | 57307 | 58449 
4i3| 59501 | 60552 | 61603 | 62654 | 63705 | 64755 | 65805 | 66855 | 67905 | é6g954 
414| 70003 | 71052 | 72101 | 73149 | 74197 | 75245 | 76293 | 77340 | 78387 | 79434 
415} 30481 | 81527 | 82573 | 83619 | 84665 | 85710 | 86755 | 87800 | 88345 | 89889 
416| 90933 | 91977 | 93021 | 94064 | 95107 | 96150 | 97193 | 98235 | 99277 | o0s19 
417 | 6201361 | 02402 | 03443 | 04434 | 05524 | 6206565 | 07605 | 03645 | 09684 | 10724 
418 12802 | 13840 | 14379 | 15917 | 16955 | 17992 | 19030 | 20087 | 21104 
4i9| 22140 | 23177 | 24213 | 25249 | 26984 | 27320 | 28355 | 29390 | 30424 | 31450 
420| 32403 | 33527 | 34560 | 35594 | 36627 | 37660 | 33693 | 39725 | 40757 | 41789 
421| 42321 | 43852 | 44ss4 | 45915 | 46945 | 47976 | 49006 | 50036 | 51066 | 52095 
422| 53125 | 54154 | 55182 | 56211 | 57239 | 58267 | 59295 | 60322 | 61350 | 62377 
423| 63404 | 64430 | 65457 | 66483 | 67509 | 68534 | 69560 | 70585 | 71610 | 72634 
424| 73659 | 74683 | 75707 | 76730 | 77754 | 78777 | 79300 | 80823 | 81845 | 82807 
425 | 83889 | 84911 | 85933° | 86954 | 87975 | 88996 | 90016 | 91037 | 92057 | 93076 
426| 94096 | 95115 | 96134 | 97153 | 93172 | 99190 | 00209 | 01226 | 02244 | 03262 
427 | 6304279 | 05296 | 06312 | 07329 | 03345 | 6309361 | 10377 | 11393 | 12403 | 13423 
423| 14438 | 15452 | 16467 | 17431 | 18495 | 19508 | 20522 | 21535 | 29548 | 23560 
429| 24573 | 25585 | 26597 | 27609 | 23620 | 29632 | 30643 | 31654 | 32664 | 33674 
430| 34685 | 35604 | 36704 | 87713 | 38723 | 39732 | 40740 | 41749 | 42757 | 43765 
431| 44773 | 45780 | 46788 | 47795 | 48801 | 49808 | 50814 | 51920 | 52826 | 53332 
432| 54837 | 55843 | 56843 | 57352 | 58857 | 59361 | 60365 | 61869 | 62873 | 63876 
433 | 64879 | 65882 | e6ss4 | 67887 | 68889 | 69801 | 70393 | 71804 | 72805 | 73897 
434| 74397 | 75893 | yes03 | 77398 | 78893 | 793898 | 80397 | 81896 | 823895 | 83304 

The Tabular Difference of Logarithms, from 4350 to 9999, are added in the remainder of the Table. 
No. 0 1 2 3 4 5 6 7 | 8 | 9 | Dif. 
435 | 6384893 | 5891 | 6889 | 7887 | 98ss4 | essoss2 | os79 | 1976 | 2872 | 3869 | 998 
436 6394865 5861 6857 7852 8847 6399342 0837 1832 2826 3820 995 
437 | 6403814 | 5808 | 6802 | 7795 | 8788 | 6409781 ; 0773 | 1765 | 2758 | 3749 | 993 
438 | 6414741 | 5733 | 6724 | 7715 | 8705 |. 6419096 | ‘0686 | 1676 | 2666 | 3656 | 991 
439 | 6424645 | 5634 | 6623 | 7612 | 8601 |‘ 6429589 | 0577 | 1565 | 2552 | 3540 | 989 
440| 6434527 | 5514 | 6500 | 7487 | 8473 | 6439459 | 0445 | 1431 | 2416 | 3401 | 986 
441 | 6444986 | 5371 | 6955 | 7339 | 8923 | 6449307 | 0291 | 1274 | 2257 | 3240 | 984 
442 6454223 5205 6187 7169 8151 6459133 0114 1095 2076 3057 982 
443 | 6464037 | 5018 | 5998 voor | 6463936 | 9915 | sot | 1973 | 2851 | 980 
444 6473830 4808 5786 6763 T7741 6478718 9695 0671 1648 2624 978 
445 | 6483600 | 4576 | 6552 | 6527 | 7502 | 6488477 | 9452 | 0426 | 1401 | 2375 | 975 
446 | 6499349 | 4922 | 5296 | 6269 | 7242 | 6498215 | 9137 | o160 | 1132 | 2104 | 973 
447 | 6503075 | 4047 | 5018 | 5989 | 6960 | 6507930 | 8901 | 9871 | 0841 | 1811 | 971 
448 | 6512780 | 3749 | 4719 | 5687 | 6656 | 6517624 | 8593 | 9561 | 0528 | 1496 | 969 
449! 6592463 | 3431 5364 | 6331 | 6527207 | 9263 | 9229 | o195 | 1160 | 906 
450 3090 4055 5019 5984 6536948 7912 8876. 9839 0802 964 
451 | 6541765 | 2723 | 3691 | 4653 | 5616 | 6546578 | 7539 | 8501 | 9462 | 0423 | 962 
452| 6551384 | 2345 | 3306 | 4966 | 5926 | o5a618c | 7145 | 8105 | 9064 | 0023 | 96) 
453.| 6560982 | 1941 | 2399 | 3857 | 4815 | 6500773 | 6730 | 7688 | 8645 | 9602 | 958 
454| 6570559 | 1515 | 2471 | 3427 | 4383 | 6575339 | 6204 | 7250 | 8205 | 9159 | 956 
455 | 6580114 | 1068 | 2093 | 2977 | 3930 | 6584884 | 5837 | 6790 | 7743 | gc0a | 9a4 
456 oco1 | 1553 | 2505 |-3456 | 6594408 | 5359 | 6310 | 7261 | g212 | 959 
457 | 6599162 | 0112 | 1062 | 2012 | 2962 | 6cos011 | 4360 | 5309 | 675s | 770s | 950 - 
458| 6608655 | 9603 | 0551 | 1499 | 2446 | 6613303 | 4341 | 5287 | 6234 | 7181 | 947 


632 [Nos. 45905349. } MATHEMATICS.—LOGARITH MS. (Loo. 6618127—7272726.] 
mt © #1 Os 2|s {4 5 6 7 8 9 | Dit 
459 | 6618127 | 9073 | 0019 | 0964 | 1910 | 6622855 | 3800 | 4745 | 5690 | 6634 | 945 
460 | 6627578 , 8522 | 9466 | O410 | 1353 | 6632296 | 3239 | 4182 | 5125 | 6067 | 943 
461 | 6637009 | 7951 | 8893 | 9835 | 0776 | 6641717 | 2658 | 3599 | 4539 | 5480 | 941 
462 | 6646420 | 7360 | 8299 | 9239 | 0178 | 6651117 | 2056 | 2995 | 3934 | 4872 | 939 
403 |} 6655810 | 6748 | 7686 | 8623 | 9560 | 6660497 | 1434 | 2371 | 8307 | 4244 | 937 
464 | 6005180 | 6116 | 7051 | 7987 | 8922 | 6669857 | O792 | 1727 | 2661 | 3595 | 935 
465 | 6674530 | 5463 | 6397 | 7331 | 8264 | 6679197 | 0130 | 1062 | 1995 | 2927 | 933 
466 4791 | 5723 | 6654 | 7585 | 6688516 | 9447 | 0878 | 1308 | 2239 | 931 
467 | 6693169 | 4099 | 6028 | 5958 | 6887 | 6697816 | 8745 | 9674 | 0602 | 1530 °| 929 
468 | 6702459 | 3386 | 4314 | 5242 | 6169 | 6707096 | 8023 | 8950 | 9876 | 0302 | 927 
469 | 6711728 | 2654 | 3380 | 4506 | 5431 | 6716356 | 7281 | 8206 | 9130 | 0054 | 925 
470 | 6720979 | 1903 | 2826 | 3750 | 4673 | 6725596 | 6519 | 7442 92387 | 923 
471 | 6730209 | 1131 | 2053 | 2974 | 3896 | 6734817 | 5738 | 6659 | 7579 | 8500 | 921 
472 | 6739420 | 0340 | 1260 | 2179 | 3099 | 6744018 | 4937 | 5856 | 6775 | 7693 | 919 
473 | 6748611 | 9529 | 0447 | 1365 | 2283 | 6753200 | 4117 | 6034 | 5951 | 6867 | 917 
474 | 6757783 | 8700 | 9615. | 0531 | 1447 | 6762362 | 3277 | 4192 | 6107 | 6022 | 915 
475 | 6766936 | 7850 | 8764 | 9678 | 0592 | 6771505 | 2418 | 3332 | 4244 | 65157 | 913 
476 | 6776070 | 6982 | 7894 | 8806 | 9718 | 6780629 | 1540 | 2452 | 3362 | 4273 | 911 
477 | 6785184 | 6094 | 7004 | 7914 | 8824 | 6789734 | 0643 | 1552 | 2461 | 3370 | 910 
478 | 6794279 | 5187 | 6096 | 7004 | 7912 | 6798819 | 9727 | 0634 | 1541 | 2448 | 908 
479 | 6803355 | 4262 | 5168 | 6074 | 6980 | 6807886 | 8792 | 9697 | 0602 | 1507 | 906 
480 | 6812412 | 3317 | 4222 | 5126 | 6030 | 6816934 | 7838 | 8741 | 9645 | 0548 | 904 
481 | 6821451 | 2354 | 3256 | 4159 | 65061 | 6825963 | 6865 | 7766 | 8668 | 9569 | 902 
482 | 6830470 | 1371 | 2272 | 3173 | 4073 | 6834973 | 5873 | 6773 | 7673 | 8572 | 900 
483 | 6839471 | 0370 | 1269 | 2163 | 3066 | 6843965 | 4863 | 5761 | 6659 | 7556 | 898 
484 | 6848454 | 9351 | 0248 | 1145 | 2041 | 6852938 | 3834 | 4730 | 5626 | 6522 | 896 
485 | 6857417 | 8313 | 9208 | 0103 | 0998 | 6861892 | 2787 | 3681 | 4575 | 6469 | 895 
486 | 6866363 8150 | 9043 | 9936 | 6870828 | 1721 | 2613 | 3506 | 4398 | 893 
487 | 6875290 | 6181 | 7073 | 7964 | 8855 | 6879746 | 0637 | 1528 | 2418 | 3308 | 891 
488 | 6884198 | 5088 | 5978 | 6867 | 7757 9535 | 0423 | 1312 | 2200 | 889 
489 | 6893089 | 3977 | 4864 | 5752 | 6640 | 6897527 | 8414 | 9301 | 0188 | 1074 | 887 
490 | 6901961 | 23847 | 3733 | 4619 | 5505 7275 | 8161 | 9046 .| 9930 | 885 
491 | 6910815 | 1699 | 2584 | 3468 | 4352 | 6915235 | 6119 | 7002 | 7885 | 8768 | 884 
492 | 6919651 | 0534 | 1416 | 2298 | 3180 | 6924062 | 4944 | 5826 | 6707 | 7588 | 882 
493 9350 | 0231 | 1111 | 1991 | 6932872 | 3752 | 4631 | 5511 | 6390 | 880 
494 | 6937269 | 8149 | 9027 | 9906 | 0785 | 6941663 | 2541 | 3419 | 4297 | 5175 | 878 
495 | 6946052 | 6929 | 7806 | 8683 | 9560 | 6950437 | 1312 | 2189 | 3065 | 3941 | 877 
496 | 6954817 | 5692 | 6568 | 7443 | 8318 | 6959193 | 0067 | 0942 | 1816 | 2690 | 875 
497 | 6963564 | 4438 | 5311 | 6185 | 7058 | 6967931 | 8804 | 9676 | 0549 | 1421 | 873 
498 | 6972293 | 3165 | 4037 | 4909 | 5780 | 6976652 | 7523 | 8394 | 9264 | 0135 | 872 
499 | 6981005 | 1876 | 2746 | 3616 | 4485 | 6985355 | 6224 | 7093 | 7963 | 8831 | 870 
500 | 6989700 | 0569 | 1437 | 2305 | 3173 4908 | 5776 | 6643 | 7510 | 868 
501 | 6998377 | 9244 | 0111 | 0977 | 1843 | 7002709 | 3575 | 4441 | 5307 | 6172 | 866 
502 | 7007037 | 7902 | 8767 | 9632 | 0496° | 7011361 | 2225 | 3089 | 3953 | 4816 | 864 
503 | 7015680 | 6543 | 7406 | 8269 | 9132 | 7019995 | 0857 | 1720 | 2582 | 3444 | 863 
504 | 7024305 | 5167 | 6028 | 6890 | 7751 | 7028612 | 9472 | 0333 | 1193 | 2054 | 861 
505 | 7032914 | 3774 | 4633 | 5493 | 6352 | 7037212 | 8071 | 8930 | 9788 | 0647 | 860 
506 | 7041505 | 2363 | 3221~>| 4079 | 4937 | 7045794 | 6652 | 7509 | 8366 | 9223 | 858 
507 | 7050080 | 0936 | 1792 | 2649 | 3505 | 7054360 | 5216 | 6072 | 6927 | 7782 | 856 
508 | 7058637 | 9492 | 0347 | 1201 | 2055 | 7062910 | 3764 | 4617 | 5471 | 6325 | 854 
509 | 7067178 | 8031 | 8884 | 9737 | 0589 | 7071442 | 2294 | 3146 | 3998 | 4850 | 852 
510 | 7075702 | 6553 | 7405 | 8256 | 9107 | 7079957 | 0808 | 1659 | 2509 | 3359 | 851 
511 | 7084209 | 5059 | 5908 | 6758 | 7607 | 7 9305 | 0154 | 1003 | 1851 | 849 
512 | 7092700 | 3548 | 4396 | 5244 | 6091 | 7096939 | 7786 | 8633 | 9480 | 0327 | 847 
513 | 7101174 | 2020 | 2366 | 3714 | 4559 | 7105404 | 6250 | 7096 | 7941 | 8783 | 846 
514 | 7109631 | 0476 | 1321 | 2165 | 3010 | 7119854 | 4698 | 6542 | 6385 | 7229 | 844 
515 | 7118072 | 8915 | 9759 | 0601 | 1444 | 7122987 | 3129 | 3971 | 4813 | 5655 | 843 
516 | 7126497 | 7339 | 8180 | 9021 | 9862 | 7130703 | 1544 | 2385 | 3225 | 4065 | 841 
517 | 7134905 | 6745 | 6585 | 7425 | 8264 | 7139104 | 9943 | 0782 | 1620 | 2459 | 839 
518 | 7143298 | 4136 | 4974 | 5812 | 6650 | 7147488 | 8325 | 9162 | 0000 | 0837 | 838 
519 | 7151674 | 2510 | 3347 | 4183 | 5019 | 7155856 | 6691 | 7527 | 8363 | 9198 | 836 
520} 7160083 | 0869 | 1703 | 2538 | 3373 | 7164207 | 5042 | 5876 | 6710 | 7544 | 835 
521 | 7168377 | 9211 | 0044 | 0877 | 1710 | 7172543 | 3376 5041 | 6873 | 833 
522 | 7176705 | 7537 | 8369 | 9200 | 0032 | 7180863 | 1694 | 2525 | 3356 | 4136 | 831 
523 | 7185017 | 6847 | 6677 | 7507 | 8337 | 7189167 | 9996 | 0826 | 1655 | 2484 | 830 
524 | 7193313 | 4142 | 4970 | 5799 | 6627 | 7197455 | 8283 | 9111 | 9938 | 0766 | 828 
525 | 7201593 | 2420 | 3247 | 4074 | 4901 | 7205727 | 6554 | 7380 | 8206 | 9032 | 826 
526 0683 | 1508 | 2334 | 3159 | 7213984 | 4809 | 5633 | 6458 | 7282 | 825 
527 | 7218106 | 8930 | 9754 | 0578 | 1401 | 7222995 | 3048 | 3871 | 4694 | 5517 | 823 
528 | 7226339 | 7162 | 7984 | 8806 | 9628 | 7230450 | 1272 | 2093 | 2914 | 8736 | 822 
529 | 7234557 | 5378 | 6198 | 7019 | 7839 | 7238660 | 9480 | 0300 | 1120 | 1939 | 820 
530 | 7242759 | 3578 | 4397 | 5216 | 6035 | 7246854 | 7672 | 8491 | 9309 | 0127 | 818 
631 | 7250045 | 1763 | 2581 | 3398 | 4216 | 7255033 | 5850 | 6667 | 7483 | 8300 | 817 
532) 7259116 | 9933 | O749 | 1565 | 2380 | 7263196 | 4012 | 4827 | 5642 | 6457 | 815 
533 | 7207272 | 8087 | 8901 | 9716 | 0530 | 7271344 | 2158 | 2972 | 3786 | 4599 | 814 
534 | 7275413 | 6226 | 7039 | 7852 | 8664 | 7279477 | 0290 | 1102 | 1914 | 2726 | 812 


= 


[Nos. 5350—6109.] MATHEMATICS—LOGARITHMS. _[Loc. 7283538—7859701.] 533 
No. 0 1 | 2 | 3 | 4 5 6 7 8 9 | Dit 
535 | 7289588 | 4350 | 5161 | 5972 | 6784 | 7287595 | 8406 | 9216 | 0027 | 0838 | 811 
536 | 7291648 | 2458 | 3268 | 4078 | 4888 | 7295697 | 6507 | 7316 | 8125 | 8934 | 809 
537 | 7299743 | 0552 | 1360 | 2168-| 2977 | 7303785 | 4593 | 5400 | 6208 | 7015-| 908 
538 | 7307823 | 8630 | 9437 | 0244 | 1051 | 7311857 | 2663 | 3470 | 4276 | 5082 | 806 
539 | 7315888 | 6693 | 7499 | 8304 | 9109 | 7319914 | o719 | 1524 | 2329 | 3133 | gos 
540 | 7323938 | 4742 | 5546 | 6350 | 7153 8760 | 9564 | 0367 | 1170 | 804 
541 | 7331973 | 2775 | 3578 | 4380 | 5183 | 7335985 | 67387 | 7588 | 8390 | 9192 | 802 
542 | 7339993 | 0794 | 1595 | 2396 | 3197 | 7343997 | 4798 | 5598 | 6398 | 7198 | 801 
543 | 7347998 | 8798 | 9598 | 0397 | 1196 | 7351995 | 2794 | 3593 | 4302 | 5191 | 799 
544 | 7355989 | 6787 | 7585 | 8383 | 9181 | 7359979 | Oo776 | 1574 | 2371 | 3168 | 798 
545 | 7363965 | 4762 | 5558 | 6355 | 7151 | 7367948 | 8744 | 9o40 | 0335 | 1131 | *796 
546 | 7371926 | 2722 | 3517 | 4312 | 5107 | 7375902 | 6696 | 7491 | 82385 | 9079 | 795 
547 | 7379873 | 0667 | 1461 | 2254 | 3048 | 7383841 | 4634 | 5427 | 6220 | 7013 | 793 
548 | 7387306 | 8598 | 9390 | 0182 | o974 | 7391766 | 2558 | 3350 | 4141 | 4932 | 792 
549 | 7395723 | 6514 | 7305 | 8096 | 8837 | 7399677 | 0467 | 1257 | 2047 | 2337 | 791 
550 | 7 4416 5995 | 6784 | 7407573 | 8362 | 9151 | 9939 | 0728 | 789 
551 | 7411516 | 2304 | 3092 | 3380 | 4668 "| 7415455 | 6243 | 7030 | 7e17 | sco4 | 783 
552 | 7419391 | 0177 | 0964 | 1750 | 2537 | 7423323 | 4109 | 4895 | 5680 | 6466 | 786 
553 | 7427251 | 8037 | 8822 0302 | 7431176 | 1961 | 2745 | 3530 | 4314 | 785 
554 | 7435098 | 5882 | 6665 | 7449 | 8232 | 7439016 | 9799 | 0582 | 1365 | 2147 | 733 
555 | 7442030 | 3712 | 4495 | 5277 | 6059 | 7446841 | 7622 | 8404 | 9185 | g967 | 782 
556 | 7450748 | 1529 | 2310 | 3091 | 3871 | 7454652 | 5432 | 6212 | 6992 | 7772 | 781 
557 | 7458552 | 9332 | o111 | 03890 | 1670 | 7462449 | 3228 | 4006 | 4785 | 5564 | 779 
508 | 7466342 | 7120 | 7898 | 8676 | 9454 | 7470232 | 1009 | 1787 | 2564 | 3341 | 778 
559 | 7474118 | 4895 | 5672 | 6448 | 7225 | 7478001 | 87 9553 | 0329 | 1105 | 776 
560 | 7481880 | 2656 | 3431 | 4206 | 4981 | 7485756 | 6531 | 7306 | 8080 | 8854 | 775 
5e1 | 7489629 | 0403 | 1177 | 1950 | 2724 | 7493498 | 4271 | 5044 | 5817 | 6590 | 774 
52 | 7497363 | 8136 | g908 | 9681 | 0453 | 7501225 | 1997 | 2769 | 3541 | 4312 | 772 
563 | 7505084 | 5855 | 6626 8163 | 7503939 | 9710 | 0480 | 1251 | 2021 | 771 
564 | 7512791 | 3561 | 4331 | 5101 | 5870 | 7516639 | 7409 | 8178 | 8947 | 9716 | 770 
565 | 7520484 | 1253 | 2022 | 2790 | 3558 | 7524326 | 5004 | 5862 | 6629 | 7307 | 768 
566 | 7528164 | 8932 | 9699 | O466 | 1232 | 7531999 | 2766 | 3532 | 4298 | 5065 | 767 
567 | 7535831 | 6596 | 7362 | 8128 | 8393 | 7539609 | 0424 | 1139 | 1954 | 2719 | 766 
568 | 7543483 | 4248 | 5012 | 5777 | 6541 | 7547305 | 8069 | 8332 | 9596 | 0359 | 764 
569 | 7551123 | 1886 | 2649 | 3412 | 4175 | 7554997 |~5700 | 6462 | 7224 | 7987 | 762 
570 | 7558749 | 9510 | 0272 | 1034 | 1795 | 7562556 | 3318 | 4079 | 4840 | 5600 | 761 
571 | 7566361 | 7122 | 7882 | se42 | 9402 | 7570162 | 0922 | 1682 | 2442 | 3201 | 760 
672 | 7573960 | 4719 | 5479 6996 | 7577755 |. 8513 | 9272 | 0030 | 0788 | 759 
673 | 7581546 | 2304 | 3062 | 3819 | 4577 | 7 6091 | 6343 | 7605 | 8362 | 757 
74| 7589219 | 9875 | Ov32 | 1388 | 2144 | 7592900 | 3656 | 4412 | 516s | 5923 | 756 
575 | 7596673 | 7434 | 8189 | 8944 | 9699 | 7600453 | 1208 | 1962 | 2717 | 3471 | 755 
576 | 7604225 | 4979 | 5733 | 6486 | 7240 | 7607993 | 8746 | 9500 | 0253 | 1005 | 753 
877 | 7611758 | 2511 | 3263 | 4016 | 4768 | 7615520 | 6272 | 7024 | 7775 | 8527 | 762 
578 | 7619178 | 0030 | o7si | 1532 | 2283 | 7623034 | 3784 | 4535 | 5285 | 6035 | 751 
579 | 7626786 | 7536 | 8286 | 9035 | 9785 | 7630534 | 1284 | 2033 | 2782 | 3531 | 749° 
580 | 7634280 | 5029 | 5777 | 6526 | 7274 | 7638022 | 8770 | 9518 | 0266 | 1014 | 748 
581 | 7641761 | 2509 | 3256 | 4003 | 4750 | 7645497 | 6244 | 6991 | 7737 | 8484 | 747 
582 | 7649230 | 9976 | 0722 | 1468 | 2214 | 7652v59 | 3705 | 4450 | 5195 | 5941 | 746 
583 | 7656686 | 7430 | 8175 | 8920 | 9664 | 7660409 | 1153 | 1897-| 2641 | 3385 | 744 
584 | 7664128 | 4872 | 5616 | 6359 | 7102 | 7667845 | 8588 | 9331 | 0074 | 0816 | 743 
585 | 7671559 | 2301 | 3043 | 3785 | 4527 | 7675269 | 6011 | 6752 | 7494 | 8235 | 742 
586 | 7673976 | 9717 | 0458 | 1199 | 1940 | 7682680 | 3421 | 4161 | 4901 | 5641 | 741 
587 | 7686381 | 7121 | 7360 | 8600 | 9339 | 7690079 | 0818 | 1557 | 2296 | 3035 | 739 
588 | 7693773 | 4512 | 6250 | 5988 | 6727 | 7097465 | 8203 | 8940 | 9678 | 0415 | 738 
589 | 7701153 | 1890 | 2627 | 3364 | 4101 | 7704838 | 5575 | 6311 | 7048 | 7784 | 737 
590 | 7708520 | 9256 | 9992 | O723 | 1463 | 7712199 | 2934 | 3670 | 4405 | 5140 | 736 
591 | 7715875 | 6610 | 7344 | 8079 | 8313 | 7719547 | 0282 | 1016 | 1750 |. 2483 | 735 
592 | 7723217 | 3951 | 4684 | 6417 | 6150 | 7726883 | 7616 | 8349 | 9082 | 9814 | 733 
593 | 7730547 | 1279 | 2011 | 2743 | 3475 | 7734207 | 4939 | 6670 | 6402 | 7133 | 732 
694 | 7737864 | 8595 | 9326 | 0057 | 0788 | 7741519 | 2249 | 2979 | 3710 | 4440 | 731 
595 | 7745170 | 5399 | 6629 | 7359 | 8088 | 7748818 | 9547 | 0276 | 1005 | 1734 | 729 
596 | 7752463 | 3191 | 3920 | 464s | 5376 | 7756104 | 6832 | 7560 | 8288 | 9016 | 728 
597 | 7759743 | 0471 | 1198 | 1925 | 2652 | 7763379 | 4106 | 4833 | 5559 | 6285 | 727 
598 | 7767012 | 7738 | 8464 | 9190 | 9916 | 7770641 | 1367 | 2093 | 2818 | 3543 | 726 
599 4268 | 4993 | 5718 | 6443 | 7167 | 7777892 | 8616 | 9340 | 0065 | o7s9 | 724 
600 | 7781512 | 2236 | 2960 | 3683 | 4407 | 7785130 | 5853 | 6576 | 7299 | 8022 | 723 
601 45 | 9467 | 0190 | o912 | 1634 3078 | 3800 | 4522 | 5243 | 722 
602 | 7795965 | 6686 | 7407 | 8129 | 8350 | 7799570 | o291 | 1012 | 1732 | 2453 | 721 
603 | 7303173 | 3893 | 4613 | 5333 | 6053 | 7306773 | 7492 | 8212 | 8931 | 9650 | 720 
604 | 7310369 | 1088 | 1807 | 2526 | 3245 | 7813963 | 4681 | 5400 | 6118 | 6836 | 719 
605 | 7817554 | 8271 | 8939 | 9707 | 0424 | 7821141 | 1859 | 2576 | 3293 | 4009 | 717 
606 | 7824726 | 5443 | 6159 | 6876 | 7592 | 7828308 | 9024 | 9740 | 0456 | 1171 | 716 
607 | 7331887 | 2602 | 3318 | 4033 | 4748 | 7830463 | 6178 | 6892 | 7607 | 8321 | 715 
cos | 7930036 | 9750 | 0464 | 1178 | 1892 | 7342606 | 3319 | 4033 | 4746 | 6460 | 714 
ooo | 7846173 | 6886 | 7599 | 8312 | 9024 | 7849737 | 0450 | 1162 | 1874 | 2586 | 713 
610 | 7853298 | 4010 | 4722 | 5434 | 6145 | 7856857 | 7568 | 8279 | 8990 | 9701 | 712 


= 
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[Nos. 6870—762¢ ] MATHEMATICS.—_LOGARITHMS. [Loc. 8369567—8824676.] 535 


713 | 8530895 1504 2113 2722 3331 4548 5157 5765 6374 609 
714 | 8536982 | 7590 | 8198 | 8807 | 9414 | 8540022 | 0630 | 12388 | 1845 | 2453 | 608 
8543060 | 3668 | 4275 | 4882 | 5489 | 8546096 | 6703 | 7310 | 7917 | 8524 | 607 

716 | 8549130 | 9737 | 0343 | 0950 | 1556 | 8552162 | 2768 | 3374 | 3980 | 4586 | 606 
717 | 8555192 | 65797 | 6403 | 7008 | 7614 | 8558219 | 8824 | 9429 | 0035 | 0640 | 605 
718 | 8561244 | 1849 | 2454 | 3059 | 3663 4872 | 5476 | GOSL | 6685 | 604 
719 | 8567289 | 7893 | 8497 | 9101 | 9704 | 8570308 | 0912 | 1515 | 2118 | 2722 | 604 
8573325 | 3928 | 4531 | 5134 | 5737. | 8576340 | 6943 | 7545 | 8148 | 8750 | 603 

721 | 8579353 | 9955 | 0557 | 1159 | 1761 | 8582363 | 2965 | 3567 | 4169 | 4770 | 602 
5973 | 6575 | 7176 | 7777 | 8588379 | 8980 | 9581 | O181 601 

723 | 8591383 | 1984 | 2584 | 3185 | 3785 | 8594385 | 4986 | 6586 | 6186 | 6786 | 600 
724 7985 | 8585 | 9185 | 9784 | 8600384 | 0983 2182 | 2781 | 600 
725 | 8603380 | 3979 | 4578 | Bi77 | 5776 | se06374 | 6973 | 7571 | 8170 | 8768 | 599 
726 9964 | 0562 | 1160 | 1758 | 8612356 | 2954 | 3552 | 4149 | 4747 | 5698 
8615344 | 5941 | 6539 | 7136 | 7733 | 8618330 | 8927 9524 | 0121 | O717 | 597 

728 | 8621314 | 1910 | 2507 | 3103 | 3699 | 8624296 | 4892 | 6488 | 6084 {| 6680 | 596 
729 | 8627275 | 7871 9062 | 9658 | 8630253 | 0848 | 1443 | 2039 | 2634 | 595 
730 $823 | 4418 | 5013 | 5608 | 8636202 | 6797 | 7391 | 7985 | 8580 | 595 
731 | 8639174 | 9768 | 0362 | 0956 | 1550 | 8642143 | 2737 | 3331 | 3924 | 4517 | 694 
732 | 8645111 5704 | 6297 | 6890 | 7483 | 8648076 | 8669 | 9262 | 9855 | 0447 | 593 
733 | 8651040 | 1632 | 2295 | 2817 | 3409 | 8654001 | 4593 | 5185 | 5777 | 6369 | 592 
734 | 8656961 | 7552 | 8144 | 8735 | 9327 | 8659918 | 0509 | 1100 | 1691 | 2282 | 692 
735 | 8662873 | 3464 | 4055 | 4646 | 5236 6417 | 7008 | 7598 | 8188 | 590 
736 | 8668778 | 9368 | 9958 | 0548 | 1138 | 8671728 | 2317 | 2907 | 3496 | 4086 | 590 
737 | 8674675 | 5264 | 5853 | 6442 | 7031 | 8677620 | 8209 | 8798 | 9387 | 9975 | 589 
1152 | 1740 | 2329 | . 2917 8683505 | 4093 | 4681 | 5269 | 5857 | 688 

739 | 8686444 | 7032 | 7620 | 8207 | 8794 | 8689382 | 9969 | 0556 | 1143 | 1730 | 587 
740 | 8692317 | 2904 | 3491 | 4077 | 4664 | 8695251 | 5837 | 6423 | 7010 | 7596 | 686 
741 | 8698182 | 8768 | 9354 | 9940 | 0526 | 8701112 | 1697 | 2283 | 2868 | 3454 | 586 
742 | 8704039 | 4624 | 5210 | 5795 | 6380 | 8706965 | 7549 | 8134 | 8719 | 9304 | 585 
743 | 8709888 | 0473 | 1057 | 1641 2226 | 8712810 | 3394 | 3978 | 4562 | 5146 | 684 
744 | 8715729 | 6313 | 6897 | 7480 | 8064 | 8718647 | 9230 | 9814 | 0397 | 0980 | 583 
745 | 8721563 | 2146 | 2728 {| 3311 | 3894 | 8724476 | 5059 | 5641 | 6224 | 6806 | 582 
746 | 8727388 | 7970 | 8552 | 9134 | 9716 | 8730298 | o8s0 | 1462 | 2043 | 2625 | 582 


747 | 8733206 3787 4369 4950 5531 8736112 6693 7274 7855 8435 581 


536 (Nos, 7630—8389. ] MATHEMATICS.—LOGARITHMS. (Loa, 8825245—9237102.] 
No. 0 1 2 3 4 5 6 7 | 8 | 9 | Dit 
7es | sseneas | sais | essa | 953 | 7522 | ssesoso0 | soso | 9228 | 9797 | 0365 | 569 
64 | ssg00s4 | 1502 | 2070 | 2639 | 3207 | 8833775 | 4343 | 4911 | 5479 | Gos7 | 568 
r65| ga3eei4 | 7182 | 7750 | 8317 | sss | 830452 | oo19 | oo86 | 1154 | 1721 | 567 
res | ssagess | 23855 | 3421 | goss | 4555 | 8345122 | bess | 6255 | e821 | 7387 | 567 
rer | 8847954 | 8520 | 9086 | 9652 | o218 | 8350784 | 1350 | 1915 | 2481 | Sosy | 566 
768 | ssns612 | 4178 | 4743 | 5308 | 5874 | 8856439 | 7004 | 7569 | 8134 | 8699 | 565 
r69 | ga59263 | 9828 | 0393 | 0957 | 1522 | sse20s6 | 2651 | 3215 | 3779 | 4343 | 564 
ro | g864907 | 5471 | 6035 | 6599 | 7163 | 8867726 | 8290 | 8854 | 9417 | 9980 | 564 
ri | ssrosda | 1107 | 1670 | 2233 | 2796 | 8873359 | 992 | 4485 |. 5048 | 5610 | 563 
772 | ssvei7s | 6736 | 7293 | 7860 | 8423 | 8878985 | 9547 | 0109 | o671 | 1233 | 562 
73 | sesi7os | 2357 | 2018 | 3480 | 4042 | sss4603 | 5165 | 5726 | 6287 | 6848 | 561 
74.| sas74l0 | 7971 | 8532 | 9093 | 9653 | ss902z14 | o775 | 1336 | 1896 | 2457 | 561 
r75 | 8899017 | S577 | 4138 | 4694 | 5258 | sso5sis | 6378 | 6938 | 7498 | 8058 | 560 
776 | ssosei7 |. 9177 | 9736 | 0296 | 0855 | s901415 | 1974 | 2533 | 3092 | 3651 | 559 
rr7 | s9oa210 | 4769 | 5328 | 58387 | 6445 | s907004 | 7563 | 8121 | 8679 | 9238 | 559 
mrs | so09796 | 0354 | 0912 | 1470 | 2028 | s912586 | 3144 | 3702 | 4959 | 4317 | 558 
rg | go15375 | 5932 | 6489 | 7057 | 7604 | 8918161 | 8718 | 9275 | 9332 | o389 | 557 
780 | 8920046 | 1503 | 2059 | 2616 | 3173.| 8923729 | 4985 | 4842 | 5398 | 5054 | 556 
731 | 3926510 | 7066 | 7622 | 8178 | 8734 | 8929200 | 9346 | o401 | o957 | 1512 | 556 
7s2 | 8932068 | 2623 | 3178 | 3733 | 4288 | 8934843 | 5398 | 5953 | 6508 | 7063 | 555 
7s3 | 8937618 | 8172 | 8727 | 9281 | 9836 | 89403090 | 0944 | 1493 | 2053 | 2607 | 554 
784 | so43io1 | 3715.| 4268 | 4822 | 5376 | 8945929 | 6483 | 7037 | 7590 | 8143 | 554 
785 | so4seo7 | 9250 | 9803 | 0356 | 0909 | 8951462 | 2015 | 2568 | 3120 | 3673 | 533 
736 | 8954225 | 4778 | 5330 | 5883 | 6435 | 8956987 | 7539 | 8092 | 8644 | 9195 | 552 
787 | 8959748 | 0299 | 0851 | 1403 | 1954 | 8962506 | 3057 | 3608 | 4160 | 4711 | 552 
738 | 8965262 | 5813 | 6364 | 6915 | 74c6 | s968017 | 8568 | 9118 | 9669 | 0220 | 551 
739 | so70770 | 1320 | 1871 | 2421 | 2971 | 8973521 | 4071 | 4621 | 5171 | 5721 | 550 
790 | 8976271 | 6821 | 7370 | 7920 -| 8469 | 8979019 | 9568 | 0117 7 | 1216 | 549 
791 | sosi765 | 2314 | 2863 | 3412 | 3960 | 8984509 | 5058 | 5606 | 6155 | 6703 | 549 
792 | 8987252 | 7300 | 8343 | 83897 | 9445 | 8980993 | 0541 | 1089 | 1636 | 2184 | 548 
793 | 8992732 | 3279 | 38297 | 4375 | 4922 | s905469 | 6017 | 6564 | 7111 | 7658 | 547 
794 | 8998205 | 8752 | 9299 | 9846 | 0392 | 9000939 | 1486 | 2032 | 2579 | 3125 | 547 
795 | 9003671 | 4218 | 4764 | 5310 | 5856 | 9006402 | 6948 | 7494 | 8039 | 8585 | 646 
796 | 9009131 | 9676 | 0222 | o767 | 1313 | 9011858 | 2403 | 2948 | 3493 | 4038 | 545 
797 | 9014583 | 6128 | 6673 | 6218 | 6762 | 9017307 | 7851 | 8396 | 8940 | 9485 | 544 
798 | 9020029 | 0573 | 1117 | 1661 | 2205 | 9022749 | 3293 | 3837 | 4381 | 4924 | 544 
799 | 9025468 | Goll | 6555 | 7098 | 7641 | go28185 | 8728 | 9271 | 9814 | O3b7 | 543 
800 | 9030900 | 1443 | 1985 | 2528 | 3071 | 9033613 | 4156 | 4698 | 5241 | 5783 | B43 
801 | 9036325 | 6867 | 7409 | 7951 | 8493 | 9039035 | 9577 | 0119 | 0661 | 1202 | 542 
802 | 9041744 | 2985 | 2397 3009 | 9044450 | 4992 | 5533 | Go74 | 6615 | 541 
803 | 9047155 «| 7696 | 8937 | 8773 | 9318 | 9049859 | 0399 | 0940 | 1480 | 2020 | 540 
804 | 9052560 | 3101 | 3641 | 4181 | 4721 | 9055260 | 5800 | 6340 | 6880 | 7419 | 540 
805 | 9057959 | 8498 | 9038 | 9577 | o116 | goc0css | 1195 | 1734 | 2273 | 2812 | 539 
806 3889 | 4498 | 4967 | 5505 | 9066044 | 6582 | 7121 | 7659 | 8197 | 539 
807 | 9068735 | 9273 | 9812 | 0350 | oss7 | 9071425 | 1963 | 2501 | 3038 | 3576 | 538 
80s | 9074114 | 4651 | 5188 | 5726 | 6263 | 9076800 | 7337 | 7874 | 8411 | 8948 | 537 
809 | 9079485 | 0022 | 0559 | 1095 | 1632 | gos2i69 | 2705 | 3241 | 3778 | 4314 | 636 
810 | 9084850 | 53386 | 5922 | 6458 | 6994 | 9087530 | soce | 8602 | 9137 | 9673 | 536 
811} 9090209 | 0744 | 1279 | 1815 | 2350 | 9092885 | 3420 | 3955 | 4490 | 5025 | 535 
812 | 9095560 , 6095 | 6630 | 7165 | 7699 | 9098934 | 8768 | 9303 0371 | 534 
813 | 9100905 | 1440 | 1974 | 2508 | 3042 | g103576 | 4109 | 4643 | 5177 | 5710 | 534 
814} 9106244 | 6778 | 7311 | 7844 | 8378 | 9108911 9977 | 0510 | 1043 | 533 
815 | 9111576 | 2109 | 2642 | 3174 | 3707 | 9114240 | 4772 | 5305 | 5837 | 6369 | 533 
816 | 9116902 | 7434 | 7966 | 8498 | 9030 | g119562 | 0094 | o626 | 1157 | 1689 | 532 
817 | 9122221 | 2752 | 3284 | 3815 | 4346 | 9124878 | 5409 |. 5940 | 6471 | 7002 | 531 
818 | 9127533 | 8064 | 8595 | 9126 | 9656 | 9130189 | o717 | 1248 | 1778 | 2309 | 530 
819! 9132839 | 3369 | 3899 | 4430 | 4960 | 9135490 | 6019 | 6549 | 7079 | 7609 | 530 
820 | 9138139 | 8668 | 9198 | 9727 | 0257 | 9140786 | 1315 | 1844 | 2373 | 2903 | 629 
821 | 9143432 | 3961 | 4489 | 5018 | 5547 | 9146076 | 6604 | 7133 | 7661 | 8190 | 529 
822 | 9148718 | 9246 | 9775 | 0303 | 0831 | 9151359 | 1887 | 2415 | 2043 | 3471 | 628 
823 | 9153998 | 4526 | 5054 | 5581 | 6109 | 9156636 | 7163 | 7691 | 8218 | 8745 | 627 
824 9159272 | 9799 | 0326 | 0853 | 1380 | 9161907 | 2433 | 2960 | 3487 | 4013 | 527 
825 | 9164539 | 5066 | 5592 | 6118 | 6645 | 9167171 | 7697 | 8223 | 8749 | 9275 | 526 
826 | 9169800 | 0326 | 0852 | 1378 | 1903 | 9172429 | 2954 | 3479 | 4005 | 4530 | 526 
827 | 9175055 | 5580 | 6105 | 6630 | 7155 -| 9177680 | 98205 | 8730 | 9254 | 9779 | 526 
828 | 9180303 | 0828 | 1352 | 1877 | 2401 | 9182925 | 3449 | 3073 | 4497 | 5021 | 524 
829 | 9185545 | 6069 | 6593 | 7117 | 7640 | 9188164 | 8687 | 9211 | 9734 | 0258 | 524 
830 | 9190781 | 1304 | 1827 | 2350 | 2873 | 9193306 | 3919 | 4442 | 4965 | 5488 | 523 
831 | 9196010 | 6533 | 7055 | 7578 | 8100 | 9198623 | 9145 9607 0139 | o7i1 | 522 
832 | 9201233 1755 2277 2799 3321 9203842 4364 5407 5929 522 
833 6971 | 7493 | 8014 | 8535 | 9209006 | 9577 | 0098 | o619 | 1140 | 521 
BL 9211661 2181 2702 3222 3743 9214263 4784 5804 5824 6345 521 
855 | 9216865 | 7385 | 7905 | 8425 | 8945 | 9219465 | 9934 | 0504 | 1024 | 1543 | 520 
836 | 9222063 | 2582 | 3102 | 3621 | 4140 | 9224059 | 5179 | 5608 | 6217 | 6736 | 619 
837 | 9227255 | 7773 | s202 | 8811 | 9330 | 9220848 | 0367 | 0885 | 1404 | 1922 | 618 
838 | 972440 | 2958 | 3477 | 3095 | 4513 | 9230031 | 5549 | 6066 | 6584 | 7102 | 513 


MATHEMATICS.—_LOGARITHMS. 


[Nos. 8390—9149.] (Loe. 9237620—9613736.] 587 
No.| 0 1 2 3 4 5 6 7 | 8 | 9 | Dit 
J 

839 | 9237620 | s137 | 8655 1 9172 | 9690 | 9240207 | 724 | 1242 | 1759 | 2276 | o1r 
840 | 9242793 | 3310 | 3827 | 4344 | 4860 | 9245377 | 5804 | 6410 | 927 | 7444 | 517 
841 | 9247960 | 8476 | 8993 | 9509 | 0025 | 9250541 | 1057 | 1573 | 2089 | 2605 | 516 
g42| 9253121 | 3637 | 4152 | 4668 | 5184 | 9255699 | 6215 | 6730 | 7245 | 7761 | 516 
843 | 9253276 | 8791 | 9306 | 9821 | 0336 | 9260851 | 1366 | 1880 | 2395 | 2910 | 515 
844} 9263424 | 3939 | 4453 | 4968 | 5482 | 9265997 | 6511 | 7025 | 7539 | 8035 | 514 
845 | 9268567 | 9081 | 9595 | 109 | 0622 1650 | 2163 | 2677 | 3190 | 514 
846 | 9273704 | 4217 | 4730 | 5243 | 5757 | 9276270 | 6783 | 7296 | 7808 | ss21 | 513 
847 | 9278834 | 9347 | 9859 | 0372 | 0885 | 9281397 | 1909 | 2402 | 2034 | 3446 | 512 
843 | 9283959 | 4471 | 4983 | 5495 | Goo7 | 9286518 | 7030 | 7542 | 8054 | 8505 | 512 
849 | 9289077 | 9588 | 0100 | o611-| 1123 | 9291634 | 2145 | 2656 | sio7 | 3678 | 511 
850 | 9204189 | 4700 | 5211 | 5722 | 6233 | 9296743 | 7254 | 7764 | 8275 | 8785 | 511 
851 | 9299296 | 9806 | 0316 | 0826 | 1336 | 9301847 | 2357 | 2866 | 3376 | 3886 | 510 
852} 9304396 | 4906 | 5415 | 5925 | 6434 | 9306044 | 7453 | 7963 | 8472 | 8981 | 509 
853 | 9309490 | 9999 | 0508 | 1017 | 1526 | 9312035 | 2544 | 3058 | 3562 | 4070 | 509 
854 | 9314579 5596 | 6104 | 6012 | 9317121 | 7629 | 8137 | 8645 | 9153 | 508 
855 | 9319661 | 0169 | 0677 | 1185 | 1692 | 9322200 | 2708 | 3215 | 3723 | 4230 | 508 
856 | 9324738 | 5245 | 5752 | 6259 | 67e7 | 9327274 | 7781 | 8288 | 8795 | 9301 | 507 
857 0315 | 0322 | 1328 | 1835 | 9332341 | 2348 | 3354 | 3860 | 4367 |. 506 
858 | 9334873 | 5379 | 5885 | 6301 | 6397 | 9337403 | 7909 | 8415 | 8920 | 9426 | 506 
859 | 9339932 | 0437 | 0943 | 1443 | 1953 | 9342409 | 2964 | 3469 | 3074 | 4479 | 505 
860 | 9344985 | 5489 | 5994 | 6499 | 7004 | 9347509 | 8013 | 8518 | 9023 | 9527 | 505 
‘sei | 9350032 | 0536 | 1040 | 1544 | 2049 | 9352553 | 3057 | 3561 | 4065 | 4569 | 504 
862 | 9355073 | 5576 | 6080 | 6584 | 7087 | 9357501 | 8095 | 8598 | 9101 | 9605 | 6503 
863 | 9360108 | 0611 | 1114 | 1617 | 2120 | 9362623 | 3126 | 3629 | 4132 | 4635 | 503 
g64 | 9365137 | 5640 | 6143 | 6645 | 7148 | 9367650 | 8152 | 8655 | 9157 | 9659 | 502 
865 | 9370161 | 0663 | 1165 | 1667 | 2169 | 9372671 | 3172 | 3674 | 4176 | 4677 | 502 
866 | 9375179 | 5680 | 6182 | Gus3 | 7184 | 9377686 | 8187 | 8688 | 9189 | 9690 | 501 
867 | 9380191 | 0692 | 1193 | 1693 | 2194 | 9382605 | 3195 | 3696 | 4196 | 4697 | 501 
863 | 9385197 | 5698 | 6198 | 6693 | 7198 | 9387608 | si98 | 8693 | 9198 | 9698 | 500 
869 | 9390198 | 0697 | 1197 | 1697.| 2197 | 9392606 | 3195 | 3695 | 4194 | 4693 | 499 
870 | 9395193 | 5694 | 6191 | 6690 | 7189 | 9307688 | sis7 | 8685 | 9184 | 9683 | 499 
871 | 9400182 | 0680 | 1179 | 1677 | 2176 |- 9402674 | 3172 | 3670 | 4169 | 4667 | 498 
872 | 9405165 | 5663 | 6161 | 6659 | 7157 | 9407c54 | 8152 | 8650 | 9147 | 9645 | 498 
873 | 9410142 | 0640 | 1137 | 1635 | 2132 | 9412629 | 3126 | 3623 | 4120 | 4617 | 497 
874 | 9415114 | 5611 | 6108 | 6605 | 7101 | 9417598 | 8005 | 8591 | 9088 | 9584 | 497 
875 | 9420081 | o577 | 1073 | 1569 | 2065 | 9422562 | 3058 | 3553 | 4049 | 4545 | 496 
876 | 9425041 | 5537 | 6032 | 6528 | 7o24 | 9427519 | 8015 | 8510 | 9005 | 9501 | 496 
877 | 9429096 | o491 | o9s6 | 1481 | 1976 | 9432471 | 2966 | 3461 | 3956 | 4450 | 495 
878 | 9434045 | 5440 | 5934 | 6429 | 6923 | o4s74is | 7912 | 8406 | 8900] 9395 | 494 
879 | 9439889 | 0083 | 0877 | 1371 | 1865 | 9442353 | 2352 | 3346 | 3840 | 4333 | 404 
880 | 9444827 | 5320 | 5814 | 6307 | 6800 | 9447204 | 7787 | 8280 | 8773 | 9266 | 493 
ssi | 9449759 | 0252 | 0745 | 1238 | 1730 | 9452223 | 2716 | 3208 | 3701 | 4193 | 493 
882 | 9454686 | 5178 | 5671 | 6163 | 6655 | 9457147 | 7639 | 8131 | 8623 | 9115 | 492 
883 | 9459607 | 0099 | 0591 | 1082 | 1574 | 9462066 | 2557 | g049 | 3540 | 4031 | 492 
884} 9464523 | 5014 | 5505 | 5996 | 6487 | 9460978 | 7469 | 7960 | 8451 | 8942 | 491 
885 | 9460433 | 9923 | 0414 | 0905 | 1395 | 9471886 | 2376 | 2866 | 3357 | 3847 | 490 
836 | 9474337 | 4827 | 5317 | ssor | 6297 | 9476787 | 7277 | 7767 | 8257 | 8747 | 490 
887 | 9479236 | 9726 | 0215 | 0705 | 1194 | 9481684 | 2173 | 2662 | 3151 489 
888 9484130 4619 5108 5597 6085 9486574 7063 7552 8040 8529 489 
889 | 9489018 | 9506 | 9995 | 0483 | o971 | 9491460 | 1948 | 2436 | 2924 | 3412 | 488 
890 | 9493900 | 4388 | 4876 | 5364 | 5852 | 9496339 | 6827 | 7315 | 7802 | 8290 | 488 
go | 9498777 | 9264 | 9752 | 0239 | 0726 | 9501213 | 1701 | 2188 | 2675 | 3162 | 487 
892 | 9503649 | 4135 | 4622 | 5109 | 5596 | 9506082 | 6569 | 7055 | 7542 | 8028 | 487 
893 | 9508515 | 9001 | 9487 | 9973 | 0459 | 9510946 | 1432 | 1918 | 2404 | 2889 | 486 
804 | 9513375 | 3861 | 4347 | 4832 | 5318 | 9515803 | 6239 | 6774 | 7260 | 7745 | 486 
895 | 9518230 | s7ié | 9201 | 9686 | o171 | 9520056 | 1141 | 1626 | 2111 | 2505 | 485 
896 | 9523080 | 3565 | 4049 | 4534 | 5018 | 9525503 | 5987 | 6472 | 6956 | 7440 | 485 
897 | 9527924 | 8409 | 8393 | 9377 | 9861 | 9530345 | 0828 | 1312 | 1796 | 2280 | 484 
898 | 9532763 | 3247 | 3731 | 4214 | 4607 | 9535181 | 5664 | 6147 | 661 | 7114 | 484 
899 | 9537597 | 8080 | 8563 | 9046 | 9529 | 9540012 | 0494 | 0977 | 1460 | 1943 | 483 
900 2908 | 3390 | 3873 9544837 | 9319 | 5802 | 6284 | 6766 | 482 
901 | 9547248 | 7730 | s2i2 | 8604 | 9176 | 9549657 | 0139 | o621 | 1102 | 1584 | 482 
902 | 9552065 | 2547 | 3028 | 3510 | 3001 | 9554472 | 4953 | 5434 | 5916 | 6307 | 481 
903 | 9556878 | 7308 | 7839 | 8320 | 8801 | 9550282 | 9762 | 0243 | 0723 | 1204 | 481 
904 | 9561684 | 2165 | 2645 | 3125 | 3606 | 9564086 | 4566 | 5046 | 5526 | 6006 | 480 
905 6966 | 7445 | 7925 | 8405 9364 | 9844 | 0323 | 0803 | 480 
906 | 9571282 | 1761 | 2241 | 2720 | 3199 | 9573678 | 4157 | 4636 | 5115 | 5504 | 479 
907 | 9676073 | 6552 | 7030 | 7509 | 7988 | 95738466 | 8945 | 9423 | 9902 | 0380 | 479 
908 | 9580858 | 1337 | 1815 | 2293 | 2771 | 9583250 | 8727 | 4205 | 4683 | 5161 | 478 
909 | 9585639 | 6117 | 6594 | 7072 | 7549 | 9588027 | 8505 | 8982 | 9459 | 9937 | 478 
910 | 9500414 | 0891 | 1368 | 1845 | 2322 | 9592800 | 3276 | 3753 | 4230 | 4707 | 477 
911 | 9595184 } 5660 | 6137 | 6614 | 7090 | 9597567 | 8043 | 8520 | 8996 | 9472 | 477 
912 | 9599948 | 0425 | 0901 | 1377 | 1853 | 9602329 | 2803 | 3281 | 3756 | 4232 | 476 
913 | 9604708 | 6183 | 5659 | 6135 | 6610 | 9607086 | 7561 | 8036 | 8512 | 8087 | 476 
914 | 9609462 | 9937 | o412 | 0887 | 1362 | 9611837 | 2312 | 2787 | 3262 | 3736 | 475 


538 [Nos. 9150—9909.] MATHEMATICS.—LOGARITHMS, (Loa. 9614211—9950298. ] 
No. 0 1 2 3 4 5 6 7 8 9 Dif. 
915 | 9614211 | 4686 | 5160 | 5635 | 6109 | 9616583 | 7058 | 7532 | Su06 | S481 | 474 
916 | 9618955 | 9429 | 9903 | 0377 | 0851 | 9621323 | 1799 | 2272 | 2746 | 3220 | 474 
917 | 9623693 | 4167 | 4640 | 5114 | 5587 | 9626061 | 6534 | 7007 | 7481 | 7954 | 473 
918 | 9628427 | 8900 | 9373 | 9846 | 0819 | 9630792 | 1264 | 1737 | 2210 | 2683 | 473 
919 | 9638155 | 3628 | 4100 | 4573 | 5045 | 9635517 | 5990 | 6462 | 6934 | 7406 | 472 
920 | 9637878 | 8350 | gs22 | 9294 | 9766 | 9640238 | 0710 | 1181 | 1653 | 2125 | 472 
921 | 9642596 | 3068 | 3539 | 4011 | 4482 | 9644953 | 5425 | 5896 | 6367 | 6838 | 471 
922 | 9647309 | 7780 | 8251 | 8722 | 9193 | 9649664 | 0135 | 0605 | 1076 | 1546 | 471 
923 | 9652017 | 2488 | 2958 | 3428 | 3899 | 9654369 | 4839 | 5309 | 5780 | 6250 | 470 
924 | 9656720 | 7190 | 7660 | 8130 | 8599 | 9659069 | 9539 | 0009 | 0478 | 0948 | 470 
925 | 9661417 | 1887 | 2356 | 2826 | 3295 | 9663764.| 4233 | 4703 | 5172 | 5641 | 469 
926 | 9666110 | 6579 | 7048 | 7517 | 7985 8923 | 9392 | 9860 | 0329 | 469 
927 | 9670797 | 1266 | 1734 | 2203 | 2671 | 9673139 | 3607 | 4076 | 4544 | 5012 | 468 
928 | 9675480 | 5948 | 6416 | 6884 | 7351 | 9677819 | 8287 | 8754 | 9222 | 9690 | 468 
929 | 9680157 | 0625 | 1092 | 1559 | 2027 | 9682494 | 2961 | 3428 | 3895 | 4362 | 467 
930 | 9684829 | 5296 | 5763 | 6230 | 6697 | 9687164 | 7630 | 8097 | 8564 | 9030 | 467 
931 | 9689497 | 9963 | 0430 | 0896 | 1362 | 9691829 | 2295 | 2761 | 3227 | 3693 | 466 
932 | 9694159 | 4625 | 5091 | 5557 | 6023 |} 9696488 | 6954 | 7420 | 7885 | 8351 | 466 
933 | 9698816 | 9282 | 9747 | 0213 | 0678 | 9701143 | 1608 | 2074 | 2539 | 3004 | 465 
934 | 9703469 {| 3934 | 4399 | 4863 | 6328 | 9705793 | 6258 | 6722 | 7187 | 7652 | 465 
935 | 9708116 | 8581 | 9045 | 9509 | 9974 | 9710438 | 0902 | 1366 | 1830 | 2294 | 464 
936 | 9712758 | 3222 | 3686 | 4150 | 4614 | 971507: 5542 | 6005 | 6469 | 6932 | 464 
937 | 9717396 | 7859 | 8323 | 8786 | 9249 | 9719713 | 0176 | 0639 | 1102 | 1565 | 463 
938 | 9722028 | 2491 | 2954 | 3417 | 8880 | 9724343 | 4805 | 5268 | 5731 | 6193 | 463 
939 | 9726656 | 7118 | 7581 | 8043 | 8506 | 9728968 | 9430 | 9892 | 0354 | 0816 | 462 
940 | 9731279 | 1741 | 2202 | 2664 | 3120 4050 | 4511 | 4973 | 6435 | 462 
941 | 9735896 | 6358 | 6819 | 7281 | 7742 | 9738203 | 8664 | 9126 | 9587 | 0048 | 461 
942 | 9740509 | 0970 | 1431 | 1892 | 2353 | 9742814 | 3274 | 3735 | 4196 | 4656 | 461 
943 | 9745117 | 5577 | 6038 | 6498 | 6959 | 9747419 | 7879 | 8340 | 8800 | 9260 | 460 
944 | 9749720 | 0180 | 0640 | 1100 | 1560 | 9752020 | 2479 | 2939 | 3399 | 3858 | 460 
945 | 9754318 | 4778 | 5237 | 5697 | 6156 | 9756615 | 7075 | 7534 | 7993 | 8452. | 459 
946 | 9758911 | 9370 | 9829 | 0288 | 0747 | 9761206 | 1665 | 2124 | 2582 | 3041 | 459 
947 | 9763500 | 3958 | 4417 | 4875 | 5334 | 9765792 | 6251 | 6709 | 7167 | 7625 | 458 
948 | 9768083 | 8541 | 9000 | 9458 | 9915 | 9770373 | 0831 | 1289 | 1747 | 2204 | 458 
949 | 9772662 | 3120 | 8577 | 4035 | 4492 | 9774950 | 6407 | 5864 | 6322 | 6779 | 457 
950 | 9777236 | 7693 | 8150 | 8607 | 9064 | 9779521 | 9978 | 0435 | 0892 | 1348 | 457 
951 | 9781805 | 2262 | 2718 | 3175 | 3631 | 9784088 | 4544 | 5001 | 56457 | 5913 | 457 
952 | 9786369 | 6826 | 7282 | 7738 | 8194 | 9788650 | 9106 | 9562 | 0017 | 0473 | 456 - 
953 | 9790929 | 1385 | 1840 | 2296 | 2751 | 9793205 | 3662 | 4118 | 4573 | 5028 | 456 
954 | 9795484 | 5939 | 6394 | 6849 | 7304 | 9797759 | 8214 | 8669 | 9124 | 9579 | 455 
955 | 9800034 | 0488 | 0943 | 1398 | 1852 | 9802307 | 2761 | 38216 | 3670 | 4125 | 455 
956 | 9804579 | 5033 | 5487 | 5942 | 6396 | 9806850 | 7304 | 7758 | 8212 | 8666 | 454 
957 | 9809119 | 9573 | 0027 | O481 | 0934 | 9811388 | 1841 | 2295 | 2748 | 3202 | 454 
958 | 9813655 | 4108 | 4562 | 5015 | 5468 | 9815921 | 6374 | 6827 | 7280 | 7733 | 453 
959 | 9818186 | 8639 | 9092 | 9544 | 9997 | 9820450 | 0902 | 1355 | 1807 | 2260 | 453 
960 | 9822712 | 3165 | 3617 | 4069 | 4522 | 9824974 | 5426 | 5878 | 6330 | 6782 | 452 
961 | 9827234 | 7686 | 8138 | 8589 | 9041 | 9839493 | 9945 | 0396 | 0848 | 1299 | 452 
962 | 9831751 | 2202 | 2654 | 3105 | 3556 | 9834007 | 4459 | 4910 | 5361 | 5812 | 451 
963 | 9836263 | 6714 | 7165 | 7616 | 8066 | 9838517 | 8968 | 9419 | 9869 | 0320 | 451 
964 | 9840770 | 1221 | 1671 | 2122 | 2572 | 9843022 | 3473 | 8923 | 4373 | 4823 | 450 
965 | 9845273 | 5723 | 6173 | 6623 | 7073 | 9847523 | 7973 | 8422 | 8872 | 9322 | 450 
966 | 9849771 | 0221 | 0670 | 1120 | 1569 | 9852019 | 2468 | 2917 | 3366 | 3816 | 449 
967 | 9854265 | 4714 | 5163 | 5612 | 6061 | 9856510 | 6959 | 7407 | 7856 | 8305 | 449 
968 | 9858754 | 9202 | 9651 | 0099 | 0548 1445 | 1893 | 2341 | 2790 | 449 
969 | 9863238 | 3686 | 4134 | 4582 | 5030 | 9865478 | 6926 | 6374 | 6822 | 7270 | 448 
970 | 9867717 | 8165 | 8613 | 9060 | 9508 |. 9869955 | 0403 | 0850 | 1298 | 1745 | 448 
971 | 9872192 | 2640 | 3087 | 3534 | 3981 | 9874498 | 4875 | 6322 | 5769 | 6216 | 447 
972 | 9876663 | 7109 | 7556 | 8003 | 8450 | 9878896 | 9343 | 9789 | 0236 | O682 | 447 
973 | 9881128 | 1575 | 2021 | 2467 | 2913 3806 | 4252 | 4698 | 5144 | 446 
974 | 9885590 | 6035 | 6481 | 6927 | 7373 | 9887818 | 8264 | 8710 | 9155 | 9601 | 446 
975 | 9890046 | 0492 | 0937 | 1882 | 1828 | 9892273 | 2718 | $163 | 3608 | 4053 | 445 
976 | 9894498 | 4943 | 5388 | 6833 | 6278 | 9896722 | 7167 | 7612 | 8057 | 8501 | 445 
977 | 9898946 | 9390 | 9835 | 0279 | 0723 | 9901168 | 1612 | 2056 |. 2500 | 2944 | 444 
978 | 9903389 | 38383 | 4277 | 4721 | 6164 | 9905608 | 6052.| 6496 | 6940 | 7383 | 444 
979 | 9907827 | 8271 | 8714 | 9158 | 9601 | 9910044 | O488 | 0931 | 1974 | 1818 | 443 
980 | 9912261 | 2704 | 3147 | 3590 | 4038 | 9914476 | 4919 | 5362 | 6805 | 6247 | 443 
981 | 9916690 | 7133 | 7675 | 8018 | 8461 | 9918903 | 9345 | 9788 | 0230 | 0673 | 442 
982 | 9921115 | 1557 | 1999 | 2441 | 2884 | 9923326 | 3768 | 4210 | 4651 | 5093 | 442 
983 5977 | 6419 | 6860 | 7802 | 9927744 |-°8185 | 8627 | 9068 | 9510 | 442 
984 | 9929951 | 0392 | 0834 | 1275 | 1716 | 9932157 | 2598 | 3039 | 3480 | 3921 | 441 
985 | 9934362 | 4803 | 5244 | 5685 | 6126 | 9936566 | 7007 | 7447 | 7888 | 8329 | 441 
986 | 9938769 | 9209 | 9650 | 0090 | 0581 | 9940971 | 1411 | 1851 | 2291 | 2731 | 440 
987 | 9943171 | 3611 | 4051 | 4491 | 4931 | 9945371 | 5811 | 6250 | 6690 | 7130 | 440 
988 | 9947569 | 8009 | 8448 | 8888 | 9327 | 9949767 | 0206 | 0645 | 1085 | 1524 | 440 
989 | 9951963 | 2402 | 2841 | 38280 | 8719 | 9954158 | 4597 | 5036 | 65474 | 5913 | 439 
900 | 9956352 | 6791 | 7229 | 7668 | 8106 | 9958545 | ‘8983 | 9422 | 9800 | 0298 | 439 


[Nos. 9910—9999.] MATHEMATICS—LOGARITHMS. — [Loa. 9960736—9999566.] 539. 
No. 0 Z 2 3 + 5 6 7 8 9 Dif. 
991 1175 1613 2051 2489 9962927 3365 3803 4241 4679 438 
992 | 9965117 5554 5992 6430 6867 9967305 7743 8180 8618 9055 438 
993 | 9969492 9930 0804 1241 9971679 2116 2553 2999 3427 437 
994 | 9973864 4301 4737 5174 5611 9976048 6484 6921 7358 7794 437 
995 | 9978231 8667 9104 9540 9976 9980413 0849 1285 1721 2157 436 
996 | 9982593 3029 3465 3901 4337 9984773 5209 5645 6080 6516 436 
997 | 9986951 7387 7823 8258 8694 9989129 9564 0000 0435 0870 435 
998 | 9991305 1740 2176 2611 3046 9993481 3916 4350 4785 5220 435 
999 | 9995655 6089 6524 6959 7393 9997828 8262 8697 9131 9566 434 

MISCELLANEOUS TABLES, 
te tables will be found useful in many calculations, especially those of the squares, cubes, and roots, which will be 
needed in the sections on Mechanical Philosophy and Applied Mechanics. The table giving Napierian Logarithms 
will be found of interest in connection with the observations at page 517, et seq. 
NAPIERIAN LOGARITHMS SQUARES AND CUBES, 
OF NUMBERS, FROM 1 To 100. 

No. | Logarithm. | No. Logarithm. No. | Square. | Cube. No. | Square.| Cube. 
2 0°69314718 52 3°95124372 2 4 8 52 2704 140608 
3 1-09861229 53 3°97029191 3 9 27 53 2809 148877 
4 1-38629436 54 3°98898405 4 16 64 54 2916 157464 
5 1°60943791 55 400733319 5 25 125 55 3025 166375 
6 1°79175947 56 402535169 6 36 216 56 3136 175616 
7 1°94591015 57 404305127 7 49 343 57 3249 185193 
8 207944154 58 406044301 8 64 512 58 3364 195112 
9 2°19722458 59 407753744 9 81 729 59 3481 205379 

10 2°30258509 60 4-09434456 10 100 1000 60 3600 216000 
11 2°39789527 61 4°11087386 11 121 1331 61 3721 226981 
12 2°48490665 62 4°12713439 12 144 1728 62 3844 238328 
13 256494936 63 414313473 13 169 2197 63 3969 250047 
14 2°63905733 64 4 14 196 2744 64 4096 262144 
15 2°70805020 65 4°17438727 15 225 3375 65 4225 274625 
16 2°77 258872 66 418965474 16 256 4096 66 4356 287496 
17 2°83321334 67 4-20469262 17 289 4913 67 4489 300763 
18 2°89037176 68 4°21950771 18 324 5832 68 4624 314432 
19 2°94443898 69 423410650 19 361 6859 69 4761 328509 
20 2°99573227 70 424849524 20 400 8000 70 4900 343000 
21 3°04452244 71 4°26267988 21 441 9261 71 5041 357911 
22 3°09104245 72 427666612 22 484 10648 72 5184 373248 
23 3°13549422 73 4:29045944 23 529 12167 73 5329 389017 
24 317805383 74 4°30406509 24 576 13824 74 5476 405224 
25 3°21887582 75 431748811 25 625 15625 75 5625 421875 
26 3°25809654 7 4°33073334 26 676 17576 76 5776 438976 
27 3°29583687 4°34380542 27 729 19683 U7 5929 456533 
28 3°33220451 78 4°35670883 28 784 21952 78 6084 474552 
29 3° 36729583 79 4°36944785 29 841 24389 79 6241 493039 
30 3°40119738 80 4: 30 900 27000 80 6400 512000 

31 3°43398720 81 4°39444915 31 961 29791 81 6561 531441- 
32 3°46573590 82 4:40671925 32 1024 32768 82 6724 551368 

33 3°49650756 83 4°41884061 33 1089 35937 83 6889 571787 

34 3°52636052 84 443081680 34 1156 39304 84 7056 592704 

35 3°55534806 85 444265126 35 1225 42875 85 7225 614125 

36 3°58351894 86 4°45434730 36 1296 46656 86 7396 636056 

37 3°61091791 87 4°46590812 87_| 1369 50653 87 7569 658503 

38 3°63758616 88 4°47733681 38 1444 54872 88 7744 681472 

39 3'66356165 89 448863637 39 1521 59319 89 7921 704969 

40 3°68887945 90 4-49980967 40 1600 90 8100 729000 

41 3°71357207 91 451085951 41 1681 68921 91 8281 753571 

42 3°73766962 92 4°52178858 42 1764 74088 92 8464 778688 

43 3°76120012 93 453259949 43 1849 79507 93 8649 804357 

44 3°78418963 94 4'54329478 44 1936 85184 94 8836 830584 

45 3°80666249 95 4'55387689 45 2025 91125 95 9025 857375 

46 3°82864140 96 456434819 46 2116 97336 96 9216 884736 

47 3°85014760 97 4°57471098 47 2209 103823 97 9409 912673 

48 3°87120101 98 458496748 48 2304 110592 98 9604 941192 

49 3°89182030 99 4°59511985 49 2401 117649 99 9801 970299 

50 3°91202301 100 4°60517019 50 2500 125000 | 100 | 10000 | 1000000 

61 3°93182563 51 2601 132651 


540 MATHEMATICS.—LOGARITH MS. [MISCELLANEOUS TABLES, 
SQUARE ROOTS. CUBE ROOTS. 
No. | Square root. | No. | Square root. | No. | Square root. || No. | Cube root. |No.| Cube root, No.| Cube root, 
2| 14142196 | 35 | 59160798 | 68 | 8-2462113 || 2] 1-2599210 | 35 | 3-2710663 | 68 | 40816551 
3 | 1-7320508 | 36 | 60000000 | 69 | 83066239 || 3 | 1-4422496 | 36 | 33019272 | 69 | 41015661 
4] 20000000 | 37 | 60827625 | 70 | 83666003 || 4 | 15874011 | 37 | 33322218 | 70| 41212853 
& | 22360680 | 38 | 61644140 | 71 | 84261498 || 5 | 1-7099759 | 38 | 3-3619754 | 71 | 41408178 
6 | 24494897 | 39 | 6-2449980 | 72] 8-4852814 || 6 | 1°8171206 | 39 | 33912114 | 72| 4-1601676 
7 | 26457513 | 40 | 63245553 | 73 | 85440037 7 | 1-9129312 | 40 | 34199519 | 73 | 4-1793390 
8 | 2-8284271 | 41 | 64031242 | 74 | 86023253 || 8 | 20000000 | 41 | 3-4482172 | 74 |’ 4-1983364 
9 | 30000000 | 42| 64807407 | 75 | 86602540 || 9] 2-0800837 | 42| 34760266 | 75 | 4-2171633 
10 | 31622777 | 43 | 63574385 | 76 | 8-7177979 || 10 | 2-1544347 | 43 | 35033981 | 76 | 4-2358236 
11 | 33166248 | 44 | 6°6332496 | 77 | 87749644 || 11 | 2-2239801 | 44 | 35303483 42543210 
12 | 34641016 | 45 | 6-7082039 | 78 | 8-8317609 || 12| 22894286 | 45 | 35568933 | 78 | 42726586 
13 | 36055513 | 46-| 6°7823300 |.79 | 88881944 || .13 | '2-3513847 | 46 | 35830479 | 79 | 4-2908404 
14 | 3-7416574 | 47 | 6°8556546 | 80 | 8-9442719 ||.14| 2-4101422 | 47 | 3:6088261 | 80 | 43088695 
15 | 38729833 | 48 | 69282032 | 81 | 90000000 /| 15 | 24662121 | 48.| 36342411 | 81 | 4-3267487 
16 | 40000000 | 49 | 7:0000000 | 82 | .9-0553851 _||.16.| 25198421 | 49 | 3:6593057 | 82| 43444815 
17 | 41231056 | 50 | 7°0710678 | 83 | 9-1104336 || 17 | 25712816 | 50 | 8°6840314 | 83 | 43620707 
18 | 42426407 | 51 | 771414984 | 84 | 9:1651514 || 18 | 26207414 | 51 | 3-7084298 | 84| 43795191 
19 | 43588989 | 52 | 72111026 | 85 | 9-2195445 || 19 | 2-6684016 | 52 | 37325111 | 85 | 43968296 
20 | 4:4721360 | 58 | 7°2801099 | 86 | 9-2736185 "|| 20 | 27144177 | 53 | 3°7562858 | 86 | 4-4140049 
21 | 45825757 | 54] 7:3484692 |°87-| 9-3273791 |] 21 | 2°7589243 | 54 | 3°7797631 | 87 | 4-4310476 
22 | 46904158 | 55 | 774161985 | 88 | 9-3808315 ||-22 | 2-8020393 | 65 | 3-8029525 | 88 | 4-4479602 
23 | 4-7958315 | 56 | 7°4833148 | 89 | 9-4339811 ||.23 | 28438670 | 56 | 3:8258624 | 89 | 4-4647451 
24 | 48989795 | 57 | 77 -90.| 9-4868330 || 24 | 2-8844991 | 57 | 38485011 | 90 | 44814047 
25 | 50000000 | 58 | 7°6157731 | 91 | 9°5393920 || 25 | 2-9240177 | 58 | 88708766 | 91 | 4-4979414 
26 | 50990195 | 59 | 776811457 _| 92 | 95916630 || 26 | 2:9624960 | 59 | 3°8929965 | 92] 4:5143574 
27 | 51961524 | 60 | 7°7459667 | 93 | 9-6436508 || 27 | 30000000 | 60 | 39148676 | 93 | 45306549 
283 | 52915026 | 61 | 7-8102497 | 94 | 9-6953597 |] 28 | 3-0365889 | 61 | 3 94 | 45468359 
29 | 5°3851648 | 62-| 7:8740079 .| 95 | 9°7467943 || 29 | 30723168 | 62 | 39578915 | 95 | 4-5629026 
30 | 54772256 | 63 | 7°9372539. | 96 | 9-7979590 || 30 |. 3-1072325 | 63 | 39790571 | 96 | 4:5788570 
31 | 55677644 | 64 | 8:0000000.| 97 | 9°3488578 || 31 | 31413806 | 64 | 40000000 | 97 | 45947009 
$2 | 56568542 | 65 | 8°0622577 | 98 | 9:8994949 || 32 | 3-1748021 | 65 | 4-0207256 | 98 | 4-6104363 
33 | 57445626 | 66 | 81240384 | 99 | 9-9498744 || 33 | 32075343 | 66 | 4:0412401 | 99 | 4°6260650 
34 | 58309519 | 67 | 811853528 100 | 10000000 | 34 | 3-2396118 | 67 | 40615480 [100 | 4-6415888 
LENGTHS OF CHORDS AND SAGITTAS. 
LENGTHS OF CIRCULAR ARCS, =f 
| || D. | Chord. Sagitta. | D. | Chord. | Sagitta 
1° 0174533 60° ' 10471976 1 2909 pL 48 By 000952 95° 1°474555 824410 
2| 0349066 | 70 | 12217305 || 2} 65818 || 2| 97 10 he “00880 209 pei 857212 
9| 0523599 | 80 | 13962634 | 3] 8727 || 3) 145]; 15 | -261 . 05 | 1-586 891239 
; | y 20 | 347296 | 015192 | 110 | 1638304 | 426424 
5 | rocrioe | 110 (a-eropassr tol asans 181 taok||-as Paataeasl hospane of-sae:l arranes || ceseaee 
6 | “1047198 | 110 | 19198622 | 6| 17453 || 6| 291 1412 | -O4( 125 | 1-774022 | *538251 
: 40 | -684040 | 060307 | 130 | 1-312616 | 577382 
7 | 1221780 | 120 | 2-0943951 |) 7) 20862 )| 7) 3391) 45 | 765367 | “076120 | 135 | 1-847759 | 617317 
8 | -1396263 | 130 | 22689280 | 8| 23271 || 8| 388 60 845297 “o0s0ga 140 | 1-879385 | °657980 
9| 1570796 | 140 | 2-4434610 | 9] 26180 || 9| 436 97 | “U1 145 | 1907434 | -699294 
10| -1745329 | 150 | 2-6179939 | 10]. 29089 ||10| 485 | G3 | trapon | aseens | tee | toctone | peelet 
20 3490659 | 160 | 2°7925268 | 20] 58178 || 20| 970 ro pe ag 160 | 1-969616 | -826352 
30 | -5235988 | 170 | 29670597 | 30] 87266 || 30| 1454 12175: ‘206647 | 165 | 1982890 | ‘869474 
40} 6981317 | 180 | 81415927 | 40| 116355 || 40| 1939 || 85 | d-se1ta | oeeres [ive | coacse | ono 
50 | 8726646 | 360 | 6:2831853 | 50| 145444 | 50| 2424 || 90 | 1-414214 | 292893 | 180 | 2-000000 |1-000000 


MATHEMATICS—GEOMETRY. 


CHAPTER I. 
PLANE GEOMETRY.—THE ELEMENTS OF EUCLID. 


solid, and not a side, face, or boundary of it: it follows 
ave and breadth ; 


DEFINITIONS. 


2 
A point has no magnitude ; it has position only. 


m. 
A line has length only. 
111. 
A straight line is that which lies evenly between its 
extreme points. 


It is distinguished by uniformity of direction between its extremities. 


Iv. 
A surface, or superficies, is that which has length and 
breadth only, 
v. 
Therefore the boundaries of a surface are lines. 
VI. 

A plane surface, or simply a is that in-which, 
whatever two points be taken, e straight line, having 
these points for extremities, lies wholly in that surface, 

vit, 

A plane rectilineal angle is the opening between two 
straight lines, which meet together, bat which do not 
unite so as to form one continued straight line. 

Thus two straight lines A DOH, ment cael other in the pelat B, 
Aand , 
we ion Sea ines & B, OB, in the 

A B ‘id each other but they form no 

forming a continued straight line, AG. ata 


forming an ing, of which 
age p> 
apo ; 


BC are the or limits: this 
is called a plane rectilineal an- 
5 i PR ee ayo 
t tion, also meet 


INTRODUCTION. 


mination : we of these, in common language, as 
the ends of the line. Euclid calls them points ; and it is 
| oer! that a point, being no part of the line, cannot have 
ength ; and as breadth and thickness are excluded even 
from the line itself, it follows that a point has no dimen- 
sions or magnitude. It merely indicates position ; the 
position, namely, of the commencement or termination 
of a line. 

Euclid frequently speaks of taking a point in a line, 
without meaning an extremity of the line; but we ma 
conceive a line to be crossed, or cut by other lines, an 
thus to be divided into shorter portions. Each portion 
has its extremities ; so that we may conceive as many 

ints = bred cag as we please. e = represent 

ly to the ; it is necessary, ‘ore, in con- 
templating the eck seins on paper, by which lines are 
represented, entirely to disregard the breadth of them ; 
and to fix the attention upon the length alone: the eye 
may see breadth and thickness ; the mind takes note of 
length only. It is usual to commence the study of 
Geometry with definitions, which are as follows. 


ELEMENTS OF EUCLID.—BOOK L 


din engin ti exanetinen setiened 19 by uphy seaeag Ss Lejiee, Peet 


always placed between these two. Thus GBH, or HBG, means the 
hose sides are BG, BU. In like 


iy 
: 
i 
s 
§ 
d 


When a straight line (A ; 
ther straight ling ; 


Thus the two lines, A B, CD, are perpendicular to each other. 
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iX. 
XXIII. 
An obtuse angle A right-angled triangle has one of its 
whee ames angles a right angle. 
right angle. \ 
{ XXIV, 
4 An obfuss-angled triangle 
acute angle is that n use-ang 
which is less hon a has one of its les 
right angle. gg or greater than a right angle. 


A figure is that which is enclosed by 
one or more boun 
xi. 


A circle is a plane figure en- 
closed by one line, which is called 


the memes me of the circle: it 
is suc all straight lines, 


in the figure to the circum- 
ference, deh Sahil Wont another, ) 
XII, 
This point is called the centre 
of the circle. 
And any line drawn from the centre to the circumference is called 
a of the circle. 


xiv. 


A Giaweter of otféls ida straight live dian through 
the centre, and terminated both ways by the circum- 
| ference. 

A radius is therefore half the diameter, or a semidiameter. 


A semicircle is the ear, by a diameter and 
Sete te ecestnenen xt cite the diameter, 


xvi. 
Rectilineal figures are those which are enclosed by 
straight lines only. 
XVII. 
Trilateral figures, or triangles, are enclosed by three 
straight lines. 
XVIIL 


Quadrilateral figures, by four straight lines. 


xix. 
Multilateral figures, or polygons, by more than four 
straight lines. 
‘The term however, is name fur 


rectilineal of all k: ieee 
sides; so that the above Pom 4 without 
impropriety, be called polygons ae three and of four sides re- 
spectively. 


xx. 
Be ne stray 


xxi 


An isosceles triangle has two of its sides 
equal. 


xxi. 


A scalene triangle has its three sides 
unequal. 


xxv. . 
has each 


An acute-angled tria 
than a 


br le ech 


Of four-sided figures, 
which has all its sides 


5 oct 


et 
a 
4 


ht, of necessity, as w 
definition is therefore redundant. 


Bo tangle is tha which han al 
ts 


its 
angles, whether its sides 


XXVIIL 
A rhombus is that which has all its 
sides equal, but its angles are not 
right angles, 
XXIX. 
A rhomboid is that which has its o 
site sides equal to one another, but 
sides are not equal, nor its angles it 
angles. 
xxx, 


Parallel straight lines are 
such as are in the same 
plane, and which, being 
produced ever so far both 
ways, do not meet. 


XXXII. 
If each of opposite ua] 
of a ot Pantera be jaiall 


egy va ci Lae 


It will hereafter mares, rectangles, rhombuses, and 
Bre Nec pays poe ree 


XXXIL 
other four- 


sided pds peng i kg 


(cer dalled btipibleins 
XXXII. 

A line drawn across 
a figure, joining two 
opposite corners, or 
vertices, is called a 


POSTULATES, 
I 


Let it be granted that a straight line may be Sins 
from any one point to any ces) point, 


That a terminated straig nf line may be prolonged to 
any length in a straight line. . 


BOOK I.—PROP. I—Iv.] 
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mI 
And that circle may be described from any centre, at 
any distance from that centre. 


AXIOMS, 


1 
Things which are equal to the same thing are equal to 
one another, 


I. 
If equals be added to equals, the wholes will be equal. 


It. 
Tf equals be taken from equals, the remainders will be 
equal. 


Tv. 
Zk sanetacbe nikdack tn: menerypale, She :eoelnn 3 he 
uneq 


v. 
Tf equals be taken from equals, the remainders will 
be unequal. 
vi. 
Things which are double of the same are equal to one 
another. 


vit. 
Things which are halves of the same are equal to one 
another, 


VIL. 
Magnitudes whicn coincide, or which may be conceived 
to coincide, with one another, are equal, 


1x. 
The whole is greater than its part. 


x. 
Two straight lines cannot enclose a space. 


xi. 
Ail right angles are equal to one another. 


MARKS AND SIGNS USED FOR ABBREVIATION. 
= is the sign of equality, and signifies that the quan- 
tities between which it inp are 
+ is the sign of tion, and signifies that the 
quantities between which it is placed are to be added, 
— is the sign of subtraction, and implies that the 
uantity after it, is to be subtracted from the quantity 
it, 


‘ore 
.". stands for the word therefore, or consequently. 
Besides these marks the following contractions are also 

frequently used ; namely, ax. for axiom ; post. for pos- 
tulate ; prob. for problem ; theo, for theorem ; . for 
proposition ; const. for construction; and hyp. for hypo- 
thesis, Q.E. D. stands for “‘ Quod erat demonstrandum;” 
that is, which was to be demonstrated. 


PROPOSITION L—Prostem. 
To describe an i triangle (A BC) y a given 
Sa straight line (A B). yepon a 9 
With centre A, and radius AB, describe the circle 
*post.3. BOD;* and with centre B, and the same 
eae | B A, describe the circle 3 
A 2 


+ Def.12. Because A is the 

* Ax. 1. centre of the 
circle BCD, AC = A B,+ and because B is the centre 
of the circle ACE, BC=AB, », AC=BC;* so that 
AO, BO, AB, are equal to one another ; 
the triangle ABO is 


\ consequ 
aly sand $4:34.desotibel upos 
AB, which was to be 


ently © 


PROPOSITION II.—Prostrem. 
From a given point (A) to draw a straight line (A L) equal 
ny AS straight line (b C). Aten 
*Post.1. From Ato Bdraw AB,* and u AB describe 
* Pr. 1, the equilateral triangle BDA* With 
centre B, and radius BO, describe the circle 
+ Post.3, CG H,+ and pro- K 


* Post.2. meet it in L;* 
AL shall be toBC. | \7 L 
Because B is the centre of : 
the cirle CGH, BC= . 
+ Def, 12. BG.t 
Because D is the centre of G 
the circle GK L, DL=DG. 
But DA, DB, parts of DL, DG, are also 
* Const. equal,* .*, the remainders, AL, BG, are 


+ Ax. 3. equal ;+ so that AL, BO are each equal to 
BG, and consequently, to 


al 
the given A, a 
straight line, AL, has been dravon equal to BO.” Which 
PROPOSITION ILL —Prosrem. 
From the greater (A B) of two given straight lines (AB 


and C), to cut off a part equal to the less (C). 
From A draw AD =OC,* and with centre 


AD, .:. AE=C;* so that, from the ter 
line, AB, a part AE, has been cut to the Le 
ive Baa part AB, has Yon od fea 


PROPOSITION IV.—Txrorem. 


third sides (BC, EF) shall be and also their other 
a to each, namely, to which the equal 

are that is, the angle B =the angle E, 
and the angle C = the angle F ; the surfaces of the tri- 
angles shall also be equal. 

For, conceive the triangle AB C to be laid upon, or 
applied to, the triangle D EF so that the point A may 
be on D, and the line 
AB on DE;; then the A o 

int B shall fall on 

, because AB= 

* Hyp. DE* And 
AB thus coincidi 
with DE, AC mus 
fall on DF, because the 

le A=the angle 5 c UE P 


+Hyp.. D;+ also the 

*Hyp. point C must fall on F, because AC = DF.* 
But B was proved to coincide with E; and since B coin- 
cides with EK, and O with F, the base B CO must coincide 
with the base E F, otherwise the two straight lines, B O, 
EF, thus made to coincide at their extremities, would 

tAx.10. inclose a space, which is impossible ;+ .*. the 
base BO, coinciding with the base EF, is equal to 

* Ax. 8. EE E.* Moreover, since the two lines, A B, 
BO coincide with the two D E, EF, the angle B coin- 
cides with the angle E ; and since the two lines AC, CB 
coincide with the two DF, F E, the angle © coincides 
with the angle F; ,*, the angle B = the angle E, and the 


(Book 1.—PrRoP. V.—x, 


DAA MATHEMATICS —PLANE GEOMETRY, 
* Ax. angle C = the F.* And asthetriangle | ;pr.5. the angle BDC =BCOD;t but it has been 
A BG th coincides, in with the tri- | demonstrated to be greater than BCD, which is im- 


POSITION V.—Tueorem. 

G the C) of an isosceles 
C} are equal ; and if sides (A B, 
a aeees Beene (2 BD, CB) upon the 


In BD take any point, F, and from A E, the ter, 
*Pr.3. cut of AG= AF, the less ; * md. op von 
FO, GB. 


tConst, Because FA=GA,t and AC = AB* ,*, FA, 


+ 
*Hyp. AC are equal to GA, AB, each to each; 
and the an x 


gle A is common to 
both the triangles AF C, AGB; 

We ACP'= the angle A'BG,t 
a A = a ; 
sol the angle AFC = the one 
AGB,t these being the angles 
to which the equal sides are 
opposite, 

Again : because the whole A F 
= the whole Ae, and — ra 
parts AB, AC are equal, the 
remainders BF, CG _ are 

*Ax 3 nal;* and it was 
proved that FO= GB, .. the 5 F 
two sides BF, FO, are equal to 
the two CG, GB, each to each: it was also proved that 
the angle BF C = the angle CGB, .-. the angle FBC 

+Pr.4. = the angleGCB,t and th angle BC F = 
the angle CBG. And since it was demonstrated that 
the whole angle A BG, =the whole angle ACF, the 
parts of which, the angles CBG, BC F, are also equal, 

*. the remaining ABC = the remaining angle 
*ax.3. ACB.* These are the angles at the base of 

the isosceles triangle A B C, and the es FBO, GCB, 

before proved to be equal, are the angles on the other side 

of the base. Therefore the angles at the base, &ce. Q.E.'D. 
Corottary.—Every equilateral triangle is equiangular. 

PROPOSITION VI.—Tuxeorem. 

Tf two angles (ABC, ACB) of a triangle are equal, 
the sides (A C, AB) which subtend, or are opposite to, 
the equal angles shall be equal. 

For, if hy Se eas ve ehh one of them, as A B, 
must be the greater. a part BD, equal to AC, the 

*pr.3. less, be cut off,* and draw 
DC. Then, becanse in the triangles A 
DBC, ACB, DB=AC, and BO 
common to both, the two sides DB, D, 

BC are = the two sides AC, CB, 

each to each; and the angles DBO, 

*Hyp. ACB are equal;* .-. the 
triangle DBO = the triangle A.C B+ 
a to the whole, which 4 c 

erefore, AB, AC are 


- br is, they are equal ; .. if two angles, 


Cor.—Every equiangular triangle is equilateral. 
PROPOSITION VII.—Tueorem. 

Upon the same base (A B), and on the same side of it, 
there cannot be two triangles (A CB, ADB), having 
their sides (AC, AD), which are terminated in one ex- 
tremity of the base, equal to one another, and likerwise 
(BC, BD) those which are terminated in the other 
extremity. 

Join CD: then, in the case in which the vertex of 

each triangle is without the other tri- c 
*Hyp. angle, because AC=A D,* D 
+Pr.5. the angle ACD=ADC.+ 

But the angle A CD is greater than 

the angle BCD, which is only a 

part of it; .*. the angle ADC is 

greater also than eee en B 

more, then, is the angle DO 
* Hyp. greaterthan BCD, Again; because BC=BD,* 


possible, .«. in this case it is impossible that AC = AD, 
and likewise BC = BD. 
But if one of the vertices, as D, be within the other 


triangle, prolong AC, AD to E, F. Then, because 
*Hyp. AC=AD* in the tri- 
le ACD, the angles ECD, B 

FDO, upon the other side of the , 


tPr.5. base CD, are equal ;+ 
but the angle ECD is ter 
*Ax.9. than BCD,*.-. FDC is 
likewise greater than BCD: much 


more, then, is BDO greater than 
Ob. Agai 


B gin: because BC = 

tHyp. BD,t+ theangle BDC = 

cred grantor than BOD, witcha impoaibe, 
proved greater whic’ -*. in 
Oiseau alo i i impossible that A.C ~ A.D, and likewise 
The case in which the vertex of one triangle.is upon 
tAx.9. aside of the other, needs no demonstration.t 
Therefore, upon the same base, &c. Q. E. D. 


PROPOSITION VIII.—Tueorem, 


For if the triangle FE eae wee ae so that 
the point B may be on E, and BO on EF, the point C 
shall coincide with yy 


Va 


F, because BC = 
*Hyp. EF.* 
ci wi 
BAand AC must 
coincide with ED 


and DF; for if 8 c & F 
the base BO, coinciding with EF, the sides B A, AC 
could fall otherwise than on ED, D’F, and have different 
situations, as EG, GF, then upon the same base E F, 
and on the same side of it, there could be two triangles 
having the sides E D, E G, terminated in one extremity 
of the base, equal to one another, and likewise the sides 
F D, FG terminated in the other extremity. But this 
+Pr.7. is impossible ;+ .*. if the bases coincide, the 
remaining sides cannot but coincide, and .-. the angle 
A ee tae Tharehane i tl wechion bene to 
*Ax.8. it.* Therefore, if two triangles, &c. E.D. 
PROPOSITION IX.—Prosiem. 
To bisect a given rectilineal angle (BAC); that is, to 
divide it into two equal angles, 35 

Take any point D in A B, and from AC cut off AE= 

*pr.s. AD :* draw DE, and 
upon it describe an equilateral 

+Pr.1. triangle DEF,+ so 
that the vertex F may be on the 
opposite side of D E to the vertex 
A. Draw AF, then AF shall 
bisect the angle BA C. 

*Const. Because AD = AE, * 
and that AF is common to 
two triangles DAF, EAF: the 
two sides DA, AF are = the 


and the base D F =the base EF;.°. the angle DAF 
* prs. = the eEAF ;*.°. ang 
is bisected by the straight line AF, Which was to be done. 
PROPOSITION X.—Propiem. 
To bisect a given finite straight line (AB); that is, to 
Seid @ tats hen oguel date vy: 
*pr.1. U nm AB describe an equilateral triangle ABC,* 
and’ ‘bisect the angie AO Belgie straight line 


— 
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¢Pr.9. CD;t AB shall be cut into two equal parts 
in the point D. 

c Because CA = CB, and CD common 

‘to the two triangles ACID),"BCD, the 

two sides CA, CD are = the two CB, 

CD, each to each ; and the angle ACD 

=the angle BCD;.:. the base AD = 

*pr.4. the base BD;*.°. the given line 

AB is divided into two equal parts in the 
point D. Which was to be done, 


PROPOSITION X1.—ProsirM. 
To draw a straight line at right angles to a given straight 
line (AB), from a given point (C) in it. 

Take any point Din AC, and make CE=CD. Upon 

e DE describe an equila- 

teral triangle DFE,* 

¢pr.1, and draw CF; 

CF shall be at right 
angles to A B. 

Because DC = EO, 
rast Nese FC is common 
- to the two triangles DCF, 
Kp -o EB Wow; the two sides DC, 
F are = the two EC, CF, each to each, and the base 
F= EF; .*. the angle DCF = angle 

s. ECF,* and they are adjacent angles. But 
when the adjacent angles which one straight line makes 
with another are equal, each is called a right angle ;+ 

+ Def. 8. cated sage.) ape aig given straight 
line AB, a straight line CF has been drawn at right 
angles to AB. Which was to be done. 


PROPOSITION XII.—Prostem. 
To draw a straight line perpendicular to a given straight line 
(AB) Gftalential length jrowa given pornt (C) withoutit. 
Take any point D upon the other side of AB, and 
with centre C and radius C D describe the circle 


A D B 


The t line C H shall be perpendicular to A B. 
* Const. raw CF, CG. Then because FH = GH,* 
and HO common to 

the two triangles c 


FHC, GHC, the two 


tDef.12. base CG; 
.*. the angle CH F = 
the adjacent angle *™~__# —~G@ B 
*Pr.8 = CHG;°* D 
each of them is .*, : F 
, ight angle,t and consequently CH is perpen- 
hieoke eae eke -, from the iven point Ca 
i | been drawn. 


PROPOSITION XIII.—Tueorem. 

The angles which one straight line (AB) makes with 
another (D.C) upon one side of it, are either two right 
angles, or are together equal to two right angles. 

For the Me ADC incites eave to ABD, or it is not. 
* Def, 8. ABC be = ABD, each is a right angle.* 

i Ct vane Sed my ga vg from B draw BE at right 
+Pr.1l. angles to D C :+ then the angles EBO, EBD 

are right angles, also ga Be lg BC. To 
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EBD+EBA. Add ABC to each of these equals, .*, 

+Ax.2, ABD+ABC=EBD+EBA+ABO;+ 
but it was demonstrated that EBC -+ EBD are equal ~ 
to the latter three angles,.- ABD+ ABC =EBD 


‘axl. + EBO:* that is, the two angles ABD, 
ABC are together to two right angles. 
Therefore the angles which one straight line, &c. Q.E.D. 


Cor. 1.—It is manifest from this, that if two straight 


lines cross one another, forming fowr angles at the point 

of intersection, these four angles are together equal to 

Sour right angles. , 

Cor. 2.—And moreover, that if in a straight line any 
point between its extremities be taken, from which any 
number of straight lines 
are drawn, some on one 
side and some on the 
other, all the angles thus 
made at the point will 
together be equal to four 
right angles ; those on one 
side of the proposed line 
being together equal to 
two right angles, and those on the other side equal also 
to two right angles. 

PROPOSITION XIV.—TueEorem. 

If at a point (B) in a straight line (AB) two other 
straight lines, (BC, BD), upon pocits aides of dt, make 
the adjacent angles (A BO, A BD) ther equal to two 
right angles, the two straight lines (B O, B D) shall be in 
one-and the same straight line. 

For, if B D be not in the same straight line with C B, 
let BE be in the same straight line with it. Then be- 
cause A B makes, with the straight line C BE upon one 
side of it, the angles ABC, ABE, these are together = two 

*Pr.13. right angles.* ‘Z 
But ABC, ABD are 
likewise together = two 


+Hyp. right angles,+ 
... ABC + ABE = ABC 


© Ax. 1. +ABD.* z 
Take away the common Fi 3 D 
angle ABO, and there 

+Ax.3. remains ABE = ABD, the less to the greater, 


which is impossible ; .-. B E is not in the sathe straight 

line with BC. And in like manner may it be proved 

that no line, except BD, can be the prolongation of CB; 

.”. CB, BD are in one and the same straight line. Where- 

fore, if at a point, &e, Q.E.D. 

PROPOSITION XV.—TueorEM. 

If two straight lines (AB, CD) cut one another, the 
vertical (or opposite) angles shall be equal; that is, 
AEC =DEB, and CEB=AED. 

The angles which A E makes with C D, on one side of 
* Pr. 13. it, are together equal to two right angles ;* 
that is, AEC +AED=two right angles. Again: 


Orrin 1 the angles which D E 


makes with AB are 

A = B also together equal 

ong to two right an- 

+ Pr13. gles ;* that 

is DEA + DEB = two right angles; ... AEC + AED 

+Ax. le = =DEA+DEB.+ Take away the common 

*Ax. 3. angle AED, and there remains AEC=DEB.* 

And in a similar manner it may be Fates. that 

CEB=AED. Therefore, if two straight lines, &e. 

Q.E.D, 
PROPOSITION XVI —TuxoreEm. 

If one side (BC) of a triangle be prolonged, the exterior 

pred (A op shall be greater than either of the 

interior opposite (or more remote) angles. (BAC, 

ABC). 
*Pr.10. Bisect AC in E,* draw BE, which Prclones 
+Pr.3. and make EF = equal BE: join FC, 

* Const. Becaure AE = O8,* and EB=EF io 

EB are=O E, EF, each to each and the sogle 4B 
A 
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¢Pris, = CEF;+ .*, AB=CF,tandtheangle A= | _ +pr.s. AD = AO,* the other of the two sides: join 
+Pr.4 ECF: but ACD | D,C. 
* 4 is than EOF, .*. Because AD= AC, the angle 
ACD is greater than A; . D tprs. ACD = D;t but 
.*. if one side, BO, of a angle BCD is greater than ACD 
triangle be prolon, the . BCD is greater than D, And 
exterior angle AC D is the angle BCD of the 
greater than the interior triangle D B C is gr vater than the 
p angle A opposite to the side angle D, and that the greater 
2b C prolonged : but if the side | & @ angle is subtended by i Se 
prolonged be AC, the ex- * Pr, 19: * the side BD is 
terior angle will be BCG, | greater than BC: but BD = BA+AD=BA+A0O, 
and the interior angle op- |. *.BA-+ AC is greater than BO. Therefore, any two 
G posite, ABC;.*.BCG is sides, &. QED. 
greater than ABC. But PROPOSITION XXL—Tueorem. 
«pris, ACD =BCG,*.*. ACDis greaterthan ABC; | If from the ends o a side of a triangle there be drawn two 


and it was before proved that A C D is greater also than 
A, .*. ACD is greater than either of the interior 
angles BAC, ABC. Therefore, if one side, &e. Q.E.D. 
PROPOSITION XVII.—Txxorem. 
Any two angles of a triangle (A BC) are together less than 
two right angles. 
Prolong one of the sides, as BC to D ; then the ex- 
A terior angle A C D is greater 
than the interior opponite 
* Pr. angle B.* To 
each these add ACB; 
then ACD, ACB are “¥ 
er ter than 
- ACB +t but ACD, 


+ Ax. 4. 


together 
less than two right angles. And if B A be rolonged, it 
may be proved, in like manner, that A, B are er 


B c D 


PROPOSITION XVIIL—Tueorem. 
The greater side of every triangle (A B C) is opposite to the 
reater angle. 9 


g 

tak OS be neon an ee eee ae 
A ter 8 . 
Oya A ths ec 
out off A D = AB the less, 
D ,anddraw BD. Then be- 
angle of the triangle BDC, 
0! triangle BDC, 
B od vpetadiieaaientioat4 
+Pr.5, but ADB=ABD,t.:. the angle ABD is 
likewise greater than C ; much more, then, is the angle 

one than ©. Therefore, the greater side, 


PROPOSITION XIX.—Turorem. 


The r angle of every triangle (A BC) is subtended 
by the greater side, or has the greater side opposite to it. 


Let the angle B be greater than C ; then AC shall be 


greater than A B, ial 

For, if it be not greater. 
x AC must either be equal to 
lhe here i ke =s 

were equal, ang! 
*pr.5. would = C;* but 
it is not, .°. AC is not = 
f > AB. If it were less, the 
angle B would be less than 
+Pr.18. C;+ but it is not, .-, A Cis not less than AB; 
and it was shown that it is not equal to AB, .-. AC is 
greater than AB, .*. the greater angle, &ec. Q.E.D. 


PROPOSITION XX.—Tueorem. 


' Any two sides (BA, A iangle (AB 
ste Bake eae tena 


Prolong one of the two sides, as B A, to D, and make 


straight lines (B 1), C D) to a point within the 

theee shall be togetKer lese thaws the other roo sides (AB. 
AC) of the triangle, but shall contain a 
Prolong BD to E. 


‘ © these add 


shown that B A, A 
more then are B A, 
the exterior angle B 
*pr.i6, than CE 
of the triangle A B E 
then is BDC r than 
the ends, &e, E.D. 
PROPOSITION XXTI.—Prosiem. 
Pg i ag which the sides shall 
ree given straight lines (A, B each to but 
* Pr. 20. two o foe wut cates waite 
Take a straight line D E, terminated ae poe D, 
A but unlimi 


the exterior angle CEB 
greater Hen BAC sauce 


D 
D ;* and 


= 
j 


and make D F = 
FG= B, andGH 
.3, =C.+ With 
and radius 
F D describe the circle 
DKL; and with centre 
renee og 
bea, 

lines A, B, 
KL, FD= 
FK; but FD=A,.:.FK=A. Again: because G is 
the centre of the circle LK H, GH =GK; butGH= 
,.*, GK =O; but FG=B, .°. the sides of the tri- 
angle K F G are equal to A, B, C, each to each, Which 

was to be done. ' 

Norxz.—It is plain that the circles could not cut unless their radii were 
together greater than the di b their : if such 
were not the case, they would be wholly without one another. And 


than or equal to the other radius, one circle 
the other; the hypothesis precludes both of these 


 eatbahey oh oom night line (AB) ms 
At a given point (A) in a given straight li make 
i on ws Srucl's «piso ani 

In CD, CE take any points D, E, one in each, and 


draw D#. Make the tri- 
c A 
Dd E 7 cea 
z 


angle AFG, the sides 
y 
*pr.s. the angle 


which shall be 
point, &c. Which was to be done. 
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PROPOSITION XXIV.—Tuxorem. 
If two triangles (AB C, DEF) have two sides (A B, AC) 


the to two sides DF ther, 
¢ do cath, bat the onple (BA ©) pontatoed by he 


es than 1e (ED) con. 
sides of one of them greater the ang con- 
Lars gr'y Aoeehges roo tet aa dh gc d-geh My: 
base (B C) of that which has the greater angle shall be 
greater than the base (E F) of the other. 

Of the two sides D E, DF, let DE be the side which 
is not greater than the 
other, Make the angle “~ 5 

pra. EDG =A,* 
and make DG=AC or 

+Pr.3. DF.t Draw 
EG, GF, and let H be 
pd vert, abl RR 
cut, either by or E G 
DF pro B c Ao 
Because DE is not r 
greater than D G, the angle DG E is not greater than 


3 
\—] 
& 
Q 
“ 
z 


Pr. greater than DEG, 
.*. DH G is greater than D GH, and .-. DGis r 
Pr. 19. DH;+ bot DF=DG, .-. F is 
than DH, .-. HGF isapartofDGF. Again: 

the two sides B A, A C are = the two ED, DG, each to 
ee the angle A= EDG,* .-. 
BC=EG. And because D F =DG, the angle DFG 
al :+ but it was proved that DGF is 

than EGF, .-. DFG is greater than EGF; 
more then is olny Sop the lt 
the angle EF G is ter than EGF, 

te greater than E F ;* 


Le] 
Q 
| 


PROPOSITION XXV.—Tueorem. 


than D, for then B C would 
be less than E F :* «pr, 24. 
but it is not.t As +Hyp. 
therefore it is neither equal 


Dn 
N 
¥ 
to nor less than D, A must 


be greater than D, .*. if two triangles, &c. Q.E.D. 
PROPOSITION XXVL—Tueorem. 
Tf two triangles (A BC, D EF) have two angles (B, C) of 


Tf two triangles (ABC, DE have two sides (AB, AC) 
of the one to two sides (DE, D F) of the other, 
each to each, but the base (BU) of one greater thdn the 
base (EE) of the other, the angle (A) contained by the 
sides of that with the greater base shall be greater than 
the angle (D) contained by the sides equal to those of 
the other. 

For if A be not ter 

A 4 grea‘ 

than D, it must be either 
equal toitorless. A is not 
equal to D, for then BC 
would be= EF ;* «pr, 4, 
but it is not. A is not less 
B 


the one equal to two (E, F) of the other, each to each ; and 
one side equal to one side—vis., either the sides (BC, E 

adjacent to the equal or the ses (AB, D 1) 

-opetare y oped pa ge ted patio 
i le 

the one to the third angle of the other. se 

First let BC = EF, the sides adjacent to the angles 

that are equal each to 

A D ep lage if AB, 

» unequal, one 

e of them must be the 

tis gratientget oaks 

e greater, and make 

BG=DE,* epr.s, 

and draw GC: then 

3 c¢ o6O:& p because BG=ED, and 


and that the angle B= the angle GC B= 
*pr.4. F:* but the angle ACB=F,t+ .-. the angle 
+Hyp. GCB=ACB, the less to greater ; which 


is impossible ; .. A B is not wnequal to D E, that is, it is 
equal to it, .*. in the two triangles A B C, DER, the 
two sides A B, B C and the included angle B in the one, 
are respectively equal to the two sides D E, E F and the 
included angle E in the other, ... AC=DF, and the 

*pr.4. angle A=D.* 

Next let A B=D E, the sides opposite to equal angles ; 
in this case, likewise, 
the other sides shall be 
equal—namely, AC = 
DF, and BC=EF 
and also the angle BAC 
=D. For, if BC, EF 
be unequal, let BC be 
the greater, and make 
P > H=E 


cause BH=EF, and AB=DE, the twoAB, BH= 
DE, EF, each to each ; and they contain equal angles ; 

epr.4, .°: AH=DF,° and the angle BH A=EFD: 

+Hyp. but EFD=BCA,+ ... BHA=BCA, the 
exterior angle equal to the interior and opposite, which 

*Pr.16. is impossible ;* .. B C is not unequal to E F, 
.*. BC=EF: and AB=DE, .. the two AB, BC= 
DE, EF, each to each; and they contain equal angles, 
.. AC=DF, and BAC=EDF, .*. ¢ two triangles, 
&e. QED. 


PROPOSITION XXVIL—Tueorem. 
a straight line (E F) falling upon two other straight 
afer B, CD) maketh alternate angles (A ER, BED) 
equal, these two straight lines shall be pa: 


For if they be 

not parallel they A sZ 3 

will meet, when ie gt >a 
prolon: either F. 

tow: , D, or fe D 
towards A, ©. Let / 
them be prolonged and meet in the point G ; then GEF 
will be a triangle, and its exterior angle A E F must be 
* Pr. 16. ter than the interior and opposite angle 
+ Hyp. eae eat aed meted + which is 
impossible ; .*. A , when prolon ‘o not meet 
eters B,D. In like manner ¥ may be proved that 


they do not meet towards A, C..*. they are parallel, .*. 
epet. 8. if a straight line, &. Q. E. D. 


PROPOSITION XXVIII.—THEoREM, 


GHD,* and 


use the le EGB =the angle 
Be GHD; and 


EGB=AGH,+.". AGH= 


* Hyp. 
ternate angles, . 5 
is parallel to C D.* 

© Pr. 27 Again : be- A 


s gain 

cause the angles BG H, A 
GHD are together = 
two right angles,* and 

© Hyp. that AG H, c 
BG H are together also 4 
= two right pngion f Fy 

+Ppris.s AGH+BGH=BGH+GHD. Take 
away BGH, then AGH op yng and Tp 

*Pr.27. _ alternate angles, .*. is parallel to He? 
if a straight line, &c. Q.E.D. 

Note.—Propositions XXVII. and XXVIII. clearly 
ai the existence of parallel lines, or of lines such that, 

owever far they be prolonged, they can never meet. 
And by aid of the first of these propositions, if a straight 
line be given, one parallel to it may always be drawn 
(see Prop, XXXI.) But, to further in the doc- 
trine of parallel li requires assent to a principle 
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which must now be formally stated, and unhesitating] 

admitted as true: it is the principle affirmed in Euclid’s 
twelfth axiom. In must editions of Euclid, this is placed, 
with the other axioms, at the commencement of the 
Book. It has been here kept out of view till it can no 
longer be dispensed with ; and this has been done be- 
cause, in the first place, we should not be called upon 
to give assent to what concerns anything, of the possible 
existence of which there may be reasonable doubt. Till 
he has reached Prop. XX VII. (which proposition is all- 
sufficient for the construction of Prop. XXXI.), the 
learner may fairly question whether it be possible for 
what are called parallel lines to exist: he now knows 
that or never-meeting lines may be actually drawn. 

In the next place, from the property demonstrated in 
Proposition xVir. namely, ¢ any, two angles of a 
triangle are ther less than two right angles, he knows 
—what he could not know os an earlier stage of - pro- 
gress—an important partic respecting a pair of meet- 
ing-lines, crossed by a third line ; namely, that in a pair 
of meeting-lines, the two interior angles on one side of 
the crossing line, are ther less than two right angles ; 
and, as-a consequence (Prop. XX VIIL.), that when these 
interior angles are together equal to two — angles, the 
lines crossed must be non-meetiny, or pa lines. Itis 
the converse of the first-mentioned property that he is 
now to be called upon to receive as true; viz., that if a 
straight line, crossing a pair of lines, make the two in- 
terior angles, on the same side of it, together less than 
two right angles, the pair crossed shall be meeting-lines. 
This is the twelfth axiom, and is thus expressed in 
Euclid :— 

Axiom XII.—If a straight line meet two straight 
lines, so as to make the two interior angles, on the same 
side of it, taken together, less than two 5 angles, 
these straight lines, being prolonged, shall at length meet 
upon that side on which are the augies that are less than 
two right angles. 

The peveodticgs already referred to enable us to see 
distinctly what it is that this axiom assumes, and more- 
over inform us that the assumption is, at least, perfectly 
consistent with demonstrated truth. That it is necessarily 
true, must be admitted, upon reflecting for a moment 
upon that peculiarity of a straight line, really implied in 
its designation, though not expressly adverted to in its 
definition—its undeviating sameness of direction. 

It is obvious, from this uniformity of direction, that if 
two straight lines, however far prolonged, never meet, 
then, at no part of their course, can either make any 
approach towards the other ; for if two straight lines 
approach one another, their continuance, in the same un- 
deviating directions, necessitates their meeting, if inde- 
finitely prolonged. We cannot doubt this, and yet have 
an accurate conception of an unlimited straight line ; 
since uniformity of direction must enter that conception. 
It follows, therefore, that parallel lines must be, through- 
out, Sy yraea lines, But two distinct straight lines, 
through the same point, cannot be throughout equall 
distant from a third ; so that two straight ih, throug 
the same point, cannot both be parallel to the same 
It has been seen p. XXVIIL) that 

el to another (A Bb), if the interior 

vp ag lca to two right angles; a 

which would cause the interior angles 

(BG H, K HG) to be less than two right angles, being 

a distinct line from C D, must therefore meet A B if pro- 
longed, And this is the assertion of the twelfth axiom, 

PROPOSITION XXIX.—Txeorem. 

Tf a straight line (E F) fall upon two parallel straight 

ines (A B, C D) it makes the nate angles (A GH. G 

[ ; and the exterior angle (E G B) = the in- 

‘and opposite (G HD) upon the same side ; and 

the two interior angles (BGH, GHD) upon 

sa together=two right angles.—{See the pre- 


i ] 
not = G HD, one of them, as AGH 
a. Add the angle BG H to each of 
* AGH+BGH are greater than BG H+ 


act 


: 
: 


Q 
=) 


i 
i 


- 


E 
= 
F 


GHD. But AGH+BGH = two right angles,* .*, 
epris. BGH-+GHD are less than two right 
+ Ax. 12. angles, .. AB, CD, if paclenges, Sal meet 
which is impossible, since (by 4 Ee they are 
parallel ; ,*, AGH is not unequal to GHD, that is, it is 
* Pr. 15. rer to it. Agan: AGH = EGB,*.:, 
EGB=GHD, Add to each of these BGH, .*. EGB 
+BGH=GHD+BGH; but EGB+BGH= 
+Pri3,  rightangles,t.*. BGH+GHD = 
angles, .*. if a straight line, &c. Q. E. D. 
PROPOSITION XXX.—Tueorem. 
Straight lines (AB, CD) which are to the same 
straight line (EF) are Sona be ark other. 

Let the straight line 
GHKeutAB,EF,OD: 4 * o/ 
then, because A B is paral- 
lel to EF, the angle AGK E__ eS 

*pr.o9. =GHF,* and 
because EF, CD are also af 
parallel, the angle GHF 7 

tPro. =GKD,+ . : 

spr. AGK=GKD, .*. AB is parallel to C D.* 
.*. straight lines, &e. QE D. 

PROPOSITION XXXI.—Prosiem. 
To draw a straight line through a given point (A 
to a given straight line (BC). ) poral 

In BC take any point D: join A D; and at the point 

ato % f:tn A maa we 2 le fen E=ADO;* 
and prolo to F; then to BO, 

emaeer cit D, falling ake 
upon EF, BO, makes the foe gg 
alternate angles E A D, ; 
ADO equal, EF is 

® Pr. 27, lel to B * a*e B D c 
Rete a Stee FRE A Ai 
aline EF pa to BO is drawn. Which was to be 

PROPOSITION XXXII.—Txeorem, 
If a side (BC) of a triangle (A BC) be prolonged, the 
exterior a io (ACD) io m the te tntertor and opp 
les (A, B) ; and the three interior angles of every 
triangle are together = two right angles. 

* Pr. 81, Through C draw CE parallel to A B ;* 
ioe the (altecnabs eagles “re 
BAC, AC E are equal,t+ A B 

+Pr.29, and use 
BD falls upon the said 
parallels, the exterior 
angle ECD is = the in- 
terior and opposite angle 

epr.29. ABC.* Itwas 
provedthatACE=BAC, § c 
.. the whole exterior angle 
ACD=A+B, both 
each of these 


* Pr. 13. th of 
right angles, .*. ifasideof atriangle, &c. Q. E. D. 
dia Il the interior angles of any rectilineal figure, 
ther with four right angles, are = twice as many 


ight angles as the figure has sides. 
‘or, any rectilineal figure ABCD E can be divided 
into as many triangles as the figure D 


has sides, by drawing straight lines 

from a point F within the to 

each of its vertices. And, by the ® ° 

preceding prop., all the angles of 

these triangles are = twice as many 

right angles as there are triangles ; 

that is, as there are sides of the << 2 

figure. But these same angles are 

equal to the angles of the figure together with the angles 

at F, the common vertex of the triangles ; that is, to-- 
epr.13. gether with four right pts * .+. all the 


or.2. angles of the figure, together with four right 
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" are = twice as many right angles as the figure has 


corollary, to all the interior 
angles + four right angles, .°. 
all the exterior angles are = four right angles. 
This remarkable property can scarcely fail to arrest the student’s 
2 attention; as, previously to its demonstration. he would be 


have the same amount whether the figure partons gence tral 
PROPOSITION XXXIIL—Tuezorem. 

The straight lines (A C, B D) which join the extremities of 

two equal and parallel straight lines (A B, C D) towards 


gure ; that is, by the above 3 \ 


the same parts, are also themselves l and parallel. 
Draw B ©, which joins the extremities of the parallels 
towards ite parts ; then the alternate angles A BO, 
* Pr. 29. ee evel? And because AB = CD, 
and BC common bith 

two triangles A A 

DCB, the two sides AB, x 
Reon He indinded 95: ee 
le are respectively = 

two DC,CB and the c D 


and it was shown that AC=BD; straight lines, 

&e. QE.D. 

PROPOSITION XXXIV. —TueEorem. 

The opposite sides and angles of a parallelogram ACD B 
are ani the diagonal (BC) bisects it; that is, 
ee See ae A nei of which the opposite 
Ses are parallel andthe aig 1 ia the straight line joining two 
Because A B is FS 

to CD, and BC meets 

them, ABC= 


B 
*pr.2. DCB;* and ant eg 
because A C is parallel to ¥ 
B ), and BC meets them, ¢ f 
+Pr.29, the angle ACB = DBC,t .*. the two tri- 
angles ABC, DCB have two angles ABC, ACB, in 
the one = I) CB, D KC, in the other, each to each, and 
the side BC, adjacent to the equal angles, common to 
the two triangles ; .., AB = CD, and AC=B D ; and the 
*pr.26.' angle A=T).* Again: because the angle 
ABC=DCB, and the angle DBC = ACB, .°. the 
whole angle ABD =the whole angle ACD; and it was 
proved that A = D, .*. the sides and angles of a 
pa am are Also the diagonal bisects it : 
for it has been shown that the triangle ACB has two 
tides, and the included angle A = res vely to two 
sides, and the included angle D in the triangle D BC, .*. 
*pr.4. these triangles are equal,* .*. the diagonal BC 
livides the parallelogram into two equal parts. 
PROPOSITION XXXV.—TuEoREM. 
Parallelograms (ABCD, EBCF) upon the same base 
se a between the same parallels (AF, BC) are 


Su , first, that the sides 
FAD, EF, opposite to the base 
BC, terminate in the same point 
D ; then, since each parallel 
is double of the triangle B D C,* 
*pr.3t. the parallelograms are 


5 > Next, let the sides AD, EF 
terminate in different points, b,E; then AD = BO, 


A D 


+Pr.3t, and EF = BC,+.-. AD=EF, and DE is 


A DE FA E_D F 
B o B Cc 


common, .*. the whole, or remainder, A E=the whole, ot 

*Pr. 34. remainder, DF: also AB=DC,*.-. AE, AB 

+Pr.29. =D F, DO, each to each ; also the angle A= 
FDC,t .°. the triangle EAB = triangle FDC. Take 
the triangle EAB from the trapezium A BOF, and 
from the same trapezium take the equal triangle F DC : 
the remainders must be equal ; that is, the parallelogram 
EBC F=the parallelogram ABCD; .*. parallelograms 
upon the same base, &e. Q. E.D. 

PROPOSITION XXXVI.—THEOREM. 


ams (ABCD, EFGH) upon equal bases 
(BO, a) and between the same parallels (A H, BG) 
are equ 


Draw BE, CH. Then because BC = FG, and FG 

=EH;.°. BO = 

H EH; and these are 

parallels, and joined 

Le a 

BE, CH, .-. EB, 

C are omar gs 

* Pr. 33. el, * 

ay EBCH is a paral- 

+ Pr. 34. lelogram, t+ 

*Def. and it is=ABCD,* also EB CH=EFGH,* 

*Pr.35. .°. the Lampe Soe ABCD=EFGH, 
-*. parallelograms upon equal bases, &c. Q. E. D. 


PROPOSITION XXXVII.—TxHeorem. 
Triangles (ABC, DBC) on the same base (BC) and 
between the same parallels (EF, B C) ave equal. 

This proposition is only a particular case of that which follows; and 
as the particular is not made use of in the more general demon- 
stration, it may be omitted, as quite superfluous. Prop. XXXVIIT. 
proves that between the same parallels are equal, provided 
only that their are equal, without any restriction as to 
whether the bases coincide or not. Whatever is proved as to equal 
things is, of course, proved when the things are not only equal, 
but sdentical. XXXV., is, like the present, only a particular 
ease of that next in order, but the proof of the latter requires that 
the particular case be previously established; so that, although 
Prop. XXXVL. really includes Prop. XXXY., yet Prop. XXXV. 
Must not on that account be suppreseed. 

The enunciation of the nt less proposition is ined here, 
etree that Euclid’s subsequent propositions may not be 


Paralle 


A D Er 


B c 5 G 


PROPOSITION XXXVIIL—Tueorem. 


age ae ae DEF) equal bases (B C,E F) and 
Through B draw BG 
t x r Ht opr. a, parallel to C A,* 
\ and through F draw 
FH parallel to ED,* 
the lines thus drawn 
\ terminating in GIL 

3 Cc £ F 
are _ parallelograms,t 
+Pr.34, and, being on equal buses, and between the 
Def, same my they are equal,* .. their halves 
* pr. 36. are equal; that is, the triangle A B C=the tri- 
angle D FF, .*. triangles upon equal bases, &e. Q. E. D. 
PROPOSITION XXXIX.—TuHxEoREM. 


tween the same Is (B F, G H) are equal. 
Then GBCA,DEFH 
Equal triangles (A BC, D BC) upon the same base (BC) 
and 


on the same side of it, are between the same 
parallels, 
This proposition, like Prop. XXXVIL., is superfi ; it is included 
in the next. 


PROPOSITION XL.—Tuxorem. 

Equal triangles QBS, DEF) on the same side of the 
same straight line, and having equal bases, are between 
the same parallels. 

Draw AD.. Then if AD be not parallel to BF, let 
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one side of A D, or on the other—the reasoning 
PROPOSITION XLL—Tueorem. 
a parallelogram (A BCD) and a triangle (E BC) be 
ee eek dk between the same parallels, the 
parallelogram shall be double the triangle. 
Draw A C, then triangle A BC 
E = triangle EBC, because they’ 
are on the same base and are be- 
tween the same parallels.* But 
¢pr.37. A Bo ie double the 
+Pr,34, triangle AT 373 
¥ ~  abed ree 
angle EBC, .*. if @ paral- 
lelogram, &o; Q. E. D. 
Novre.—The learner will perceive that this thorem is unnecessarily 


to the case in which the bases ide ; he may g 
it himself, proving that if a parallelog and a triangl 
equal bases, &c. 


A Dd 


PROPOSITION XLII.—Prostem. 

To deserite'a par alislegnamishas. adh sane to a given 
triangle (A BC), and have one of its angles equal to a 
given angle (D). 

* Pr. 10. Bisect BC in E,* and make the angle CEF 
+Pr.23. =D,+ Also through A draw A FG parallel 
*Pr. 31. to BO, and through O, OG parallel to EF :* 
then F E C G is the parallelogram required. For draw 
AE: the triangle ABE= 

A_F G  +Pr.38. triangle AEC,+ 

since they are on equal 

‘bases or between npr 

parall .*. triangle 

is double the chomnahe 

AEC. But FECG is like- 

wise double the triangle 
*Pr.4l. AEOC,*.*. paral- 

FECG = triangle ABO, and the angle CEF 
= D,t.". a parallelogram has been described 
as required, 


PROPOSITION XLII.—Tueorem. 


The complements (BK, K D) of the parallel 
G F) which are about the diagonal (A C) of a parallelo- 
The aie hich the di 
ne arallclogram EH OD through which the diagonal Gyre 
BK, KD, which make up the whole figure, are called the comple- 


of the f 
Because BD is a parallelogram, and A C its diagon 
*Pr.H.- .*, triangle A BC = triangle ADC.* ai 

because E H is a parallelogram, .*. triangle AE K = 


A « - +Pr.%. triangle A H K ;+ 

IS] —]. KGC= triangle RFC. 

= triangle si 

r K F AEK+KGG=AHK+ 

KFO. But the whole ABC 

= the whole ADO, .°. the 

omens BK, Kt is, the com- 

B G c lements D—are equal, 
-’. the complements, ce. ¢ E. D. 

PROPOSITION XLIV.—Prostem. 

To a given finite straight line (A B) to apply a parallelo- 

ram which shall be equal to a Sionh ria 1 (©), and 

ve one of its angles equal to a given anjle (D). 

Make the parallelogram BF = triangle O, and having 


(BH, 
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D other li AG be opr.42. thea EBG=D,* so that BE be in 
, a ong BF. and draw | the same straight line with AB; and bapeg. od to H. 
GEF. The triangle ABC= + Pr. 31, Through A draw A H, pai to BG or EF,t 
+Hyp. the triangle GEF,t | meeting the prolongation of F Gin and draw HRB. 
as they are on equal bases Then because H F falls on the parallels AH, EF, the 
and between the same paral- * a x = les A H. PB, 
B a F lels. But the triangle A BC HF E are together 
epr.as, =the triangle DE Fs “ triangle K F- | = ty right 
triangle G E F, though one is a part of the o * Pr. 29. 
shiek in tmpoasile, ©. any other line AG is not parallel “a |, 2 BHF +HF 
to BF, .-. AD is the rallel to BF drawn from A, 4 ] are less than two 
.*. equal triangles, &e. o'r. D. nt i right a whe 
Norx.—Whether the supposed parallel, AG, be considered to meet i A L HB, F pro- 
ED, or ED ged—that is, whether AG te iesenen on the longed, must 
sme |p ax.12, meot.t Let them meet in Kj and draw KL 


pe pee , of which 

the diagonal is H K ; L are the 

of the parallelograms A 6. Mt E, about the Toateal 
+Pr.43. 0. TL B= BE;t but BF=0,*.*, LB=C. 


* Const. 
+Pr.15. And because the angle GB E = A B M,t and 
ecost. GBE=D,* ... ABM=D, .*. to the 


straight line A B the parallelogram LB is applied = O, 
ia hare Mm M Which was to be ~ 
done 
PROPOSITION XLV.—Prostem. 
To describe a parallelogram equal to a giren rectilineal 
Jigure, and having an angle equal to a given angle (E). 


First, let the figure be a four-sided one, ABOD. 
Draw D B, and describe the Jel FH = the 
triangle A D B, and having the angle K = E;* 


* Pr. 42. 
and to GH apply the parallelograznt (G Mi-= the triangte 

+ Pr. 44. DBC, haying the angle G HM = E.+ 
Jigure F M shail be the parallelogram re 


* const, Because the angles K, GH M are each = E,* 
- K=GH M, 
A D FG 


Add to each of these 

the angle K H G, 

ms KHG= 
: E 

+Pr9. .-GHM 4 c 
siaha Signe and 6 ly KH, HM 
right angles, and consequently are 

*Pr.14, same gas ine.* Ta tease a 
the parallels K M, FG, the angle M 

+Pr.29, add to each of these thi 
MHG+HGL=HGF+HGL; 

*Pr.29 = two right angles ;* .°. 
two right angles, .*. FG, GL are in 

+ Pr. 14, linet And because K F, 

* Pr, 30. elto HG, .:. KF is 
and K M, FL are by construction 

+Pr. 34. parall .t And 

be. ABD = FH, and the triangle D 
pimp bate west 

gain, let the figure 

eee wie te 
, & upon D C. 
this triangle, may be pute’ to LM, just as 
D BC was applied to G H ; and thus, however numerous 
be the sides, a parallelogram may be described equal to 
the given Ch aia Jigure, and having the angle rd = the 
given angle BE, 

Cor.—From this it is manifest how, toa given straight 
line, to apply a parallelogram which shall have an angle 
equal to a given rectilineal angle, and shall be equal to a 
given figure. 


K H 


PROPOSITION XLVI.—Prostem. 
To describe a square a7 sitll Jinite straight line 


Draw A C at right angles to A B.* and — 
el ta 


to AD,* 


* Pr. 11. 
+pr.3. AD=AB.+ Through D draw D E 


«pr. 31. AB, and through B draw B E pai 
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-*. A E is a parallelogram, .-. AB 
+Prri& =D and AD = BE;+ © 
but A B = AD, .-. the four sides A B, 
AD, DE, EB are all equal, .-. AE is 
equilateral. Likewise, all its angles are 5, 
right angles; for since A D meets the 
parallels A B,D E, the angles A+ ADE 
*Pr.29. = two right angles ;* but A 
+ Const. sean SoeeT Bake Hs 
a right angle; but the opposite angles 
Pe of a paralle are equal,* A B 
.. B, E are each right angles, .. the figure AE is 
rectangular, and it was proved to be egutluteral; it is 
«. a square, and it is described upon the given straight line 
AB. ree war. be a ae Sonetaas ai 
Cor.—Hence, every paralle’ one rig’ 
angle, has all its angles Tit arigles” 
Norr.—It may be easily proved that the fi hs i "~ 
Tr the dia donna DB be drawn, the figure wil be divided into two 


ual trian; Pr, VIIIL.), .*. 


and one of its angles a right ‘angle; that the other three are 
ake ane as above, and ought not to be 
assumed in a definition. 


PROPOSITION XLVIL—Tueorem. 

In any right-angled triangle (B A C), the square (B E) de- 
wribt upon the side (BC) etenting the right angle & 
equal to the squares (B G, © H) described upon the sides 
containing the right angles. 

*Pr.46. The squares being described,* through A draw 
+Pr. 31. AL parallel to BD or CE st draw also A D, 

“Hyp. FC. _ Then, because B AC is a right angle,* 

and PAM Beep HTS AAs CA, AG are in the 
+Pr. 14. same straight line.t For a like reason, A b, 

Hare in the same straight line. Now the angle D BC= 

G F BA, each being a right 

angle; add to each the 


AB, BD=the two FB, BC, 
each to each, .*, the t le 
P ABD=the triangle F BC." 
2 ePpr.4. _ Now the aioe 
lelogram B L is double the 
triangle A B D, because they 
are on the same base B D, 
ant Date wae ae Perak 
._ lels BD, AL + 
D Le uare B G is double 
i F BC, because 
these also are on the same base, are between the 
same parallels F B, GC ; but the doubles of equals are 
themselves equal, .. BL = BG. 
In like manner, by drawing AE, BK, it may be 
demonstrated that CL = CH, .*. the whole square B E 


= the two squares BG, CH; that is, the square de- 

scribed B.C 4s equal to the squares described tipon 

AB, AC, .. in any right-angled triangle, &c. Q. E. D. 

PROPOSITION XLVIIL—Tueorem. 

the A described upon (BC) one of the sides of a 

fio (ABC) be equal to the squares described kA 

the other two sides, the angle (A) contained by these two 
sides is a right angle. 

From A draw AD at right angles 

» epru. to AC,* and make AD 

+Pr.3. =AB,t and draw DC. 

Then, because A D = A B, the square 

A of AD = the of AB: to each 

of these add the square of AC, .*. 

the squares of A D, A C=the squares 

B c of AB, AC. But the square of DC 

= the of AD, AC, because 

*pr.47. DAC is a right angle,* and the square of 

BC is by hyp. = the squares of A B, AC, .*. the square 

of DC = the square of BC, . DC=BC. Hence, in 

the two triangles ABC, ADC, there are two sides 

BA, AC in the one, equal to the two DA, AC in the 


other, each to each, and the base BC equal to the base 


epr.s. DC, .*. the angle BAC=DAC.* Bat 
DACis a right angle, .-. BAC is a right angle, .-. if 
a square, &c. Q. E. D. ' 


REMARKS AND COMMENTS ON THE FIRST BOOK OF EUCLID, 


The following observations on the general character of 
etrical reasoning, and on the First Book of Euclid 
in i , are intended for the guidance and instruc- 
tion of those whose acquaintance with the subject is 
limited to vege has now rp nrc remaest he think it 
very probable that, among such persons, there may be 
some who, however attentively they may have read the 
portion now completed, have failed to perceive, so clearly 
as is desirable, the main object and intention of a course 
of geometrical study. Itis true that the demonstrations 
themselves are so free from obscurity, and so thoroughly 
convincing, that no doubt can remain on the mind of an 
attentive reader as to the truth of the several conclusions @} 
arrived at; so that anything added to these demon- 
strations, by way of elucidation of the steps, or as con- 
firmatory of the results, would be felt by the merest 
inner to be an incumbrance rather than an aid. 
here is no doubt, however, that Geometry is some- 
times taken up with erroneous expectations as to what 
it teaches ; and is read with a pliant docility of mind— 
a passive acquiescence in the dicta of the teacher—which 
Euclid himself would be the first to condemn. It is 
chiefly for the purpose of guarding you against such mis- 
takes that we append the following remarks to the first 
book of the elements. We should have prefixed them, 
could we have been quite certain that you would have 
been familiar with the ical terms which would 
have been we 2 e | them here, in the co 
pectation that you will give oregoing part a secon 
reading, guided by the additional light here to be given, 
in reference to the objects and advantages of Geometry, 
and also as — the true spirit in which its principles 
should be studied. ' 

A youth, destined ultimately for some mechanical or 
scientific occupation, is told—and properly told—that, 
to excel in his calling, he must study Euclid ; this study 
is usually associated in his mind with a case - — 
matical instruments, scales, com parallel-rulers, 
&e. Now, without eee forbidding these things, it 
is of importance that he should be distinctly informed 
that, for aught that appears to the contrary, Euclid 
never handled, or even saw, compasses, parallel-rulers, 
&e., in his life. It is certain that he gives no counte- 
nance to the use of any such mechanical contrivances in 
his work. Had Euclid been asked, there is no doubt 
that he would have declared his inability to describe a 
circle, and even to draw a straight line. What we call 
practical geometry Euclid was entirely regardless of ; in- 
deed the application of geometry to the practical business 
of life'was viewed by ancient geometricians rather 
asa A pret of the purely intellectual science they cul- 
tiva than as enhancing its value ; and we accordingly 
find that but few of Euclid’s lems, or practical con- 
structions, are such as a skilful workman would follow. 

Important and extensive as are the practical appli- 
cations of geometry, it should nevertheless be borne in 
mind that the Elements would have existed, just as the 
now do, if these = menarae ee had never been thought of. 
The availability of geometry in practice is Pres a con- 
tingent and accidental circumstance, aor ated by 
the geometiicians, just as their theory of the conic 
sections was elaborated without any prospective regard 
to the future demands of physical astronomy, or to the 
discoveries of Newton. 

And it is right to ps geometry under this 
purely intellectual aspect, and to study it as a strictly 
abstract science. Practical operations are all more or 
less imperfect. There are imperfections of vision, of the 
hand, of the instruments employed. Pure Euclidean 
geometry tolerates no such imperfections, however mi- 
nute or unimportant they may be in a practical point of 
view. The circle of Euclid is a perfect circle—such a 
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Circle, in fact, as no human being ever formed. In like 
manner, the straight line of Euclid is rigorously what it 
is affirmed to be—perfectly straight, and perfectly breadth- 
less, You see, therefore, that we were fully warranted 
in saying, that Euclid could not describe a circle, 
nor draw a straight line; he has not, indeed, attempted 
to do either ; the marks and diagrams which he exhibits 
to the eye, in connection with his reasonings, are nothing 
more than the outward symbols, of what actually exists 
in the mind alone, And the truths of geometry become 
applicable to visible and tangible squares, circles, &c., 
only on the supposition or assumption that they are per- 
fect copies of our intellectual conceptions of these things. 
A very able writer on Logic and mental Philosophy (Mr. 
Stuart Mill), denies to the lines and figures of geometry, 
the perfection here contended for. Assuming that all 
our conceptions of form originate in our contemplation 
of outward objects, which is no doubt true, he maintains 
that our ideas of squares, circles, &c., are only copies of 
the confessedly imperfect forms presented to our eyes. 
We would submit, however, that the mind can conceive 
what it may surpass the powers of the hand to execute ; 
and that we can imagine a perfection which art cannot 
attain. A mere approximation to the perfect form— 
which is all that can be presented to the eye—will sug- 
gest the practically-unattainable perfection to the mind ; 
and it may be safely asserted that the very infirmity of 
our visual organs contributes to this perfection; since 
defects, too minute to be visible in the outward object, 
cannot possibly accompany the mental impression of that 
object. : 

We have thought it right, in these introductory re- 
marks, thus to state broadly, and unambiguously, what 
the subject-matter of geometry really is. The objects 
with which it deals, and to which its reasonings are 
| applied, are our perfect mental conceptions of figure, and 
| not the imperfect pictured forms which, to help these 
| conceptions, are traced upon paper. These are merely 
| the outward representations, or visible symbols of the 
purely intellectual forms which they very conveniently 
serve to suggest ; though, from the physical and instru- 


mental imperfect ons which we know to be attached to. 


them, they are not accurately the things themselves ; 
these latter, by an act of abstraction, being freed from 
all material encumbrances ; so that, in fact, the forms 
and figures of geometry are exclusively in the mind, and 
not in matter. 

This is no bar to the practical applications of the sci- 
ence. Whether a tangible square be perfect or imperfect 
is of no moment, practically speaking, so long as its im- 
perfections are undiscoverable by the senses ; inasmuch 
as the rigorous conclusions of geometry may be applied 
to it without practical or appreciable error. 

We now proceed to consider the basis upon which the 
entire structure of geometry rests—a basis so simple that 
a child might lay the foundation-stones ; yet supporting 
a fabric which, though so extensive, is, at the same time, 
so secure, that the most powerful intellect cannot disturb 
its stability. We need scarcely say that we allude to the 
axioms and postulates of the science ; and, in connection 
with the consideration of these, shall take occasion to 
offer some suggestions as to the proper frame of mind in 
which Euclid should be studied. 

Supposing, then, that you have your Euclid in your 
| hands, we commence by first directing your attention to 
the fact, that the work is divided into distinct sections, 
or Boo!s ; and that each book commences with an ex- 
planation of the technical terms employed in it ; with 
a concise but satisfactory description of the lines and 
| figures to be reasoned about, and a statement of the 
elementary propositions to be admitted as possible, in the 
practical constructions, and of the elementary proposi- 
tions to be admitted as true in the reasonings. 

You will at once see, that in entering upon any doc- 
trine which 1s to be established, not by the influence of 
authority, but by the force of reasoning and sound argu- 
meut, it is of much importance that preliminaries such 


| aa these should be clearly and satisfactorily settled. If | 
| ® person desire to communicate his own convictions to | 


another, and, in undertaking to do so, make reasoning 
the only channel through which to convey them, there 
must be—first, a mutual concurrence as to the meaning 
of the terms employed ; and secondly, a like concurrence 
as to the fundamental principles to be assumed by the 
one party, and admit ¥ the other. A good deal of 
what goes by the name of reasoning and argument, in 
the common affairs of life, is nothing but a sort of 
wrangling disputation, solely from the neglect to estab- 
lish a clear understanding on these points at the outset. 
Euclid is careful to preclude this fertile source of am- 
biguity, confusion, and error. He commences the seye- 
ral portions of his subject with Definitions of the things 
to be discussed, and of the peculiar terms to be employed 
in the discussion ; he then tells you what he expects ne 
to admit as practically, or at least, as conceivably possible ; 
and lastly, what he requires you to concede, without 
demonstration, as necessarily true. 

You should not hurry over the definitions ; they have 
been framed with t care. The character of a good 
definition is this : that it is just sufficiently descriptive of 
the thing defined to distinguish it from all other things, 
but not more than sufficient for this purpose. If any- 
thing more than what merely suffices to identify the 
object defined be declared in a definition, that definition 
is said to be redundant: it iapaires ke : ay of 
some property or peculiarity of the object, which it is 
the province of reasoning to deduce from the properly- 
restricted definition of it. All the properties of geometri- 
eal figures are in this way deduced a, or as it were 
drawn out of, the definitions of those figures ; for in the 
definitions they are all virtually implied, and lie con- 
cealed. If you were to define an equilateral triangle as 
that which has three equal sides and three equal angles, 
you would make a statement which is quite correct, as a 
statement, but very faulty as a definition: the equality of 
the three sides necessitates the equality of the three angles 
(Prop. V., Cor.), so that the equality of the angles is 
virtually implied in the equality of the sides—a truth 
which must be discovered to us by reasoning, not assumed 
in a so-called definition. You will observe that Euclid 
invariably constructs his figures solely in reference to the 
descriptions of those figures embodied in the definitions, 

uite regardless, at the time, of all other properties of 
them; and you will perceive that he has furnished 
particulars just sufficient for this purpose, without one 
superfluous item. 

We need scarcely state, that in speaking of Euclid 
here, the emendations of Simson and other modern 
editors are uniformly kept in view. It is much to be 
regretted that, in the editions of Euclid most generally 
studied, acknowledged blemishes are allowed to remain 
in the text, while the proper emendations are given in 
the form of notes at the end. Our veneration for a 
writer on science should never be considered as ground 
sufficient for us to endorse his errors and defects, nor 
even to except to them only indirectly, and in the form 
of supplementary annotation; they ought, in justice to 
him, as well as to those for whom he wrote, to be ex- 
punged from the text of his instructions. In a work of 
taste or imagination, the case would be different; an 
editor would have no right to replace the author’s views 
and peculiarities by his own ; but a book of science, so 
extensively used in education as Euclid is, should be 
rendered as perfect as possible ; and an editor of such a 
book could incur little blame for expunging every ad- 
mitted blemish from the text of his author. We have 
generally acted under this impression. 

Having thus previously established the existence of his 
geometrical forms, Euclid then proceeds, in his Z'heorems, 
to deduce, by reasoning, all those properties necessarily, 
though not obviously, implied in the definitions ; but, as 
already noticed, before these existences can be proved, 
that is to say, before the constructions employed by 
Euclid in his Problems can be actually effected, assent 
just be given to the practigability, or, to he more explicit, 
to the conceivability of certain fundamental operations ; 
these are enumerated in the Postulates: and that before 
the reasonings in his Theorems can be entered upon, 
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assent must, in like manner, be given to certain funda- 
mental and necessary truths; these are enumerated in the 
Axioms. You perceive, therefore, that the definitions fur- 
nish the raw material worked upon, and that the postulates 
and axioms furnish the implements worked with—the 
postulates supplying the elements of the constructions, 
the axioms the elements of the reasonings. 

And here we must caution you against a very prevalent 
mistake. Do not for a moment imagine that Euclid re- 
quired his postulates to be granted, because the funda- 
mental operations, under that head, are so easy of per- 
formance ; nor that his axioms are to be assented to 
because the truths so-called are so easy of proof. His 
reasons for these preliminary stipulations were of a 
directly opposite kind ; he bargains with you to grant 
the possibility of his fundamental problems (the postu- 
lates), solely use he is unable, practically, to perform 
them ; and he calls upon you to admit, without proof, 
his fundamental theorems (the axioms), solely because 
he is unable to demonstrate them. A postulate and an 
axiom should each have a twofold character: a postulate 
should be a conceivable, but, at the same time, a reall 
impracticable ion ; an axiom should be a self- 
evident, but, at the same time, an indemonstrable truth. 
Euclid asks us to “grant that a straight line may be 
drawn from any one point to any other,” from sheer ne- 
cessity ; the apparent simplicity of the operation is in 
reality a cause of its difficulty. What operation, still 
more simple, could be made su’ To drawing of 
a straight line? And how could he di the perform- 
anee of the latter, without some operation still more 

_ elementary? Besides, an isolated straight line, accord- 
ing to Euclid’s strict definition, has no visible or external 
existence. Euclid’s line is ae the a length; 
aid length, unaccompani o imensions, cannot, 
Satanic be astenlip ecuibsod. The finest line that 
you: could draw upon paper would be a svlid bar of 
ink ; and the finest line an artist could engrave upon 
steel would be a sunken channel, with both breadth and 
depth. You may possibly think that, as the physical or 
material lines here adverted to are so very slender, it is 
not worth while to make any objection to them on the 
score of their width or thickness; but the ‘‘ near enough,” 
or the ‘‘that’ll do” system, has no place whatever in 
Euclid’s system, which is one of rigid, uncompromisi 
accuracy. A line that you could draw and exhibit re 

no more be regarded as a line that Euclid had defined, 
than a beam of timber would be. Remember that with 
him “a miss is as good as a mile.” 

As with the postulates, so with the axioms; they are 
inserted from necessity, and solely because Euclid was 
unable to demonstrate them. That self-evidence alone 
was not considered by him as sufficient to justify the 
claim of a proposition to a place among the axioms, is 
plain, from his uniform practice of demonstrating what- 
ever can be eeneaeliated, and assuming only what can- 
not ; taking care, however, in general, that the truth 
assumed shall be, not only an ultimate truth, but also a 
thing perceived to be true as soon asenunciated. We say, 
in because there is one remarkable exception— 
the 12th axiom of the first book is indemonstrable, but 
not self-evident ; it has one of the characteristics of an 
axi but not the other. In the preceding book, we 
have ‘ht it prudent to keep this so-called axiom out 
of sight, till the rt hinge em was reached; because up 
to that point its aid is not required ;: and arguments, 
abundantly sufficient to produce full conviction of its 
sy ects - ne peo then, thou bow could not 

ve employed at opening of the subject. 

ping aati po be ait seme Bed disap : ited that 
geometry—pre-eminently the science of demonstrated 
truth—should thus require to rest upon principles which 


must be gratuitously admitted. No process 
whatever can even be conceived to exist, unsup’ by 
a like foundation. A proposition may be ed on 


the one side, and denied on the other; but the matter 

cannot be reasoned out—it cannot be argued, unless 

some common first principle or principles be at the 

commencement agreed to by both parties, If every- 
VoL. 1. 


thing be denied, there may be assertion and enntradic- 
tion, dispute and altercation, but certainly no argument. 
The noticeable thing in Euclid’s first principles, or ax- 
ioms, is, that, with the exception mentioned above, they 
are such as nobody in his senses would think of contro- 
verting, inasmuch as the truth of them is self-evident ; 
that is, so immediately obvious, that nothing of the kind, 
anterior to them in obviousness and simplicity, can 
sibly be adduced ; for if anything could, then that thing 
—being the more simple and elementary—would itself 
become the axiom, or first principle, by aid of which the 
former might be demonstrated. You see, therefore, that 
it is essential to the very nature of an axiom that it 
should be too simple and elementary to admit of demon- 
stration by help of anything more simple and elementary. 
The axioms are, on this account, self-evident, indemon- 
strable truths. Proposition IL., of Book III.—namely, 
that ‘‘ If any two points be taken in the circumference of 
a circle, the straight line which joins them shall fall 
within the circle”—is a proposition as self-evident, to 
any one who has a clear conception of a circle, as that 
which affirms that ‘‘ two straight lines cannot inclose a 
space ;” but as it is demonstrable, it is very properly 
placed in the body of the work. 

But it is time to give you a few words of advice as to 
the disposition of mind with which you should sit down 
to the study of geometry, and to notice some of the 
intellectual advantages which you have a right to expect 
from the time and attention devoted to the subject. 

You have already seen what the preliminary conditions 
are, which Euclid makes with you : he considers these 
to have been conceded, without the slightest qualification 
or reserve. As far as he is committed, he will take care 
that they are faithfully adhered to, and he stipulates 
that they shall be equally binding upon you. They are 
fully and fairly placed before you in the Detinitions, the 
Postulates, and the Axioms. In these matters he seems 
to assume a sort of magisterial authority, from which he 
allows no appeal. If you refuse to subscribe to the con- 
ditions which he himself lays down, he, on his part, 
refuses to be your guide : he can conduct you through the 
rich domain you wish to explore upon no other terms: 
he is inflexible as to his prelimi arrangements for 
the journey ; and he as good as tells you, as he told King 
Ptolemy of old, that ‘‘there is no royal road to geo- 
metry. 

If, therefore, you have any notion still lingering in 
your mind, about a line, or a triangle, or a circle, c&e., 
not strictly in accordance with what he authoritatively 
declares to be the notion, you must dismiss either it or 
him. If you have any scruples or misgivings about his 
postulates or axioms, you must, in like manner, Over- 
come them: you must examine them, and re-examine 
them, till you are fully convinced that the postulates are 
really conceivable operations, anl that axioms are 
really unquestionable truths ; for, depend upon it, he 
will tie you down most rigidly to the conditions, and 
allow of no escape, evasion, or qualification, It mat ers 
ee to bim by what process of mind you satisfy 
yourself of the truth of his axioms, nor by what me- 
chanical contrivances you seek to give an outward repre- 
sentation of lines, triangles, and circles; you may use 
pen, ruler, compasses, or whatever you please, for your 
own individual convenience or assistance ; but remember, 
that he himself takes no cognizance of these things. If, 
without any instrumental aid at all, and by mere freedom 
of hand, you were to sketch the outline of an inclosed 
figure, and make that the representation, to yourself, of 
a circle, Euclid would find no fault with you, provided 
only you still, in imagination, endowed it with the 
characteristics of the true circle that he had defined. 
You will find a carpenter, or a mason, much harder to 
pone in a matter of this kind, than you would find 

uclid. If you have carefully read what has preced 
you will see that we are quite justified in ing this 
statemént ; for you will have learned that Euclid is not 
concerned with the representations, but with the things 
themselves, the purely intellectual conceptions. 

Taking it, then, as a settled matter, that you receive 

: 4B 


| 
| 
| 


| 
| 


| exercise a vigilant watchfulness over every statement he 
| makes, receiving just so much of it as you cannot help 
| receiving, andnomore. Faith, in anything he advances, 


opposition, and of all your scepticism, he will compel you 
| —however much against your wish—to do unqualified 
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and that you do fully acquiesce in the truth of his axioms, | 
all preparatory ground is cleared ; and you may proceed | 
at once to the business proposed. And here you are to | 
observe, that both you and your author occupy different | 
positions. Euclid at once, from this point, drops his 


: 
| authority as a master; you withdraw your submission 
: 


What he says, you are 


as a docile and obedient pupil. 
You are to 


to regard no longer—only what he proves. 


is not to be thought of. Be as sceptical as you please— 
nay, as sceptical as you can. Euclid would not thank 
you for any gratuitous concession whatever ; all he 
demands is, that you will honestly respect the prelimi- 
nary articles of agreement ; and, in spite of all your 


ho’ not to him—but to the truth he propounds. 
And this is the attitude of mind you are to assunie 
in entering upon the propositions of geometry. There 
must be no yielding to the dicta of a teacher—no intel- 
lectual obeisance to the authority of a great name. 
Every truth you acquire, you must so acquire as to feel 
and know it to be a truth, from your own perfect indi- 


vidual conviction that it is so. Your conviction must be 
so thoroughly inwrought and complete, that if a Newton, 
or even a greater than Newton, should attempt to con- 
trovert a truth, thus secured, the effect of such an at- 
tempt upon your mind would be about the same as an 
endeavour to convince you that you are an inhabitant 
of the moon. 

Now we think that, from these unqualified statements, 
you may fairly make two inferences, well worthy of con- 
sideration. The first is, that even in this, our frail and 
erring state, there is offered to our notice a system of 
unadulterated and incontrovertible Truru, built up by 
purely human effort, and consolidated and rendered im- 
perishable by purely human reason. The second infer- 
ence is, that the reasoning process, by which such an 
intellectual structure has been reared, must surely be of 
the most faultless kind—no logical error can have been 
committed —no conceivable objection unanticipated, and 
no case of exception unprovided for. 

These considerations alone seem to us amply sufficient 


to incline all who have the time and opportunity, toa 
diligent study of geometry, apart from all regard to 
practical applications. Only reflect for a moment upon 
| the habits of mind which such study must necessarily 
| foster, where they in any way exist, or create where they 
| are wanting. The frequent contemplation of Truth has 
a cone and an ennobling influence, Next to Inspired 

| Truth, the truths of pure science furnish the most 
| exalted materials upon which the human mind can 
| exercise its powers. e who is earnestly and successfully 
| engaged in this exercise, comes, at length, to love truth 
for its own intrinsic excellence ; to be fascinated with 
its unadorned beauty ; and to entertain increased repug- 
nance towards the deformities of falsehood. Habits of 
mind, whether good or bad, are the fruits of seeds usually 
sown in youth ; they become formed and fixed from the 
natural effects of those trains of thought in which we 
most frequently indulge in early life; and hence the 
study of geometry, and of the sciences which carry out 
its pure principles, have an important influence, even in 
a moral point of view. To secure the operation of this 
influence is surely deserving an effort. The properties 
of geometrical figures may be matters of perfect indif- 
ference to us—we may take but little direct interest 
in what relates to triangles, parallelograms, and circles ; 
but we cannot be indifferent to a truthful habit of mind; 
| and though all the theorems of Euclid be forgotten, yet 
| if his remain as an abiding result, how great will be the 

uisition we shall have made ! 

ut the intellectual advantages connected with the 

| study of the ‘exact sciences,” are even more certain 
; and palpable than the moral advintages here alluded to. 
You cannot read a proposition of Euclid as it ought to | 


Euclid’s definitions—that you do “grant” his postulates, | 


be read—and indeed as it must be read, in order to be 
fully understood—without a concentration of attention 
more intense than most other subjects, out of mathe- 
matics, demand; and since, as just noticed, there |. 
must be no disposition to admit anything whatever, 
without the most complete conviction of its truth, a 
habit of scrutinising evidence, and of distinguishin; 
between plausibilities and proofs, is  insensibly but 
securely acquired. There is, perhaps, no faculty of the 
mind which in early life stands in more need of culti- 
vation than the reasoning faculty ; for that every one 
reasons, or at least engages in what goes by the name 
of reasoning, is so peace admitted as a distinguishing 
peculiarity, that man has been even defined to be “a 
reasoning animal.” Locke says, ‘* Would you have a 
man reason well—let him learn’ geometry ;” that is to 
say, if to reason well be the only end in view—all the 
truths of Euclid being regarded as utterly yalueless— 
still let geometry be studied. Yet geometry supplies no 
rules ; it prescribes no directions for conducting a logical 
process ; but, what is better, it places before us a col- 
lection of the most exquisite models, It teaches by ex- 
ample, not by precept; and no one, with proper atten- 
tion, can fail to profit by its lessons. 

You see, therefore, that Euclid is something more 
than a mere problem-book for the use of architects and 
surveyors : it is the most finished treatise on the ‘‘ Art 
of Reasoning” that the world possesses ; and it is chiefly 
as such that we are anxious to recommend to our young 
friends a careful study of its contents. It may fail to 
render you much direct professional service ; but the 
mental discipline it furnishes will strengthen your judg- 
ment, improve your logic, give additional acuteness to 
your penetration, and, in fact, so enlarge and invi te 
all the faculties of your mind, that you will be enabled 
to bring a higher degree of intellectual power to bear 
upon any pursuit in which you may earnesily engage. 
It is not the properties of geometrical figures that can 
do this : itis the reasonings by which they are established. 
The several stages at which you arrive, in your progress 
through Euclid, may present but few points of attraction; 
but you must be benefited by the invigorating influence 
of the journey. 

And here it may perhaps be as well, in order to prevent 
misunderstanding, that we should offer a remark or two 
in reference to a direction given you above—namely, 
that you should approach the demonstrations of Euclid. 
in a sceptical spirit. It has been foolishly, and most un- 
justly affirmed by some, that the study of pure science 
ie a tendency to produce general ici Now all 
truths are harmonious ; they have common features and 
common attractions, recommending themselves to our 
homage by the same dignified aspect and bearing. How 
can scientific truth ever be out of Keeping with inspired 
truth? A religious sceptic is generally something more 
than a mere: neutral as respects divine things: he is 
usually a denier ; that is, he embraces a angen proposi- 
tion, and acts upon it without proof ! How does geometry 
sanction this? In Euclid there are negative propositions 
as well as affirmative ones. We recommend you, anterior 
to proof, to be equally sceptical as to both. In things 
out of geometry, geometrical demonstration is, of course, 
not to be had ; it would be folly to look for it ; yet, if in 
such things an affirmative be declared on the one hand, 
and a negative on the other, do you not think that the 
logic of geometry, as well as the logic of common sense, 
would incline us to that, in support of which some evi- 
dence was offered, rather than to that which had no such 
support at all? 

ut there are sceptics of a different stamp from the 
class noticed above ; men of literary and philnsophical 
habits, who do not content themselves with a ‘cold ne- 
gation.” They address themselves to the task of under- 
mining the existing wvidences of the truth of Christianity, 

Such a man was David Hume, a distinguished writer 
of the last century. He wrote an essay to prove that @ 
miracle never could have been performed, or, at least, 
that we have no reliable evidence of its performance. He 
laid down certain preliminary principles, and dressed his. 
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ormance in the garb of fair reasoning. But Hume 
ing of ngiremecet ats rie ene: 
vince, he upon sli ground, an A who 
did know Sisaliads 3 the ‘Sexact sciences” betook 
themselves to the investigation ; they started upon pre- 
cisely the same principles as Hume did, without the 
assumption of a single additional particular, and they 
arri by a train of reasoning which it is impossible to 
disturb, at a conclusion directly ite to his. Had 
Hume known but a little of mathematics, and had he 
revised his so-called argument, in the same sceptical spirit 
which we recommend to you, a regard for his own literary 
reputation merely, wl have precluded him from ever 
publishing to the world his Essay on Miracles.* 


You have already seen that the propositions of geo- 
metry are of two kinds—problems and theorems. A 
proposition is called a problem, when the thing proposed 
is an operation to be performed—a construction to be 
effected: its object is a practical result, to be brought 
about by asuitable disposal and combination of the ele- 
mentary materials furnished by the postulates. A propo- 
sition is called a theorem, when the thing proposed is a 
truth to be demonstrated; and for this oamaten 
the elementary materials are furnished by the axioms. 
It usually happens, however, that the proof of a theorem 
requires the previous introduction of certain lines and 
constructions ; and hence it is that Euclid commences his 
first book with problems instead of theorems. The only 
theorem in this book, that is quite independent of a pro- 
blem, is Proposition IV. Euclid probably considered it 
more systematic to introduce the problems, which he 
foresaw would be indi ble as soon as the fourth 

ition was dis of, at the beginning of the book, 
than to in} em between propositions so closely 
aoc the = fifth. 3 
three ems thus found to be necessary to 
meet remy pail of the subsequent theorems, the second 
is the only one which seems to require any comment. 
inners in general find it difficult, and are apt to con- 
sider that there is an unnecessary parade of geometrical 
apparatus exhibited to effect so simple a matter as the 
drawing of one straight line equal to another. There is 
no doubt that a mere mechanic would pronounce the pro- 


a enine evar hgs BC in his 
compasses, he wou ply one foot at A, fixing it there 
as a centre, and with the other foot would cut ott the re- 
quired length AL; thus dispensing with all Enuclid’s 
machinery—the circles and the equilateral triangle. Now 
this is very well for the purposes of the practical 
workman, who neither seeks nor expects rigid accuracy 
in his constructions ; but you must remember that Euclid 
ignores compasses, and that the instrumental transference 
of one line to another is not warranted by any postulate. 
No one can take accurately any stipulated length in a 
os of compasses ; the limitation of his vision precludes 

is pronouncing, with perfect certainty, that he has got 
exactly the proposed length, neither more nor less. If 
the minute error, w in excess or in defect, be only 
so small as to escape his senses, he cannot take cognizance 
of it; and he not only practically, but from necessity 
disregards it. But without any additional postulate, 
Euclid shows you how the thing proposed may be done 
without the possibility of any error at all. In the or- 
dinary editions of Euclid, we think justice is scarcely 
done to the process indicated. You are directed, first, 
to draw a line A E longer than BC, and are then shown 
how to cut off a part AL equal toBC, The ingenuity 
of Euclid’s mode of proceeding would be more apparent, 
if no superfluity of length were at tirst introduced. It 
certainly seems a thing of much greater difficulty to draw 
a line from a point A, till a certain prescribed length be 
attained, and then, but not till then, tostop. Wewould 
therefore recommend you to leave the prolonging of D A 
to the very last ; so that, having performed every other 


* See Babbage’s Bridgewa'er Treatise—Appendix. Also Young's 
Three Lectures on Mathematics, - 


part of the construction, prolong D A, as a final step, till 
the prolongation reaches to the circumference of the 
outer circle. A line A L will thus have been drawn equal 
to BC, and there will be no excess of length to throw 
away. This is the mode of proceeding adopted in the 
present work. 

As to the other two problems, the first and third, but 
little need be said ; the directions given by Euclid for 
the construction of them are too clear and explicit to 
render further explanation necessary. \ It may be well, 
however, to invite your attention to two particulars in 
connection with Proposition I, which instructs-us how 
to describe an equilateral triangle upon a given finite 
straight line. Some commentators object to the word 
Jinite as superfluous, considering the condition, ‘‘a given 
straight line,” to imply that the length is fixed ot de- 
terminate. But a line may be given in position only, 
without any limitation as to length, as in Proposition XL 4 
or it may be given in length merely, without any restric- 
tion as to position : thus the line to be constructed in 
Proposition II. is to have a given length, but is unre- 
stricted as to position or direction. By ‘‘a given finite 
straight line,” Euclid means a line of given length, and 
with given extremities ; and if any objection at all be 
made, in reference to this word finite, we think it should 
be urged against the omission of it in Proposition IL., 
rather than against the introduction of it in Proposition 
I. In the first proposition, we dare say Euclid thought 
it prudent, to prevent all cavil, to state explicitly that 
the extremities, A, B, are given ; and that he did not 
cousider it necessary to repeat this in Proposition IL. 
Whenever a line is given in position merely, and restric- 
tion as to its length forbidden, Euclid characterises it as 
**a given straight line of unlimited length,” as in Propo- 
sition XII. ; but when it is a matter of perfect indifference 
whereabouts the extremities are (position alone being all 
that we are concerned with), the terms “a given straight 
line” are those always employed, as in Proposition 
XXXL. A mere glance at this proposition will show you 
that the given straight line of Proposition I. cannot be 
so entirely free from restriction, asto length, as the given 
straight line of Proposition XXXI.; and hence the pro- 
aie A of the restrictive term jinite in the former. We 
should not have said so much about a mere word, had it 
not been for the hypercriticism of others. You must 
therefore regard these remarks, not as a comment upon 
Buclid, but as a comment upon his commentators. 

The other matter we should wish you to notice, in 
connection with this first prpcele ct, is, that what is 
called ‘‘the point C, in which the circles cut,” is, in 
fact, either of two points, one on each side of A B, so 
that a second equilateral canes may be described, on 
the opposite side of the given line; and it is this latter 
position which the equilateral triangle, introduced into 
the construction of position IX., is to take. We 
shall only further notice, that it would have been some- 
what more explicit if Euclid had referred to the point C 
as where the circwmferences cut, rather than as where the 
circles cut ; though it is quite true that the circles them- 
selves interpenetrate there; but the distinction, very 
Properly made by Euclid in his definitions, between 
circle and circumference, is in danger of being over- 
looked by a beginner, in consequence of Huclid’s mode 
of expression, in reference to intersecting circumferences. 

Proposition IV. is the first of Euclid’s theorems ; and, 
being the first, and involving no construction, its proof 
depends solely on the axioms. The demonstration 
hinges upol what has been called the method of superposi- 
tion ; that is, the imagining one figure to be placed upon 
another, with a view to their perfect adaptation and coin- 
cidence, and thence to the inference of their complete 
oat (Axiom 8). If you wish to try the experiment 
whether or not you have any taste or aptitude for gen- 
metrical reasoning, you may, if you please, commence 
with this theorem, and study the three preceding pro- 
blems afterwards. It is a very beautiful specimen of 
Euclid’s mode of argumentation; and is quite within 
range of the powers of the merest beginner. But before 


_| you address yourself to it, it may be as well to reflect, 


— 
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that the relati itions of two things can have no- | The sixth proposition will find very after the 
thing to do with their relative Pelt or ; that the two | fifth ~ it is to is called the converse of the first of 


es, affirmed under certain conditions to be equal, 
and placed side by side before you on the paper, must 
remain equal, however their relative positions be altered ; 
whether one be turned upside down, or be made to over- 
lap the other, can make no difference as to the be seatcd 
or ill thus 
see 


able adjustment, a complete rie torre may be 
In this manner Euclid directs you to apply the 
iangle A BC to the triangle D EF in a certain way— 
ly, so that the point A may be on D, and the straight 
line AB upon DE. He then affirms that B must coin- 
cide with E; and as he never affirms anything without 
immediately answering the ioguisy why? he adds, because 
AB is equalto DE. The adjustment is thus brought 
about as far as the sides A B, D E are concerned. e 
then asserts that, this jal adjustment remaining 
undisturbed, A C must fall upon DF, because the angle 
or opening A is i to the angle or opening D. If 
AC fell beyond DF, the angle A would be greater than 
the angle D; and if AC fell short of DF, the angle A 
would less than the angle D; Euclid’s conclusion, 
therefore, is irresistible. As AC then necessarily falls 
upon D F, the point C must as necessarily fall upon or 
coincide with the point F, because A Cis to DF. 
And thus having proved, first, that B coincides with K, 
and then that C coincides with F, he infers, in virtue of 
the 10th axiom, that the base BC must coincide with 
the base EF. Hence the adaptation is complete ; there 
is perfect coincidence, and therefore perfect equality in 
every respect. 

Proposition V. is always found to be more or less per- 
plexing to a learner ; and it is certainly one of the most, 
if not the most knotty of the propositions in the first 
book. We would recommend a beginner, after completing 
the construction as directed, to erase the base B C of the 

iginal triangle, in order that nothing may divert his 
attention from the two triangles AF C,A GB. The 
line thus expunged may be restored after these triangles 
have been proved to be in all respects equal: they are 
nothing more than the two triangles already considered 
in Proposition IV. in a different position, one triangle 
partially overlapping the other. Young students are 
sometimes deterred from prosecuting the study of Euclid 
by the length and difficulty of this proposition, They 
should be apprised that the propositions are not arranged 
in the order of their difficulty ; that none more trouble- 
some than this fifth will ever after be met with, and that 
the last theorem in the book is quite as easy as the first. 
A great point will be gained, if you master this fifth 
proposition ; for you may then conclude with confidence 
that you will find yourself fully adequate to all that 
follows : but you must not come to this conclusion till, 
closing the book, you find yourself able to demonstrate 
the theorem step by step without a reference to it. This 
mode of testing your pro must be resorted to all 
along. It is not enough that you read and understand 
Euclid’s demonstrations—you must acquire the ability 
of furnishing these demonstrations yourself; you may 
vary the language, but you must preserve the rigour of 
the argument, affirming nothing without a reason. 

We do not clearly see why the fifth proposition should 
be called Pons asinorum, or the asses’ bridge, They say 
it is because “ asses” stick at it ; but we believe it was the 
twentieth proposition that was so designated by some of 
the ancients; for Proclus informs us, in his Commen- 
tary on Euclid, that the Epicureans derided the twen- 
tieth p ition as being manifest ‘‘even to asses ;” for 
ifa le of hay were placed at one extremity of the 
base of a triangle, and an ass at the other, the animal 
would not be such an ase as to take the crooked path to 
the hay instead of the straight one; as he would know 
the direct course to be the shorter; this was therefore 
called the asses’ bridye. 


A theorem is said to be the 
converse of another, when the hypothesis and the con- 
uence, in that other, places. The h 
it Proposition V. is, that two sides of the triangle 
equal ; the inference or uence is, 
anyles opposite to them are equal. The hypothesis in 
Proposition VI. is, that two ang/es of a triangle are 
equal ; and the pers gerne is, that the two sides oppo- 
site to them are equal : the one proposition is 
the converse of the other. In general, Euclid demon- 
strates the converse of a previous theorem tndirect/y, or 
by what is called the reductio ad absurdum method ; 
is, he commences with a denial of the truth 
and, ee the contradictory statemen’ 
it were true, shows that an absurdity, or im ty, 
is the unavoidable consequence ; thus proving that the 
thing contradicted cannot be otherwi tte Bs true. 
Throughout the whole of this book, the last proposition 
is the only converse theorem that is not demonstrated 
in this indirect manner. It is not every theorem that 
is true both directly and conyersely. You should take 
note of those that Euclid proves to be convertible, and 
endeavour to discover for Berne which of his p : 
sitions hold conversely, though only proved di 3 
For example, Proposition XXXIV. proves that if the 


Sppeaite sides of a quadrilateral are ean en mee 
as 


the former proposition. 


likewise ee Tt is — ee gear caralleh, 

opposite sides are equal, they are likewise 

te may prove for Pt en after the direct proposition 
been establish 

Proposition VIL. is merely subsidiary to the proposition 
next following ; it is what in some geometrical writings 
would be called a Lemma. You see that the demon- 
stration of it rests almost entirely on Proposition V. 
In some modern books on geometry this proposition is 
dispensed with, and the eighth established independentl; 
of it ; but, as an intellectual exercise, Proposition VIL 
is as useful as any in the book. Besides, a proposition, 
though manifestly introduced as merely subsidiary to 
something else, may yet are! intrinsic excellence of 
its own sufficient to justify its retention in the system. 
For instance, the proposition before us teaches us this 
fact, which is certainly not without interest; namely, 
that a physical triangle, supposed to have its sides y 
movable about joints at its vertices, cannot possibly be 
thrust out of shape by any force whatever. You may 
break the bars forming the framework, but you cannot 
make the frame itself assume another shape. 

Proposition VIII. is the second proposition, in the 
geometry of triangles, which proves that two tri 
are equal in every respect—that is, that each is but an 
exact copy of oe pmo Ph te pote one - 
respectively to t corresponding things in 
other. The thiree things may be two hen and the in- 
cluded angle, as we learn by Proposition IV,, or the 
three sides, as the present proposition teaches. And we 
may as well observe here, that there is only one other 
proposition in the Elements where the like equality of 
two triangles is inferred from an equality of three 
in one to three correspondin i in the other : it is 
Proposition XXVI, On these t Fah pd the 
practical part of plane trigonometry is founded. A tri- 
angle, in the } of trigonometry, is said to have 
six parts—the three sides and the three angles ; and when 
certain sets of three of these are given—either of the sets, 
namely, mentioned in Propositions IV., VIIL, a 
XXVIL.—the remaining three, which we see by these 
propositions must be fixed and invariable, become de- 
terminable, and are matters of computation. 

And here it may not be amiss to say a word or two 
about the form of expression contin Phage ee es by 
Euclid, when comparing together, for the purpose 
of establishing their equality. He always speaks of two 
sides or angles of the one being equal to two sides or 
angles of the other, each to each, ers are apt to 
omit this qualifying condition, ** each to ” as if the 
frequent repetition of these words were so much 
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useless tautology ; but recision requires that they should 

ed. ir ou were to say that two sides 
to two sides of another, your 
m 


the words ‘‘each-to each” would preclude the ibility 
of such a mistake, and would show that the sides, taken 
pr aeoay 2 and individually in the one triangle, were 
rmed to be equal to corresponding sides in the other. 
The four propositions next following are problems. 
You may be pretty sure that Euclid has med them 
till they became indispensable. We do not think Euclid 
hiked problems ; at all events, there is less careful finish 


about them than in his theorems. Proposition IX., for | 


instance, needs mending a little; it professes to teach 
how to bisect an angle, of whatever magnitude it may 
be. Now, sup that the triangle A D E, in the book, 
is an equilateral triangle, and that we want to bisect the 
angle DAE. Euclid tells us to construct an equilateral 
triangle on D EF; and without the di before our 
eyes, where the construction is exhibited in its completed 
state, we should naturally describe the equilateral triangle 
he directs, above D E, and not below; in which case we 
should get nothing; for our new equilateral triangle 
would simply cover the one already there, and the point, 

, falling on A, would have no separate existence ; so 
that there would be no gnide to the drawing of AF, the 

isecting line; it aioe have been distinctly stated, 
therefore, that the equilateral triangle, to be described 
on DE, should have its vertex, F, on the opposite of 
DE to the point A. This restriction is introduced in 
the present edition. 

In going over Euclid’s ition without the book, 
as we have recommended above, always refrain from copy- 
ing the diagrams. We know that such is the usual practice ; 
but it should be condemned. The progress of the diagram 
should a! ce pace with that of the text, and no line 
should be introduced till it is actually demanded by the 
text. It would be nearly as faulty as to write out the 
whole text, and then to supply the diagram (as the boy 
did who said he would tell the story first, draw the 

icture afterwards), as to commence with the completed 
i and then supply the text. In a printed book, 
the diagram must, of course, be completed ; but 
in your own private practice you should make it grow to 
maturity along with the text. In the whole course of 
your geometrical studies, let us urge upon you never to 
allow your ey Sa or conviction to be in the slightest 
degree biassed your visual impressions from the dia- 
gram. Let two lines look ever so like two equal lines 
do not forestal the reasoning, and conclude them equal 
from their appearance ; remember always that you are 
in a purely intellectual process, and that you are 
not to be allured by the matter roel the mind. Graphical 
accuracy, in the form, is of no moment ; ical 
accuracy, in the a reasoning, is all that you have 
to attend to ; and therefore we think it worse than waste 
of time to be over-scrupulous with scale and com y 
in reference to the lines introduced into Euclid’s demon- 
strations ; we have already given you some hints on this 
matter, 

There is nothing that calls for special notice till we 
reach Proposition XVI. This is easy enough, as far as 
Euclid carries the demonstration ; but when, at the close, 
he says, as in other editions of the Elements he is made 
to do, *‘in the same manner it may be demonstrated,” a 
beginner is pty BY feel a difficulty. There is really a 
good deal to do before the proof can be completed ; and, 
when completed, ‘‘ in the sume manner,” there is a need- 
less amount of complication. We would advise you to 
finish the reasoning rather differently. B carefully 
looking at the argument, you will see that this truth is 
established, and nothing more ; namely, that if one side 
of a triangle (any side, of course) be produced, the ex- 
terior angle is greater than that interior angle which is 
opposite to the side thus produced ; the angle A C Dis thus 
greater than A. Let now AC be produced to G; then, 
since the exterior angle is greater than that interior one 


which is opposite to the side produced, the angle BCG 
is greater than ABC; but BCG is equal to ACD (by 
the fifteenth), therefore A CD is greater than ABC; 
but ACD was shown to be greater also than BAO; 
therefore A C D is greater than either of the interior and 
opposite angles, BAC, ABC. lt is this form of com- 
pleting the demonstration that has been adopted in the 
present work, 

Proposition XVIT. would seem, at first sight, to have 
been introduced without any object. ‘The truth of it is 
clearly implied in Proposition XXXII, and it is not 
required in any of the intervening propositions. But 
that Euclid an object is not to be questioned ; and 
it seems to have been this :—It was desirable that, at 
some convenient place, before the introduction of the 
theorems respecting el lines, something should be 
established by demonstration that would diminish the 
repugnance, very properly felt at the outset, to the 
twelfth axiom. e have recommended he (p. 540) to 
keep this axiom in the background till you arrive at 
Proposition XXIX., where a reference to it becomes in- 
dispensably necessary. The axiom is no other than the 
converse of this seventeenth proposition ; this shows that 
if two meeting or non-parallel lines, B A, C A, be cut by 
a third line, B D, the two interior angles, CB A, BC A, 
on the same side of it, are together less than two ~— 
angles ; and the twelfth axiom asserts, conversely, that 
if astraight line cutting two others make the two interior 
angles on the same side of it less than two right angles, 
those must be non-parallel or meeting lines. 

The seventeenth proposition, therefore, enables us to 
see more clearly the exact amount of assent demanded 
of us by the twelfth axiom, and prevents our overrating 
that amount. If two lines cut by a third meet, the two 
interior angles are less than two right angles: this is 
proved. If two lines cut by a third make the two interior 
angles less than two right angles, they meet: this is 
assumed. 

Passing over, for the present, the intermediate pro- 
positions, let us suppose Proposition XXTIX. to be 
reached. The two propositions immediately preceding 
sufficiently show that the lines called parallel lines exist ; 
the twenty-ninth demonstrates a property of them, 
admitting the truth of the axiom just mentioned. Geo- 
meters without number have tried, some to evade this 
axiom altogether, and others to prove it by establishing 
the converse of Proposition XVII.; but all have failed. 
What can be the cause of this failure? Is it not in the 
imperfect definition of a straight line? Our conception 
ofa — line, independently of all formal definition, 
necessarily involves two ideas; namely, that of leny 
and that of uniformity of direction. Lenyth is impli 
in the word line ; and invariability of direction in the 
term straight. A line which changes its direction is a 
crooked line or a curved line ; a line that never changes 
its direction is a straight line. Now it necessarily 
follows, from this uniformity of direction, that if two 
straight lines, however far prolonged, can never meet, 
then at no part of their course can either make any 
approach towards the other ; for if two lines, proceeding 
in any two directions, and continue undeviat- 
ingly to pursue those directions, they cannot fail even- 
tually to meet. It follows, therefore, that parallels must 

hout be equidistant ; but two distinct straight 
lines, through the same point, cannot throughout be 
equidistant from a third; so that two straight lines 
through a point cannot both be parallel to the same 
straight line. Proposition XXVIII. shows that one 
(CD) will be parallel to another (A B), provided a line, 
cutting both, make the interior angles together equal 
to two right angles; a second line through H, which 
causes the interior angles to be less than two right 
angles, being distinct from CD, must therefore meet 
AB, if prolonged ; and this is the assertion of the twelfth 
axiom. 

What is here said, remember, is not a demonstration 
of this axiom. An axiom, you know, is an indemon- 
strable truth. All we wish to show is, that it is an 
axiom ; that is, atruth necessarily implied in the correck 
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ion of the thing to which wt refers. # hg 
contemplate your conception of a straight line, 
ue consideration to iis duatinguishing peculiarity 
direction—you must see that two, from 
cannot both be equidistant from a third ; 


to this third, or everywhere equidis- 
ica ek are possible; 


one 
tant from it, since, as we have seen, 
but one must of necessity meet it. 

Of the propositions passed over, the 22nd and 24th 
are the only requiring any special notice here. 
these, as given in the text of Dr. Simson, are open 
jection. fn the first of them, it is taken for granted 
the two circles employed in the construction must 
cut one another; and in the second, it is assumed that 
poiut F falls be/ow the line EG. You will find these 
defects acknowledged in the notes at the end of Simson’s 
Buclid ; but they were first pointed out by Mr. Thomas 
Simpson, in his £/ ts of G . The emen- 
dations of the latter were, however, but ill received by 
the “‘ restorer of Euclid,” who treated the ‘‘ remarker,” 
as he called him, witlr a good deal of contempt ; the 
more to be reprobated, as the poor self-taught weaver 
(for such Simpson in early life was) was very superior, 
as aman of science, to his academical opponent, great as 
were the merits of the latter in the field of ancient 
geometry. The biography of Thomas Simpson is full of 
instruction and encouragement to the young and un- 
aided student, who cannot fail to view with interest the 
steps by which a person in Simpson’s position, without 
books, money, or friends, plying his humble calling 
among the lowest ranks of society, was conducted, b 
the force of perseverance, to the proud eminence whi 
he eventually attained. In the annals of science he 
ranks among the most distinguished mathematicians 
of the last century ; and yet, at the age of nineteen, 
he was ignorant of the first rudiments of common arith- 
metic.* * 

The defect above alluded to, in Dr. Simson’s version 
of the 24th Proposition, is removed in the present 
edition ; and the objection made to the reasoning in 
the 22nd may be disposed of as follows :—After having 
described the circles, as at page 538, reason thus : One 
a these circles cannot be wholly without the other, for then 

G, the distance of their centres, would be either equal 
to, or than the sum of the radii; but, by hypo- 
thesis, it is less. Neither can one of the circles—as, for 
instance, that whose centre is wholly within the 
other ; for then the radius, F D, of the latter would be 
equal to, or greater than FH; but, by hypothesis, it is 
less ; hence, since one circle can be neither wholly without 
the other, nor whol/y within—they must be partly with- 
out and part/y within one another, .*. they must cut in 
some point This completion of the proof may be 
introduced in a second ing of the first book. 

Proposition XXXII. is among the most interesting 


bo} 
< 
& 
a 


theorems of this first book; but an objection to the | 


demonstration of it may be made, the occasion for which 
had better be removed. You are directed to draw, 
through the point O, a line C E parallel to A B, by Pro- 
position XXXL ; and it is then inferred that the alter- 
nate angles BAO, ACE are eqnal, by an appeal to 
BR ition XXIX.; but to draw the parallel C E, 
sure! 4 everybody would proceed by making the angle 
AC E equal to B AC; that is to say, we should first 
make the alternate angles equal to get the parallels, aud 
should then make use of the Ssealios to prove the alter- 
nate angles equal. You will at once see that we should 
avoid this circuitous method of proceeding, by making 
the angle AC E equal to BAO by Proposition XXIIL ; 
and then inferring the parallelism of A B, CE from 
Proposition XXVIL., so that Proposition XXXI. need 


not be called into operation at all, 

The corollaries to this proposition are remarkably 
beautiful ; and the second, especially, cannot fail to 
excite, in a person who reads it for the first time, a feeling 


of surprise. It would indeed be a feeling of incredulity, 
if this were possible in geometry. That the sum of the 


* See account of Sim in The Pursuit Knowledge under Diffi- 
culties ; also Hatton's Mathematical Distoumy. eer ee = 


' exterior angles, formed by prolonging the sides of a 
rectilineal figuré, should always be exactly the same, 

| whether the figure have three sides or as many 

| 3o 8 uth soe bere i 
and experiment, apparently so robable, that, in 

the absence of geometry, its apni could 
been s' much less established ; and yet an - 

ment of -a-dozen lines produces in every sind the 

fullest conviction of the fact. 

But the corollary that precedes this, though less 
striking, has, perhaps, the greater practical interest ; 
among other things, we learn from it that—the sum of 
the angles of a four-sided figure is fiice as great as the 
sum of the angles of a three-sided figure; the sum of 
the angles of a five-sided figure, three times as great ; of 
a six-sided figure, four times aa great, and so on; but 
the most noticeable practicable inference is, that only 


three regular figures,t namely, the equilateral triangle, 
the square, and the regular six- ided figure or hexagon, 
can, by repetition, completely cover a surface ; in other 


words, that, without leaving any blanks or i 

we un covets surface with » mosaic —_ of catlatera 
triangles, or of squares, or o t not 
with regular fies of an other kind. Th wtahl be im- 
possible, for instance, to form a piece of tessellated pave- 
ment with slabs of any other regular figure but one of 
these three ; because the uniting together of any other 
forms, by adjusting side to side, would not fill up the 
space about the corners—there would be either left an 
an , or else the stones must overlap one another, 
You will readily see the truth of this from the fol- 
lowing considerations :— 

Let us first consider the equilateral triangle: as the 
three angles make two right angles, each must be } of 
two right angles—that is, } of four right angles ; con- 
sequently, if six equilateral triangles were placed side by 
side, a corner or vertex of each being at thesame common ~ 
posta the angular space about that point would be 
completely occupied ; and no one triangle would overlap 
another, for the angles about a poet amount to just four 
right angles (Prop. XIII., Cor. 2). Let us next consider 
the square; and, as each angle of a square is a right 
angle, it is plain that four squares, each with a vertex at 
the same point, when placed in contact, will exactly fill 
the space about the point. 


The next in order is the regular pentagon, or 
five-sided figure. The corollary teaches us that the sum 
of its five equal ; con- 


angles amounts to six right angles 
sequently each angle is one right angle anda jiyth. Now 
you cannot multiply 1} by any whole number that will 
casa the product 4—no eres ge eet in Leas 
words, you cannot arrange the angles of pentagons roun: 
a point, as the common vertex of all 0 as to fill r. the 
Jour right angles about that point ; the pentagon, there- 
fore, must be rejected. The next figure is the hexagon. 
By the corollary we learn that its six equal angles amount 
to eight right angles; consequently each angle is equal 
to } of eight right angles; or, which is the same thing, 
to sf of four right angles, It follows, therefore, that 
three regular hexagons, placed side by side, round a 
point, as a common vertex, will exactly fill the space 
about that point. ; 

We need not extend the examination any further ; for, 
as the sides of regular figures increase in number, the 
angles increase in magnitude ; and, as it has just been 
seen that three angles of a six-sided regular figure, make 
four right angles, more than two of a seven, or eiglit, or 
nine-sided figure, could never be required ; but if two 
equal angles of any figure could make four right angles, 
each angle would equal tio right angles, which is absurd. 
It thus follows, that if space abont a point is to be filled 
up by the juxtaposition of regular figures, these figures 
si be either equilateral triangles, squares, or regular 

exagons, ; 

Of these three classes of figures, it is demonstrable, by 
more advanced principles, that the hexagon will enclose 
a given amount of space, with less extent of outline or 


+ Right-lined figures are said to be regular, when are both egni- 
lateral and equiangular, , — Be 
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border than either of the others ; so that if a given sur- 
face were to be divided into regular compartments, of 
equal area, by a network of costly materials, economy, 
guided ‘by science, would suggest the hexagon as the 
figure to be chosen. And this is the figure selected by 
the bee in the construction of the honeycomb. You 
have seen that of all the figures of geometry, there are 
Lut three which can so cover a surface as to leave no 
waste of room—no interstices. The bee chooses one of 
them. Of these three, the hexagon is that which most 
economises material :—the bee chooses it. It is necessary, 
too, as well for compactness and strength, as for the safe 
lodgment of the grub, that the hexagonal cell should 
terminate ina solid angle. Her choice of angles, that 
would do, is to be made from an infinite variety ; but 
among all these, mathematicians have discovered, by a 
profound analysis, that there is one, and but one, mode 
of formation by which the object would be attained with 
the least expenditure of materials ; and this one the bee 
adopts. She closes her hexagonal tube with an angular 
termination, formed by three plane faces. Each plane 
euts off or excludes a portion of the tubular space ; but 
the space within the solid angle just makes up for what is 
thus rejected; and the faces of thesolid angle are so 
shaped, and so inclined, as to fulfil all the mathematical 
conditions of a minimun of era i so be while the 
a space just compensates for the tubular cut 
of it a effects the com tion not only with loet anioiint 
of material, but wi rewRety ae ssible. The 
oe) ting space might secu in an infinite 
nandlipeof ways, Of this endless variety there is one 
way more economical than any other, and that one is 
chosen by the bee. 

You must regard this reference to the architecture of 
the bee as a digression, into which we have been allured 
ne ope eroreerean ee of Euclid’s cordllary. But 

subject is of instruction ; and when your mathe- 
matical knowledge is sufficiently extensive to enable you 
fully to estimate the science of the honeycomb, you may, 
like the ancient geometrician Pappus, feel even additional 
reverence for the Creator's power, and additional grati- 
tude that you have been wed with faculties to com- 
prehend and admire the exquisite geometry of the bee. 
ition XXXVIL. may be omitted. It is included 
in the more theorem which follows, and which is 
independently of the particular case. What 
is proved of triangles upon ee nee course, 


proved of tri on the same 
Propositions SXXV. and XXXVI., about parallelo- 
grams, seem to be related to one another, just as these 
pid Oe genera en iangles are related. But there is 
a difference ; for, although the thirty-fifth is only a par- 
ticular case of that which follows, yet it is not super- 
fluous, since the particular case is required in the proof 
of the general theorem. The thirty-ninth proposition, 
however, like the thirty-seventh, is superfluous ; as the 
ay theorem which follows does not require its aid, 
he forty-first, too, might have been replaced by a pro- 
position of wider generality. You can give it the exten- 
sion here ted by putting ‘‘ equal bases” for ‘‘ the 
same base” in the enunciation, and modifying the cun- 
pe se and rennnS accordingly. 
passing on to the few remainin itions, it 
may be worth while to notice that the pte pp i a 
+ time. 


| mensuration, surv , ke, 

| Proposition XLIL uires a word or two. The line 

AE is improperly introduced, in other editions, into the 

construction ; you will see, by attending to the details, 
that the required parallelogram is completed without any 
aid from this line; it is in the demonstration alone that 
AE becomes necessary, and therefore its introduction 

ie be deferred till the construction is completed, 


Of the forty-seventh proposition but little need be said 
here. It is stated to have been discovered by Pythagoras, 
who is recorded to have sacrificed a hundred head of oxen 
to the gods on the occasion ; but this is probably a fable, 
The multiplication table has also been generally attri- 
buted to the same philosopher ; but the modern French 
geometrician, M. Chasles, in his historical researches, has 
shown this to be a mistake. 

The proposition in question is one of the most im- 
portant, in its practical applications, of all the theorems 
of geometry. Many forms of demonstration have been 
given; but that of Euclid is not to be surpassed in 
elegance and clearness. 

The last proposition is remarkable only for the pecu- 
liarity of its demonstration ; it is the converse of the 
preceding, and is demonstrated in the direct manner, 
contrary to Euclid’s general practice of demonstrating 
converse penpusisons indirectly. As an exercise, you 
may supply an indirect demonstration yourself; other 
exercises on the first book are here subjvined, 


EXERCISES ON BOOK I. 


1. Prove that the two diagonals of a parallelogram 
bisect each other. 

2. If in the sides of a square, at equal distances from 
the four vertices, four points be taken, one in each side, 
the figure formed by the four straight lines, joining the 
four points, will also be a square, 

3. From two given points to draw two straight lines, 
to meet in a given straight line, and to make equal angles 
with it. 

4. Prove that the two linesdrawn, as in the last exer- 
cise, are, together, less than any other two lines from the 
poiuts meeting in the given line. 

5. To divide a right — into three equal parts. 

6. The diagonals of a rhombus intersect each other at 
right angles. 

7. If the three sides of a triangle be bisected, the per- 
peieere drawn to the sides from the three points of 
isection will all meet in the same point. 

8. The straight line which bisects two sides of a tri- 
angle will be parallel to the third side. 

9. If the middle points in the sides of any qnadri- 
lateral Saute are joined by four straight lines, the figure 
so formed will be a parallelogram, 

10. The sum of the angles of a four-sided figure is 
twice as + as the sum of the angles of a three-sided 
figure ; the sum of the Ly of a five-sided figure, three 
times as great ; of a six-sided figure, four times as great ; 
and so on, 

11. Through a given point, between two non-parallel 
straight lines, to draw a third straight line, terminating 
in the former, which shall be bisected at the given point. 

12. From whatever point within an equilateral triangle 
perpendiculars be drawn to the sides, their sum shall 
always be the same. 

13. If from any point within a lelogram, lines be 
drawn to the four vertices, each of opposite triangles 
thus formed will be, together, equal to half the parallelo- 


14. If two triangles have two sides of the one equal to 
two sides of the other, each to each, and if the angle 
contained by the two sides of the one, together with that 
contained by the two sides of the other, make two right 
ang the two triangles will be equal in surface, or area. 

5. In the fi to Proposition XLVIL, if F D, GH, 
EK, the joloade the triangles F BD, GAH, K CE, will 
all be equal to one another, and to ABO. 

16. Prove the converse of Proposition XXXIV,; 
namely—if the opposite sides of a quadrilateral be 
equal, or if the opposite angles be sinuat the figure will 
be a parallelogram. 

17. If the points of bisection of the three sides of a 
triangle be joined, the triangle will be divided into four 
component triangles, all equal to one another. 
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DEFINITIONS. 


tL 

Every right-angled parallelogram, or rectangle, is said 
to be contained by any two of the sides which contain 

one of its angles: that is, by any two adjacent sides. 
Thus the le AC is said to be contained by the adjacent sides 
AB, BC, or AD, DC, and is often called, for brevity, * the 
rectangle A BB C;” or “the rectangle AD'DC.” And when the 
acent sides are made equal to two detached lines, each to each, 
it is common to refer to the rectangle as contained by the lines to 
which the adjacent sides have been made equal. Thus the rectangle 
BH, in Proposition 1. following, is referred to as the rectangle 

A'BC, because BG =A. 


It. 


In every parallelogram, either 
of the parallel about a@ A 45 D 


: Ouran 
diagonal, together with the two 
complements, is called a pene 
Thus the elogram H G, to- 
ther with the complements AF, nL_F. & 


fo, is a gnomon ; it is exp 

by the three letters AGK, or y—¢ c 
HO, at the opposite vertices of 

the parallelograms, which make the gnomon. 


PROPOSITION I.—TxHrorem. 


If there be two straight lines (A and BC), one of which 
(B ©) is divided into any wumber of parts, the rectangle 
contained by the two straight lines is equal to the rect- 
angles contained by the undivided line and the several 
parts (BD, DE, &c.) of the divided line. 


From B draw Rae phere pH ahi 
+31, an e = A.t Thoug 
B___D_E CG draw GH parallel to BO, and 
through D, E, C, draw DK, EL, CH 
* 311. parallel to BG.* Then the 
rectangle BH =BK+DL+EH4H; 
but BH is contained by Aand BO, 
+ Const. for BG = A,t and BK is 
contained by Aand BD, for BG = A; 
also, DL is coutained by A and DE, 
*s41. for DK = BG*=A; and, in like manner, 
EH. is contained by A and EC, .”, the rectangle ABO 
=ABD+ADE+AEC, however many divisions 
there may be in BC;.°.if there be two straight lines, 
ce, Q. . D. 


eu. 


c 
| K Li 


PROPOSITION II.—Tueorem. 

If a straight line (A B) be divided into any two parts (A C, 
CB) the rasa “php thew pagawehy | the 
rts, are together equal to the square of the whole line: 

That ts, ABAC HABBO cA De 
Upon AB describe the square A E,* and 

c through C draw CF 

gone AE=AF+ 


*401 
A 


D FE E.D. 


Norx.—This proposition might have been made a corollary to the 

lar case of the former in 

C) are equal, It isalso obvious 
of parts to (io is unnecessary. 


PROPOSITION IIL—Txeorem. 
If a straight line (A B) be divided into any two parts 
(AG, CB), the rect > ebsiadsad by the wahtle ond one 
of the parts is equal to the rectangle contained by the 


two parts, together with the re of the aforesaid 
part: tat in ABBO&ACOD YO ¥ 
Upon BO describe the square 
est. CE ;* prolong ED toF 
and through A w AF parallel 
+21. toCDorBE+ Then 
AE=AD + CE; but AE is 
the rectangle A B-BC, for BO = 


BE; and AD is the le 
3 See ® ACUB, for CD=CB; abo 
CE is BC... ABBO = AC-OB + BO; «. fa 
straight line, &o. Q. E. D. 


PROPOSITION IV.—Turorem. 


If a straight line (AB) be divided into any two parts 
(AC, CB) the square of the whole line is 
Gk eestor aap Mes ate B NO 
ang i Fi t i = 
CB + twice A CU-CB = 


A Cc RB 


* 46 I. Upon AB describe the square A E :* 
BD; through C draw CGF el to A D or BE, and 
+311. through G draw H el to AB or DE ;+ 
then OF, AD being the angle BGC = 
s21. ADB;* but ADB = ABD, because AB= 
+5 1 AD,t+ AE being a oye: -. CG B=CBG, 
*6 1. .". CB=CG;* but CB=GK, and CG=BK, 


-*. CK is spn cis a sperm rectangular, for 
3 ing parallels, the angles 

4 C_B KBOC, GCB are = two right an- 
+291. gles:t but K BO is a right 

K angle, .-. GCB is a right angle, 
«. CGK, GKB, ee to these, 
*341. are right angles,* .*, CK is 
recta ; and since it is also equi- 
it is @ sqyuare—the saree of 


H G 


dD ae 


+431. the oe G E,+ and AG is the rectangle 
AC CB, forCG=CB, ...GE=ACC ey 9 
GE=twice AC’-CB; and HF + CK=AC* + CB? 
* HF + CK+AG+GE= i 
ACCB; that is, A B= A O? + CB? + twice AC-CB, 
a gees 2254 &e. yer Pee 
R.—From this it is manifest,  parallelograms 
about the diagonal of a square are likewise squares. 


PROPOSITION V.—Txeorem. 


TS De ee eee ee 
C), and also into two wnequal parts (in D), the rectangle 
contained by the unequal parts, together with the square 

Bd Redon npr mectin tt ete ted gee at 

to square of half the line : that is, A DD + CL? 

= CB ; 

+461. Upon OB describe the square CF :* draw 

A c D RB BE; D draw 
in DHG el to CE 
wm tar or BF,t and 

K u rough A draw AK 

to CL or BM. 

mconpleaent Vir 

e431. HF ;* to each 

of these add DM, ,*, CM 

=DF: but - 

+361. AL,t+ since AC = CB, ..AL = DF; to each 

of these add CH, ., AH = DF + CH: but A H is the 
*4 11. Cor. rectangle A DDB, for DH = DB ;* and 

DF + CH is thegnomon CMG,.-.CMG=ADDB; 
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to each of these add LG or C D2.+... CMG 


+LG OAD DB+CD*: but CMG +LG = =CF= 
oe GED. DB+CD*=CB?;.:. if a straight line, 


Cor. v irrom this it jo manifest, thet the differance of 
the squares of two unequal lines, AC, CD, is equal to 
the rectangle contained by their sum and difference ; that 
is, ACO D?= A DDB, where AD = AO+OD, 
and DB = CB—CD=AC—CD. 


PROPOSITION VI.—Tuxrorem. 
pgper mae nt DN th be bisected (in C), and prolonged 
Re otongla contained by the whole 


edhe g eed Ter prolonged part (BD), 
re of (C Wattle meade we eras 

to the are of (CD), line made up of the 
half ond the part: that is, AD‘D B+ CB? 

e461. Upon CD describe the square CF ;* draw 

A q DE, and through B draw 
BHG parallel to CE or 

DF, and H 

HH ny draw KLM el to 

K L +311. AD, or EF ;+ 
also through A draw AK 

el to CL or DM. 

because A C=CB, 

esr AL=CH;* 

@ ’ but CH=HF,+.°. AL 

443 1. = HF: to each of these add CM, .*. AM 

= CMG; but AM is the rectangle AD DB, 
#411. Cor, for DM=D pte aa CMG=ADDB: 

+411. Cor. add LG orCB*+ to each of these, .-. CMG 

Rare eat eke CMG+LG-= CF= 
os Gas ath aman at 3«'. if a straight line, 


PROPOSITION VII.—Tueorem. 
pmetenight tine (a B Eig mesg pe two parts ree 
the squares of the hole line, and foie. of pes 


to y rad the 
sii BPE BOP tw twice ABB 


5 gg IV.] 
¢461. Upon A B describe the square AE,* and con- 
struct the figure as in the itions. Then 
because A G 
=CO£,.-. 


BOPLAC! Tee 


> 
an 


AQ. 
Qat = 


F ; 
la ate ig Shee 


++0Ob, 
> bry 
& 
a 
> 
= 
eS 
& 
8 
r=) 
= 


PROPOSITION VIII.—Tnronen. 

Tf a si F cyl asda Bey Foard into any two parts 
rectangle contained by the whole and 
(BC), together with the we of the other 
cielo square of the line (AD = AB 
+ BC), made up of the whole and that part: that is, 

Osh tanga eh repair agh 
° $3. Prolong AB to D, so that BD = CB ;* 
+461. and upon A D descri ibe the square A F ;+ and 
construct two fi such as in the preceding, Then 
paren Siew ad ha GK, and BD = KN,* 
* ui .@GK = KN, For a like reason, PR=RO; 
and becanss OB = BD, andGK=KN,. "OK=BN: 
. +1. ‘and’ ‘GR = RN+ 
A CR . Bui COK= BRN, com- 
G ie * 431 ements . BN 
‘ =GR,.: 
PAR ° 


M 
x 


+41L Cor, GP,t , CG= 
VOL, L 


GP, and because CG=G P, and PR=RO0O,.°.AG= 
361. MP,* and PL=RF. But MP = "PI, being 
. +431. com "gape . AG=RF.°. the four, AG, 
MP, PL,R are equal, and are ether quadruple AG. 
Pee aa eave Sak tx, C , BN, GR, RN, are 
quadruple the eight rectan; les, which compose 
p< mon LOH. are uadruple o AK; and because 
=ABBC, for B = BOC, . four times A BBO 
a times AK: but it was roved that A O H=four 
times AK, .*. fourtimes A B-BC=AOH. To each of 
* 411. Cor. these add XH or AC?,* .:. four times 
ABBC+AC=AOH+XH; but SOS tae 
=AD* four times ABBO+FAC@?=AD?; if 
@ siraigha tics &e. Q.E.D. 
Norz.—For another and shorter demonstration of this proposition, 
see the remarks at the end of Book II. 


PROPOSITION IX.—THEorem. 


Sf a straight line (A B) be divided ~ two equal, and also 
into two eR ee I) th oui fe 
of the square of 

half the line {aC),. ond of the of the line (C D), 

between the points o ) that ia, AD?+DB?= 

twice A O? + twice a 

euz. From C draw CE at right angles to AB ;* 

+31 and makeit=ACorCB.+ Draw EA, EB; 
and through D draw D F parallel to C E, and through F 

esit. draw FG parallel to BA:* draw also AF. 
Then because AC = CE, the angle EAC =AECO ;+ 
+51. and because ACE is a reps i the two 
others, AEC, EAC, must together e one right 
ie _angle ;* and as they are equal, each must be 
t angle. For alike reason, each of the angles, 

CEB, BO iorrears . AEB is a night 
angle.” And because GEF is alf a right angle, and 
EGF ari ee 

+291. t .°. the re- 

maining sogie PEG is half a 

/ A Sciapte nes -.GEF=EFG, 

\ pe erghery F DB aright angle, 

«ow pang gy BBL okt goa 
= e, is a right angle, 

- B= B= BF = DB.* And tonne 
AC=CE,. De ae AC#+C E* = twice 
AC; but AH! = A024 0%, "pocause AO Bis a right 

+471. a . AE*?= twice A C*. es eras 
EG=GF, .*. EG@= GF», EG?+ 
GF: but n= kGtors ‘ 

4341. twice GF*; and GF=CD,t.: 
CD*: but AE? = twice AC}, . AB+ EF? = twice 

‘e471, AC? + twice CD?; ‘but A Ft = A E?+EF?* 
because A E F is a right angle, .°. . A F2 = twice A C2-+ 
twice C D?: but AD Lista toy because A D F is 

+471. aright ADE+ DF = twice AC 
+ twice C D2; and B= ..AD2+DB?=twice 
AC? + twice CD’; Nia vireight tine, &. Q.E.D. 


PROPOSITION X.—THEOREM. 
TS ee eit eb), shores bisected (in C), and prolonged 


*6l. . EG=GF.* 
Ages beonuse Bis half a right 


471. 


to any point (D seeerthetant wrturommatD eh, 

longed, and of the part o, (ao) 

are es ant le the square of ( ‘Ae lies 
) She fone made of 


rn ie rng fst 
the hac ond 


= bwisd 6 O-4+- torino 
eur. — From C draw ek at right angles to AB 
+31. and make it=AC or C eit and draw ak, 
EB. ThroughE draw EF elto AB, and through 
esit. D draw DF parallel to CE.* Then because 
EOC, FD are parallels, ye Res es CEF+EFD = two 
+291. right angles,+ F+EFD are less than 
two right angles, . EB, FD, if prolonged, will meet 
* Ax. 12. towards B, D.* Let them meet in G; and 
draw AG. Then because AC = CE, the angle CEA 
+51. Bh bis tah hal gle re 
e321. EA (are each half a right angle. Fora like 


that is, AD? + D B* 


5662 
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reason, CEB, EBO are each half a right angle, .*. 
AEB is a right le. And because EBC is half 
a right angle, DBG also is half a right angle, for 
+151. they are vertically opposite :+ but BDG is a 
right angle, being=~D CE,.-. remaining angle DGB 
is half nee angle, and is ... = DBG, .*. BD= 
*6L. s 
Again, because E G F is half a right angle, and that F 
is a right angle, being = the opposite angle ECD,t+.°. 
THML the remaining angle FEG is half a right 
*6L . FEG =EGF, ... GF = FE* 
And because EC=C A, .*. EO? z : 
= C A’... E C+ C A?=twice 
CA’: but EA? = EC? + 
CAtt .. EA? = 
AC, in, because , D 
GF=FE,..GF=FF*.:. 
G F? + F E* = twice F E* f but cs 
earl. EG*=G F*+FE?,* 
+H = .+, EG? = twice FE, and FE=CD,+t.°. 
EG? = twice CD*. But it was demonstrated that E A? 
= twice C A, .*, AE? + EG? = twice A C? + twice CD*; 
e471. but AG? = AE?+EG** .-, AG? = twice 
+471. A ©? + twice CD*; but A D? + DG2=A G2, + 
.. AD? + DG? = twice A C?+ twice C D*; but DG = 
DB, .-.A D?+ D B? = twice A C? + twice C D®; .-. if'a 
straight line, &e. 
Nors.—For other demonstrations of the last two propositions, see the 
remarks at the end of this book. 


PROPOSITION XI.—Prostem. 


To divide a given straight line (A B) into two parts, so that 
the rectangle contained by the whole, and one of the parts, 
shall be equa, to the square of the other part. 


*uésI. From A draw AC pe poe glee Fj 
1191 to AB;* bisect A Cin E,+ and draw BE. 
+31 Prolong CA to F, making EF = EB,* and 
from ABcut off AH =AF:+ AB shall be divided in 
H, so that AB-BH = AH, 

* 46 1. Complete the square BO, as also the square 
FH ;* and prolong G H to Then 

because AC is bisected in Eand pro- © & 


longed to F, the rectangle C F-F A + 
+611. AE? = EF? ;+ but EF = 
Const. EB* .. CF-FA+AE? 


= EB; bat BAP} A Et = BBY be- A 
cause E A Bis aright angle, .*.CF 

+AE?= BA*+ AE’: take away b 
AE*, which is common to both, .*. 
CF-FA =BA?. But FK = CFA, 
for AF=FG; and = BA’, .:. 
FK=AD. Take away AK, common ¥ xo 

to both, .. FH = HD: but HD =AB BH, for AB 
= BD, and FH is AH’, .-. AB BH =AH?;.-. AB 
nar snwey preemie aod i aa Which was to 

ne. 


PROPOSITION XII.—Tueorem, 
icular 


I ‘ ; 
"(A'D) be deonn J Pedal (ABO), if a perpend 
ite side prolonged, 


ae 


that is, A B? = B C?+ C A? + twice BC’CD. 
Because B D is divided into two parts in C, B D? = 
*4il. BC?+ CD? +twice BO-CD.* To each of 
these add D A’, .-. BD?+ DA? = BC?+CD*?+D A? 
+ twice BO-CD ; but AB = BD! + DAY, and At = 
+471. CD? + D A%,t .*, A BY = BC+ C A? + twice 
BOCD ; that is, the square of AB is greater than the 
squares of BO, CA by twice BOCD; .. in an obtuse- 
analed trianale, &. Q. E. D. 


PROPOSITION XIII. —Tueorem. 


In every triangle (A BC), the of a side (AC) sub- 
tending an acute angle, is than the ae 
sides (C B, B A) containing that angle, by twice the rect- 
angle (CB‘BD) contained by 
either of sides, and the A 
straight line ee ere 
the perpendicular (A D) and the 
acute angle (B); that is, A C# 
=C B* + B A*—twice CB-BD. 

First, let A D fall within thetri- > 
angle; then, because OB is 

divided into two parts in D, CB? + BD? = twice 
*7 IL CBBD+DC2* To each of these add 

AD*, », CB*+ BD? +A D* = twice CB-BD + DC? 

+AD?;: but BA? = BD? + A D2, AC?= DOC? 
+a +AD3+ .. CBY4 BA? = AC! + twice 

CB‘BD. From each of these take twice CB-BD, .*. 

AC? = CB*-+ B A* — twice CB‘BD, 

Secondly, let A D fall without the x 


triangle ; then, because D is a right 


* 161. 
+1211 a right angl ie, 
AC? + CB? + twice BO-GD + To 
each of these add BO?, .. AB? + 
ss i ice 8 c 
= BC-CD + BO?,* 


into two parts in OC, DBB 


*3 11. and the doubles of these being ABE 
+ BC? = AC?+twice DBBC. ros un at tues 
take twice DB‘BO, .-. AC? = A B2 + BO? — twice 
DB BC; .-. in every triangle, &c. Q. E. D. 


PROPOSITION XIV.—Prostem. 
To describe a square that shall be equal to a given rectilineal 
JSigure (A). 


°451. Describe the rectangle BD = A.* 
if the sides of it, BH, BD, one creck isin'a oyudve ood 
what was required is now done ; but if they are not equal, 
prolong one of them, BE to F, and eEF=ED. 

+101. Bisect BF in G,t and with centre G and 
radius G B, or GF, describe the semicircle BH F, and 
prolong DE to H. The Hu 
square described upon EH 
shall be equal to the given 

A. Draw H. 

Then because BF is di- B 

vided into two equal parts 

in vibrates eth a 

parts in E, B E-E F+- 

#511 = GF? ;»* but 2 2 
GF =GH,..BEEF+ 
EG? = GH? ; but H E? 

+71. +EG?=GH?*+.. BE-EF+ EG, = HE? 
+ EG*. Take away EG®, which is common to both 
“BEEF = EH? ; but BEEF ~BD, because EF 
= > = 2; but a ae 2=s A; 
wn i cghibrd diner thod essen HL ds ex CG TAS plea resdtcaed 
Jigure. Which was to be done. 


REMARKS ON BOOK II, 


All the pi itions in this book, except the last 
three, concern the divisions of ight lines into 
and the equality of rec es having certain of these 
parts for their sides. The first proposition is little more 
than c ye i Fog is hype, te that pec dhs — 
angle is e sum of the 
BK DL, ea? into which it is Sivided: bat, as already 
observed (p. 545), Euclid does not regard as an axiom 
any proposition that admits of demonstration. 

position II. might, without impropriety, have 

been appended as a corollary to ky oy L, as 
already stated in the text; since, if the line A, in Pro- 
position I., be considered to be to the line BO, 
this proposition will virtually include the next following, 

Proposition V. authorises us to affirm, as an inference, 
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that the contained by the two halves of a 
straight line, is greater than the rectangle contained by 
any two unequal parts of it, since it shows that to this 
latter rectangle something must be added, to make up the 
square of half the line. 

In attempting the propositions in this book, without 
reference to the text, you will find it useful to keep in 
remembrance, that in all the constructions, up to Pro 
sition VIII. inclusive, the greatest square mukioaed 
the enunciation is always to be described first; and that 
in each ition after the fourth, the lines employed 
in that fourth are always to be introduced. After this 
partial construction, the completion of the diagram, in 
each will readily present itself. 

It may, too, be deserving of notice, that the demon- 
strations in Propositions V. and VI. may, with advan- 
conducted rather differently from the method of 

Thus, in Proposition V., i i 
that the projecting rectangle A L is 
; DF, we may proceed as follows :— 
of rectangles Be the entire ‘ 
remainder C F will be equal to the remainder 
LG; that is, to the rectangle AD-DB (for DB 
ie square of CD, since LH = CD: and 

the demonstration. 
ike manner, in Proposition VI., having proved, 


4 


i 


ORE E 
+e 


E 
i 


co 


ES 
» 


the entire figure; then the 


C B*, which completes the proof. 
ition VIII. is usually found, by a beginner, to 

a perplexing ; and positions IX. and . a 
very tly demonstrated by Euclid, are felt 
to be somewhat y. We shall, therefore, here show 
three propositions may be otherwise demon- 


Prop. VIII.—Ha made 
ED CEC, Gas reset wily: bo we tStloe 
By Prop. IV. 


” 
AD!{=AB+4+BD?+2ABBD; 
that is, AD?= A B?-+CB?+4+2ABCB. 
Also, Prop. VIL., 
AB?+CB?=2ABCB+AC?; 
~.AD'=2ABCB AC+2ABCB; 


” Prop. [X.—B AV, 
AD A Ge 


DB; 
BC-+CD*; 
2#—2AC?+2CD? 


BC?+2C 
Which was to be demonstrated. 


And since H D is divided equally in C, and unequal] 
in B, .”. by Proposition IX., y 
HB*+ BD*=2H C*?+ 2CB?; 
noo ty Eada Pin nr eed 
es ae Prete sm 
Althoug! ing demonstrations occupy less 
of Buclid, we would iy thal onan: 
preference. Those of Euclid are 
his specimens of clear and consecu- 


gether itions. They 
are thus simpler, though longer than those given above. 
There is, too, a beauty in the reiterated appeals to the 
forty-seventh of the first book, that more than compen- 
sates for the length of the argument. The demonstra- 
tions above, however. <8 be as exercises on the 
application of second-book propositions. 

ere are but two problems in this second book ; and 


each of these, as given in the editions of Simson and 
others, exemplifies the remark made in the commentary on 
the preceding book, in reference to Euclid’s apparent indif- 
ference as to the neatness and finish of his constructions. 
In the editions alluded to, the whole of the diagram in 
Proposition XI., with the exception of the prolongation 
of GH to K, is made to appear as essential to the con- 
struction of the problem ; that is, to the determination 
of the point H. You have seen, however, that to the 
discovery of this point, the actual construction of the 
two squares AD, A G is not necessary; they are wanted 
only as a of the machinery in the demonstration that 
the point H, previously found, divides the proposed line 


as 

Tn Proposition XIV., too, the drawing of GH is made 
to enter into the construction of the problem, instead of 
being postponed for use in the demonstration, as is done 
in this edition. 

You will not fail to notice the connection between 
Propositions XII. and XIII, and Proposition XLVIL. 
of the first book. The three together furnish certain 
corresponding relations between one side of a triangle 
and the other two, whether the angle opposite that one 
be right, obtuse, or acute, 

It may not, perhaps, be out of place here to notice, 
that the word equal, employed so frequently in this and 
in the ing book, in reference to rectangles, tri- 
angles, &c., is used by Euclid in two somewhat different 
senses, In the earlier propositions of the first book—the 
fourth, eighth, and twenty-sixth, for instance—the test 
of equality is perfect coincidence, as the result of super- 
position ; but in Propositions XXXV., XXXVL., “ 
as also in most of the itions of this second book, 
the condition of coincidence is excluded, and the figures 
are declared to be equal if they are proved to inclose the 
same extentof surface. Legendre, a distinguished French 
— has p to discriminate between these 

wo kinds of equality: figures which, though equal in 
surface, do not admit of coincidence, he prefers to call— 
not equal figures, but equi figures. We think the 
distinction an jG gee one; and while upon these 
minor matters of mere phraseology, we would venture 
further to that instead of speaking of lines as 
— and less, the more explicit and restrictive terms 
longer and shorter would be preferable ; and that part of 
a line, or portion of a line, are, either of them, designa- 
| nny) might appropriately supply the place of segment 
of a 


EXERCISES ON BOOKS I. AND II, 

1. In any —— the squares of the two sides are 
together equal to the square of half the and of the 
straight line from the vertex to the middle of the base. 

2. The squares of the four sides of a parallelogram, 
are together equal to the squares of the two diagonals. 

3. lf from any point lines be drawn to the four 
vertices of a meena the squares of those drawn to 

? 


opposite vertices together, be equal to the squares 
of the other two. 
4. In every the squares of the four 


ogram, 
sides are, together, equal to the squares of the two 
iagonals, 


5. If from any point whatever, lines be drawn to the 
four vertices of a parallelogram, twice the sum of their’ 
squares will be equal to the squares of the diagonals, 
together with eight times the square of the line drawn 
from the given point to the intersection of the nals, 

6. From the last exercise prove that the followi 
curious property exists ; namely :—If from the point o 
intersection of the diagonals of a parallelogram, a circle 
be described with any radius, the squares of the lines 
drawn from any point in the circumference to the four 
corners of the parallelogram, will always amount to the 
same sum. 

7. In any quadrilateral, the sum of the squares of the 
four sides is equal to the sum of the squares of the 
diagonals, iogethee with four times the square of the 
line joining the middle points of the diagonals. 
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8. Prove the converse of Example 2; namely:—If position XI., Book IL, and from the greater segment 
the squares of the sides of a quadrilateral are together cut off a part equal to the less: prove that this greater 
equal to the squares of the diagonals, the figure must be | segment will thus be divided also according to the same 
a ogram . roposition, 

Let a straight line be divided according to Pro- In Book IIL, the properties of circles are investigated. 


CHAPTER III. 
ELEMENTS OF EUCLID,—BOOK III. 


DEFINITIONS. x. 
Similar segments of circles 
are those in which the angles 
L are equal, or which contain 
A straight line is said equal angles. 
peat Nghe er PROPOSITION I.—Provre. 
being prolonged, does " To find the centre of a given circle (A BC). 
not out it, Draw any straight line AB, terminating in the cir- 


101. cumference, and bisect it in D:* draw DC at 
+un right angie AB,+ prolong it to E, and bisect 
«11. CEin ¥F ;* the point F shall be the centre of 


mT. the circle, 
Circles are said to touch one another, which meet, but | _ For if it be ath, let G, a point out of the line C E, be 
do not cut one another. the centre: and 


raw GA, GD, G Then because 
+Const, DA = DB,+t and DG c 
common to the two triangles ADG, 


™ ahr meen ge LD Care 
Straight lines are said to be = the two » each to each, 
equally distant from the centre of a and the base GA = the base GB, G 
circle, when the perpendiculars * Def. 121. because Gis the centre, 
drawn to them from the centre are -*. the angle GD A=GD B:t 
equal. +81 but when a straight line * 
standing upon another makes the 
Iv. adjacent angles each angle is E 
And the straight line on which \* Def. 81. a Ti ht any e:*.-. GD Bis aright Je : but 
the greater perpendicular falls is +Const. F D B is likewise a right angle,}.*. GDB= 
said to be farther from the centre, F DB, the less to the greater, which is im ible, .*. 
the centre cann to be at any point out of the line CE: it 
¥ must .*. be at a point fo O88, ond |. of the middle of 
3 CE, .*. F is the centre, which was to be found. : 
An are of a circle is any part of the circumference, Cor.—From this it is manifest that if a chord of a circle 
rs AB) be bisected by a perpendicular, that perpen- 
bs, icular will pass through the centre. 


neat PROPOSITION II.—Tuxorem. 

Predera timing lh ots g hey If two points (AB) be taken in the circumference of, 
ot Mine “Aiinten * theca treusthien A » circle (ABO), the straight line or chord (A B) whi 

which straight line is called the chord of joins them shall fall within the circle, 

the arc, or the base of the segment. For if not, let it fall without, as AEB. Find D, 


ry *1i. the centre of the circle,* and draw DA, DB. 
a : In the arc A B take any point F, draw D F, and produce 
: + Def. 121, it to E: then because D A = D B,+ the angle 
ee eee *-51 DAB=DBA:* and be- 
contained by two straight lines cause AE, a side of the triangle DAE, : 
drawn from any point in the are of is prolonged to B, the exterior angle 
the segment, to the extremities of +161. EB is ter than DAE :+ 
the chord of the arc, or base of the A but DAE=DBE, as just proved: 
segment. Thus A is an angle in .'. DEB is greater than DBE; but 
the segment BCD. pp to the greater angle the greater side is 
*1oL TS ae Bis greater — 
+ Def.121. t E: but DB=DF,t 
5 PS Lian ee Bronte: Cian DB, Saleh impomiblen. ohS 
And an angle is said to insist or stand upon the arc | does not fall without the circle. And since DB, the 


intercepted between the ight lines that contain the | radius of the circle, is greater than D E, and that E is 
angle. Thus A stands upon the arc BD O. any point on the chord, between A and B, .*. no point | | - 
between A and B can be i +, the 


sass &o. QED. 
A sector of a circle is the figure 
contained by two straight lines ih PROPOSITION III.—Tusorem. 
drawn from the centre, and the are If a straight line (CD) a ee 
SAL rae sta a delta chaeataate On 
80 is the remaini e circle, roug: i ; 
a ‘ é Gf it cat the chord ct eight angles, te akolt okie” 
eit Take E, the centre of the circle,* and draw 


7 
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tHyp. EA, EB. Then because AF = FB,+ and FE- 
common to the two =aoere AFE, BFE, and also 


est EA=EB,.-. anle AF E = BF E,* 
+Def. 81 .*. each is a right angle,t .*. CD, drawn 
the centre, bisecting the chord 


because E A= EB, the ang 
51. =EBF;* and the right 
angle AFE=BFE, .:. in the two 
triangles, EAF, EBF, there are 


+ 
in the one = two in the other, each to each ; 


opposite to equal angles, one in each, is com- 

4261. mon to both, .. AF =F B;+ that is, the chord 
AB is bisected by the diameter CD, which is i 
lar to it; .*. if a straight line, &e. Q.E.D. 


PROPOSITION IV.—Txeorem. 


For let them cut in E; neg Ft = ran ph y 
BE=ED. If one of the ch pass through 
centre, it is plain it cannot be bisected by the 
which does not pass through the centre, because 
middle of the former is the centre. 


Ag c 
ieots BD,# 
the centre, it cuts it also at right 
+311. angles,t .. FEB is a right ; but it was 
that FEA isa right angle, .. FEA = FEB, 
less to the greater, which is impossible, .°, AC, BD 
do not bisect one another; .". if ina circle, &c. Q. E. D. 


PROPOSITION V.—TuxoreM. 
Tf two circles (A BC, CD G) cut one another (as in the 


point C), they shall not have the same centre. 
For, if it be su ible, let E be the common 
centre. Draw E A il. Rosle 
EFG, meeting the circumfer- c 
ences in FandG. Then, because 
E is the centre of the circle ABC, a 


*Def.121. EC=EF.* in, 
because E is the centre of the 


PROPOSITION VI.—Tarorem. 


If two circles (A BO, C D E) touch one another, they shall 
not have the same centre. 
c Let them touch at C, then if th 
have a common centre, let it be F. 
Draw FO, and FEB, meeting the 
circumferences in E and B. en, 
aS ae one a eae? 
= ae 
*Def.121-* canse F is the centre 
of CDE, FC=FE;* but it was 
~ shown t+ FC=FB,.:. FE= 
FB, the less to the greater, which is impossible, .*. the 
to cides hae nol leommon entre 5 if to erly, &e. 
"PROPOSITION VIL.—Tarorem. 


If any point (F), not the centre, be taken in the diameter 


(A D) of a circle (A B CD), then of all lines (F A, F B, 


the line through the centre is always greater than one 
more remote. And from the same point (F) there can be 
drawn two, and only two, straight lines that are equal, 
one wpon each side of the diameter. 
Draw EB; then because any two sides of a triangle 
are greater than the third side, FE, EB are 
+201. greater than FB;* but EA = EB,.-. FE+ 
EA; that is, FA is greater than FB, and FB is any 
other line, .*. the line through the centre is the greatest. 
Again, draw EC: then, because EB = EO, and FE 
common to the triangles BEF, COEF, .*. the two sides 
FE, EB are=the two F E, EC, each to each ; but the 
angle BE F is greater than C EF, .:. F Bis greater than 
+241 FO,t.°. the line 
nearer to that through the centre 
is greater than one more re- 
mote, 
Again, draw E G: then be- 
cause EF F + FG are greater 
*eo1. than EG,* and that 
EG=ED,.-.EF+FGare 
greater than ED. Take awa: 
the common part EF, ., F 
is greater than F D, and FG 
is any other line, .*, F Dis the 
least of all the lines from F to the cirewmference. 
Also two, but only two, equal straight lines can be 
circumference, one upon each side 
AD. For FG being any ight line 
from F, at E make me EH=FEG,t 
= EH, and EF 


EH, EF, each to each, and the 
GEF=HEF,*.-.FG@=FH.+ But, 
besides F H, no other line equal to FG can be 
to the circumference. For, if there can, 
: then, because FK = F Gand FG = FH, 
H;; but one of these must be nearer to the 
through the centre than the other, so that a line 
nearer to that through the centre is equal to one more 
remote, which has been proved to be impossible, .* . besides 
F H no other line = F G can be drawn; .*. if any point, 
&, Q.E. D. 


PROPOSITION VIII.—Txeorem. 
any point be taken without a circle (AB F), 
ee as DE, DF, ke.) be drawn 
the circumference, of which one (D A) passes 
ie ne aa ect ae upon the concave part o 


and 
it to 


nearer to the one through the centre is always 
than one more remote. But of those which fi — 
(Gh hice shee preleoga paps troytec 
G) which, w passes re 3 
Oe it the nash that whi is nearer to the least js 
always less than one more remote. Also 
two, L straight lines can be drawn from 
int (D) to the circumference, one upon each side o 
Sins dheeeli the. sendee. 
*imt. Take M the centre of the circle,* and draw 
ME, Then because AM = EM, add MD to each, .*. 
AD=EM-+MD; but EM+MD are greater than 
+201 ED,t.. AD is ter than ED, and ED is 
any other line, .", AD, the line through the centre, is the 


ms, draw MF. Then, because EM =FM, the 
two M, MD are = the two FM, MD, each to gach ; 
but the angle EMD is greater than FMD, .”. ED is 
eo. greater than F D ;* that is, a line D K, nearer to 
that through the centre, is greater than DF, one more 


remote. 
Now drawM K. Then because M K + K D are greater 
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+21. than MD,+ and that MK = MG, .*, the re- FH, ... FG+GA are greater 
mainder K D is than the remainder G D ; that is, A than FH. Take away the com- 

GD is less than K D, any other line from D to the con- mon FG, .*. GA is 
vex part of the circumference, .°. DG is the least line. thanGH: but GA=GD,t .-. 
Draw ML: then because M LD is a triangle, and that + Def.121. GD is greater than 
MK, DK are drawn from the extremities of a side to a GH, which is haga even 
np int K, within the triangle, .”. could D, H coincide, .*. F one 
WK+ K are less than ML ] prolonged, cannot but pass throug 
enn +DL:* but MK= the A;.'. if one circle, &e, 

ML, .’. the remainder D K is Q. E. D. 


less than the remainder DL; 
that is, a line nearer to the least 
is less than one more remote. 
Also, there can be drawn (two, 
but only two, equal straight lines 
from D to the circumference, one 
on each side of DA, the line 
through the centre. For draw any 
straight line DK, and at M make 
+231. the angle DMB=DMK ;+ 
and draw DB. Then because 
MK = MB, the twoMK, MD 
are = the two MB, MD, each to 
each ; and the angle KMD= 
*cont. BMD,*.“. DE = 
+41. DB,t 20 that two equal lines can be drawn, and 
the demonstration is the same whether D K be drawn to 
the convex or to the concave part of the circumference. 
But, besides D B, no —— line drawn from D to the 
circumference, can be = D For, if there can, let it 
be DN. Then because DK = DN,and DK = DB, .. 
DN =DB;; but one of these must be nearer to that 
through the centre than the other, .",a line nearer to 
that Seok the centre is = one more remote, which has 
OE other to be impossible; .. if any point, &c. 


» ee 


A 


PROPOSITION IX.—Txeorem. 


If any point be taken, from which there may be drawn 
more than two equal straight lines to the cirewmference 
of a circle, that puint is the centre of the circle. 

For if the point were not the centre, only two equal 


straight lines could be drawn from it to the circumfer- 
*7&8t. ence;*.*. if any point, &e. 


PROPOSITION X.—THEoREmM. 


One circumference of a circle cannot cut another in more 
points than two. ° 


For suppose the circumference F A BC to cut the cir- 
cumference D EGF in more than two points, viz., in 
B,G,F. Take the centre of the circle F A BO,* 

‘ium anddraw KB, KG, KF. Then because K 
is the centre of the circle FAB, 


- these lines are all equal; so that 

B D from a point K, to the other 
circumference DEGF, more 

K than two equal straight lines 


“are drawn, viz., the three K B, 

KG, KF, .*. K is the centre 

eer +91. of the circle DEGF,t+ 

.*. the same point is the centre 

¢ of two circles that cut one 

51. another, which is impossible ;* .*. one circwm- 
ference, ke. . D. 


PROPOSITION XI.—Tarorem. 


Tf one curcie (A D E) touch another (A B ©) internally in a 
pout (A), the straight line which joins their centres being 
prolonged, shall pass through the point of contact (A). 
Let F be the centre of ABO, and G, the centre of 

ADE; FG, when Grolonged, shall pass through A. 
For if not, let F G, terra) cut the circumferences 

in Dand H. Draw AF, AG: then, because two sides 

of a triangle are together greater than the third side, 
*%#1 FG+GAare greater than F A:* but FA= 


PROPOSITION XII.—Tserorem. 
If two circles (ABC, ADE) touch each other externally 
pryaete- (Ry thd straighs line which jot their centres 
shall pass through the point of contact (A). 
Let F be the centre of ABO, and G that of ADE: 


FG shall pass through A, 
For if not, let FG cut the circumferences in C, D, and 


draw FA, GA. Then because F is the centre of ABC, 
FA = FC: and because G is the centre of ADE, GA 
=GD, . FA ¥ 
GA=FC+64 
. the whole F G 
+ + Ga, 0 hough 
> even ug) 
Amn , D be supposed to co- 
G incide ; but a side FG, 
of the triangle A F G, is 
less than the other two 
* 201. sides,* which is impossible, .-. FG cannot 
otherwise than through the point of contact A; 


rif two circles, &. QE. D. 


PROPOSITION XIII.—TxHEorem. 


One circle cannot touch another in more than one poi 
SEE ee eu on the tlds of om Meee 
For, if it be sw possible, let the circle EB F 
touch the circle A BC in two points ; and first on the 
inside, in the points B, D. Join B, D, and draw GH, 
*10&111, bisecting BD at right angles.* Then because 
the points B, 
D are in the 
circumference 
of each of the 
circles, B D 
falls within 
each of them, 
$21" oe 
their centres 
are in G H, 
*1111.Cor. which bisects B D at right angles,* .., GH 
passes through the point of contact B. and through the 
+111 pointof contact D :+ but the points B, D are 
without the straight line GH, which is absurd ; .", one 
circle cannot touch another on the inside in more than one 


point, 

Nor can two circles touch on the outside in more than 
one point. For suppose the circles ACK, ABC to 
touch in two points, A,C. Join A, C: then because 
A, C are in the circu af erence A OK, AC, which joins 

them, falls within the circle ACK .* 

eo. But the circle ACK is 
+Hyp. without the circle ABO,t 

.. AC is without this last circle ; 

but, because A, C are in the cir- 

cumference ABO, AC must be 
*21, within the same circle,* 
which is absurd, ,*, one circle cannot 
touch another on the outside in more 
. than one point; and it has been 
shown that they cannot touch on 
the inside in more than one point, 

., one circle, &e. Q. E. D. 


PROPOSITION XIV.—Txerorem. 


Equal chords (AB, CD) in a circle are equally distant 
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from, the centre’; and chords equally distant from the 
centre are equal. 
Take E the centre of the circle A B D C,* and 


may, as before, 
double of C G, and that A F? 
: but Bae ey FE 
-» AF = 


the centre D draw D C, to the point C where A E meets 
the circumference. Then because D A=D C, the angle 
+51. DAC=DCA;-+ but DACis a right le,* _ 
*Hyp. .. DCA is a right angle, .. DAC+ DCA 
+171. | = two right angles, which is impossible,+ .", 
a part of A E, Pe een hl ae 
the circle. And it may be demonstrated, in the same 
manner, that A E does not fall upon the circumference ; 
.. AE falls without the circle. 
Moreover, between AE and the circumference no 
Fr straight line can be drawn from 
A which does not cut the circle. 
‘For let AF be supposed to be 
drawn between them; from D 
draw D G perpendicular to A F,* 
e121. and let it meet the cir- 
cumference in H. Because AGD 
is a right angle, and DA G less 
+171. thanaright angle,t DA 
eit is ter than DG ;* 
but D A=D', D H is greater 
than D G, a part than the whole, which is impossible, 
.'. no straight line can be drawn from A between A E and 
the circumference ; .". the straight line, &c. Q. E. D. 
Cor.—From this it is manifest that the straight line, 
at right les to a diameter of a circle, from an ex- 
tremity of that diameter, touches the circle ; and that 
it touches it in one point only, because if it met the 
+21. circle in two points, it would fall within it.+ 
Also it is evident that there can be but one straight line 
which touches a circle in the same point. 


PROPOSITION XVII.—Prosiem. 
To draw a straight line from a given point, either without 
or in the circumference of a circle (BCD), which shall 
touch the circle. 


First let the given point be without the circle as A. 
«1.1. Find E the centre,* and draw AE, cutting the 
circle in D; and with centre E, and radius E A, describe 
pele By elipel Maer Me te laa gos on 
+ut EA,tand draw EBF,AB. A shall touch 
the circle BC D. 

Because E is the centre of the circles BCD, AFG, 
EA=EF and ED=EB, .”. the two sides AE, EB 
are = the two F E, ED, each to each, and the angle E 
is common to the two triangles 
AEB, FED, .*, the angle EBA 
=EDF;* but EDF is 


straight line from an extremity of 

a diameter, at right angles to it, 
+1610. Cor. touches the circle,+ 

.*. AB touches the cirele, and it is 

drawn from the given point A; which was to be done. 
But if the given point be in the circumference, as at 

D, draw D E to the centre E, and D F at right angles to 
*161.Cor. DE; DF touches the circle.* 


PROPOSITION XVIII.—Tueorem, 


If a straight line towh a circle, the straight line drawn 
from centre to the point of contact, shall be perpen- 
dicular to the line touching the circle. 


This proposition is 
diameter is 


only 
ually superfluous ; the 

ther ie thie—vis., th Yiine « 

P must have the diameter perpendicular 

to it. The two ined here only to avoid inter- 


ruption in the numbering of the prppositions, 


PROPOSITION XIX.—Turorem. 


Uf a straight line touch a circle, and from the point of contact a |" 
straight line be drawn at right angles to the touching line, the 
centre of the circle shall be in that line. 
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PROPOSITION XX.—Turorem. 
~The 


C). 
w AE, and prolong it to F. 
nd first let the centre E be within 
AC. 
5 


z 


Because EA = EB, the 

1 angle EAB=EBA,*.:. 
EAB+EBA is double of EAB; 
+m1. bot BEF={EAB+EBA,t+.. BEF is 
double of EAB. For a like reason F EC = double of 
EAO, .*. BEC is double of BAC. 


Next let the centre E be without 
BAO. It may be demonstrated, 
as in the first case, that F EC is 
double of FAC, and that FEB, 
E a part of the first, is double of 
F AB, a part of the other, .-. the 
z remaining angle BEC is double. of 
the remaining angle BAC ;.-. the 
3B c angle at the centre, &c, Q. E. D. 


PROPOSITION XXI.—Txeorem. 
The angles (B AD, B ED) in the same segment (B AED 
ett : ‘of a circle are equal. ) 
eu. Take F the centre of a circle :* draw F B, F D, 
as also the diameter A C ; and join 


E, C. Because-B FOC, at_the 
centre, is upon the same are BC, 
as B A C at the circumference, .°. 

+20 ur. BFC is double of BAC.t 
Again, because BFC, at the cen- 
tre, is upon the same arc BO, as 
BEC at the circumference, .*. 
BFC is double of BEC. But it 
was shown that BF Cis also double 

c 


of BAC, .», BAC=BEC. In 
like manner it may be proved that CA D = CED, .*, the 
whole anyle BAD = the whole angle BED; ,°, the angles, 
&. Q. ED. : 


PROPOSITION XXII. —Tuzorem, 

The opposite angles of any quadrilateral figure (A BCD) 
ied ire (RBOD), ar opto eu tte 
right ar ° 

Draw the diagonals AC,BD. Then 
because the three angles of every 

© triangle are ther = two right 
e321. angles,*.-,.CAB+ABC 

+ BCA =two right angles: but 
+¢uur CAB=CDB,tand BCA 
=BDA, ..CAB+BCA=ODA. 
To each of these add A BC, .*. ABC 
+CAB+BCA=ABC+CDA, 

.. ABC+ CDA = two right angles: and as the four 
¢321, angles of a quadrilateral = four right angles,* 
Cor. 1. .*. the other two opposite angles are = two 

right angles ; .*. the opposite angles, &e. Q,. E.D, 
Norz.—It appears from the foregoing property, that if one side (as 


AB) of a quadrilateral in a circle on the exterior angle 
oi sccatal to the interior and oppouia ang (D). 


PROPOSITION XXII.—Tueorem. 


Upon the same straight line (AB), and on the same side of 
it, there cannot be two similar segments of circles not 
coinciding with one another. 

For if it be supposed possible, let ACB, A DB be two 
similar ents, not coinciding with one another. Then, 
because the circles cut in the two points A, B, they can- 

*10 11, not cut in any other point,* .*. one segment 

b must be within the other. Let 

ACB be within ADB: draw 

BCD, as alsoC A, DA. Then, 

because the segments are simi- 
+Hyp. lar,t and that similar 

segments of circles contain equal 

A * Def. 10 IIT. es,* .*. the angle 

» ACB=ADB, the exterior to 


+161 the interior and opposite, which is impossi 

«2 Glens sonnet be oy caalion oapuema giana tiene 

Onn Deo ene eet ine ich do not coincide. 
PROPOSITION XXIV,.—Tneorem. 


Similar segments of circles (AEB, C F D)-upon equal 
chords (AB, CD) decent to one eaaliere 


z F For if the t 

AEB be ied to 

Pare Ot are 
A BC p be on OC, and A 


on 
coincide with D, because AB = CD, .:. A B coinciding 
with OD, the segment AEB must coincide with the seg- 
e231. ment OF D,* and ts .* . equal to it; .*. similar 
segments, &. Q.E. D. 


Norr.—It obviously follows from that similar 
ainciannbourcanel dhapia nee Geenalie: pears eg 


PROPOSITION XXV.—Prostem, 


An are (ABK) of a circle being given, to describe the 
circle of which it is an are, ' 

Take any point B in the are, from which draw any 
two chords B C, BD. Bisect 

e101. them in E and F,* and 
tur draw EG,FH at right 
angles to BC,BD. These per- 
pendiculars will cut each other in 


A iG «sof the circle to which the are BC 


*1 111.Cor. ing the chord CB at right angles :* it is also 
in the line the cho: ight angles : 
th the lines EG, F H, must be 


PROPOSITION XXVI.—Txseorem, 


In 1 circles (A BC, D EF) equal angles stand upon 
cy they be at the centres or at the cir- 


rege We gee R 
the me i DF: 

Hana KS AES 
cause the circles x L 


are ual, the 
radii G4, GC are equal to the radii HE, H'F, each to 
*Hyp. each; and the angle G = H,* -. BC= 
+41 EF:+ and because BAC = E DF,* the seg- 
* 90 IIL. SSE AO S shane Fo SN ene eae 
+Def.10 TI, an ve eq eis 
¢ 4 II. ment BA C= ent E DF ;* but the 
whole circle A B K C = the whole circle DE LF, .*, the 
Se ae “. thearcBKO= 
"Next let the angles BAC, ED Fat the circum 

ext angles at i ‘erences 
+110. be equal. Find the centres G, H;+ and 
mig aR Ly 
ess a ri ie, the angle , at the cen 
will staid ‘oat the @iaap'are B® O an AO. aad will .*. 
«211. be double of BAC* In like manner EHF 
will be double of EDF, .*. the angles G, H at the 
centres are equal, and.*., as before proved, the arcs 
BKC, ELF must be But if BAC be not less 
+91. rp nace ne bisect it,+ as also the equal 
angle EDF, straight lines AK, DL, then the 
angles BA K, EDL being equal, and each less than a 
right angle, the aro BK ts the first case, = the are 
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EL. In like manner K C= LF, .-. the ares BK O, 
ELF are equal, .*. in equal circles, &e. Q. E.D. 
PROPOSITION XXVIIL—TueEoreEm. 
ape ne emp de pelle Fe les (BAC, EDF), 
which 


stand upon equal arcs (BGC, EHF), are 
coheblan aka teat the eaine ek Ao obtenaroeal! 

For if not, let one of them, as BAC, be the greater ; 

and make the angle 1 it . 
BAK=EDF;* D 
*3L then be- 
cause in equal 
circles equal angles 
stand on equal 
- + 26 III, ares, .". 
the ares B G K, 9 (6) 2 
EHF are equal: 
but BG se G H 
‘Hy. EHF,* ~. BGK = BGO, a part to 
the whole, which is impossible, .-. the angles BAC, 
EDF cannot be the one greater than the other; 
pert Mags angles are equal; .*.in equal circles, &c. 
Q. E. D. 

Nors.—The demonstrations of the last two propositions differ con- 
siderably from those of Euclid, which, upon examination, will be 
found to be incom since they exclude the case in which the 
en? , at the circumferences, are each not less than a 

po Nien epee deg ge 
ee oeacenes. 1 STP the diag atthe ~ These points 
are left unmarked by letters, in order that, in going over the rea- 
Sa Ls Roe Se ge ee’ Capers en yea 
and thus both cases be included in the the same demonstration. 

PROPOSITION XXVIII.—Tueorem. 
In equal circles (A BC, D E F) equal chords (BC, EF) cut o 
equal ares (BAC, E DF, and BGC, E H F) hipaa 
equal to the greater, and the less to the less. 
eiur. Take K, L, the centres of the circles,* and 


draw K B, K O, A 

LE, LF. Then, 

bee oo 

are 

KOae=-LE x L 

L F, each to each, 

and BC = iu 

+i .. the 

angle B K © Ee i re 
est. ELF: bad 


* 
but equal angles at the centres stand on equal ares,t .. 
EHF: but the whole cir- 
C = the whole ED F,*.:. 
remaining part EDF; 


PROPOSITION XXIX,—Tueorem. 
In equal circles (ABC, DEF) egual arcs (BGC, EH F) are 
sublended by equal chords (BC, EF), 
[See preceding diagrams. ] 
If the ares are semi-circumferences, then B O, EF are 
diameters ; and as the circles are equal, these diameters 
must be equal. But if the arcs not semi-circum- 


ferences, take the centres of the circles,* and 
ate K , KO,LE,LF. Then, because 


the are BGC = the arc EHF, the angle B K C = 


y holds - reference to the pod 
PROPOSITION XXX.—Prosiem. 
To bisect a given arc (ADB); that is, to divide it into two 
ts. 


equal parts. 
e101. Draw AB and bisect it in O:* from C draw 
CD at right angles to AB:+ the ase, 


shall be bi- 
) B D. 
Then, because A CO = OC B 


sected in D. Draw A D 
a Ee 
les ACD, * c B 


BOD, the two sides AC, CD are = the two BC, CD, 
VoL, I. 


each to each ; and the angle ACD = BCD, each bein 
“41 a right angle,...AD=BD.* But eq 
chords cut off equal arcs, the greater are equal to the 
+281. greater, and the less to the less,+ .*. are AD 
= are BD, each arc being less than a semicircle, because 
DOC, or DC prolonged, passes through the centre; .*. 
the given are is bisected in D. Which was to be done. 


: PROPOSITION XXXI.—TuHEoREM. 

The angle (BAC) in a semicircle (B A DC) is a right angle: 
the angle in a segment (A BG C) greater than a semicircle, is 
less than a right angle: and the angle (D) in a segment 
(ADC) less than a semicircle, is greater than a right angle, 


From the centre, E, draw E A, and produce BA to F, 
Then, because EB = EA, the 

«51, angle EAB = EBA; F 
also because E A = EC, the angle 
EAC=ECA,.:. the whole angle 
BAC=ABC+ ACB: but FAC, 
the exterior angle of the triangle 
+321. ABC,is=A BC+ ACB,t+ 
..BAC = FAC, .*. eachisa right 
* Def.s1. angle,*.*. theangle BAC 
in @ semicircle is a right 5 
Again, because the two angles B, ©, 
of the triangle ABC are together 
+171. less than two right angles, + 
and that BAC has been proved to 
be a right angle, .*. ABC must be less than a right 
angle, .*. the angle B in a segment AB GO, greater than 
a@ semicircle, is less than a right angle. Lastly, because 
ABCD is a quadrilateral in a circle, the opposite angles 
«211. B, D are together = two right angles:* but B 
has been proved to be less than a right angle, .*. D, ina 
segment A DC less than a semicircle, is greater than a right 
angle; .*. the angle, &. Q. E. D. 


PROPOSITION XXXIL—Tueorem. 

If a straight line (EF) touch a circle, and from the point of 
contact (B) a straight line (BD) be drawn cutting the circle, 
the angles (DBF, DBE) which this line makes with the 
touching line shall be equal to the angles (A, C) in the alternate 
segments of the circle, each to each. 
ent From B draw B A at right angles to E F :* 

take pgs eee Cin the arc DOB, and draw AD, DO, CB. 
Then, use EF touches the circle in B, and that 

BA is drawn at right angles 

to E F, the centre of the circle A 
sion. is ins AST se 

ADB, being an angle ina 

semicircle, is a right angle,* 
‘2111 ».BAD+ABD 
+321. = a right angle ;+ 

but A BF likewise is a right 
*const. angle,* .. ABH 
= BAD + ABD. Take 

a the common angle AB D, 

.. DBF =A, the angle in the 

alternate segment. 


zz eae: rv 


Again : because A C is a quadrilateral in a circle A + 
+21. O = two right angles:+ but DBF + DBE 
131 == two right angles,* ... DBF + DBE = 


A+ C; and it has been proved that DBF =A, .. 
DBE=C(, the angle in the alternate segment; .*. if a 
straight line, &c. Q. E. D. ATA ees x 


PROPOSITION XXXIII.—Prosiem 


ee 


A F 


0) a gwen straight line 
1s B) 9, desoribs a segment 
of a circle capable of con- 
taining an angle equal to a 
given angle (C). 
+11. First let OC be a right angle: bisect AB in F,* 
and with F as centre, and radius F B, describe the ser 
circle AH B: then the angle H, formed by HA, HB, 
drawn from any point H in the are, being ina semicircle, 
+3111. is equal to the right angle C.+ , 
+3 ; 5 
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But if C be not a nc 
angle, make BAD = O,* 
ek sguametto 
aes . 
* 101. Be Ain F* 
and draw at right angles 
+n toAB:st FG will 
meet AE in some point G, 
because G A F is less than a 
*ax12. right angle;* and 


Hn 
5 
G 
\ 
: A ¥F 
if from G as centre, with 


radius GA, a circle be described, it will pass through B, 
and the segment A H B will be that required. For draw 
GB: then because A F = FB, the two sides AF, FG 
are = the two B F, FG, each to each; and the angle 
scoot, AFG=BFG,t.:. GA=GB;° .°. the 
*41. circle, with centre G, and radius G A, must 
pass through B. Again: because from A, an extremity 
of the age age tor E, ae u 
is drawn at right angles 4 
cars ate 67a Sy 
#16111, Cor, the circle :+ 
and because A B, drawn 
from the point of contact, 
cuts the circle, the angle D gE 
DAB = H, in the alter- 
*32111. natesegment: 
ppepategr ye: Pitnie Peye E of 0, tivels te desorbed, 
3 «+ upon A segment of a circle is i 
which contains an angle H = C. Which was to be done. 
PROPOSITION XXXIV.—Prosiem. 
| From a given circle (A BC) tocut off a segment, which 
shall sontain an angle equal to a given angle (D). 
Take = point B in the circumference, and draw EF 
touching the circle in B,* 
*i711. and make the 
+231. angle FBC=D.+ 
The segment BAC shall 
containan angle A= D. 
Because E F touches the D 
circle at B, the angle FBC 
= BAC, in the alternate 
32 TIL ent :* but 


+Coust. FBC = D,t+ 

-", the angle A, in the segment B A C, is = D ; .*. from the 
given ci the segment BAC is cut off containing an 
angle = 1), Which was to be done. 


PROPOSITION XXXV.—TxrorEM. 


If two chords (A C, B D) in acirele, cut 
one another, the rectangle (A E-E C) 
Jatnad by the -g 7] of one 
re ~ prem | to the rectang 
*ED) contained by the segments 
the other. if v 
If the chords intersect in the cen- 
tre E, it is evident that AE, EO, 8 c 
BE, ED, being all equal, the rect- 
AE'EC =BE‘ED. 


t if one of them, B D, pass through the centre, and 
eut the other A CG, which does not pa through the cen- 
tre, at right angles, in E, then, if B D be bisected in F, 
F is the centre of the circle; join A, F, Then, because 
BD, h the centre cuts A C, 
not through the cen at right D 

*3111. angles in E, AE= BO.* 
And because BD is cut into two 
equal parts in F, and into two un- 
equal parts in 

+5 = FB 
eat, AR? 4+E R= FA2*.:. 
BEED+EF' =AE‘+ EF: 
Take away the common square B 
EF. ..BEED=AE*=AE: 
EC. Again, let BD, which passes through the centre, 
eut AC, which does not pass through the centre in E 
but not at right angles ; then, as before, if B D be bisected 


& ¢c 


in F, Fis the centre of the circle. 


Draw A F, and from F draw F G D 
e121. ndicular to A C,* . 
+s. AG=GC,t., ABEC+ 
*5IL G?=AG*.* To each of 
these add G F?, ... AE-EC+ EG? lo 
+GF*= A G?-+G F*; but EG? 
+471. +GF?=EF*+ and AG? 
+GFimA FY... AREC+ EF= 
est. AF? =F B?; but F B= BEED + E F2* 
“. AEEC+EFP=BEED+EF* Take away 
EF’, .-. AE-EC =BEED. 
Lastly, let neither of the chords A C, B D pass h 
the centre. Take the centre F,t 
+111. and through E, in- 
on of the chords, draw the 


diameter G EF H. Then, because 
AG EEE stats noe e 
= . as Tov bi 
AEEC=BEED;... y hes 
ISé° chords, &e. Q. E.D. 


“S 
B PROPOSITION XXXVL— 
THEOREM. 

If from any point (D) without a circle (A BC) two straight 
lines be di ” ve wcvioh (D A) cots too cheater Cah 
the other (D B) touches it, the rene eae con- 
tained by the whole line cutting the ci and the part 
without the cirele, shall. be equal to (D B%) the of 
the line which touches it ; that is, AD-DC =D B* 


through 
D does not; first let it pass 


D’, because B 
B +471 ight ang 
+EB*=E B?+ BD 


through the cen 
e the centre E,* an 
rpendicular to A C ;+ 
+121. draw also EB, EC, ED. Then because EF, 


> not through the centre at right 


EB: + BD? = ED?, because B is a right le, t 
tot ADDO-EB? = EB? +ED2,. Take 
away EB?, ... ADDO=BD+. 

Cor.—If from any point without a circle, two straight 
lines cutting it be an, the rectangles of the whole 
lines and the parts without the circle are equal ; for each 
rectangle is equal to the square of the line drawn from 
he po int to touch the circle. 


PROPOSITION XXXVII.—TaeorEM, 


eit tal 
A F 


which meets it, the line 


the circle. 
ewut. Draw DE touching the circle in E ;* find 
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4 FE, FB, FD: then E is aright 
* And because 


* _ #18 TIL. 
DEtouches, and DCA cuts the 
+36 III. eager 
*Hyp. but AD-DC=DB*,* .*, 
x DE=DB; also FE=FB, ., 
DE, EF are= DB, BF, each to 
each ; and the base F D is common 
to the two triangles DEF, D BF, 
+81. -*. the angle E=B:f 
but E was shown to be a right 
le, ... Bis a right angle: and 
BP eetlonked is‘a diameter : but 
the straight line which is drawn at right angles toa 
diameter, from an extremity of it, touches the circle,* 
* 1611. .*. DB touches the circle ABO;.°. if froma 

point, &c. Q.E.D. 


REMARKS ON BOOK III. 

The third book is wholly occupied with propositions 

concerning the circle. In the definitions we have intro- 
two the want of which is very much felt in 

the Elemen terms are and chord. The absence 
of this latter term has been the occasion of much loose- 
ness of expression in certain propositions of Euclid’s 
i a ition I., for i as Thomas 

ey een) wo ated 


Euclid), been placed among the definitions of the third 
moved sings according to that definition, *" A straight 

ing to that definition, straight 
placed in a circle, when the extremities 
circumference of the circle ;’ but it is 
such a line a chord, the name given to it 

etrical inquiries. 

onstration 2a ition I. of Simson’s 


point in that line ; the omission 
edition. 
ition VI. in Simson is, ‘If 
internally, they shall not 
but as it is plain that each circle 


geieey 
E as 


aE 3 
br 
ul 
ye 


ly, then, since 
ust be wholly without the other, it is obvious that 
they cannot have the same centre. In Proposition VII. 
certain lines are introduced by Euclid—namely, the 
lines E C, E G—long before they are wanted ; and the 
di is thus unnecessarily complicated at the outset 
of demonstration. We have already stated (page 
549), with a view to an orderly and systematic arrange- 
ment of the steps of the t, that the diagram 


should not gO ae cay sea douant tree 
you depart from thi more you de m 
simplicity ; since you thus encumber diagram with 


your onl 
diameter AD: you should ent, fae pur- 
ving that F A is greater than 
one 


other than F A, F B may be: part of the 
tion is thus di of. The next step is to draw 
Bo, the aid of which is now required—but not till now 


—to prove that FB, a line nearer to that passing 
through the centre, is greater than any other line F 

more remote : another part of the theorem is thus de- 
monstrated. You may now, if you please, introduce 


+31rt. the centre F,t+ and draw_ 


FG, and then draw EG, for the purpose of proving 
that F D is shorter than any other line drawn from F. 
We say you may introduce FG if you please; for, in 
stri there is no absolute occasion for it; FO, or 
FB, already drawn, would answer the purpose equally 
well: of the remaining part of the construction nothing 
need be said here. 

In Proposition VIII. we have actually omitted Euclid’s 
superfluous line—the line corresponding to that which, 
as just noticed, may be dispensed with in the preceding 
proposition. As the diagram here is somewhat more 
complicated, it was thought that the suppression of an 
unn line from D, and consequently of two lines 
in connection with it from M, would be a desirable relief 
to it. Yon will perceive it to be so if you com the 
cher here, with that in other editions of Euclid. 

e demonstration of Proposition IX., given in the 
present. ation, not that of Euclid, though substi- 
tuted for it by De Chales, and some other editors. In 
the earlier copies of Euclid, two different demonstrations 
of this pte theorem are given, They have both | 
been preserved by Gregory, Stone, Williamson, and 
Bonnycastle. It is the second of these two only that 
Simson retains ; but, as remarked by Williamson, there 
is a defect in the reasoning, which, however, it is scarcely 
worth while to remove. e demonstration given in the 
text is so easy and obvious, that, as Austin justly ob- 
re ‘we cannot su Euclid would have over- 
looked it.” It is proba therefore, that the demon- 
strations here discarded are not Euclid’s own, but the 
interpolations of some other writer. 

enone it is proved in Proposition XX. that an 
angle at the centre of a circle is double that at the cir- 
cumference subtended by the same arc, yet it must not 
be inferred that to every angle at the circumference there 
corresponds an angle at the centre, upon the same arc, 
which is double of the former. If the angle at the 
circumference stand upon a semi-circumference, there 
can evidently be no corresponding angle at the centre 
upon the same arc; and if the angle at the circum- 
ference stand upon an are greater than a semi-circum- 
ference, the angle at the centre, the sides of which ter- 
minate in the extremities of the same aré, will stand— 
not upon that are—but upon the opposite part of the 
circumference. 

The construction of Proposition XXV. is different in 
the present edition from that given in Euclid, which 
requires three di : moreover, the “segment of a 
circle,” as Euclid has it, need not be given, only the are, 
Propositions XX VI. and XXVILI. differ also in matters 
of construction from those of Euclid; for, as they at 
present stand in Simson, they are insufficiently demon- 
strated ; as noticed in the text. 

Proposition XX XIII.—In all the editions of Euclid 
that we have seen, there is a superfluous line (the line 
B E) introduced into the second of the three diagrams ; 
and in some editions the line B E is also introduced into 
the third di for what purpose we are unable to 
conceive ; the ency, though of course not the inten- 
tion, van mislead. a stl 6 oli dleavaia 

The demonstration ies equally i 
In the first, the line BE. which goes to form the angle 
E, is quite in keeping with the text, as this is really an 
angle in the segment spoken of. But in the second of 
these diagrams, the line is not merely su uous—it is” 
wrong ; since the angle E, of which it is a side, is an 
angle in a segment different from that to which the text 
refers. In order that the proper angle should be exhi- 
bited in both ener the vertex of it should be at H, 
as shown by the do lines in this edition, but there 
is no absolute occasion to introduce this angle at all. 

Propositions XXXV. and XXXVI. may be otherwise 
and more easily established, as follows :— 

Proposition XXXV.—Let P be any point within a 
circle ABD. It is required to prove that whatever 
chord, AB, be drawn through P, the rectangle 
AP-P B will be always the same. 
eiut. Find the centre 0 ;* and draw C M at right 
#121. angles toAB;+ draw also CP, CB. Then, 
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always the same wherever in the 4 


tained by the segments of one of them is equal to that 
contained by > ae of the other. 

Proposition XXXVI—Let B be any point without a 

RB circle PEF. It is required to 

rove that whatever line B PF 

drawn, cutting the circle, the 

rectangle B FBP shall be equal 

to the square of BE, a line 
drawn touching the circle. 

*1mu. Find the centre O,* 
and draw CB,CP,CE. With 
this same centre C, and radius 

A CB, describe a circle, and pro- 

duce BF to meet its circum- 

ference in A. Then (last Proposition) A P-B P = BC? 

tan —PC=BC? — E@=BE*+ Draw the 

perpendicular C M to A B; then CM bisects both A B 

esi. andFP,*.*,AF= PB, ..AP=BF. But 

it was proved that AP’-PB = BE’; .-. BF-BP = 
B E*, which was to be demonstrated. 

_An obvious corollary follows from this proposition, 
vlzZ.— 

Cor. 1.—Since from any point without a circle two 
+171. lines may be drawn to touch the circle,t+ these 
two touching lines must be equal. 

_ We shall only further observe that, besides the par- 
ticulars mentioned above, in which slight departures 
from the authorised text of Euclid have been made, 
other modifications, chiefly in the diagrams, have been 
introduced in certain propositions ; but we have nowhere 
ventured upon any change, where the circumstances of 
the case did not fully justify and require it. 


EXERCISES ON BOOKS L, IL, It. 


1, Prove the converse of Proposition XXII.—Book 
IIL. ; namely, if the opposite angles of a quadrilateral be 
together equal to two right angles, a circle may be de- 
scribed about it. na sai 

2. A trapezium may be inscribed in a circle, provided 
two of the opposite sides are parallel, and that the two 
non-parallel sides are srl 

3. If a quadrilateral be described about a circle, that 
is, if the four sides touch the circle, one pair of opposite 
sides will always be equal to the other pair. 

4. If from the vertices of the three angles of a tri- 


angle, By sapey be drawn to the opposite sides, 
they will intersect in the same point. 

5. If two circles cut one another, the line joining the |’ 
intersections of the circumferences, shall be perpendicular 
to the line joining the centres. 

6. If two circles cut one another, and from one of the 
points of intersection diameters be drawn, the extremi- 
ties of these diameters shall be in the same straight line 
as the other point of intersection, 

7. If any two chords of a circle intersect at right 
angles, the squares upon their four segments will, to- 
gether, be equal to the square upon the diameter. 

8. If two circles touch each other, any straight line 
through the point of contact will cut off similar segments. 

9. If a quadrilateral be described about a circle, the 

les subtended at the centre by one pair of opposite 
sides, will, together, be equal to those subtended by the 
other pair ; that is, to two right angles. 

10. Find a point in the prolongation of a diameter of 
a circle, from which, if a line be drawn to touch the 
circle, it shall be equal to a ares straight line. 

11. Two chords AD, BC, are drawn in a semicircle 
from the extremities of the diameter AB; the chords 
intersect in P. Prove that the les AD‘AP, 
B C:B P are together equal to the square of the diameter. 

12. If from any point in the diameter of a semicircle 
two straight lines be drawn to the circumference, one to 
the middle of the arc, the other at right angles to the 
diameter, the squares upon these two lines always 
amount to the same .um, wherever the point be taken. 

13. From a given point without a circle to draw a 
straight line to cut it, and to terminate in the circum- 
ference, such that the im ted chord may have a 
given length, not greater than the diameter of the circle, 


. 


CHAPTER IV. 


ELEMENTS OF EUCLID.—BOOK IV. 


DEFINITIONS, 


I. 


A rectilineal figure is said to be inscribed 
in another rectilineal figure, when all the 
vertices of the former are upon the sides of 
the latter, each upon each. 


IL 


. Avrectilineal figure is said to be described about another, 
when all the sides of the former pass through the vertices 
of the latter, each through each, 


IIt. 


A rectilineal figure is said to be in- 
scribed in a circle, when all the vertices 
of the former are upon the circimference 
of the circle. 


Iv. 

A rectilineal figure is said to be 
described about a circle when each side 
of the former touches the circumference 
of the circle. 


ae: 


v. 
A circle is said to be inscribed in a Reo tai 
rectilineal figure, when the circum- 
ference of the circle touches each side of 
the figure. 


vi. 

A circle is said to be described about 
‘a rectilineal when its circum- 
ference passes ugh all the vertices of 
that figure. 

vir 


A straight line is said to be placed in a 
circle, when the extremities of it are in 
the circumference of that circle.* 
® See ante, Book ILL., Prop. I., IIL, and IV. 
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PROPOSITION I.—Pnrosiem. 


In a given circle (ABC), to 
place a straight line equal to a 
given straight line (D), which 
is not greater than the di- 
ameter of the circle. 


Draw BO, any diameter 
of the circle. if CB 
=D, the thing required is 
done ; but if BC be not = D, 
*Hyp. it is greater ;* make CE = D; and withcentre 
Cand radius OB, describe the circle A EF; join CA; 
CA shall be = D. 

Because © is the centre of the circle AEF, CA= 
*const,. CE; but D=CE,* », D=CA;; therefore in 
eee ee) Cane mess eawat to. D;-4t placed as 


; 


Nore.—The enunciation of this proposition might have been as 
follows :—From a given point, in the circumference of a aps 
circle, to draw a chord equal to a given straight line, which is not 
greater than the diameter. ‘ 


PROPOSITION Il.—Prostem. 
Tn a given circle (A BC) to inscribe a triangle equiangular to a 
given triangle (D E F). 
point A in the circumference, and draw 
AH to touch the circle in that point.t Make 
*o31. the e HAC=E, and GAB=F,* and 


draw BC: AB & 
a A 
LANES 
FC eee eos 


+321. ment:¢ but HAC=E,.-.B=E. Fora 
e reason, C = F, .:. the remaining angle B AC = the 
. Temaining angle D;* .-. the triangle A BC, 
in the circle ABC, is equiangular to DEF. 
Which was to be done. 
Nore.—If the angle HAC has been made to P, 
estar pi reckeceincmecee ee 
DEF.’ Like remarks apply to the next propacition. 
PROPOSITION III.—Prosrem. 
About a given circle (ABC) to describe a le 
to a given triangle (D E F). 
Prolong E F both ways to G and H:: find the 


Take any 


sim centre K of the circle,* and draw any 
radius KB. Make the BKA=DEG, 
+231. and the BKO=DFH:+ and 
through A, B, OC, draw LM, 

MN, NL to touch the 

ei7t. circle:* these ‘ # 
poe let Ble Rael cy 

lar to DEF, 3: GE FH 


BM would make with a M x 


angles, for 
it can be divided into two triangles, and that two of the 
angles K A M, K B M, are right angles, .- . the other two, 
MB make two right angles, But DEG+ 
I. F = two right angles,+ ... AKB-+-AMB 
JEG+DEF; but AK B=DEG,.. AMB= 
- In like manner it may be proved that LN M = 


DFE, .*. the remaining angle L =the remaining angle 

+321. D;* .-. the triangle L MN is. equiangular to 
the triangle DEF; and it is described about the circle. 
Which was to be done. : 

PROPOSITION IV.—Prosiem. 
To inscribe a circle in a given triangle (A BC). 

*or. Bisect the angles ABO, BCA* by the 

straight lines BD, CD, meeting one another in D, from 


which draw DE perpendicular to one of the sides.+ 
+121, The circle described with centre D, and radius 
D E, will be inscribed in the 
triangle. A 
For draw DF, DG, perpen- 
diculars to the other sides :** 
+121, then, because the angle 
EBD=FBD, for ABO is = ce 
t Const. bisected ty D,+ and 
"Sieltriaugles EBD, FBD 
.*. the tri es - MKT> 
have two angles of the one=two ~~ wis 
of the other, each to each; and B fF 
the side B D, opposite to one of the equal angles in each, 
+261. common to both, .*, the other sides are equal ;t 
that is, DE=DF. For alike reason, DG=DF, .*. 
DE=DG, .. DE, DF, DG are all equal; and the 
circle described with centre D, and either of these for a 
radius, will A through the extremities of all; and 
will touch AB, BC, CA, because the angles at E, F, G 
*161n. are right les ;* .°. the circle E F G is in- 
scribed in the triangle ABC. Which was to be done. 


PROPOSITION V.—Prostem. 
To describe a circle about a given triangle (A BC). 
oh a . yr eb ot boi eve oe 
ints Ww at right angles to AC. 
are ee Then D F EF must meet one another, use 
they make with a line joining D, E, angles on the same 

*Ax.12, side, together less than two right angles.* Let 
them meet in F, and draw F A, then a circle described 
with centre F, and radius F A, will circumscribe the 
triangle A BC. 


For if the point F be not in BC, draw BF, CF. 
Then, because A D = DP B, and D F is common, and at 

+41. right angles to AB, AF =FB.+ In like man- 
ner, it may be shown that CF=AF,.*. FB=FC,.°. 
F A, FB, FC are all equal; .*. the circle described with 
centre F, and either of these lines for radius, will 
through the extremities of all, and be circumscribed 
the triangle ABO, Which was to be done, 


PROPOSITION VI.—Prostem. 
To inscribe a square in a given circle (A BCD). 


Draw any two diameters AC, BD at right angles to 
one another: draw AB, BOC, rt 


CD, DA: the figure ABCD 

shall be the square required, 
Because E is the centre, E B 
= ED; also EA is 5a B 


e41. AB=AD.* For 

a like ey enor caes 

spectively = .*. the 

faure A BOD is equilateral, Tt ¢ 

is also recta r; fur BD being a diameter of the 


circle, B A D is a semicircle, .*. BA D is a right angle.+ 
+311. For the same reason each of the angles 
ABO, BCD, CDA, like DAB, is a right angle, ., 


y 
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oT 
the figure is  itisa re; and it is in- 
scribed in the circle AB GD. Which was to be done. 
PROPOSITION VII.—Pxrosies. 
To describe a square about a given circle (A BC D). 


two diameters, A C, BD, at right angles to one 
and through A, B, ©, D, draw FG, GH, HK, 
touching circle ;* 
figure G H K F 
uare required. 
circle, 

th 


the 
from 


les. And 
because the ang eAE Bisari ht 
as likewise E BG, 
21 rallel to A C;* for a like reason A C is 
parallel to F K. Inasimilar manner may it be proved 
that GF, H ee wept paler e beg ty 
GO, A e are Sora 
ee "HK, and GH = FK ;+ and because AC 
and thtAC=GH=FK; and BD=GF 
K, .. GH, FK, are each = GF or HK, .°. the 
K is equilateral, wer . rs 
» an aright angl 
G K, bein 


lL is a right ef = 
with a right angle at is rec r,t 

+Cor.461. .*, it ise square; and it is pee port 

the circle ABCD. Which was to be done. 

PROPOSITION VIIL—Prosiem. 
To inscribe a circle in a given square (ABCD). 
*101.  Bisect each of the sides AB, AD in F, E ;* 
draw EH parallel to A B or DO, and FK el to 


_+an1 AD or BC;+ then, if with their point of 
intersection G, as centre, and GF, or GE, as a radius, 


a circle be described, it will be that required. 

like manner, it may be demon- 
ABCD. Which was to be done. 

*st. ange DAC=BAC;* 


Each of the figures AK, KB, AH, HD, AG, GC, 
a * » BG, GD, being a parallelo- 
strated that GH=GK, and 
GH=GF, .*. the four GE, 
PROPOSITION IX.—Prosiem. 

To describe a circle about a given square (A B CD). 
meng gr le D A B is bisected 
by AC. In like manner, it ma 


gram, their opposite sides are 
e341. equal:* and _ because 
A D=AB, and A E=half AD, 
and AF=half AB, AE=AF, 
.'. the sides opposite to these 
are equal—viz., FG=GE. In 

c 
* ™ GF, GH, GK are equal to 
one another; and the circle described from centre G, 
with any one of them for a radius, will pass through the 
extremities of all, and will touch AB, BC, OD, DA, 
because the angles E, F, H, K are right angles ;+ 
+16 111. Cor. the ci is .*. inseri in square 
Draw A C, BD, intersecting in E: with E as centre, 
and ae as radiusy describe a circle :—it will be that 

u 

ge DA=AB, and AC is common to the tri- 
- angles D A C, B A C, the two sides 
DA, AC=the two B A, AC, each 
to each; and DC=BC, .*. the 
be proved that the angles A BC, 
BCD, CDA, are severally bi- 
sected by BD, CA. Again: the 
angle DAB=ABO, also EA B= 
A=half ABC,.. EAB=EBA, 
EB.+ In like manner, it may be de- 


0, ED=EB, EA, each to each, .. 
C, ED are equal to one another ; 


and the circle whose centre is E, and radius E A, passes 
through the extremities of all, and is .. described about 
the square ABCD, Which was to be done. 


PROPOSITION X.—Prostem. 


To describe an isosceles triangle having each of the angles 
at the base dowble of the thied onghe, 

Take any straight line AB, and divide it in ©, so 
eu. that bar ag nlc with centre A and 
draw AD; 


radius AB, describe the circle 
tiiv. BD=AC + and 


CDA,.*. BDA=DAC 
+321, angle BCD=D 
*5t BCD; but BDA=B, 
B=BCD, .:. the three angles 
are equal to one another. A 
. DBC=DCB, DC= 
made = CA, », CA =CD 


| 


each of the les at the base double of the third 
Which was to be done. 


PROPOSITION XI.—Proztem. 
T. inscribe an equilateral and qeeereur pentagon in a 


given circle (ABCD). 
Describe an isosceles triangle F GH, having each of 
*iorIv. the angles G, H, double of F ;* and in the 
circle inscribe a triangle ACD, aan to the 
A triangle FG 
the angle CA 
r ¢21v. = F;t 
each of the angles ACD, 
: B Y 
Gc i 
c Db AB, BO, DE, EA. 
Apps sot 
ntagon required. Because of the angles 
RD is docble of CAD, and that they are bisected be 
CE, DB, .°. the five angles DAO, ACE, ECD, CDB, 
.*. the lines AB, BO, GD, DE, EA are equal to one 


ADC is dou le of CAD. 
the : 
BD A are equal to one another; .°. the five arcs A 
+211. BC, CD, DE, EA are equal to one another, 


. another,*.*. the pentagon A B CDE is equila- 

is also equia , for since the arc AB = 
the are DE, if to each BCD be added, the whole 
ABCD=EDCB;; but these arcs subtend the angles 
+7 AED, BAEK, .*. AED=BAE+ Fora 
like reason each of the angles ABO, BCD, CDE = 


BAE or AED; .'. the pentagon is equiangular, .*. in 
the given circle an ilateral and i pentagon 
has been described. hich was to be done. 


PROPOSITION XII.—Prosiem. 


To describe an equilateral and equi a re 
Ti gion sade AB D). 

Let the vertices of a pentagon, inscribed in the circle, 
by last proposition, be at A, B, C, D, E; so that the 
arcs AB, BO, CD, DE, EA are equal; and through 
these points draw GH, HK, KL, L M, MG, touching 
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+1711. the circle :* the figure GHKLM shall be 
the m required, 
Yon ts Pree F draw FB, FK, FO, FL, FD. 
Then because KL touches the circle in C, FC is per- 
+181. pendicular to K L,+.*. the angles at C are 
right angles : for a like reason the angles B, D are right 
angles. And because FC K is a right le, FK? = 
*47r. FOC?+ CK? :** fora like reason F K? = F B? 
+BK2.. FC+CK?, =FB*+BK?; but FB= 
FO)... BK? =C K?..:. BK =CK. in : because 
FB=FC, the two sides FB, F K = the two FC, FK; 
and BK = CK, as just proved, .*. the angle BF K = 
+31 OFK,+ and BK F=CKF,.:. BF C=twice 
CFK, and BKC =twice CK F. Fora similar reason 
CFD = iwice CFL, and CLD= twice CLF: and 
because the are BC =are CD, the angle BFC = 
eo. CFD :* and BF C=twice OF K, andC FD 


= twice CFL, ... CFK =CFL; .-. in the two 
triangles F K C, F LC, there are two angles of the one 
* equal to two of the other, each to each, and the side 
FC, adjacent to equal es in each, is common to both, 
61 .*. KC=LC,* and the angle F KC=FLOC, 
and K Lis twice KC. In a similar manner it may be 
G mS care a aah ee 
consequently, since it 

was proved that BK = KO, 

and that K L = twice K C, 

i and H K = twice BK, HK 
=KL. In like manner it 

A shown that GH, GM, 

B p MLUareeach = HKorK L: 


epee a angular 
FKC=FLO, and HKL = twice F 
= twice F LO, as already proved, ... HKL=KLM. 
And in like manner it may be shown that each of the 
angles KHG, HGM, GML is = HKL or KLM; 
.*. the five angles GHK, HKL, KLM, LMG, 


MGH, being equal to one another, the pen is 
iangular, and it is described about the circle A BC D. 
ich was to be done, 


PROPOSITION XIII.—Prostem, 
To inscribe a circle in a given equilateral and equiangular 
pentagon (A BCD E). 

Bisect the angles BCD, CDE by the straight lines, 

«91 CF, DF; and from the point F, in which 
they meet, draw F K perpendicular to one of the sides ; 
then Led it Lh pean Te tei a circle be 
descri it will touch eve le e pentagon, 

+Hyp- Draw FB, FA, FE; then since BO=CD,+ 
and C F is common to the triangles BOF, D CF, the 
two sides BC, OF =DO, CF each to each; and the 
41 le BOF=DCF, .. BF=FD,°* and 
the angle CBk=CDF. And because ODE = twi 


KOPF, = F ‘dries 

being right angles, .-. in 

triangles FHC, F KO, two a 

angles of the one are equal to 

two of the other, each to 

each ; and the side F C op G K »D 

site to one of the equal angles in each is common to both, 
bb Apri 2 ~FK* In like ae er 

proved that FL, F M, FG are each = F K, or FH, 

.’. the five FG, FH, FK, F L, FM, are equal to one 

another, .*. the circle described from centre F with either 

of them for radius, will pass through the extremities of 

all; it will moreover touh AB, BO, CD, DE, EA; 


since the angles at G, H, K, L, M, are right angles ;+ 
+1611. .*. the circle is inscribed in the pentagon 
ABCDE. Which was to be done. 


PROPOSITION XIV.—Prostem. 
To describe a circle about a given equilateral and equi- 
angular pentagon (A B C D E). 
Bisect the — BCD, CDE by the straight lines 
°9L CF, DF ;* and with the point F, in which they 
meet, as centre, and either of them as radius, if a circle 
be described, it will be that required. 

Poipeailedt FA, FE. — be eee ie in 
e Pp: ing proposition, that the angles CB A 
AED are bisected by FB, F A, FE; and Fadia 
angle BCD = CDE, and that FC D is half BCD, and 
CDF half CDE, ...FCD= 
+6% FDO, .*.CF=FD+ 
In like manner it may be demon- 
strated that F B, F A, FE are 

B each = FC or FD,.:. the five 
FA, FB, FC, FD, FE are equal 
to one another ; and .*. the circle 
described from centre F, with 
either of them for radius, will pass 
through the extremities of all, 
and will .*. be described about the 

pentagon ABCDE,. Which was to be done. 


PROPOSITION XV.—Prostiem. 
To inscribe an equilateral and equiangular hexagon ina 
given circle (A oD F). 
¢1 111. Find the centre G of the circle,* and draw the 


A 


‘diameter A GD ; from D as centre with radius DG, de- 


scribe the circle EGCH; draw EG, CG, and prolong 
them to B, F; and draw AB, BO, OD, DE, EF, FA; AB 
CDE F shall be the equilateral and equiangular hexagon 
oy ra Because Gis the centre of the circle AC DF, 
GE=GD,; and because D is the centre of the circle 
EG CH,DE=DG, .-. GE=ED, and the triangle 
E G Dis equilateral, .-. the angles EG D, GD E, DEG, 
+5LC are equal to one another ;t and as they are 
°321, _ together equal to two right angles,* .-. EG D 
is the third part of two right angles. In a similar man- 
ner it may be demonstrated that D GC is the third part 
of two right angles; and because GO makes with RB 
the adjacent angles EGC, CGB, equal to two right 
+131. angles,t the remaining angle O GB is also the 
third part of two right angles, .-. EGD,DGO,CGB, 
are equal to one another ; and to these are equal the ver- 
*151, tical or opposite angles BG A, AGF, FGE ;* 
A . *. the six angles at G are equal 
to one another ; consequently the 
six arcs which subtend them are 
¥ 2 +2611. equal, and .*, the six 
*29 111. chords of these arcs,* 
-*. the bear ABCDEF is 
equilateral. It is also equiangular; 
for since the arc AF = ED, add 
- ABCD to each; .*. the whole 
D are FABCD=EDCBA;and 
the oo FED stands upon 
u FABCD, and AFE oe 
EDCBA,.*:.AFE=FED.t+ 
+0711. Inasimilar manner it may be demonstrated 
that the other angles of the hexagon are each of them = 
AF E, is La gesinapan sete Sage oral anted 
is inscribed in the given circle ACD F. ch was to 
be done. 

Cor.—From this it is manifest that a side of the hex- 
agon is equal to the radius of the circle. And if through 
A, B, C, D, E, F lines be drawn touching the circle, an 
equilateral and equiangular hexagon will be described 
about it, as may be demonstrated from what has been 
said of the pentagon : and likewise a circle may be in- 
scribed in a given equilateral and equiangular hexagon, 
and circumscribed about it, by a method like to that 
used for the pentagon, : 
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PROPOSITION XVI.—Prosiem. the time of Euclid to the present day. We draw atten- 
To inseribe an equilateral and equiangular quindecagon, or tion to it here mainly for the purpose of 


Sifteen-sided figure, in a given circle (A BC D). 
Let AC be a side of an equilateral triangle inscribed 
eotv. in the circle,* and A cdl oe gg apiece 

and equiangular pentagon inscri in the same; 
tit, then of a A. 


the fifth part of the ™ : 


and straight lines equal to them be placed round, in the 
whole circle, an equilateral quindecagon will be inscribed 
in it; and that it is equiangular is plain, because each 
angle stands upon an arc, equal to the whole circumfer- 
ence diminished by the two arcs which its sides subtend, 


and which ares are by construction equal, .*. an equi- 


lateral and equiangular quindecagon is inscribed in the 
circle. Which was to be done, 

And in the same manner as was done in the pentagon, 
if through the points of division made by inscribing the 
quindecagon, a lines be drawn touching the circle, 
an equilateral and equiangular quindecagon will be 
described about it. And likewise, as in the Ba pa a 
circle may be inscribed in a given equilateral and equi- 
angular quindecagon, and circumscribed about it. 


REMARKS ON BOOK IY. 


The propoesiioes in this fourth book are all problems, 
relating chiefly to the construction of regular polygons 
in and about the circle. From the fourth we learn this 
theoretical truth; namely, that the straight lines bisecting 
the three angles of a gies all meet in a point—the 
centre of the inscribed circle; and from the fifth, that 
the straight lines bisecting the three sides of a triangle 
-. meet in a point—the centre of the circumscribing 

le. 

As the second proposition shows that a triangle equi- 
angular to any pro} triangle may be inscribed in a 
circle, we know that an equilateral triangle may be 
inscribed ; and we thus infer that the circumference of a 
circle may be geometrically divided into three ag 
parts. By bisecting each of these three equal ares ( 

ition XXX, Book III.), we may divide the circum- 
erence into six equal parts, as otherwise shown in 
Proposition XV. ; and by another series of bisections, 
into twelve ba Sow parts, and soon, The division of the 
whole circumference into six eyual parts is obviously the 
division of the semi-circumference into three; the divi- 
sion of the whole into twelve equal parts is the division 
of the fourth of it—that is, of a quadrant, into three 
nal parts, andso on. We thus see that an arc equal to 

a fourth part, or to an eighth part, a sixteenth part, c., 
of the entire circumference, may be divided geometrically 
into three equal parts. But the general problem to 
divide any are of a circle into three equal parts, or, 
which amounts to the same thing, to trisect an angle, is a 
blem that all the geometry in Euclid has been found 
itherto inadequate to accomplish. It is one of the 
t outstanding problems of antiquity; and more 
thought and labour have been expended upon it, during 
the two thousand years, than perhaps any other 
problem has ever called into exercise. If you now learn 
this fact for the first time, you will be surprised that a 
thing apparently so simple as to divide an angle or an 
arc of a circle into three equal parts, should have been 
found to be a matter of such surpassing difficulty as to 
have baffled the efforts of the greatest geometers from 


discouragi 
any fresh attempts by students in geometry to eae oa 
angle. Novices are very apt to enter upon such attem) 
from a vague notion that a successful solution of 

roblem would, in some way or other, advance science, © 

ut geometricians know better ; and by them the inquiry 
has long been abandoned, not only as a Fern on 
but also as a comparatively useless one. e theorist 
has no need of this solution, because he is never stopped 
in any mathematical investigation from the want of it; 
the practical man has no need of it, for he can avail 
Fee ae yh wn — which effect 4 trisection 
of an angle that departs from strict geometrical accuracy, 
by an amount of error too minute to be detected by his 
senses, though aided by the most finished instruments 
of measurement ; and these methods he would continue 
to employ even were the problem ever to be brought 
within the scope of elementary geometry, You 
therefore, that the inquiry is one of pure curiosity, and 
nothing more; since the successful issue of it could 
supply no want either in theory or in practice. 

'y aid of Fyne bg prigeae ea limits i ogee 2 
geometry, the trisection of an angle ma, readily 
effected, as will be hereafter shown; but aah geome- 
tricians have been in quest of, is the accomplishment of 
this trisection by aid merely of the straight line and the 
circle—the only lines recognised by Euclid. Some have 
ventured to say that, with this limitation oak 
the problem is impossible ; but who can this 
The third part of an age of course exists ; and there is 
therefore no just grounds for affirming that it cannot be 
found, mg oh by the aid of machinery external to 
geometry. ‘Till the beginning of the present century, 
there were the very same grounds for affirming that the 
a nbyeerel of a cirdle could not be ig Ay —. 
teen equal parts common geometry ; but in 1 
Gauss, a distingui German mathematician, showed 
how this could be effected without going beyond the 
limits of elementary geometry. The discovery, though 
of no theoretical or practical value, made a good deal of 
noise at the time. e work containing this, and several 
analogous- problems, was translated into French by 
Delisle, under the title of Recherches Arithmétique ; but 
the division of the circumference into seven equal parts ; 
or, which is the same thing, the problem to inscribe a 
regular heptagon, or seven-sided , ina circle, like 
the trisection of an are, is not yet accomplished, 

From what has now been said, Be ae pops that 
Euclid enables us (Proposition II.) to divide the cireum- 
ference of a circle into 3, 6, 12, &c., equal parts ; as also 
(Proposition VI.) into 4, 8, 16, &c., equal parts; and 
again (Proposition XI.) into 5, 10, 20, dvc., equal parts ; 
and finally (Proposition XVI.), into 15, 30, 60, &c., 
equal parts ;—all these subdivisions of the circumference 
being obtained hy the propositions here referred to, and 
the repeated application of Proposition XXX, Book 
IIL. As just observed, Gauss has extended Buclid’s 
instructions, and taught us how to divide the circum- 
ference into 17, 34, 68, &c., equal parts ; as also into 
other parts, in like manner excluded from Euclid’s 
divisions—namely, into 257,65537, &c.; each part, by 
repeated, bisections, giving rise to a new series of sub- 
divisions as above. And by combining some of these 
with the subdivisions of Euclid—as Euclid himself has 
combined the divisions into three parts and into five 
parts, in Proposition XVI., to get the division into 
fifteen parts—other sections of the circumference may 
be obtained. But the actnal constructions, even in the 
simplest of these additional cases—the division, namely, 
into seventeen equal parts, are so yee as to 
be of no avail in actual practice ; they are interesting 
merely ‘as showing that this part of the Enclidean 
geometry is really susceptible of extension ; and we have 
gcecnpied yoyr attention in this brief account of the 
pee of geometers in reference to the division of 
the circumference, chiefly that you might see sufficient 
reason why so few of these divisions are accomplished by 
Euclid, and why he should pass at once from the six- 
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sided polygon (Proposition XV.) to that of fifteen sides 

ition XVI), without anything being said as to 
the intermediate polygons of 7, 9, 11, 13, and 14 sides 
respectively, You now know that the omission arose from 


his inability to inscribe any of these polygons in a circle. 


ON THE QUADRATURE OF THE CIRCLE. 


Intimately connected with the researches just adverted 
to, is the problem of the quadrature of the circle, which, 
like that of the trisection of an angle, has for occa- 
sioned the fruitless diture of much vahieha time 
and t. We endeavour to give you here some 
notion of the meaning and object of this celebrated 
problem, not only because it is a matter of such historical 
interest, that you ought to know something about it ; but 

moreover, in certain elementary writings on 
the subject, the is put before the student in an 
erroneous form ; consequently, a wrong impres- 
sion as to the real character of the problem is con- 


ve - 

The problem of ring the circle, as it is popularly 
called, has a twofold meaning—namely, the geome- 
trical quadrature, and the numerical quadrature. In 
the first of these senses the problem is to construct a 
square that shall be equal in surface toa given circle ; 
in the second, the lem is to express the numerical 
measure of the pation tt A circle when the measure or 
The former 


this construction is i ible, for the d 
exicts. You may ily satisfy yo of this by the 
following reflections :—The square on the diameter of the 


as the circle is one 
x poor ie of ts 

square must, ata i stage of i 
exactly attained the magnitude of the circle ; so that if 
its progress could be 

be isolated coal cehitieed, he of the 
iso) ibited, t Sgcrges 

theref Se that these i viking — poll 
‘ore is n visionary or in 
the search after this square, as if it were a thing that 
had no existence; although some very able geometers 
have, aoey enough, condemned the inquiry on these 
grounds, only sound reasons for abandoning the 
investigation are these two; namely—first, that the 
blem has been earnestly and laboriously attempted, 
By the profoundest geometers, for thousands of years, 
and they have been obliged to abandon it in despair ; 
and secondly, that the successful solution of it d be 
of no theoretical or practical value if furnished. As far 
as utility is concerned, the other form of the problem of 
the qi ture of the circle is by far the more important ; 
that is, to discover the numerical measure of the surface 
of a circle from the measured length of its diameter 
being given. But, under this aspect of it, the accurate 
solution of the lem is really impracticable ; it can be 
proved to be so; and the proof will be given in a sub- 
sequent of the present mathematical course. “It'is 


just as impracticable as it is to assign accurately the 


square-root of 2 ; and, in fact, this square-root does re- 

eg! ita into the approximative numerical process, 
ou will require to know something of Proportion, in 

the sense in which the term is employed by Euclid, 

before that process can be fully explained to you. This 
VoL. I. 


subject, together with the sixth book of Euclid, forms 
the object of the chapter next 
following ; and at the end of it No. of sides. Surface of pol. 


you will find the principles upon et Ce 

which the approximative quad- 8  2°8284271 
rature of the circle depends, 16 = 30614674 
clearly exhibited ; and the mode 32 31214451 
of computation pointed out. 64 3:1365485 
The plan is to compute first the 128 =. 3: 1403311 
surface of the inscribed four- 256 3:1412772 
sided equilateral figure orsquare; 512 = 31415138 
then ‘the inscribed eight-sided 1024 31415729 
figure ; then the sixteen-sided 2048 3:1415877 
figure; andso on, tilltheinscribed 4096  3°1415914 
polygon differs insensibly from 8192 31415923 
the circle. How the surfaces of 16384  3:1415925 
these successive polygons are 32768 371415926 


computed one after another, 
must be deferred for the present ; but some of the results 
are exhibited in the margin, where the radius of the 
circle, whose surface is approximated to, is regarded as 
1; that is, 1 inch, 1 foot, 1 yard, or one any measure. 
It appears, from the above table, that the surface of an 
inscribed regular polygon of 32768 sides is 3:1415926, 
which is correct as far as the decimals extend ; this 
number, therefore, may be taken for the numerical 
measure of the circle itself ; for it is plain that a regular 
polygon of so many thousand sides would be undistin- 
guishable fro P| therefore tically identical with, 
the circle in which it is peat aby But, by continuing 
to double the number of sides of the  Bolygon, the ap- 
oy Pees to the circle may be pushed to any extent. 
Lagny computed the decimals true to 128 places ; and 
eighty more have been recently added on by Dr. Ruther- 
ford. It is observed by Montucla, that if we suppose a 
circle whose diameter is a thousand million times the 
distance of the sun from the earth, the approximative 
measure of the circumference, as computed by De Lagny, 
would differ from the frue measure by a length less than 
the thousand millionth part of the thickness of a hair. 
There is obviously no use, as far as practical purposes 
are concerned, in extending the approximation to any- 
thing like this extreme degree of nearness. The earlier 
computers were no doubt induced to carry on the deci- 
mals in the expectation that they would at length ter- 
minate ; but, as already observed, and as will be hereafter 
proved, the decimals will go on for ever. It is right to 
infer, therefore, that the exact numerical measure of the 
surface of a circle does not exist, though a geometrical 
uare equal to it does exist. The exact numerical value 
of »/2 does not exist; yet ,/2 represents the diagonal 
of a square whose side is1, which diagonal is of course 
an existent geometrical line. a bi 


EXERCISES ON BOOKS IL—Iv, 


1. Prove that if a pair of opposite angles uad- 
rilateral be equal to two Fe 4 les, Weir egy be 
described about it.—(Converse of Proposition XXIL., 
Book UII. pt a 

2. If tlie diagonals of a quadrilateral divide one an- 
other, so that the rectangle contained by the parts of the 
one is equal to the rectangle contained by the parts of 
the other, then a circle may be described about the quad- 
rilateral : required the proof. : 

3. If two vipes sides of a quadrilateral be prolonged 
to meet, and if it be found that the réctangle contained 
by one of the lines thus produced, and the part produced, 
are equal to the rectangle contained by the other line 
and the part produced, then a‘circle may be described 
about the auncelaterat; required the demonstration. 

These two theorems are virtually the converses of Propositions 
XXXY. and XXXVI. of Book Ii. 

4. If acircle be described about the _— BE (see 
the Diagram to Proposition XLVII., Book L.), its cir- 
cumference shall pass through the point where AD, FC 
intersect, and also through the point where AE, K B 
intersect: required the proof. . 

5. If an equilateral triangle be Le ea on one side 

‘ E 
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of a given line, and on the other side two equilateral tri- 
angles, oneon each half of the line, then the two lines 


drawn from the vertex of the larger triangle to the ver- 
eet he ee eae eee @ given line : 
u 


proof. 

Divide a given triangle into three equal parts by 
lines drawn from the vertices of the triangle to a point 
within it. 

7. Inscribe a circle in a rhombus. 
8. Prove that the sqnare circumscribing a circle is 
double of the ee inscribed in the same. 


10. From a given point in the are of a circle, to draw 
a tangent thereto-without first finding the centre of the |. 


circle, 
11. The straight line bisecting any angle of a triangle 
cuts the circumference of the p Aasction ich. circle in a 
point which is equidistant from the extremities of the 
opposite side, and from the centre of the inscribed circle : 
required the proof, 

12. If from any point within an equilateral and equi- 


angular polyyan perpeadueniars be drawn to the several 
sides, the sum of these diculars will always be the 


9. If a.circle be inscribed in a right-angled triangle, | same, wherever the point from which they are drawn be 
and another be circumscribed about it, prove that the | taken. 2 
sum of the sides containing the right angle will be equal 13. Through a given point within a circle it is required 
to the sum of the diameters, to draw the t chord possible. 
CHAPTER V. 
PROPORTION. 


A TREATISE INTENDED AS A SUBSTITUTE FOR EUCLID’s 
BOOK V. 


Intrropuctory.—In the foregoing portion of elementary 
geometry, we have given you the ‘ Elements of Euclid,” 
substantially, in Ail their integrity : the moditications 
we have introduced are for the most part merely of a 
verbal character ; but while condensing the language we 
have been careful to preserve the spirit and rigour of the 
origi In the few instances in which we have thought 
an improvement might be introduced, or a defect sup- 

lied, we have not hesitated to offer the estion, and 
to propose the emendation : what little is done in this 
way is sufficiently detailed in the Remarks appended to 
the several books, You will, of course, submit these to 
your own judgment—always remembering that in mat- 
ters conn with geometery, nothing is to be taken 
upon trust; mere opinion, unsupported by’ i 
reasonings which elevate it into proof—must be ican, 79 
in this subject, as of but little worth. 

We are now going to depart altogether from Euclid’s 
method of exposition, and to place before you a treatise 
on Proportion, constructed on a different plan. We have 
come to this determination only after mature delibe- 
ration. It would, of course, be a much easier task to 
transfer Euclid’s fifth book into these p: We could 
find very little to remark upon in it, as the ancient Geo- 
meter has displayed so much sagacity and penetration in 
this, the most elaborate of all his writings, that he has 
left to the moderns little-or no room for improvement : 
it must be studied just as it is (in Simson’s restoration), 
or else be superseded in instruction by a treatise of equal 
generality, but of geater simplicity. You will under- 
acy baer that we do not displace Euclid’s fifth 
book use of its imperfections, or because of its in- 
adequacy to completely accomplish its objects; but solel 
because of its great di ty to a beginner. We will 
endeayour to give you here some notion of the cause of 
this difficulty. The subject of Euclid’s fifth book is 
Proportion—universal proportion ;: that is, not numerical 
proportion merely, but proportion in reference to all 
magnitudes and quantities whatever, whether numbers, 
lines, surfaces, solids, or concrete quantities of any 
kind. With proportion in numbers you are already 
familiar :—this will be a help. You are also somewhat 
acquainted with proportion in Algebra: this will be a 
greater help ; for proportion in Geometry really accom- 
— no more for things in general, than the same 

octrine in arithmetic and algebra accomplishes for what 
the notation of those sciences specially represents ; and 
if this kind of .pecperlion would do for geometry, the 
fifth book of Euclid would become a very easy matter 
indeed. But the obstacle to this is, that geometrical 
magnitudes, when compared together, are in many cases 
found to be incommensurable ;—that is to say, two such 


magnitudes may be quite incapable of a common measure- 
ment—they may be of a nature not to admit of being 
both measured by one and the same unit of measure- 
ment, however minute the measuring unit be taken ; and, 
ge roy both cannot be represented by numbers. 
We have already adverted to an instance of this 
kind* in the side and diagonal of a square, and to 
another in the diameter and circumference of a circle. 
You may divide the side of a square into as many equal 
Sepa as you please—from two parts to as many millions, 
Sip Spaces = is, roapvarig a pois — 
side ; so that by applying such part, progressively, 
one ixtremity of the side onwards towards the other 
extremity, that other extremity would at last be accu- 
rately reached. ; 

But if the same measure, however small it be taken, 
be applied in like manner to the cars the remote 
extremity of it can never be accurately reached ; either 
poet cape pe ges Sg still be left, or else 
the applied measure will overlap and project beyond that . 
rere It is thus that these two lines are incom- 

That they are so, could not have been 
found out by such practical or experimental tests as 
those. here adverted to for illustration; they must be 
proved to be so by geometrical reasoning. 

It may be as well to caution here that you must 
not Pore of a line or quantity, ee as being incom- 
mensurable ; this would be absurd, he diagonal of a 
square is not itself incommensurable, since it has, of 
course, its third part, fourth part, hundredth part, &., 
and is therefore measurable by each of those parts; but 
as none of them will also measure the side, the two, con- 
sidered together, are incommensurable ; there exists no 
measure common to both. In the same way in reference 
to the circle—the circumference itself is not incommen- 
surable any more than the diameter; for each has its 
fourth » sixth &c. ; but it is incommensurable 
with its diameter ; no h whatever can measure both, 
The circumference of a circle may be ten feet and some 
fraction of a foot; the diameter will necessarily be 
more than three feet; but the exact fraction of a foot, 
besides, it is not in the power of numbers to 

Now although Euclid makes no mention of incommen- 
surable quantities in his fifth book, he was well aware of 
their existence ; and therefore, to render his theorems 
on proportion general, he had to take care that this class 
of quantities should be comprehended in his reasonings. 
But proportion limited to numbers, or to the symbols 
for num would necessarily exclude incommen- 
surables ; he therefore had to proceed quite independently 
of arithmetic, and to secure to par pa cme me 
universality that each theorem should rigorously apply, 
whether the quantities or magnitudes spoken 

* Sce ante, p, 569. 
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measurable, or beyond the powers of numerical repre- 
sentation. He has executed his difficult task with con- 
summate ability ; for, as Dr. Barrow remarks, “ there is 
nothing, in the whole-body of the Elements, of a more 
subtile invention—nothing more solidly establi and 
more accurately handled, than the doctrine of pro- 
portionals.” y 

It is on account of the subtleties here adverted to, and 
which are of too refined a character for the generality 
of young students to comprehend, that we have resolved 
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remainder. 


ind 
, Without lea’ a 
pee Tt Sisk te te bates os mabiad, tat bio esc ot 


Ii. itudes—two or more—which have a common 
measur is, which are multiples of some other mag- 
nitude—are said to be commensurable. But if it be im- 
papper se femgan common measure can exist, then 


magnitudes are said to be incommensurable. 


All sets of abstract numbers, and of concrete quantities, like in kind, 
Fee ee end ete eer em ate eommenmureble; 


measure,” as employed in arithmetic algebra, is not synony- 
that the pairs of numbers 3,7; 4, 11; 5, 12, &c., have no common 
measure; but even here a qualifying always tacitly 
made: it is this—namely, py: orgs All whole numbers contain 
1 an exact number of times; it is agreed in arithmetic that 
1 shall not be ‘ised as a 

no such exception : whatever quantity is contained in another, an 
exact number of times, is a measure of that In like manner, 
34. 74, would not be regarded as ha’ a common measure in 
arithmetic; yet as the first number con! 4 exactly 14 times, and 
the second contains 3 exactly 29 times, 4 is a common measure of 
the two numbers according to the above tion of the term. And 


L 
: 
E 
g 
: 
: 


num! 
~ both. Suppose, for instance, 
to a common , have (say) 12 for the common denomi- 
nator, then each denotes so many + that is, A, is a common 
measure of both. We do not say an: here about such ex 
gious 00 4/4, 4/5.4)7, beet geomettoal igour forbids our calling 
what bols for, definite numbers, as they 
Salnaiiesiekteen aan beeen ee ee ae 
; ma: accurately represen lines, 
Soin hes Mlaell chee Gs w beeks ast ere Book) We 
being contained 2 a certain 
number of times exactly, because 4/2 taste tak Lover as 
exactly. 


IV. Equi + Ad like tern Pree of. two or more 

i are larger ‘tudes which contain 
those of which they are multiples—each of each—the 
same number of times. 

For instance, the numbers 8 and 12 are equimultiples of 2 and 3; for 
aor vommhge og apoio 4 74 and 10. me rauondien 
of and 35 Yor the bers in these, resp ae 

‘ee times. 


V. And like suh-multiples are those which are con- 


oo in their respective multiples the same number of 
es. 

Thus, in the instances just adduced, 2 and 3 are like sub-multiples 
or like measures of 8 and 12; 24 and 33 are like sub-multivles or 
measures of 7} and 10. : 

VL. Four magnitudes are said to be proportionals, or 
to form a Pasa when the first cannot be contained 
in any multiple of the second, oftener than the third is 
contained in a like multiple of the fourth, nor the third 
in any multiple of the fourth, oftener than the first in a 
like multiple of the second. 

The first and third of four such magnitudes are called antecedents, 
and the second and fourth their conseguents. The definition 


affirms that an dent must be ined in each multiple of 
its consequent as often as the other antecedent is contained ina 
like multiple of its but not 


ft, 


VII. When four magnitudes are in proportion, the 
first antecedent is said to have the same ratio to its con- 
sequent that the second antecedent has to its conse- 
quent. 


This term ratio has been the of siderable embarrass- 
ment to Geometers since the time of Euclid, and has been pro- 
ductive of much metaphysical disquisit and con! . We 
think that on this subject, as well as in reference to the theory of 

lines, math ici too often overlook the that the 
fundamental notions of geometry really exist in the mind anterior 
oe —_ , the definitions of the ae These, for 
most part, originate, those notions, but ve to 
them the degree of clearness and precision. Sorte 
of itudes be d to our plation, and r 
b ‘ht ini rison with them, as well as with eaeh 
other, the mind is at once of forming a notion as to whether 


different from absolute magnitudes of those of the pair; 
Jot She Sorveer tre eed pave De pene. colation £0 ane snetber, € 
magnitude, as the two; and the mind is quite capable of 
recognising and und ding this of relation, or of 
rales a called shove, belenamy nenee ila. Se wep 20 jhe p- 
tion. It is this equality of ratios of two magnitudes brought into 

any ye ancl mentees be yene ders the four prop 1 
That foregoing definition of (Def. VI.) includes nume- 
rieal proportion, in Arithmetic, we anne a bag rs - 
Vimited bers may be defined: thus :— 


be proportionals ding to the arithm notion; for 
it follows of necessity, that the quotient of the second by the first 


quently that the of the first by the second must be the 
same as that of the third by the fourth.® 

Definition VI., above, is, however, free from the restriction implied in 
og ap =AY es = d eri ype the particular ease 

t, applying exclusive! numerical proportion; since 
"hee of the definition admits of such restrictive quali- 
cation when numbers only are concerned; incommensurables 
being then excluded. 

Four magnitudes not fulfilling the conditions of Definition VI. would 
evidently violate even this arithmetical condition of proportion. 
There can be no such things as pro; als out of the restrictions 
of the former definition; sothat all pro whether among 
commensurables or i ables, must be included in the 

general VI. 


VIII. The first and last of four Lge. irhgce are 
called the extremes, and the two intermediate ones the 
means, 

IX. The magnitudes themselves are called the terms 
of the proportion ; and those are called homologous or 
like terms which haye the same name ;—the antecedents 
forming one pair of homologous terms, aud the conse- 
quents another rer 

X. Magnitudes, more than two, are said to form a 
continued proportion when each consequent in succession 
is taken for the antecedent of the term next following. 

Thus, if A is to B, as B is to C, as Cis to D, &c.; then A, B, C, &c, 
are in continued proportion, 

XI. If the continued proportionals be but three in 
number, the middle one is called the mean term, and the 
others the extremes. 


AXIOMS. 


I. Equimultiples of the same magnitude, or of equal 
magnitudes, are equal to one another ; so also are equi- 
sub-multiples. 4 

II. A multiple of a greater magnitude exceeds a like 
multiple of a less ; and a sub-multiple of a greater ex- 
ceeds a like sub-multiple of a less. 


© See Arithmetic, p. 446. 
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III. The magnitude of which a multiple or sub-multiple 
is greater than a like multiple or sub-multiple of another, 
is ter than that other. , 

V. Of any two itudes of the same kind, a mul- 
tiple of one may be taken so great as to exceed the other. 


Marks and Signs used for Abbreviation. 
B, C, D, are 
proportionals, they are arranged thus : A’: B::0:D; 


itudes A, B, O, D, E, 
&c., form a series of continu ~ lee oe they are 


which is read, 
and D to E,” &c. Ka! 

8. Besides the marks + and— for addition and sub- 
traction, the mark « is sometimes employed, to denote 
the difference of the two quantities between which it is 
p ; it is useful for this purpose when it is not stated 
which of the two quantities is the greater of the two; 
thus A » B means simply the difference between A and 
R, or rather between the things denoted by these letters, 
without any assertion as to which is the greater. The 
double mark + between two quantities signifies ‘ the 
sum or difference” of those quantities. Thus by 6 % 2 
we should understand ‘‘8 or 4.” 

4. The terms “greater than” and “less than” being 
of frequent use in what follows, convenient symbols for 
them are introduced: when > is placed between two 

nantities it implies that the first of them is greater than 

Sas esond ; and when < is placed between them, it de- 

notes that the first of them is less than the second. Thus 

A > B asserts that A is greater than B, or that A exceeds 

B; and A < B affirms that A is less than B, or that B 
Tn the foll osit tudes (wheth 

5. In the following propositions, magnitudes (whether 
lines, surfaces, or Sohds) will be represented by the 
capital letters, A, B, C, &c. They may, indeed, be taken 
to represent any quantities whatever, whether abstract 
or concrete ; as the reasonings will be found to apply 
without restriction as to the nature of the things repre- 
sented by the letters. But when multiples of these 
quantities are taken (that is, when they are multiplied 
by numbers), these numbers will be represented by the 
small letters ; and,.in general, by m, n, p, q. 


PROPOSITION I.—THeorem. 


If any number of magnitudes be equimultiples of as 
many others, each of each, whatever multiple any one 
of the former is of the corresponding one of the latter, 
the same multiple is the swm of all the former, and of 
the sum of all the latter. 

First, let there be but two magnitudes mA, mB, any 
equimultiples whatever of two others, A, B ; the swm of 
= former shall be the same multiple of the sum of the 

tter. 

For the sum of the former is mA + mB ; that is, m(A 
+ B); and the sum of the latter is A+ B; and m(A +- 
B) is the same multiple of A+ B, that mA is of A, or 
mB of B r at 

Next, let there be three magnitudes mA, mB, mC. 
equimultiples of the three A, B, C. : : i 

The swm of the former three is mA + mB + mC; 
that is mA + B-+C), and the swm of the latter three 
is A+B ; and m(A + B +(C) is the same multiple of 
A+B-+C, that mA is of A, or mB of B, or mC of C, 
And in the same manner is the proposition proved, when 
there are four magnitudes equimultiples of other four ; 
when there are five magnitudes, six magnitudes, or any 
rperey 4 5 ta .*. Uf any number of magnitudes, 


PROPOSITION II —Tuerorem. 


If, in any proportion, an antecedent and its consequent 
be respectively the same as an antecedent aud its conse- 
quent in another proportion, the remaining antecedent 
and consequent in the former, together with the remain. 


ing antecedent and consequent in the latter, will form a 


proportion. 
Let the two proportions be— 
eee thnO:D::E;F, 


For (Def. VI.) m being any whole number whatever, C 
is contained in mD as often as Ais contained in mB, but 
not oftener. 

Tn like manner E is contained in mF as often as A is 
contained in mB, but not oftener. 

Therefore C cannot be contained oftener in mD than 
E is contained in mF ; nor can E be contained oftener in 
mF, Phage - is contaDee VEY ae ee m ee sigy 
number whatever, .. hs our 
Per are proportionals, .*. if in any proportion, &e. 

PROPOSITION ITI.—Taeorem, 

If, in any proportion, equimultiples of the antecedents 
and equimultiples of the consequents be taken ; if the 
multiple of one of the antecedents be greater than that 
of its consequent, the multiple of the other antecedent 
will be greater than that of its consequent, 

Let the proportion be— 

Fae: CH ONY DY? 

If mA > nB, then mC > nD, and conversely ; m and 
n being any whole numbers whatever. 

For A is contained in mA exactly m times; but, 
hypotheses, nB is less than mA, .*, A is contained in n 
less than m times. But (Def. VI.) Cis contained no 
oftener in nD, than A is contained in nB, .*. C is con- 
tained in nD, less than m times. 

But C is contained in mC exactly m times, .*. C is 
ee in mC oftener than it is contained in nD, .*. 
m nv. 

In like manner, if the hypothesis be that mC > nD, 
may it be shown that mA > nB, .*. if in @ proportion, 
&e. Q. E. D. 

Cor.—Since m and n may be any whole numbers 
whatever, let each be = 1: then it follows that :-— 

In a proportion, if one antecedent be greater than its 
consequent, the other antecedent will be greater than its 
consequent. 


PROPOSITION IV.—THEeEorem. © 

In any popes according as one antecedent is 
greater than, less than, or equal to its consequent, so 
will the other antecedent be greater than, Jess than, or 
equal to its consequent. 

It has alread: n proved (Prop. IIL, Cor.) that if 
one antecedent be greater than ifs consequent, the other 
antecedent will be greater than its consequent. Let the 


proportion be :— 
A2BitO< D. 


1st. If A < B, then C < D, and conversely, Let B— 
A=P,; then a number m exists such that mP > A 
Se 4), .*. mB must contain A oftener than it contains 

. But mD contains C as often as mB contains A 
(Def. VI.), .*. mD contains C oftener than mB contains 
B; that is, oftener than m em «. C<D, Conse- 
quently, if A< Bthen C< D, And in like manner may 
it be shown that if C < D then A < B, 

2nd, If A= B then C = D, and conversely. | 

For when A = B, if it were possible that C > D, or 
C < D, or, when C = D, if it were possible that A > B, 
or A < B, the foregoing conclusions would be contra- 
dicted, .*. in any proportion, &e. Q. E. D. 


PROPOSITION V.—TxHrorem 


If four magnitudes be such, that whatever equimul- 
tiples of the antecedents, and whatever equimultiples of 
the consequents be taken, the multiple of one antecedent 
cannot be greater than that of its consequent, without 
the multiple of the other antecedent being greater also 
than that of its consequent, the four maynitudes are 
proportionals, 

Let the four magnitudes be A, B, OC, D. If they are 
not proportional, one of the an’ ents, as A, must be 
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contained in some multiple mB of its puoereae oftener 
than C is contained in mD (Def. VI.) Th re, p being 
ary whole number, A must be contained oftener in pmB 
than C is contained in pmD. 

Let nA be the greatest multiple of A that does not 
exceed pmB ; then nA is not > pmB, and A is contained 
in nA, and in pmB the same number of times, namely, 
n times. Therefore C is contained in pmD less than n 
times. But C is contained in nC exactly n times, ... nC 
>pmD. uently, of the four magnitudes, equi- 
multiples of the antecedents, and equimultiples of the 
consequents, may be taken, as below :-— _ 

A Bis OD 
nA pmB nC pmD 


PROPOSITION VI.—Tueorem. 

In any —— if like multiples of the antecedents, 
and like multiples "of the consequents, be taken, the 
ga form a ai ig ‘nite a 

e four proportion et equimultiples of ante- 
rye taken as below, m, n, p, 


Then IIL.) if pmA > quB, it must follow that 
pmC > ; or if pmC>qnD, that pmA > qnB. But 
pma, , are any equimultiples of mA, mC; and 
ore , are any equimultiples of nB,nD. Consequently 


ey 
mA :nB:: mC: nD. 


Therefore, in any proposition, &c. Q.E.D 
Norg.—Either m or » may of course be unit ; as also in every case 
where the multiples are unrestricted. 

In Proposition V. it was demonstrated that—“‘If four 
magnitudes be such that whatever equimultiples of the 
antecedents, and whatever equimultiples of the conse- 
quents be taken, the multiple of one antecedent cannot 


ional —— as embodied in his celebrated jifth 
cat which, in the version of Playfair, is expressed 
as ws :— 


Euclid’s Definition of Proportionals (Def. V.) 

If there be four magnitudes, and if any equimultiples 
whatsoever be taken of the first and third, and any 
equimultiples whatsoever of the second and fourth, and 
if according as the multiple of the first be greater than 
the multiple of the second, equal to wT less, the 
multiple of the third also is greater than the multiple of 
the fourth, equal to it, or less; then the four magnitudes 
are proportionals. This definition of Euclid is deduced 
here as a theorem; but in what follows it will be referred 
to as “ Def. V., page 573.” 


PROPOSITION VIL—TxseoreM. 


to the third. 
Let the 

BvAs 3D 7.0; 
For (Prop. VIL.) mA : nB:: mC: nD. 

And (Prop. IV.) according as nB is greater than, less 


ion be A: B::C:D; then also 


than, or equal to mA, so is nD greater than, less than, or 
equal to mC ; and m, m are any whole numbers what- 
ever. But when this is the case in reference to four 
magnitudes B, A, D, C, they are proportionals. (Def. 
V., page 573). 

Case Bs,* Ds: Wn 


Hence the terms of any proportion, &. Q.E.D. 

Cor.—Therefore a consequent is contained as often in 
a multiple of its antecedent, as the other consequent is 
contained in a like multiple of its antecedent, but not 
oftener. (Def. VL) 

PROPOSITION VIIL—Txeorem. 

In any proportion, if equimultiples of the first two 
terms be taken, and also Saaimtiltiples of the last two, 
the results will form a proportion. 

Let the proportion be A: B :: C : D; then also 

mA :mB::nC :nD 
sr Def. VI, A:B::mA : mB; andO:D::nC: 


te aor aan .. (Prop. II.) 0: D :: mA: 


m 
and therefore, by the same prop., mA : mB: :nC:nD; 
.*. in any proportion, &e. QE. D. 

PROPOSITION IX.—TueEorem. 

In a proportion consisting of homogeneous magnitudes 
—that is, magnitudes all of the same kind—if one ante- 
cedent be ter than the other, the consequent of the 
oped ill be greater than the consequent of the 

tter. 

Let the magnitudes forming the proportion A:B :: 
C:D be all of the same kind, let A > C; then 
also B>D. For lei A—C=P; then (Ax. 4) there 
exists some number m, such that mP > D, and con- 
sequently such that mA contains D oftener than mC 
contains D, 

But vit) ing the terms of the proportion inversely 


B:A::D:C 
mA mC ‘ 

.". mA does not contain B oftener than mC contains D 
Es V1.), .*. mA contains D oftener than it contains 
, therefore B > D ,*, in a proportion, &c. Q. E.D. 

Cor. I.—In a proportion consisting of homogeneous 
magnitudes, if one consequent be greater than the other, 
the antecedent of the former will be greater than that of 
the latter. 

This follows from the present proposition by inversion ; 
and, consequently, in a proportion whose terms are all 
homogeneous, if one antecedent be greater than, less 
than, or equal to the other antecedent, the consequent of 
the former will be greater than, less than, or equal to 
pes : nes ~ Wit ant) i tee 

m. L{.—Therefore (Prop. II. ‘0 proportions 
have three corresponding terms in each equal, each 
each, the fourth terms 

NP cad ‘xi. following apply only when, the mageltudes ere all fou 
of the samme kind, There cx be wo uch relation as that im : 


the word ratio between In 
that the first 
an 


third and fourth be also of the same kind. The latter pair, how- 
$ r may be 


: one 
lines, or numbers, and the other pair faces, or solids: but no 
ratio can exist between heterogeneous quantities, or quartities 
unlike in kind. 


PROPOSITION X.—Txerorem. 

If any number of magnitudes be pro- 
porti then as one antecedent is to its consequent, 
so is the sum of all the antecedents to the sum of all the 
consequents. ‘ 

First, let there be four proportionals, and let an 
equimultiples of the antecedents, and any equal multi- 


A:B::C:D 
mA nB mC nD 
It is to be proved that 


A:B::A+C:B+D 


582 


MATHEMATICS.—PLANE GEOMETRY. 


[soox V.—PRoP, XI,—Xv1. 


By Prop. IIL. if mA > nB, then mC > nD; con- 
sequently, if mA > nB, then also (mA + mC) > (nB 


+nD 
conversely, if (mA + mC) > (nB + nD), then 
mA > nB. Fen hom tee fet wc ah nly 9 na were 
not the “er could mO > nD; and, consequently, 

i (mA + mC) > (nB + nD); .*. if this latter 
condition have place, so, of necessity, must the condition 
mA > nB. 

.. (Prop. V.) A: B::A+C:B+4D. 

Next let there be six proportionals, 

A:B::C:D::E: F. 
- It has already been proved, in reference to the last 


four, that 
C:D::0+E:D+F 
Bat 0: D:: A’ °: " B: 
a%e5 p.1IL)A:B::C+E:D+F, 
Consequently, by the first case above, 
A:B::A+C+E:B+D+4+F 
And in a similar way as the proof for six proportionals 
has been derived from that for four, so may the proof 
for eight be derived from that for six; and so on for any 
number of. proportionals; .*. ese number of homo- 
geneous magnitudes, &e. Q.E. D. 


PROPOSITION XI—Txeorem. 


If the terms of a proportion are all of the same kind, 
they also form a proportion when taken ALTERNATELY ; 
that is, the first is to the third as the second is to the 
fourth. Let the homogeneous proportionals be 

A:B::C:D; then alsoA:C::B:D. 

For let any equimultiples of A, B, and any equimultiples 
of C, D, be taken and arranged as below, 

A;:: B23 0. 2D AOS tei. 

mA mB nO nD; mAnC mB uD 
Then (Prop. VI.) mA: mB::nC: nD; .. (Prop. IX.) 
if mA > nC, then mB > nD; and if mB > nD, then 
mA>nt. . 

.. Prop. V.)A:C::B:D, 
Hence, if the terms of a proportion, &e. Q. E. D. 


PROPOSITION XII.—THEorEM. 


If in any proportion an antecedent be a multiple or 
submultiple of its.consequent, the other antecedent will 
be a like multiple or submultiple of its consequent. 

Let A, B, C, D be four proportionals, such that A = 
mB, then will C = mD. For since , 

At B30: D 
.. (Prop. VI.) A: mB::C:mD; but A=mB, .°. 
C = mD (Prop. IV.) 

Again, let the rtionals be such that B = mA; 
then will D = eo s 

For by inversion (Prop. VII.) B: A: :D:C 
> a VL) B: mA::D: m0, but B=mA.,°. 

= mC, 

-’. of in any proportion, &c. Q.E.D. 

Cor —When the Sroncenaas are homogeneous, if one 
antecedent be a multiple of the other, the consequent 
of the former will be a like multiple of the consequent 
of the latter. 


PROPOSITION XIII.—Tweorem. 


In any proportion, the sum of an antecedent and its 
consequent is to either term, as the sum of the other 
antecedent and consequent is to the like term. 


Let the proportionbe A : B :: C : D 
thn A+B: A :: C+D: © 

also A+B: B ::C0+D: D 
For A cannot be contained oftener in mB than C is con- 
tained in mD (Def. V1), .", A cannot be contained oftener 
in m(A + B) than C is contained in m(C 4+ D). Nor can 
C be contained oftener in m(C $») than A is contained 
in mA +B); for if it could, C would be contained in 


And inverting these two proportions (Prop. VIL 
’ ed 


| mD oftener than A in mB, <a is impossible (Def. VI.) 


“ A: A+B:: 0: 0+ 
in, inversion, B : A :: D : C; therefore, as 
just prov B:A+B::D: PB aot bree" 
uced, 


inverting the two proportions now 
A+B ?A?: Oe ee ns ere 


.. many ion, de, QE. 
R.— @ proporti are homogeneous, then, by 
alternation 


aD OL De: A710; and A+B:04D::B:D, 


PROPOSITION XIV.—TuroreM. 


In any proportion, the difference between an antece- 
dent and its consequent is to either term, as the differ- 
ence between the other antecedent.and consequent is to 
the like term. 

Let A: B:: C: D be any proportion; then taking 
any antecedent and see beget as hy had a first 
that B>A, and consequently (Prop. IV.) that D>C. 

Take any equimultiples of B, D, and the same of 


B—A, D—C; and arrange the terms as usual— 
AnfoB es 4704 see 
mB mD 
A : BA :: ©: D-O 
mB—mA mD—mC 


Then (Def. VI.) A cannot be contained oftener in mB 
than C is contained in mD; but A is contained in mA 
just as often as C is contained in mC, namely, m times, 
without remainder. Therefore, A cannot be contained in 
mB—mA oftener than C is contained in mD—mC. 

In like manner may it be shown that C cannot be 
contained in mD—mC oftener than A is contained in 
mB—mA ; .". (Def. VI.) 

A: B—A;: 0: D—C; .”. (Prop. XII.) 
B: B—A:: D: D—C 


B—A:A:: D—C: C, andB—A: B: ra 8 
which proves the theorem when A>B. 

Next let A>B, and consequently (Prop. IV.) C>D. 
nt AA wea B:A::D: lease Fie above, 
A—B :B:: C—D: D, and A—B : A :: C—D: O, 
which proves the theorem when A> B; ., An B:A 
::CuD:C0; andAuwB: B::CuD:C.”, inaw 

proportion, &e. QE. D. 


PROPOSITION XV.—TueEorem. 


If there be three. magnitudes and other three, such 
that, whichever set be taken, the first in that set is 
the second, as the second in the other set is to the third; 
then if the first in one set be than the 
first.in the other set also will be greater than the third. 

Let the two sets of magnitudes be— 

A, B, © A. SB See 
DE Fs "ch that 1p: B::B:0 

If A>C then must D>F ; and if D>F, then A>C. 
Let A >C: and take mA, mC, such equimultiples of 
A, © that mA may contain B oftener than mC contains B 
(Ax. 4); take also mE, the same multiple of E. Then 
since by the second proportion mE contains D only as 
often as mC contains B, .”, mA contains B oftener 
mE contains D. 

But mE contains F as often as mA contains B (Prop. 
VIL, Cor.), therefore mE contains F oftener than m 
pee a , «» D>F. So that if A>C, then must 

> F. 

And in like manner may it be demonstrated that if 
be oe es A>O; .. if there be three magnitudes, 
& Q. E.D. 


PROPOSITION XVI.—Tazorem. 


second, as the second in the other set is to 
then the first in the one set will be to the third, as the 
first in the other set is to the third. 
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Let the two sets of magnitudes be— 
A, B,C A:B:: E:F : 
DEF} ae SSi{ :m: :B:0 
is to be proved that A: C: 
nora B, D take any equim ear 


Be ,E any equunatipes, pe nr, | men then mB, nC 


and (Prop. VI.) mD: nE :: mD, nk, nF. 

Hence the first of the dive magus hed the ae 
are related to the other three, as ght: 

2 if mA7n0, then mD7nxF ; or if mD7 nF, ee mA 
700. Consequently, (Prop. V.) A : C2 Die ae 
there be three magnitudes, & Q.E.D. 

Cor.—If to one of the cvs sets a fourth magnitude 
E borotad and to the other set, a fourth magnitude 

tae ars a pbb p ar seared ne eho 
P; then, from the hypotheses, and 
eaing conclusion, namely, that— 


Sper are such that {@: ae 


i tates ck A, 6 P are related to Q, D, F asi 

ition ; and therefore that A: P::Q:F. And 
in this way may the Licctuinaig be extended to to any 
number of magnit 


PROPOSITION XVII.—Txeorem. 


sets of magnitudes, the number 
that the first is to the secon 


B, © A:B::D:E 

DBF} such B:0::E:F, 

then it is to be proved that A:C::D:F. 

Take any equimulti mA, mD of A, D; and any 

ee tart 6) ee 
B:mA AYO; DF 


= 
be tes 
= 
tz 
8 
= 
5 
= 
= 


E 
::E: nF 
Let mA 7 nC, then (Ax. 4) a multiple pmA of mA, 
Soh Grimes 
ut 


ge Zab a0 that if 
torchangog or B with Rp eens F = ae 
in wit that i 7 n¥, then mA 7 
nO; 0% A202: D:F. , 


Next let there be four magnitudes in each set— 
"4, B,O,P :D:F 
D, E, EF Gjmehtiat | Zp :P iF :Q, 
then it is to be proved that A: P::D:Q. And this is 
done as in the first case, since the three magnitudes 
A, C, P are related » by the foregoing proportions, to the 
three D, F, Q, as that case supposes; .*. A: P::D:Q. 
And in like manner may the case for fire magnitudes be 
deduced from this for four; and so on for any number 
of magnitudes in each set; .*. if there be two sets of 
ene 5 ia dos ts rtion be the 
Com consequents in one proportion 
antecedents in another, a third pro may be 
furmed, having the same antecedents as the first. and 
vette nstor ye: ea het area thus if— 


and B:K::D:1 en A: K 2:0; L 
Be See cers Og aoe Be See vc 
one set, need not be of the same kind as those in the other sets. 
PROPOSITION XVIIL.—Taxoxrem. 


In any proportion, the sum of the first two terms is to 


their difference, as the sum of the other two is to their 
difference. 


nage :B::0:D;thnA+B:AnB::04D: 


For (Prop. XIII.) )A+B: A: :O+D: C, 
wid Garretts Pro XIV.) A: :AwB::0:0uD. 
pros ag (Prop IL, Cor.) A+B: es B: 
C+D: CoD Etaieliy giinorsion, tae Q. E. D. 


PROPOSITION XIX.—Tueorem. 


If the antecedents in one proportion be the same as 
those in another, then the first antecedent is to the Sum 
or difference of the first consequents, as the second ante- 
cedent is to the sum or difference of the second 


consequents, 
Let the rtions be A:B::C0:D; and A:E:; 
C :F; itis to proved that A : BEE: OSD < 


ga page the given proportions ( 
.*. (Prop. pe: ER 
DR, 


Chameqadaiiy:(Exdps. Es XIV)B: Ba E: Das 
DEF; and, comparing this with the first the given 


PE 
:C: DF; .*. of the antecedents, &c. 


a cage 
then b alter- 


GED 
Co —If th terms all homogeneous, 
lea ie BLE: DHF; and B: D: EE: 


PROPOSITION XX.—Tueorem. 
<a a proportion whose terms are homogeneous, the sum 
of the greatest and least terms exceeds the sum of the 
other two. 
Let A: B::0:D; and first let an antecedent, 
the greatest term ; then will D be the least wo ik); 
pra len etry hn oo y 


pal Toei toh wn Oe up TV 
7 (C—D). To each of thins “eveneais vid Bp D 
then (A + D) 7 (B + ©). 


*Con.—It the proportion bo. A. B ::B:0, then (A 
+C)7 2B; that is, the sum of the extremes, in threo 
proportionals, exceeds twice the mean. 


The three propositions following, of no appli- 
cation in the Sixth Book of Euclid, p al be found useful 
in the consideration of incommensurable quantities, 


PROPOSITION XXI.—Txeorem. 


Ifa itude measure each of two others, it will also 
measure their sum and difference. 


Let A, B be any two magnitudes, and let C be a ‘third 
magnitude which measures each ; that is, such that A = 
mC and B = nO, m nt n being “whole numbers. Then 
A+ Ban +n = (m +n) OC; also A wB = m0 
an0 =(man) C0: sm © is contained in the former 
m -+- n times exactly, and in the latter m » n times 
exactly, .*. O measures — A+B,andAwB;..7 
a magnitude, &c. Q, E. D 

Cor.—If C measure B, “and also A + B and A—B 
it must likewise measure A: for the sum of A—B 
and B is A, and the difference of A + B and B, is A; 
and as shown above, C measures both this sum and 
difference, 


PROPOSITION XXII.—Prostem. 


Two magnitudes of the same kind being given to find 
their greatest common measure, - 


Let the two given magnitudes be A, B: it is required 
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to find the test magnitude that measure A, so that there would not be any remainder 
will samen hell. Let A be the B)A(M (Prop. XII.) ; but © is contained as often in B as B is 

of the two magnitudes, and mB contained in A (Def. VI.) Let mB be the greatest 

rom it take the greatest possible mul- —— multiple of B which is contained in A, and take mO, an 

tiple of B (vis., mB), leaving a re- C)B(n equimultiple of C ; then Te hed A:B::mB: mC, 

mainder C, of eeenige 9 B nC ond Ce XIV. and XL) A:B::A—mB:B—mC: 

In like manner from B the — but by thesis A —mB=C, and B—mC =D: 

ible multiple of C (viz., nC), leav- D)C(p therefore A:B::0:D; and since A: B::B:0, ., 

a remai D, less than C. In pp (Prop. II.) B:0::0:D; hence D cannot measure ©, 
like manner take from C the test — inasmuch as C cannot measure B, (Prop. XII. 

ible multiple of D viz., pD), leay- E)Dq@ Let now nC be the greatest m 5 90 of C in B, and 

a eeentaden law then Uh; ened gE take nD. as oy ai iad en, from what is 

so on, as in the margin: the test — proved above, C =D :: :E; hence E cannot measure 

common measure will be that  re- &e, , inasmuch as D, as just proved, cannot measure C. 


mainder which exactly measures the 

ing one: for instance, if E measure D so that 
gE = D, then E is the greatest common measure of 
A and B. 

For every common measure of A and B, as it measures 
B, will measure mB ; consequently, as it at the same 
time measures A, it will measure A —mB, by lest pro- 
position ; that is, it will measure C. This being the 
case, it must also measure nO, and therefore, last pro- 
position, it must measure B—nC; that is, it must 
measure D : for similar reasons it must measure E ; and 
so on, Consequently every measure of A and B also 
measures each of the remainders .C, D, E, c&c.; and as 
these rerhainders become less and less, it follows that 
that must be the greatest common measure which is ex- 
actly equal to the last of these remainders, and at which 
the operation terminates. But if the operation never 
terminate, the diminishing series of remainders being 
continued without end, then, as there is no last remain- 
der, there can be no common measure at all—in other 
words, the magnitudes A, B will be incommensurable. 


PROPOSITION XXIII.—Tueorem, 


If one magnitude contain another, and leave a re- 
mainder, such that the greater of the two magnitudes is 
to the less, as the less is to that remainder, then the two 
magnitudes will be incommensurable. Let A, B be the 
two magnitudes, such that the greater A contains the 
less B, m times, leaving a remainder C; that is, such 
that A— mB = C; thenif A:B::B:C, the magnitudes 
A, B will be incommensurable. 

For let C, D, E, &c,, be the successive remainders in 
the operation for finding the common measute (Prop. 
XXIL) Then C cannot measure B, for then B would 


And the reasoning is the same for every successive re- 


mainder ; so that no remainder can ever measure the 
preceding remainder ; and therefore the ion for the 
| common measure can never terminate ; 1 is, the two 


Q, E.D. 

The operation explained in Prop. XXII. is that 
actually performed on a pair of numbers, when the object 
is to ascertain whether those numbers have a common 
measure, and to discover the greatest common measure. 

In this arithmetical process, should a remainder ever 
become 1, we conclude that no common measure of the 
two numbers exists ; because in Arithmetic, as remarked 
at page 571, 1 is not regarded as an arithmetical common 
measure. When the two numbers have no factor in 
common, a unit-remainder must always occur to apprise 
us of the fact, after a finite number of steps of the work ; 
fae aon whole pe on able 
tinually diminishing. But in magnitudes not suscepti 
of numerical representation, the operation referred to 
could not be practically applied—as long as any re- 
mainder occurred, so long must the work be continued ; 
and therefore, in the case of incommensurable magni- 
tudes, it would be endless, even if we could practically 
carry forward the steps. But the proposition just estab- 
lished, Seis aigremotsiee! test of incommensurability 
that may be ily ap eee roe in the 

roposition res the side and diagonal of a square, 
at the end of the ixth Book. It will also be shown 
hereafter, by aid of the present theorem, that if a line 
be divided, as in Prop. XL, Book IL, the two parts of 
that line will be incommensurable ; and therefore that it 
would be quite impossible to express both by numerical 
values of their lengths. 


CHAPTER VI. 
ELEMENTS OF EUCLID.—BOOK VI. 


DEFINITIONS, 


L 
; figures are those which 
have the several angles 
in one equal to those 
in the other, each to 
" each, and the sides 


about the equal angles—that is, which include the equal 
angles, proportionals, 
IL 


Two sides of one are said to be reciprocally pro- 
portional to two sides of another, when one of the sides 
of the first is to one of the sides of the second as the re- 
fppining side of the second is to the remaining side of 

t. 


Ir. 
A straight line is said to be cut in extreme and mean 
ratio, when the whole is to the greater segment as the 
greater segment is to the less. i 


Iv. 
The altitude gf any figure is the straight line drawn 


from its yertex perpendicular to the 
side, and terminating in that side, or the si 


prolonged, 


Thus the pe: dicular A D, drawn from the vertex A to the base 
tel aed tude of the triangle ABC, in Proposition VILL. in 


PROPOSITION L—Turorem. 


Triangles and parallelograms of the same altitude are to one 
another as their bases, 

Let the triangles A B C, AD K, and the parallelograms 
EC, FD, have the same altitude: then as the base BC 
is to the base DK, 

le 


EA F so is the triang 


both ways to H 
and L, and make 
BG,GH., &e. 
any number of 


H@BoO ae 2, L 
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esr. them, each equal to BO;* and KL, &e., any 
number of them, each equal to DK; and draw AG, 
niince Ferg &e.; then the triangles AB C, AGB, 
+381. G, &e., are all equal ;+ and if the base of 
Ge Lecele with i. the canon al aaa Bowe tans 
BC, the triangle itself will be m times the triangle 
+331. ABO.* In like manner if D L be n times D 
the le ADL will be n times AD K. 
base B OC : base DK: : triangle ABC; triangle A D K, 
m BC: n DK:: m ABC : nn ADK 
Hence if m. BC =n. DK, then m. ABC=n. ADK; 
ifm. BC > n. DK, then m. ABC > nx. AD K;; and if 
m. BC =n. DK, thenm. ABC =n. AD K, and m, n. 
are any whole numbers whatever, .-. (Def. A., 573). 
BC: base DK : : triangle A B : triangle A D K. 


And because the EC is double of the tri- 
angle ABC, and the paralle FD double of the 
triangle A YK, . *, triangle ABC: triangle ADK: 


thE espe om EC: ogram FD ;+ and, 

this proportion with the last, base BC: 

Sea, K :: parallelogram EC; yaaleogram #,* 

and parallelograms, &c. 

Con tt triangles or ities A evel have equal alti- 

they are to one another as their bases. 

For if figures be so placed as to have their bases 
in the same straight line, and perpendiculars be drawn 
from the vertices to Acct tothe tamex the straight line joining 
the vertices will be parallel to that in which are the 

#231. bases,* since “pr eepen perpendiculars are both equal 

+281. and parallel ;+ 2a . if the above construc- 
tion be made, the demonstration will be the same, 


PROPOSITION II.—Turorem. 
Tf a straight line (D be drawn parallel to one of the 


ao ofa e, it shall cut the other or 

sae Sc = ck fefeh 
poragtt be cut ly, the ht line 
which joins the points of shall be parallel to the 


‘gs DY tt 
ahh 


BE ’ 
because they are on the same base D E, and are between 
71. the same bay aa BC ;* i 


reason ODE: ADE :: OE: EA, 
*2V. ’.BD:DA::CE:EA* 


cut rp oor ery AB, AC, or these produced, be 

in the points D, E; that is, so that 

A: On :EA; and draw DE; DE shall be 
paral ie BO 


The same construction being made, because 
BD:DA::CE: EA, and BD : 


V.) BDE: 
+1ve DA:: BDE: ADE} | °,-,2 : 
and CDE : ADE :: CE: ABE: :ODE: 
eivi. EA.* 


equal angles, 

base, the segments sant DDO) s 

selene a vi 
VoL. i, 


the segments of the base are to each other as the remain- 
ing sides of the triangle, the straight line drawn from 
the vertex to the point of Bnet shall divide the vertical 

angle into two equal angles. 

sit. Draw CE parallel to DA;* and let BA 
roduced meet C E in FE, 

penliae AD, SG ie 

©, the 

4 angle ACE = CAD:+ 

+291. but b: i ay 
OAD=BAD;. -BAD 
weua Again, because 
meets the parallels 

B = ean AD, EC, the angle BA D 
2297 = AEC; 3* but it was proved that ACE = 
BAD, ... ACE=AEC, and.*. AE=AC; and 
since AD is el to EC, ’a side of the tri angle BCE; 
gavi. ..BD:DC: :BA: AE; but AB=AC, 


oo BD» DE sBA TAG 


Next lei BD : DC::BA:AC; and draw AD; the 
peep. BAC shall be divided into two equal angles 

AD 

The same construction made, AD is el to 
* Const. EG" and becouse : pr 


BD: DC ::BA: :AC, and 1 OV) Ba : :AC 

sv. BD’: DO: A?:AE, “AC 

*9v. Cor. AE,+ =AE,* 
=ACE; but AEC 


and wa te on angle AE 
+291 =BAD,tand ACE= CAD,* |. BAD= 
ext CAD, that is, the BAC is divided into 


two equal angles by A 3. tfanangle, &. QED. 


PROPOSITION A.—TueoreEm, 


YM seadeclng oe ft le ee ae ABC) made 
aeae s, be in two equal 
by eri lie (AD hike te base pro- 


of section, divides the outward angle 
of the into two equal angles. 
*s11 ear eee eee Then 
because A C meets the paral- 
bye lels AD, BAY phe Po 
#291 = it but 
CAD=DAE, page 
F ACF, sin,’ teense FO 
meets the He AD, FO, 
the angle Gog tae * 
e291, but as just 
+ i D DAE=ACF’.. Gras 
+61. ACF; 5, AC=AF.t And heceaibe Ae ia 


rallel to FC, ‘a side of the pas SHE ora ae 
C3: BA; AF; but AC=AF,. 


BD:DC::BA:AC, 


Next, lt BD : DO :: BA: AO; snd draw AD 
the ang CAD shall be equal to D AB. 

The same construction bein, uate, Looe 
BD:DC:;BA:A CG, an “VBA: :AC::BA 
ravi BD: DC; :BA: ARF,* tA = 

51. . the angle AFC = ACK 3+ but AFC = 
boot. BAD, and AFC — CAD,* .: rile 
CAD 35:3. ‘if the outward angle, ke. QED. 


PROPOSITION IV. —THroreEm. 


The sides about the equal angles of equiangular triangles 
se BC, DCE) are proportionals ; and those which are 
site to’ the equal angles are homologous sides ; that 

Fi are the antecedents, or the consequents of the ratio. 


Let the angle ABC=DCE; ACB=DEC; and 


consequently BAC =CDE; and let the triangle DCE 
be placed 0 that its side C E may be contiguous to BC, 
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in the same ht line with it; then the angle 
asi “~~ BCA=CED.t Add to 
¥ each the angle B; then BCA + B 
eaeB ; but the former two 
two right angles,* 
eT ED, 
t angles, A 
+ Ax. 12 righ produced will meet it 
let them be ree and meet in 
. Then because the angle B = 
% east. DCE, BF is parallel to CD ;* 
a at ae ACis lew pyaes 
.AF=CD, and 


> 
. 
3S 
a] 


= CD, and CD; BG: OR: 
FD=AC AC:DE 
v. CD::AC:DE.* Alternating these 
proportions, peptic Nipaase BC:AC:; 
CE:DE; BA:AC::CD:DE, . the sides about 
les, &o, Q.E. D. 
similar triangles se ye the bases 
(BC, EF) are to one 


anotheras the altitudes 
(AG, D H). c me 
the angles 

equal, as Seosios right 
angles G, H, the tri- 
aie A B G, = E H 


BO? o 8B | 

AB:AG: :DE: DH; but BC: y ABI De 
eDef.1VI. -*- BC: AG: : EF; D H;+ Fook by alter- 
+15 V. Cor. ee the bases are as the altitudes. 


PROPOSITION V.—TsxEorEM. 

If the sides of two triangles (ABC,D EF), about two 
angles GG of one patna tes (BB) of the other, 
be proportionals, the triangles s. equiangular ; and 
ole ape angles shali be those which” are opposite to 


us sides, 
At the points E,F, gee ight line E F, make the 
; then the remaining 


angle FEG = B, ake 


$ 
i 
ra 


le G=A, and « ceva kG GEF, rin) 
oe a. angular, .° ‘AB GE:EF * but by) 
+2VL aps :BO::DE: EF;.:.-DE:EF::GE:EF;t 


_DE= GE. For a like rea- 
in Di ee =FG. _ And because 
fae ee Seangies DE GEF, 
DE=GE, and E 


> 
ro each, and DF =GF;.-, 
‘est, theangleD EF=GEF,* 
and the angle DFE=GF & 
and EDF =EGF. And because D EF =G EF, and 
+ Const. GEF = B,t.° -DEF= B, For a like rea- 
son D FE = 0, and.". D= A; . the triangle DER is 


equiangular to ABC;. "if the sides, de, Q. E, D. 


PROPOSITION VI.—Txeorem. 
If two triangles (ABC, DEF) have an angle (A) of one 
equal to an angle (ED (ED F) "tothe, an sides 
A- 
Sola oot oat heme those angles equal ts Fee 

Sppecths is a honlapoes thes 

At the points D, F, in the straight line D F, make the 
the ale DT to either of the angles A, or EDF; 
F G equal to C ; then the remaining an; le 
H ad .in 


\] | TH tih' Viangies BDF GDF, 


r the two sides ED, DF = 
* Const. GD, DF, each to each, and the angle EDF = 


.EF = FGt, and the 
+41 andG =; *but DFG = (const. DFE= 
at, ©; but EDF=A (const.),... B= B;.*. the 
triangles A BC, DE F are equiangular; .*. if two triangles, 
&e. Q. B.D. 


PROPOSITION VIL—Tuxorem. 


two triangles (ABC, DEF) have A 
Vert soos . D of the other aad dhe elt 


about two (ABC, 5 (0, be either a or nat 


GDF ;*. leDFG=DFE, 


+ foil ise! angles 


cal the triangles shal 

nd thai hase thee those angles equal, about which the sides 

are proportionals, 

wripprabe | Pap bes, pak ah Rg 

angle : the angles ABO 

angle C to the angle F, For if AB Obs 

one of them, as AB OC, must be Bag 

point B, in AB, i the angle A 

cause A = = D (hyp ) the remaining an; 

#321, ps oko . the triangles A B ang ui- 
an, ty re XB G 
::DE:EF._ But 


D AB:BC:: 
\ Pa 


st ee: 
<p 
an 
TO is on than ght ang mec 
right angle; . 
Balas i CGpe 


G.. 
dis, 
BGC= 
YP:) 
a 
ht 
angle: but it was va ght 
greater than a right angle ; but oye) it is bsg ian a 
right angle ; which » absurd e angst BO,E 
ane 20h ora is, they ore Ey ; and, d, aA=D 
(hyp) ‘he imagine ABC, DEF are equiangular. 
ext, let O, F be each not Jess than a right angle : the 


triangles shall also in this case be equi For if 


less than a right 
nak rel ae 
be no! 
fect AS the 
=E; then be- 
AGB must be 


A it be denied, then, 
ee 
it may 
; rane paiebo now 
C-— BG; an 
G . the an BGC 
C: but yp) C is 
c 6U8 ¥ not less right 
. BGC is not less than a a wi ts Ped I to 
~~ ot the triangle BGC are toge cr pa ee 
two right angles: which is ‘fmppentles be aa 


ABO, as in tiie ese eaens 
if two triangles, &e. Q.E.D. 


PROPOSITION vit —THEOREM. 


In a right-angled triangle (ABC), if a icular 
renee drawn the vertex of the angle to the 
base, the triangles (A B D, A C D) on eae side of it are 


similar to the cohole triangle (A BC) and to one another. 
Because the angle BA C = ADB, each being a right 
ihe angle, and that B is common to the 
A two triangles A BC, ABD, .”, the 
* 321. angle ACB = =BAD;*.-. 
the triangles A B C, ABD are equi- 
+4 VI, angular, .*. they are similar. + 
and Def.1, In like manner it may be 
demonstrated that the triangles 
ABC,ACD are similar; .°. the 
triangles ABD,ACD being both 
similar to ABO, are similar to each 
other ; .*. in a right-angled triangle &o. QED. 
Cor.—From this it is manifest that the 
from the vertex of the right angle of a 
angle to the base, is a mean OY chou ban 
segments of the base ; and alse that that each side about the 
right angle is a mean ‘proportional between the base, and 
the segment of it adjacent to that side: for in the tri- 
© 4 VL =e BDA, CDA, BD: DA: BA :BD 


and in the triangles A BO, AC ,BC:GA i: CA:C 


B D-C¢ 
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PROPOSITION IX.—Prosiem. 
From a given straight line (AB) to cut off any part 
required. 


From A draw a straight line AC, making any angle 
with A B ; and in it take any point D ; and take A C, the 
same multiple of AD), that AB is of the 

A part to be cut off. Draw BO, and DE 
#311. parallel to it,* then A E shall be 

the part required to be cut off. Because 

= ED is parallel to BC, a side of the tri- 
angle ABC, .*.CD:DA::BE:EA; 
+i3v. «.AC:;AD::AB:AE 5+ but 
*Const. ACis a multiple of AD,*.>. 
AB is the same multiple of A E; that is, 
whatever part of A D is of A C, the same 
ind © 47¥. cor. part is AE of AB,+.°. from 
AB, the part required, AE is cut off. Which was to be 


done. 
PROPOSITION X.—Prostem. 


To divide a given straight line (AB) similarly to a given 
divided straight line (A C). 

Let A C, placed so as to make any angle with A B, 
divided in the points D, E. Draw BC ; and through 
points D, E draw DF, EG parallels to it; A B shall 

A divided in F, G simi 
Through D draw DH K, parallel 


be 


Hoty mroge 


Tp QA SE ny 
= &.. 


(AB, AO) 
Let the lines be placed so as to make 
A angle A, produce them to 


Which wasto be done. Q. E. D. 


PROPOSITION XII.—Prostem. 


To find a fourth iia a7 6 paleo straight lines 
? 

Take two straight lines DE, DF, making any angle 

a ta 

D A, oe an =C, 

Draw GH, and EF parallel to 

2— it: FH shall be a fourth pro- 


——— ut 0.4, B,C. _ Beosnse 
is parallel to « 
a ea os eae 
Ez ¥ si ~. A:B::0:HF, 
.*. to the three given straight lines A, B,C, a fourth pro- 


PROPOSITION XIII.—Prostem. 
To find a mean proportional between two given straight 
lines. 


let the parts AB, BO be equal to the two given 
straight lines : it is required to find a mean peoqohtaaal 


between them. Upon AC de- 
scribe the semicircle AD C, and 
from B draw B D perpendicular 
*u1. to AC;* BD shall be 
@ mean proportional between 
AB,BOC. 
A B © Draw AD, CD. Then because 
+311. theangleA DO, in asemicircle isa right angle,+ 
and that in the right-angled triangle A D C, D B is drawn 
from the vertex of the right angle perpendicular to the 
base, DB is a mean proportional between A B, BC,* 
* 8 VI. Cor. .*. between A B, BO, a mean proportional D B, 
ts found. Which was to be done, 


PROPOSITION XIV.—Tueorem. 


Equal parallelograms (A B, BC) which have an angle 
of the one equal to an angle of the other, pod na 
Oper, De eaval. onslen' sevarencaty ional: and 
parallelograms that have an angle of the one equal to an 
angle of the other, and the sides about those angles 
reciprocally proportional, are equal to one another. 


_ Let the sides DB, B E, be placed in the same straight 
line ; then because FB +PBES two right angles, 
and that FB D=GBE (hyp.), .. GBE+FBE = 
two right angles; ., FB, 
BG are in one straight 
line. It is to be proved 
BA DS ee 
mpletethe parallelogram 
FE. Then because A B= 
BO, AB: FE::BC:FE; 
a ¢ but AB: FE::DB:BE,* 
‘lvl. and BC: FE:;: 

+2v. GB: BF,..DB: BE:: GB: BF;+., 
pedis prate Sageks nak costa age toyed aly Me a 


3 are proport cl 
Next, let the sides about the equal angles be recipro- 
cally proportional ; namely: DB: BE:: GB: BF; 
then is AB=BO. Because DB: BE:: GB: BF, 
and DB; BE:: AB: FE, and GB: BF:: BC: FE,* 
eiv. .. AB:FE::BO:FEt..AB=B60, .°. 
+2. equal parallelograms, &c. Q. E. D. 


PROPOSITION XV.—Tueorem. 
Equal triangles (ABO, ADE), which have an angle (A) 


of the one to an angle of the other, have 
about the angles reci, precious and 
triangles which have an angle of one equal to an 


angle of the other, and their sides about those angles re- 
ciprocally ional, are equal to one another. 


Let the triangles be placed so that their sides, C 
AD may be in one penis line ; then it may be tebe, 
as in last proposition, that E A, A B are in one straight 
line. Tints iaroabved that OA :AD:: EA: AB. 

Draw BD. Then because the triangles ABO, ADE 
are equal, ,*, triangle A BC : triangle A B D :: triangle 
ADE: triangle ABD; but tri- 4 D 
angle ABC : triangle ABD :: CA 

eivr. :AD,* and triangle ADE: 
triangle ABD::EA:AB, con- * 

+2. sequentlyt CA :AD 
:: EA: AB; .*. the sid+s of the 
a ie ee cies nal ; 

equal angles are veciprocally ¢ 

ionel, 

Next, let the sides of the triangles, ABC, ADE, 
about the equal angles be reciprocally proportional ; 
namely, CA: AD :;; EA: AB; then is triangle A BC 
= triangle A D E. 

Draw BD as before. Then, because CA: AD:: EA: 
AB, and CA:AD:: triangle A BC: triangle ABD,* 

«ivr, and EA: AB:: triangle ADE : triangle 
ABD; .. triangle ABC: triangle ABD :: triangle 

+2v. ADE: triangle ABD ;+ and the consequents 

*9¥.Cor. being equal, the antecedents are equal,* 
. tria ABO= triangle ADE; ., equal triangles, 
&c. Q.E.D, 
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that contained by the means (CD, E): and if the rectangle 
contained by the extremes be equal to that contained by 
the means, the four straight lines are proportionals. 

From A, C draw AG, OH, perpendiculars to AB 
oul CD;* make AG =F, and CH=E&, an 


+311. complete the parallelograms BG, D H.t It 
is to bo proved that these rectangles are equal. é 

Because AB: CD:: CH: - 3 grt x of 

the parallelograms about the equal angles A, U, are 

reciprocally proportional ; they 

are therefore equal to one 

r———— * e1uyvi. another ;* and BG is 

c the rectangle contained by A B, 

F, and DH the rectangle con- 

tained by CD, E; .. AB*F = 

CD:‘E. And if ABF=CDE, 

then shall AB: CD:: E: F. 

A B © PD The same construction being 


made, the rectangle BG = DH; and as they are equi- 
+uvi. angular also, .-. AB: CD:: CH: AG;t 
that is AB: CD:: E: F; .'. if four straight lines, 
&. Q.E.D. 


Nors.—The next proposition is merely a corollary to this: it is that 
particular case of it in which the means are equal. 


PROPOSITION XVIIL—Tueorem. 
three straight lines be proportionals, the rectangle con- 
tained by the extremes is equal to the square of the mean, 
and if the rectangle contained by the extremes is equal to 
the square of mean, the three straight lines are 
proportionals. 

Cor.—The first of the three Peportiousls (A, B, C) is 
to the third, as-the square of the to the square of 
the second. 

ei vr. For* A: C:: rectangle A-A : rectangle 
but A-C = BY», A: O:: A?: BA 

PROPOSITION XVIII.—Prosiem. 
Upon a given straight line (A B) to describe a rectilineal 
figure similar, and similarly situated, to a given recti- 
lineal figure. 

First, let the given rectilineal figure, C, D, E, F have 
four sides : it is required to describe on A B a figure 
similar, and similarly situated to CO, D, E, F. 


if 


AO; 


Draw D F; and at the points A, B, in A B, make the 
angle A = O, and ABG=CDF; then AGB=CFD;+ 
+321. .*. the triangles FCD, Mere Rabon toy 
At the points G,B in GB, make the angle BGH=DFE, 
+s21, andG@BH=FDE;thnGHB=FED;*.°. 
the en ey oe ee 
Hq ecause the angle 
G AGB = CFD, and 
BGH=DFE;.-, 
AGH=CFE. For 
L x like reasons A BH 
pone ices 
= ? an 
A B c - D = FED, the figures 
ABHG,CDFEF, are equiangular. Moreover these figures 
have their sides about the equal angles proportionals ; 
GAB, FCD being equiangular triangles, .-. BA : AG 
¢avi. :: DC: CF; and AG: GB:: CF: FD;+ 
he en les BG H, DFE, 
GB:GH:: FD: FE; AG: GH:: OF: FE 
In like manner it may be proved that AB: BH ::CD: 
DE,andGH: HB:: FE: ED; .°. the equiangular 
Jigures AB HG, CDEF have their sides about the e 
* Def.1 v1. angles proportionals, .*. they are similar. 
Next, let the given rectilinear figure OD K EF have 
five sides. Draw DE; and upon A B describe the figure 
ABH G, similar and similarly situated, to the quadri- 
lateral C D EF, by the former case: and at the points 
B, H, in BH, make the angle HBL = EDK, and 
‘mt BHL=DEK, then L = K.* 
Because the figures ABH G, C D EF are similar, the 
angle GHB = FED ; and BHL was made = DEK; 
*.GHL=FEK. For like reasons ABL = ODK; 


5838 
; PROPOSITION XVI.—Tueorem. : _ En okie o ag Re Neh ry Engen i et 
If four straight lines (AB, CD, E, F) are pro rtionals, the | AD use the 5 are similar, 
rectangle contai extremes . .GH:HB::FE:ED;butHB:HL::ED:E 
ined by She (1B, B) is equal to .. GH: HL::FE:EK. For like reasons ey 


BL::CD:DK, and BL: LH::DK:KE;.*. th 


equiangular ABLHG, CDKEF have their 
sides about a angles ionals, .”, they are 
similar. And in like manner may a rectilineal figure of 


six sides, similar to a given one, be described upon A B ; 
and soon. Which was to be done. 


PROPOSITION XIX.—TueoreM. 
Similar triangles (AB C, DE F) are to one another, as 
the squares of their homologous sides, 
The triangles being similar, having the angle B = 
* Def. 9. theala BC homulagons to EF tate 
such that AB : BC :: DE : ER, it is to be proved that 
i iDEF::BC: EF 
Take BG. Say ae eee 
::EF:BG; anddrawGA. 
because AB: BC::DE:EF, alternately,* 
23 BC:EF:: 


but triangles which have the 


sides about two equal angles 

reciprocally proportional are D 
eisvi.  equal,*.*. ABG 

= DEF. And because 
BC:EF::EF:BG,.°. b 
BO:BG::B@C:EF;+ 6 G CE 
+17VI.Cor, but BC: BG :: triangle ABC : triangle 
‘lvl. ABG;* .+. triangle A BC : triangle ABG 
>BC?? EF? but ABG = DEF, .-. triangle ABC: 
inp te 2:BC?:; EF?;.-. si triangles, &e, 


Cor.—If three straight lines be proportionals, then as 
the first is to the third, so is any isagl upon the first, 
to a similar and similarly situated triangle upon the 


second 
PROPOSITION XX.—TueoreEm. 

Similar polygons may be divided into the same number of 
similar triangles, which are to one another as the poly- 
gons themselves : ee ee, are to one another as 
the squares of their homologous sides. 

Let ABODE, FGHKL be similar polygons, and 

let A B be the side homologous to F G. 


From E, L draw the diagonals. ene Se erie 
are similar, the angle BAE = GFL, and BA: 9 
GF :FL,; .-. the triangles ABE, FG Lhave an angle 
in one Se in ropadheasls, 2 at the — about 
those equ es proportio ss iangles are 
i palaxa i and similar,* .*. the angle A B E 
= FGL: but since the polygons are similar, the whole 
angle A B C = the whole angle F GH, .*. the remaining 
angle EBC = LGH. M 
Also EB: BA:: A 
LG Ce ae from x 
the simi ns, Eg———B 
AB: BO |: Gs & 
GH; .. EB: BO Tee 
::LG@:GH,t that 
+17 v. Cor. is, the sides D c Kk #F 
about the equal angles EBC, LGH are proportionals ; 
«svt... the triangles EBO, LGH are similar.* 
For'like reasons the triangle EO D, LH K are similar, 
Ahead, ons are divided into the same number of similar 
triang + is now to be proved that these triangles are, 
each to each, as the polygons themselves, and that these 
are to each other as the squares of their like sides, 

Because the ie to ABE, FGL are similar, as 
sw. also BEC, GLH,.°. 
triangle A BE: triangleF GL ::BR*:GL*) . apy 
triangle BEC : triangle GLH :: BE?: GL4* * 
t2V. :FGL::BEC:GLH+ 

In like manner, because the similar triangles BEC, 
GLH, as also the similar triangles E U1), L H K, are as 
EC to LH .. BEC:GLH::ECD:LHK,.:. 
ABE:FGL::BEC:GLH::ECD:LHK., a 
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*10V. tly, * ABE: FGL:: po ABCDE: 

polygon. HEL: but ABE:FGL::AB?: FG*,+ 
+19 VL ee) polygons are to one another as the 
squares of re Remelne mA Be? Ys er Eee 
gons, &e, Q. E. 


re that Tllows from this _ the corollary Spiers 
XIX, t if three straight lines be pro bearer Bea 

first is to the third as any decelitinaal im upon the 
oe Mele oN similarly described figure upon 


PROPOSITION XXI.—Tueorem. 
Rectilineal figures (A B) which are similar to the same rec- 
tilineal figure (C) are also similar to one another. 


Because A is similar to C, they are equiangular, and 
ced ng 1 VI. have also their sides about the equal angles 


Lay eran are to ©, they also are equi- 

aie have their sides about the equal angles pro- 

A, Bare each of them equiangular to C, 

a5 have have thelr aidew about the equal angles of each of 

them and of CO pro) pe scree . A, C are equiangular, 

and have their about the equal angles propor- 

+2Y. tionals ;+ *. A Pete oe ee at ° 
rectilineal figures, &c. QED 


hae Tae XXIL—Twsonax. 
If four straight lines (A B, CD, EF, GH) are 
J ‘mil milarl 


Draw AK, CL, angles with A B, 
CD; eae ik = KEP od Clee GH; draw 


KB, LD. 
By h ig ow rome peal PES 
CL; the aeghes C aro equal ; - KAB, LCD 


*6vI. are 
+19 v1. A B? 


Cp, rang mIsK AB: triang! yeuoul 
ATG; 


:€ 1 br 


But a polvsen ou B: age polygon ‘on OD: 
; similar £ 
KX 


PROPOSITION XXIII. —Txeorem. 


agp ag’ rai ef er tin (AO, an ee ABB pn gere! 


because parallel on the same base and between 
the same i equal, AC=AG'BO, and DF 
=DHE PF. Also the rectangles AGBO, ABBO 
ha the same alti- r 

tude BO, are to each D 

other as their bases, 

AG, AB. In like 

manner, the rectan- 

gles DHEF, DE: ie ie 


¢1vi. EF are to each other as their bases DH, DE.* 
But the triangles A BG, DEH having the angles at B 
a LS ocaseiyns equal to those at E and H, are equi- 

AG:AB::DH:DE} “AG: 
BC: vAB: C::DHEF: DEEF, and alternately* 
sny. AGBO:DHEF::ABBO:DE- EF; that 


is, the AC, DF are to each other as the 

ABBC, DEE F of their containing sides ; .*, 

equiangular parallelograms, &e. Q. E. D. 
PROPOSITION XXIV.—TuHeEorEM. 


peter Hen wae Pe ge ae Bo 


) ave similar to the 
one another. 


Because D C, GF are parallels, the angle AD C= 
+201. AGF;t+ and because BO, EF are parallels, 
ABC = AEF; and each of the an- 


gles BCD, ERG is ROR. AE: B 
ce) ite ang AB; = 

EPG: the parallelograms BD, é 

EG are equiangular. And because 

the angle ABC=AEF, and that 

BAC is common to the two tri- 

angles BAC, EAF, .* they are 5 K c 


equiangular; ., AB: BC:: AE: 
*4VI. EF; 3;* that is, the opposite sides of parallelo- 


grams being equal, A B : AD::AE:AQG) .°, the sides 


Bo igkiigg gti maeom 
angular 
rnsas aoa Seay! EG, about the eq angl a 


are therefore similar. 


a @ parallel 


are therefore similar to each other ; ;* 
&e, Q.E.D. 


PROPOSITION XXV.—Prostem. 
To describe a rectilineal figure which shall be similar to one 
(P) and equal to another given rectilineal figure (D). 
Upon BC, a side of the given figure, describe the 


+45 I. Cor. logram BE= P ;+ and upon CE describe 
the ogram C M = D, and having the angle F CE 
=O au rin ahs eS 

+E = two t 

angles, ... FC E+ 

E deeds Ga] K 
angl 

“a a straight ha 

eu line;* s0 8 


are L E, Poi Be- 


rej :GH::GH:OF,.:. BC: OF: Pe 
+20 VI. Cor. Q ; + but BO: OF: “BE: EF; On at) Qe: 
BE : EF; and P=BE, .°. Q=EF; but EF=D, 
+, Q=D, and it is similar toP. Which was to be done. 


PROPOSITION XXVI.—TuxorEM. 


two similar parallelograms (BD, E G) ha common 
angle fat A) and be sbmilarly situated, hog ot coonttae 
same 


For if not, let, if possible, the parallelogram B D have 
its diagonal ‘A HC ina different straight line from A F, 
the of EG; and let GF, or GF prolonged, 


meet AH OC in H, and draw H K oi G + 


arallel to DA, or OB, Then 
fe | 
“AK = AE which FES, 


D, K G being about the same 
GA: AK; 
BD, KG are ® 


diagonal are similar, .*. DA: 
AB::GA:AK; but BD, EG 
ible s 
Sapte anv apie that is, the diagonal of BD 
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cannot be in a different ps ge hye ag that of BG 
.*. the parallelograms are about same diagonal ; .*, 
‘two similar parallelograms, &c. Q. E. D. ; 


PROPOSITION XXVII.—Tueonem. 
rectangles contained by the segments of a given 
straight line, the greatest is the rectangle of the two 
£QUAL parts of the line; that is, the square of half the 
line. 


Proposition V., Book IL., as alread 


noticed at page 553. The corresponding te Tp eS 4 


PROPOSITION XXVIII.—Prostem. 


To divide a given straight line (AB), so that the rectangle 
contained by its segments may be to a given square 
(C%), not greater than the square of half the line. 

Bisect AB in D;* then must AD be 

Fr either = 0, or7 C. If AD 

=, the thing required is 

P oy 3 but cf An fe ry 

DF perpendicu 
+n. and make DE =O, 

as alo DF=AD._ With 

centre D and radius DF de- 
A D ead aaa a por Feed nent 
ference must pass through the points A use D A, 
DF, DB are (by Const.) equal, Draw EP, parallel 


*101. 


to AB, meeting the circumference in P; and draw PG 
lel to ED; then G will be the point of division 
est. For(Const.) EGisa rectangle, .., PG=ED ;* 


but ED=C (Const.) «. PG=C: but AGGB= 
+isvi. PG2+..AGGB=O0,?.°. AB is divided in 
G, so that AG’GB = C*; which was to be done. 


PROPOSITION XXIX.—Prostem, 


To prolong a given straight line (A B), so that the rectangle 
contained ty the segments between the extremities of the 
given line, and the point to which it is prolonged, may 
be equal to a given square (C*). 


Bisect A Bin D, draw ES peendinat to it, and 
make BE=C; draw DE, and 
with centre D and radius D E, 
describe a circle meeting AB 
prolonged in G, F; then will 
AGGB= C2 use D is 
the centre of the circle FE G, 
D BG DF=DG; and (Const.) DA 
=DB,..AF=BG. To each of these add A B, then 
*uvi FB=AG. But PF BBG=BE** ”.AGGB 
= BE? = (C?, ane & proonwee te so that AG-GB 
= ©?; which was to be done. ? 


PROPOSITION XXX.—Prostem. 
To cut a given straight line (AB) in extreme and mean ratio, 


Divide A B in C, so that the rect- 
angle AB‘BC may be equal to A——— 
um AC*;+ then use CoB 
AB BCHAC*, ...AB:AC::AC: 

eivvit,. BC;*.*. AB is cut in extreme and mean 
+Def.3v1. ratio ;+ which was to be done. 


Norg.—An example is here furnished of the way in which pairs of 
incommensurabdie lines may be found at pleasure. It was proved 
Cae. XXIII, Book V.), that if two lines A B, AC, are such that 

B:AC::AC:BC(=AB—AC), then AB, AC, are incom- 
mensurable. It would be impossible, therefore, to express the two 
lines A B, AC, accurately by numbers ; and it is thus that a theory 
of proportion, sufficiently comprehensive for the demands of 
metry, could never be rigorously established by aid of numbers 
only: the bases of the proposed triangles in Proposition I. of this 
book, ce for aught we know to the contrary, be related as the 
cemeacg? © O above; sad theretone sould Bot bo mumarieally 


PROPOSITION XXXI.—Taxrorem. 

In a right-angled triangle (ABC) the rectilineal figure 
described upon th ade (BC) opposite to the right angle, 
is equal to the similar and similarly situated figures 
deseribed capone the sices (A.B, AS) Sane See 
ang 
*20v1. For figure on AB : figure on AC : : AB?: AC?;* 

A therefore fig. on A B + fig. 
on AC: fig. on AC::AB* 

‘ AC2:A C3, + 

that is, fig. on AB + fig. 


AC2, 
fig. on AC:: 


B C 


PROPOSITION XXXII.—Turonem. 

If two triangles (ABO, DOE) which have two sides 

(BA, AC) of the one proportional to two sides (CD, 

thet) Romalogone sides (AB Docent eG DE) parallet | 
ir ides (A B, DC, a u 

ides (BC, OB) shall be 


to one another, the remaining sides 
in a straight line. 
Because A B is parallel to DC, and AC meets them, 


a the angle BAC=A CD; 
similar reason CDE = ACD; 

.. BAC=CDE._ And 

D cause the triangles ABO, DCE 

have an angle A= D, and the 

sides about those angles Sr 8 

tional, namely, BA:AC;: 
Hyp. OD :D E,* the triangles 
+evrt. ABC, DCE, are equiangular;+ .*. ange 

ABOC=DCE; and it was proved that BAC = ACD, 

.,ACE=ABC+BAC. Add ACB to each, .’. 

ACE+ACB=ABC+4+BAC+4+ ACB = two right 

angles; that is, at the point C, in AC, the two straight 

lines CB, C E, on opposite sides of it, make the adjacent 
angles A CE, A CB, together equal to two right angles ; 

.*. OB, CE are in a straight line ;.*. if two triangles, 

&e. Q. E. D. 

PROPOSITION XXXIII.—TuEoreM. 

In equal circles (A BL, DE angles (BGO, EHF) 
at the centres or (BAC, EDF) at the circumferences 
are to one another as ares (BO, E F) which 
they stand ; and so also are the sectors (BGC, EH F). 
Nors.—In the following demonstration, by “the angle B GL” must 

be understood “the sum of the angles BGC, CG K, &e.;” and by 
Mike angle E HN,” “the sum of the angles EH P, F HM, &e.” 
Take any number of 
BO; and any number F 
and draw G K, 


G 
eor1m. are all equal,*.-. L is 
of B CO, the same itive is the angle BG L of ree 


B Cc E 


= 
a 
3 
F 
z 
si 
es 


the same multiple is the angle EHN of EHF; also if 
u 
“<< | N 
K 
$ Ae 
3 0 ea 
BL=EN, thn BOL=EHN; if BL7 EN, then 
BGLZYEHN; and if BLZEN, then BOL Z 
EHN. Consequently (Def. V., p.573) BO: EF::; 
BGO:EHF; and since the angles A, D, are the 
halves of BGC, EHF, each of each, .* BO:EF:: 


A:D; .*. the angles are as the ares on which they stand. 
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Again, the sectors BGC, CGK, KGL are equal ; 
for it is manifest that, if applied to one another, 
would coincide; in like manner, the sectors EH 
precdl MHY, are also equal ; consequently, if in the 

demonstration “sectors” are substituted for 

es,” the conclusion will be that BO : EF: : sec- 

Go: sector EHF. .*. in equal circks, &. 
OED. 


We shall conclude this chapter with two supplementary 
propositions of interest. 

1. The diagonal and side of a square are incom- 
mensurable, 


: the diagonal A C is incommen- 
surable with its side A B. 

With C as centre, and CB as radius, describe the 
semicircle F BE; then ABC being evoke angle, AB 
Z touches the velvens (16 IIT.) 

36 ILL. AE AS se AB, ai 

v1.) A : AB: A 
{a3 V,) the lines A, AB are 
7 incommensurable, -. AO, AB, 
are also incommensurable ; for if 
F these had a common measure, 
. that measure would likewise mea- 
x i sure A C+-AB, that is AE; so that 
BA E would have a common 
measure, which is shown to be impossible: .*. the 

digooal ad aide of @ square are inco 


2. The ygon, and that 
of ini crams lpn ing eek ts oil 


SAA Gs Bo b thie’ ol oi lnseribed Soiygoe.: the touching 
line aA, bC will each be half a side of the similar cir- 
cwmscribed polygon, as it is evident from what has been 
shown in reference to the inscribed and circumscribed 


let BD be a 


A St and XIL. of 


Book IV., and from 
what is said at the close 
e of Prop. XVI. Let 
the ce = these 
two polygons be given. 
The chords aM, 6M, 
drawn to the middle 
of the arc aMb, will be 
sides of an inscribed 
Polygon of double the 
of sides, and 


0 BAG, will > sae 


of a similar circum- 
onrpias molrpun ee te erie 
vity, let the surface of the inscribed po 


MF side is ab, be represented by p, and that “t the 
prsiai ae yeat Pretend circumscribed polygon by P; also let the 
Pay we double the num- 


ber of tides he denoted by yx 

It is evident that the space OaD, Ri Mite pated 
that OaA is of P,—that OaM is of p’,—and that OaB 
is of P’; for each of these spaces must be repeated 
exactly the same number of times to complete the poly- 
gon to which it belongs : consequently, since des 
are as their like aalliclas, of or sub-multiples, whatever 
i Salyer Romper ghee must aiso exist 
among of which t are sub-multiples, 
Now ho right angled angled triangles Ob OAa are similar, 

OD: Oa: : Oa: OA; that is, OD: OM:: OM 
TOA; and since triangles ‘of the same altitude are to 
one another as their and that the altitude aD 


is the same for the triangles ODa, OMa, OAa, it follows, 
from the proportion just deduced, that ODa: OMa 
: O Ma: OAa;; that is, the numerical measure of the 
Sxtaoe of the triangle OMa is a mean proportional be- 
tween the measures of ODa, OAa; en ce the 
surface of the polygon p/ is a mean proportional be 
the surfaces of p and P. 
the Tight- ODa, BMA, are 
also similar, ... OD: BA; that is, OD 
OM::aB: BA; consequently, since the altitude 
aD ia the: anihe fcr tha: trisngloe © O Ma, and the 
altitude Oa, the same for the triangles OaB, OB A, and 
that tri of the same altitude are to each other as 
— bases, it follows that ODa: OMa:: OaB: OBA; 
. (13 and 6 V.) ODe-+ OMa : 20Da'; : OaB +OBA 
: 20aB ; --ptp’ : 2p P:P 
The two conclusions hore obisdiack are sufficient to enable 
sscibed reyuiar potypons of 6 48°38 der"aleay one 
scri polygons ec, sides, from 
having the surfaces of the inscribed and circumscribed 
squares already given. Thus, let the radius of the circle 
be numerically represented by 1, then if the given in- 
scribed and circumscribed polygons (p, P) be squares, the 
side of the former will be ,/ 2, and iat of the latter 2 ; 
and their surfaces will be 2 and 4 respectively; and, 
from what is proved above, the surface of the regular 
eight-sided inscribed ee. (p’) will be a mean between 
the two squares p, P, . = ./ 8 = 28284271. Again, 
for the surface of the e cight ted circumscribed polygon 
(P’) the proportion p +p’ : 2p :: P: P’, gives, 
2p. P ae oul 
“pty 2+/78 48284271 
And from these numerical expressions for the surfaces 
of inscribed and circumscri polygons of eight sides, 
we may evidently, by repeating the operation, and sub- 
stituting the v: ues just obtaimed for p and P, deduce 
the numerical expressions for the surfaces of the ’sixteen- 
sided polygons, and so on to any extent: the results are 
as in the following table, which was in part given at 
569. 


No. of sides. Surf. of ins. pol. Surf, of cire. pol. 


angled ie 


4 2-0000000 4-0000000 

8 2°8284271 3°3137085 

16 3°0614674 3°1825979 

32 3°1214451 3°1517249 
64 3°1365485 3°1441184 
128 3°1403311 3°1422236 
256 3°1412772 3°1417604 
612 3°1415138 3°1416321 
1024 3°1415729 3°1416025 
2048 3°1415877 3°1415951 
4096 3°1415914 3°1415933 
. 8192 3°1415923 3°1415928 
16384 3°1415925 3°1415927 
32768 3°1415926 3°1415926 


From these numerical values for the surfaces of the 


inscribed and circumscribed polygons, it appears that 


when the number of the sides is so great as 32768, the 
two polygons differ so little from one another, that their 
ea a measures, as far as seven places of decimals, 
are absolutely the same. Now the circle, with which 
these polygons are connected, is manifestly between the 
two, as to amourit of surface; being greater than the 
inscribed polygon, and less than the circumscribed one; 
consequently the surface of the circle must differ less 
from that of either polygon than the polygons differ 
from each other ; as the polvgons themselves differ 
in numerical measure only, after the seventh decimal of 
the number 31415926, &c., it follows that this number, 
as far as the decimals extend, i is the numerical expression 
for the surface of a circle whose radius is 1. By carry- 
ing on the foregoing process, the oe for the sur- 
face is found to be 3 1415020635897 93, &e. 
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CHAPTER VIL 
PLANES: 
BEING THE FIRST TWENTY-ONE PROPOSITIONS OF THE ELEVENTH BOOK OF EUCLID’S GEOMETRY. 
Lxrropuction.—The lines, angles, dc., the contained by two straight lines drawn from any one point 


figures, 

of which form the subject of the First Six 
of Euclid’s Geometry, are supposed to lie in one 
© i.¢., of length mug or to be in space of two dimensions. * 
and breadth. following pages contain a few elementary 
itions on the relations between lines, angles, dc., 
which do not lie in one plane, but are in solid space,—or 
diasor space of three dimensions.t The student 
wah ge will find the following pro itions very 
thickness. easy, when once he has distinctly conceived the 
meaning of their enunciations, The figures which are 
given to each proposition cannot represent the proposi- 
tion to the eye so perfectly as in the former books, in 
consequence of their having to be drawn in perspectives 
It is hoped, however, that the shading introduced into 
the di will aid the student in conceiving the pro- 

position they belong to. 

It is to be added, that, as in Plane Geometry, we are 
allowed to draw lines in any direction, and to produce 
them to any extent, so in solid Geometry we are allowed 
to draw planes in any direction, and to produce them to 
any extent. Moreover, two lines intersect in a point ; 
in like manner it will be shown that two planes intersect 
in aliné. Also, as we may suppose, a line to revolve 
round a point till it comes to a point on its plane, so we 
may suppose a plane to revolve round a given line until 
it comes to a given point situated anywhere in space. 


DEFINITIONS. 


L 
A straight line is - 
dicular, or at right tl sy a 
plane, when it makes ri 
angles with every straight line 
in that plane which meets it. 
Thus, if BD be a plane, PA = 
a line perpendicular to it. we 
Through A draw any lines AB, AO,AD .... in that 
plane, then will PAB, PAC, PAD, &c., be right 
angles, 
II, 


A plane is perpendicular to a plane, when a straight 
line P asccod in one plane perpendicular to the intersection 
of the planes is at right angles 
to the other plane. 

Thus, let ABD, ABC, be 
two planes, let the former be 


to the latter, 
pod let AB be the line of ine fa Wine 2 


les to AB. Then is PN at right angles 


TIL. 

The inclination of a straight line to a plane, is the 
acute angle contained fp dasa straight line, and another 
drawn from the point in which the first line meets the 
plane, to the point in which a 
Lagat. to the plane 

wn from any point of the 
first line above the plane meets 
the same plane. 

Thus, let A N B be a plane, 
AP a line ‘meeting the ay 

draw P N per- 


in A; from P 

oe the plane, and meeting the plane in N, 
oin AN, then the angle P A N is the inclination of the 

line P A to the plane A NB. 


Iv. 
The inclination of a plane to a plane, is the acute angle 


of their common section at right angles to it, one upon 


plane, draw PA at right angles 
to PC; and from the same 
int P on the latter oom 
w P B at right les to 
PC. Then if BPA an 
acute angle, this is the inclina- 
tion of the planes to each other. 


v. 

Two planes have the same inclination to one another 
which two other planes have, when the said angles of in- 
clination are equal to one another. 

; vi. 

Parallel planes are such as do not intersect, though 

produced ever so far in all directions. 
vil. 

A solid angle is that which is made by the meeting of 
more than two plane angles, which are not in the same 
plane, in one point. 

PROPOSITION I.—TxEorEm. 
One pak tide By straight line (ABC) cannot be ina 
plane, and another part (BC) be above it. 


ine, till it 
comes to the point C. hes beosuss 
Band C are in the e, the straight & — 
*6Def.1. line BOC is init :*.*. there are two straight 
lines A BO, ABD in the same plane, having a common 
+Cor.111, segment A B, which isimpossible.t Q. E. D. 


PROPOSITION I.—Turorem. 

Two straight lines (A B, C D) which cut one another (in the 

point E) are in one plane. And three straight lines 

Se ate which meet one another, are in one 
Pp 

Let any e pass through EB, and let the plane be 

ee ee i eeodnesd 2 ‘ 

until it pass through the point ©. Then “ 

ints C and E are in this 

the line C E is in it.* 


because the 

*6Def.1. P i t 
For the same reason the ges gt line 
BO is in the same plane, and by the 
hypothesis EB is in it; .*, the three | 

straight lines BC, CE, E B are in one & 
plane. But AB is in the same lane as EB, and DC 
41x asEC.t+ AlsoAB DC are in the same 
plane. Q. E. D. 


PROPOSITION III.—Taeorem. 
two AB, BC) cut one another, their common 
sie Fg (DB) és a straight line. 
rae 


For, if not, sinee D, B are points in the p 
draw the straight line D F 
that plane, and similarly 

the line D EB in the plane BC. 
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PROPOSITION IV.—Tueorem. F 

Jf a straight line (EF) be at right angles to each of two 

straight lines (A B, C D) at their point of intersection (E), 

it shall also be at right angles to the ate dr clos 

passes through them, i.e., to the plane in which are. 

Take the straight lines EA, EB, EC, ED equal to 
each other. Join AD and 


BC inG and H; we are 
: to show that F E is perpen- 
: SS, dicular to GH. For join 
FA, FB, FC, FD, FG, 
FH. Now, because in the triangles AE), B EO, the 
: ED = the sides CE, EB, and the angle AED 


SS 


+41 =an 
enn EB 
BH, and 
H, and AG= 


aqdal $0 toa Gillan DE BP cath to cad, and the right 


and the base D F = the base F Bo gr ip aha 

oe ke Ost Again, in triangles 

G AF, HB F we have (by what we have already proved) 
each 


@ straight line (B A) stands at right 
Die dae pola ost tte ans 


plane passing through AB 
and BC to cut Mafalda 
lane in B E, then the straight 
ines BF, BD, B E are in the 
same plane, viz., the one 
passing through "BD, BF, 
and A 


is at right angles to 

BD, BE, and.°*.is at 

== *4x1. rightangles to B E.* 

at ight angle, mekABG pg I 

+1 Ax. 1. -". ang = ABF,t 

ded baa inve bot i ik sone which is impos- 

*9Ax.1. sible,*.". BC, BD, B F must bein the same 
plane. Q. E. D. 


If two straight Vines (AB, OD) are af right a 
i ines 5 are at right angles to the 
plane (BDE), they ahall be'bietid to one another 
, D are the points in which the lines meet the plane. 
, Join BD, and at D draw DE 
i lane perpendicular to 
BD. DE=AB. Join 
De se: Pt Now, sities 
is re to 
ABD ABE doo tight 
~— then in triangles A B D, 
BDE the sides AB, BD = 
sides DE, D B, each to each, 
and angle AB D=angle BDE, 
each being a right 


#41, =AD.* Then in triangles ADE, ABE, the 
sides A D, 1) E= the sides E B, B A, each to each, and 
the base AE common, .”. angle AB E = angle AD E+ 

_+81 But angle A B Eis a right angle, ... ADE isa 
right angle. Now, because C D is perpendicular to the 

* 3Def. x1, plane, CDE is a right angle ;* so that 
ED is at right angles to the three lines BD, AD, CD, 

+5X1I. which are therefore in the same plane ;+ but 
the plane which contains AD, DB contains A B,* .*. 

«2x1. AB, BD, DC are in the same plane ; now, 
angles pene and cee are right angles, and are .*, 
together equal to two right , AB is parallel to 
+281, CD+ QE D. i 
PROPOSITION VIL—Tarorem. 
If two straight lines (AB, CD) are parallel, the straight 
line drawn from any point (E) in the one, to.any point 
(F) in the other, is in the same plane with the parallels, 
For if not, suppose E G F to be the straight line join- 
ing them, and suppose it do 


A = B not fallin the plane. Since 
E and F are points in the 

H - plane, we can ‘face them by a 

straight line, which lies wholly 

e F D intheplane. Let this line be 


EHF. Pek eee 
ae a ee inclosing a space, which is impos- 
sible. Q.E.D. 


PROPOSITION VIIL.—Tseorem. 

If two straight lines (AB, CD) are parallel, and one of 
a “itor at right angles to a given plane (BD E), 
the r shall also be at right angles to the same plane. 
Let the lines meet the plane in Band D. Join BD. 

Then AB, BD, DC are in one 

+ «7x0 plane.* Draw DE at 

right angles to BD, and in the 

+111. plane BDE.¢ Take AB 

a Join AD, AE, BE. 

Now, AB being ndicular to 

the plane, is perpendicular to RD 
Def. XI. and BES Now, BD 

meets the parallel lines A B; CD, 

., the angles ABD, BDC are 

=e —_, together equal to two right an- 

+201. glest But ABDisa 
rizht angle, .". B DC is a right angle. 
i , B 1) E, the sides A B, BD 


Again, in triangles A B 
= the sides E D, D B, and the right angle A B D = the 
+41 right angle BD E;.". A J=BE.* Hence in 


iangles A BE, A D E we have the sides AB, BE= 
the sides ED, DA, and the base AE is common, .”, 

+81. angle AB & = angle ADE.+ But ABE isa 
right angle, .", AD E is a right angle ; }*. E Dis at right 
angles to the lines B D and D A, and .*. is at right angles 

+4x1. to the plane passing through them,* and ,*, since 
C D is in the same plane with AD, BD, angle CDE is 

+ Def. XI, a right angle.t But we have already seen that 
BDC isa right angle, .". CD is at right angles to the 

* 4x1. plane passing through B D, D K,*i,¢,, is atright 
angles in the plane BDE, Q.E.D. 


PROPOSITION IX.—Txerorem. 


If two straight lines (AB, CD) are each parallel to the 
same straiyht line (E F), but not both in the same plane 
with tt, they are parallel to one another. 


For, take any point G in EF, and from G in the 
*u. plane AB, EF draw GH perpendicular to EF ;* 
A and likewise from G in plane 
i. B EF, CD, draw GK perpen- 
dicular to E F. 
Then because G F is at right 
c angles to GH and GK, it is at 
‘ > right angles to the plane 
+4xr. HGK>3+ and since GF is at right ga 
the plane H GK, and HB is el toGF, ... HBis 
*sxi, atright angles to HGK.* Similarly K D is 


li c 


e,.”. BE | at right angles to HG K, .°. HB and KD are parallel, ft 
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to h other. | which is absurd, Also from the same point above a 
TES or AB and CD are parallel eac amar eg 1 be to it, 
or if they could they would be parallel to one another, * 


PROPOSITION X.—Txeonem. 

If two straight lines (AB, BC) meeting one another be 
parallel to two others (D E, E F) also meeting one another, 
the latter two not being in the same plane with the former 
two, then the former two contain an angle (A BC) equal 
to the angle (D EF) contained by the latter two. 

We suppose that AB is parallel to DE, and BC to 

EF, Take BA=ED, and BO=EF, and join BE, 


AD, CF,AC, DF. 

F Then because AB is equal and 
parallel to D E, and their extremities 
~.¢ are joined towards the same points 
BE and AD;.°.BE is equal and 

e331. parallel toA D.* Similarly 
BE is equal and parallel to C F, and 
+Ax.11..". AD is equalt and paral- 
~eoxr lel* to CF. But the ex- 
tremities of AD, CF are joined 
towards the same points by AC, and 
+331. DF, and therefore c=D F.+ 
Hence in triangles ABC, DEF we 
have the sides A B, BC = the side DE, EF, each to 
each, and the base AC =the base DF,.°. the angle 
esi. ABC=theangleDEF.* QE. D. 
PROPOSITION XI. —Prosrem. 
From a given point (A) above a plane (BCH) to draw a 
line pitied Eicon 
Tn the plane draw any line BC. From A draw AD 
*nk spl evan > -d toBC.* In the given plane from 
+L raw ED perpendicular to BC.+ From A 
e121, draw AF perpendicular to E D,* then AF is 
the line required. 
From through F draw G H, 
+311. parallel to BC.+ Now, 
since BO is dicular to 


the plane g through ED 
+8XL — A Dit ere is pe sewer = We: A ae 
* Def. XI. the angle A is a right angle. But, con- 
struction AF D is a right angle, then since AF oper 
pendicular . er hae G, FD it is = a ag ape 
+4x1_ tothe plane passing t! them,t 4. e., is per- 
pendicular to the plane B CH. hich was to be done. 
PROPOSITION XII.—Prostem. 
From a given point (A) in a given plane (EF) to draw a 
ne ndicular to rat plane. 
Take any point B above the plane, and from B draw 
> BC perpendicular to the 
eux. plane* From 
A draw AD parallel to 
+331. BOC;t then be- 
cause AD and BO are pa- 
rallel, and B C is perpendi- 
- cular to the plane, .°. AD 
‘is also perpendicular to the 
plane.* Which was to be done. 
PROPOSITION XIII. —TueoremM. 
pee rnkwty Seo er of a given plane, there cannot be 
two straight lines (AB, AC) at right angles to the plane, 
upon the same side of it ; and there can be but one per- 
rine tat to a plane from a given point above it. 
or, if possible, suppose A B, AC to be at right angles 
toa given plane. Suppose the plane which contains AB 
and A C to intersect the given plane in DE. Then OA, 
BA, DA, are in the same 
plane. Now OA is perpen- on c 
i to every line in the fa 
* Def. x1. plane,* and .*. to 
AD, .”. CA D is a right an- 
7 od ae reason 
is a right angle, .*. 
+ Ax. 111. OA D=BAD,+ o 


*8 XI. 


A E 


hich is absurd. Q. E. D. 


PROPOSITION. XIV.—Tueorem. 
Planes (DC, E F) to which the same straight line (AB) is 
pi dal are parallel to each other. seks 
For if not, the planes must 
intersect ; let them intersect in 
the straight line H G, in which 


*éXL Ww 


take any point K. Join KA, 

KB. Then KA is in the plane 

DO, .*. KAB is a right angle.* 

* Det. xt. Similar], wan ioceomie ‘ 
"of the le 


s € 


PROPOSITION XV.—TuEoREM. 
If two straight lines (AB, BC) meeting one another be 
parallel to two other straight lines (DH EB) shich 
peal tony calypso i aeseh 
ne passing ‘ormer 
raovinks ping bate 
two (DE, EF), 


For, from B draw BG perpe 
eiuxt, ABC,* meeting the plane D EF i 


this plane and through G, draw GH, GK, 
+311 


DE, EF.+ Then, since ED is 
to AB and GH, .. 


*9XI. B eae 


Similarly 

BC. Again, because -BG 

perpendicular to the plane 

ABO, it is dicular to 
+Def. x1. AB,t .”. ABG is 
a right angle; but because 


went H are together 
to two moks wages,’ .«. BGH 
isaright angle, Similarly B is a right 


s 


* 291, 
angle, ... BG is at right angles to GH and G K, and 
therefore is epanlipaien to the plane i h 


passing 
em ;ti.e., is perpendicular to the plane DEF. 
ndicular to both the planes 
, these planes are parulle!,* 


+4 XI. 
Then, since BG is 
“uxt ABO,D 


PROPOSITION XVI.—THxroreEM. 

If two parallel planes (A B, CD) are cut by a third plane 
(EH), their intersections with it (E F, G H) are 
parallels. 

For if not, they will meet when produced either on the 
side FH or EG; let them be uced on the side FH, 
and meet in K. Then, since GH is in the plane CD, 
GH af oh uced is in 

* 1X1.  plane,* .*. 
G HK is in the plane C D. 
Similarly EF K is in the 
plane AB, .*. the plane 
Im? AB meets the plane OD, 
(| for they have a common 
point and therefore is 
not parallel to it, which 
is begat? to the h 
thesis, .". EF and G H do 
not meet when produced 
on the side FH. Simi 
they do not meet when prodyced on the side EG, But 

and GH are 


lines which are in the same planes, and being 
either way do not meet, are parallel, ... EF 
parallel. Q. E.D, 
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PROPOSITION XVII.—Tueorem. 


If two straight lines (AB, CD) are cut by parallel planes 
(GH, KL, MN, in points AC, EF, BD), they are 
cut in the same ratio, (1c, AE: EB:: CF: 
FD). 

For, join AD meeting KL 
in X, and join AC, EX, XF, 
and BD. Then, because the 


X and BD, these are paral- 
eiexr. lels.* Similarly AC 
is parallel to X F; now because 
EX is to BD, and 
AC to X F, we have, ’ 
AE: EB:: AX: XDt 
and AX: XD:: CH+FD 
. AE: FB:: OF: FD. QED. 


PROPOSITION XVIIL—TsEorEM. ‘ 
If a straight line (A B) be at right angles to a plane (C K 
VE Sy stone thst pasos trough the lina ict ight 
angles to the plane, 
Let CH be any plane passing through AB, and let 


+2VL 


it intersect C K 
in the line CE. 
From poin 
Fins, 
in the pl 
CH, draw F 
at —_ 
eur toCB.* 
Then, becavse 
AB is perpen- 
dicular to the 
+Def.xt. plane it is to CE,t+.". ABF 
i But G BF is also a right are 
G FB and FB A are together equal to two right angles ; 
© 28 1. ..GFis to BA,* and AB is per- 
i to the CK, .". GF is perpendicular to 
+sxt the C K;+ similarly any other line in 
wn to CE is pe icular to the 
plane CX, «plane OH is perpendicular to plane C K. 
iiss meennensth on, De yuoved ‘Shek aay cibe plane 
passing through A B is perpendicular to C Q. E. D. 


PROPOSITION XIX.—Tueorem. 
two A B, BC) which cut one another (in the 
ine B13) be each perpniclar to third plane (AD O), 
the common section (BD) is also perpendicular to 
same plane. 
Let plane AB intersect plane ADO in AD, and let 


PROPOSITION XX.—Taeorem. 

If a solid angle (at A) be contained by three plane angles 
(BAC, CAD, DAB), any two of them greate 
than the third.” tat i ; 
If the three plane angles are equal, any one of them 

is clearly less th» the other 7 Fig : 


If the three angles are not equal, let BAC be that 
which is not less than either of the other two, 
At Ain BA, and in 


E draw B E G, meeti = 
ABand A CinB an fee 
Cc. Join DB, DC. 


grea’ 
equals BD, BE, we have left DC C.+ 
+54x1. Then in the triangles EAC, DAO, we have 
the sides DA, AC = the sides EA, AC, each to each. 
But the base DC is greater than the base EO, .*. the 
*251. angle DAC is greater than the angle E A C.* 
To each of these add the equals DAB, BAE. Then 
the two BAD, DAC are together greater than B A 0.* 
#4ax.1. Q. E. D, 


PROPOSITION XXI.—Tueorem. 


Every solid angle (A) is contained by pla i 
wire degen ore osteo C83 pnlae eat 


lane 
AC, CAD, DAB. Join BO, OD, DB. 


eat ate 
BAC+CAD+DAB 
+ABC+BCA+ 
ACD+CDA+ADB+ B 
DB A= six right angles. 

Now, because D is a solid angle, CD A+ ADB are 
+2x1. greater than CD B.* Similarly D B A + 
ABC are greater than DBO, andBCA+ACD 
greater than BC D. 
“.BAC+CAD+DAB+CDB+DBC+BCD 
are less than six right angles. Now, B CD is a triangle, 
and .. CDB+DBC+BCD=2 right angles, .°. 
BAC+CAD+DAB are together less than four right 
angles, But these contain the solid’ angle A, .”. when 
three angles contain a solid angle, they are together less 


than four right angles. Q. E. 
sa es the angle A to be contained by any 
plane 


B A 


Next, 
number 0} 
angles. Then all 
these plane angles 
are together less 
than four, right an- 
gles ; for supposing 
the lines containing 
the e to be cut 
by a plane, so that 
we obtain a polygon 
BODE F instead of the triangle in the first case. As 
before, we can easily prove that the angles containing 
the solid angle, together with the angles of the polygon, 
are less than twice as many right angles as there are 
sides of the polygon; but twice as many right angles as 
there are ain Of the lygon are equal to the anglest 

* Cor.331. of the cnet: together with four right 
angles; .’. the plane angles forming solid angles at A, 
i. bad with angles of polygon, are less than, angles of 
polygon, together with four right angles, .*. angles form- 
ae solid angles are together less than four right angles. 

. EB. D. 

The study of the last two propositions will be of value 
in connection with the section on Crystallography.—Eb. 
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Intropvction.—This chapter on Spherical Geometry, 
is intended to be strictly ire to the cognate 
science of Spherical Trigonometry. To explain their 
relation, the following, for our present purposes, will 
suffice. The Science of Geometry, as given in the first 
six books of Enclid’s Geometry, contains, alon with 
others, a variety of propositions concerning the relations 
between the sides and angles of plane triangles. And 
these propositions may be directly applied to solve a 
variety of problems by construction—e. g., if we are 
asked to construct an equilateral and equiangular pen- 

a given straight line, we can do this, with rule 
compasses, by skilfully availing ourselves of certain 
roperties of lines and angles which Euclid has proved. 
ut if the question were asked—given that one side of 
a triangle is so many feet long, and that the angles 
adjacent to that side are respectively certain parts of a 
right angle, how many feet long are the remaining sides ? 
The question is one, not of construction, but of calcula- 
tion, and we cannot solve it directly, but only by the 
intervention of a science which shall give algebraical 
expressions for the relations between the sides and angles 


of triangles. Such a science has been invented, and is 
called plane trigonometry. 


. It clearly presupposes a know- 
ledge of the relations which Enclid has established, and 
assumes them as its basis. Now, suppose the triangles 
to be described, not on a plane, but on the surface of a 
sphere, spherical trigonometry is the science which gives 
us the means of wating from given data the sides 
and angles of such triangles. This science, therefore, 
stands to the spherical triangle in the same relation that 
plane trigonometry stands to the plane triangle. And as 
the latter science rests on that of the science of 
Geometry which treats of plane triangles as its basis, so 
the former science must rest on another | ga of the 
science of Geometry, which shall treat of triangles de- 
scribed on the surface of a sphere as its basis. 

The need of such a science as Spherical Trigonometry 
will be apparent to any one who reflects on the cireum- 
stance that the surface of the globe is (very nearly) 
spherical ; consequently, all the triangles calculated in 
the course of a survey on a large scale are, when reduced 
to the surface of the earth, spherical triangles. Hence, 
surveying on a large scale ( esy) cannot be carried 
on without the investigations of spherical trigonometry. 
Again, in practical astronomy, the positions of all the 
heavenly bodies are referred to the surface of the great 
sphere—that, namely, which has the centre of the earth, 
sup’ to be fixed, for its centre; and thus the tri- 
angles recognised in practical astronomy are spherical 
triangles, and the requisite calculations cannot be carried 
on except by means of the science of spherical trigono- 
metry. 

Having thus explainéd that this so needful science 
demands as its basis the investigation of certain pro- 
perties of the spherical triangle, we will to in- 
vestigate those properties. As already stated, we sball 
confine ourselves strictly to such propositions as we shall 
hereafter need in treating of spheri Peper y 

We have already, in general terms, said that a spherical 
triangle is one described on the surface of a sphere; we 
must, however, define this and other points more accu- 
rately, which we shall do as we p 

It is to be observed, that we suppose that we can 
draw any plane through any three given points; or 
which is the same thing, through any straight line, an 
through a point not on that same straight line; also 
that we can cut any given solid, by a plane, in any 
pe whatever. 

-B.—From Euclid VI., 33, it appears, that in a given 

circle, any angle at the centre is proportional io the 

arc on which it stands. The arc is therefore said to 
measure the angle. 


— 


CHAPTER VIII. 
SPHERICAL GEOMETRY, 


DEFINITIONS, 


L 


A solid is a space which has three dimensions—nam 
length, breadth, and thickness. mS. 


Ir 
A ohwee a solid yr seals by a of which 
every point is istant f, int within it 
bers Perens era! rom a point within i 
; ‘ In. 
The radius of a sphere is a straight line drawn from 
the centre, to any point in the surface of the sphere, 


Iv. 


A straight line drawn through the centre, and termi- 
nated both ways by the surface of the sphere, is called 
the diameter. 


PROPOSITION I. 
Every section of a sphere made by a plane is a circle, 
Let ABCD be the sphere; draw OA any radius 
Fig. 1. BPEN 


ages let B ne! 
a e cutting 

spherels surface in the 
lne BPE. It is sup- 
posed that the plane of 
the paper passes through 
the centre of the sphere 
perpendicularly to this 


cutting e, which 
also cuts the radius OA 
in the point N; and 
sup’ A to be per- 


pendicular to the plane ; 

take P, any point in the 

line BPE, join PN, PO, OF. Then use P N is 
in the plane BPE, and ON is perpendicular to the 
plane, ... PNO is aright angle. For the same reason 

ON Eis a right angle, .*. in the triangles PNO, ONE, 

we have P N? + N 0? = P O? and EN? + NO?=OE* 

Now, O P = OF, because each are radii of the sphere, 

.. PN?4+NO?= EN? +N 025. PN=EN. Simi- 

larly of any other point in the line BP E, ». BPE is a 

circle, the centre of which is N. 

If the plane pass through the centre of the sphere, as 
plane C QD, take Q any Pot in the line in which the 

lane cuts the surface of the sphere. JoinOQ, OD. 

hen OQ, OD are.radii of the sphere, .. OQ =O D. 
Similarly of any other point in the line CQD, .*. the 
section CQD is a dele. Hence every section of a 
TUB cite gaaater ‘ae ds will, it is hoped, be 

-B,—The figure, as thus it is h 

uite comprehensible ; it prt, & observed, however, 
that the circle A C D is the section of the sphere made 
by the plane of the a The other sections of the 
sphere are made by planes which intersect the plane 
of the paper in straight lines—e.g., in B E, andin CD, 
ang Sve sections are seen in perspective, as C QD, 

Der. V.—The section of a sphere made by a plane 
which does not pass through the centre is called a small 
circle. Thus, in Fig. 1, B P E is a small circle. 

Der. VI.—The section of a sphere made by a plane 
which through the centre is called a great circle, 
Thus, in Fig. 1, CoD is a great circle. 

PROPOSITION Il.—Tarorem, 

A great circle may be drawn through any two points on the 
surface of a sphere, but in general not through more than 
two points, _ 

For, taking any two points on the surface of the 


PROP. I1t.—v.] 
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sphere, we can draw a plane through them, and this 
e can be made to pass through third point, viz., 
through the centre of a sphere. The section of the 
sphere made by this plane is a great circle, and the two 
points clearly lie on it. 
These three points determine the plane, and .*. we 
cannot be sure of its passing through any other point, 
whether on the surface of the sphere or not. E. D. 


Cor.—It is plain that a small circle may be made to 
pass through any three points. For a plane being drawn 
two points can be made to pass through a third ; 


and if these three points are on the surface of a sphere, 

the plane cuts the sphere in a circle on which these three 
ints lie, 
.B.—We shall henceforth assume that we can draw ares 
of great circles in any possible direction ; for instance, 
through any two points. ‘For this is merely equivalent 
to drawing a plane through the centre of the sphere, 
and those two points, which of course cuts the sphere 
in the vomnised dead circle. 


PROPOSITION III. 
Two great circles bisect one another. 


Fig. 2. 


ABCD, the 
e dae plane of 


CQB, and BAO =ODB, 
or the two great circles bisect 


PROPOSITION IV. 

The inclination of two great circles is the angle between 
the tangents drawn to those circles at their point of 
intersection. 

Let one t circle be that made by the plane of the 
per AQB. Let APB, the other circle, be that made 
any other plane, then the diameter A ( B is the line 

Fig. 3. in 4 Pass planes oi 

sect ; e of w 

AB perpendicular to AB: 

in the plane APB draw AR 

icular to AB. Then 


Is 


the circle A PB at point A, 
and AS touches the circle 
AQB at point A (Euclid 
IIL, 16), .*. the inclination 
of two great circles is the 


: qa le between their ts 
at the point of intersection ee. E.D. =a 
N.B.—The angle R A S, between the tangents RA,S A, 


is lly supposed to be measured on the sphere, 
anf is called the angle PA Q. ons 
Der. VII.—If from the centre of a sphere a line be 


| drawn perpendicular to the plane of any circle, whether 


great or small, and be —- both ways to meet the 
surface of the sphere, the points in which that line meets 
eseriace of the sphere, are called the poles of the 
circle, 

Thus, in Fig. 1, les CQD be the plane of a t 
circle, O being the centre of the sphere. Through O 
draw O A perpendicular to the plane CQD, and pro- 
dnce it to meet the surface of the sphere in F and A. 
Then F and A are the poles of the great circle CQ D. 

Again, if BPE be the plane of a small circle B P E, 


from O draw ON perpendicular to that plane, produce 
ON both ways to meet the surface of the sphere in A 
and F. These are the poles of the small circle BP E. 
It is usual to call A (the pole nearest to the small circle), 
the pole of the circle. 

ae the demonstration of Proposition I., it is plain 
that N is the centre of the circle B P E. 


PROPOSITION V. 


Tf from the pole of a circle t circles be drawn to any 
two points of that ci the intercepted ares are 
equal, 

(1). In the case of asmall circle, let AP B be the plane 
Fig. 4. of the small circle, and XOY 

’ perpendicular to that plane, 

and meeting it in N, then 

X Y are the poles of the 

circle, and N is its centre. 

fase A ¥ thee netic made 
y the plane e 5 
be one great circle, xpY 
the ners ae bythe — 
ing through any other 
point P be the other great 
circle. We have to prove 
that the arc X P = are XA. 

For, since N is the centre of 

’ the circle APB, we have 

AN =PN;; also, since O is the centre of the sphere 


j 


OA=OP,.°. in the Saugie AON, PON, we have 
the sides AO, O N, = the sides P O, ON, each to each, 
and the base A N = the base PN, .*, the angle AON = 
angle PON. But in equal circles, ic ye: angles stand 
on equal cireumferences, ,*, the are A X = arc P X. 
(2). ee me 5 case of a ont oe let A Bal the 
t ci its cen’ perpendicular to 
oa Pa ge: the plane APB. Then, 
Fig. & XY are the poles of the 
% circle. Let the section 
the plane of the 
ye” paper X AY be one of the 
great circles, and let XPY 
[ show that are A X = arc 
A B PX—join OA, OP. Then, 
N : because X O is perpendi- 
cular to the plane, XO A 
and XOP are right angles, 
and .*, are equal to each 
other. Hence as before, 
aro AX =arco PX. 
Q. E. D. 

Cor. 1.—Hence the pole of a circle is equally distant 
from every point of that circle. The mee being 
measured a circle, 

_ Cor. 2.—In the case of the pole of the great circle, it 
is plain, since AO X isa right angle, that AX is the 
fourth part (or quadrant) of the great circle A X B ¥. 

Cor. 3.—Also any plane passing through the poles of 
a great circle is clearly dicular to the plane of 
that circle; since the line joining the poles XO Y 
Fig. 5) is perpendicular to the plane APB. (See 

lanes, p. 590, Def. 2). 

_ Cor. 3 (Fig. tren inclination of the two great 
circles X A Y, X P Y is clearly measured by the are A P. 
_ For PO and AO are each perpendicular to X Y, the 
line of intersection of the great circle, .:. POA is the 
inclination of the great circles, and POA is measured 
by the are A P. 

_ Cor. 4.—We have already seen that the angle AX P, 
t.¢., the angle between the tangents to the circles at the 
point X, is the inclination between the Borage, -. AP 
measures the angle AXP. (See Prop. IV.) 

Der. VIII.—A spherical triangle is the portion of « 
— of a sphere contained by the arcs of three great 
circles, 

Thus, let AX B, CZD, EYF be three great circles + 
which intersect in the points ZY X, then the space 
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ZX Y inclosed by the arcs 
ZY, YX, XZ is called a 
spherical triangle. 

It will be observed, that 
the great circle in a spheri- 

Y D cal triangle is analogous to 

4 the straight line in the case 

ri , aR ae of a plane triangle ; but 

there is this difference to 

be observed, that two 

straight lines, when pro- 

s € 5 ie never meet, whereas 

two great circles, when 

produced, always meet, viz., ina point distanced from 

the other by a whole semicircle. To consider the result 

of this circumstance, we will moppeee the section made 

by the plane of the paper (A Bab) Fig. 7, to be one great 

circle, and the two others to be A Cac and B Cbe, O the 

centre of the sphere, AOa, B Ob, C Oc, are diameters, 

It will be seen that A BC is a spherical triangle, asin 

the case of figure 6. But the three circles, in addition 

to ABC, make seven other spherical triangles, viz., 

Fig.7 abC, B Ca, bC A, on the one 

sy he hemisphere, ABCa, and ABe, 

abc, beA, Bea, on the hemis- 
phere Acba, 

Also, it is plain that the 
triangles on the one hemis- 
phere are equal to those on 
the other, each to each ; thus, 
the triangle A B C is equal to 
the triangle abe. For A Cuz, 
and Cae are each halves of the 
same circle, and .*. are equal 
to each other ; take away the 
common Ca, and we have 
left AC=ac. Similarly AB=ab, and BC= be, 
Again, the angle of the triangle ach, which is the angle 
between the planes, is equal to the angle ACB, which 
is also the angle between the planes ; similarly the other 
angles are equal, and they are described on the surface 
of the same sphere; if, therefore, the triangles were 
superimposed, they would coincide, and are .* . equal, 
N.B. The student will do well to consider very care- 

fully the above observations : he must also take notice 

of the assumption, that triangles taken off the surface 
of the same sphere will coincide, provided their sides 
and angles are equal. This is merely assuming that 
the curvature of the same sphere is the same at all 
parts ; which is obviously true, as the following con- 
sideration will assure us :—Suppose we have two 
spheres of equal radii—suppose these centres to coincide 

—then, since every point in each sphere is equally 

distant from their common centre, their surfaces coin- 

cide, and will continue to coincide however we may 
move either of them, provided their centres continue 
to coincide. 

It is plain that the side A B measures the angle AOB. 
Hence the side of a spherical triangle is spoken of as an 
augle, viz., the plane angle it subtends at the centre of 


the sphere. 
PROPOSITION VI. 
Any two sides of a spherical triangle are together greater 
m the third, and the three sides of the triangle are 
tuyether less than four right angles. 


For (Planes, see Prop. 20), if a solid angle be con- 
tained by three plane angles, any two are ter than 
a third ; but (Fig. 7) the solid angle at O is contained 
by AOB, BOC, COA, .*. any two of these are greater 
than a third ; and hence any two of the three sides of 
ABC (which sides measure these angles respectively) 
must be greater than the third. 

in (Planes, Prop. 21), the three angles, AOB, 
BOC, COA, are together less than four right angles ; 
and .*, the three sides, AB, BO, C A, which measures 
these angles must be less than four right angles. Q.E.D. 

Day. 1X.—A lune is the portion of the surface of a 
sphere inclosed by the arcs of two great circles. 


Thus (Fig. 7),A Ba is a lune. 

Der. X.—The angle of a lune is the angle between 
the two + circles which bound it. 

Thus (Fig. 7), B Aa is the angle of the lune. 


PROPOSITION VIL. 
On equal spheres, if the angles of two lunes are.equal, the 
junes are equal, 

Let ACBD, AEBF, be two lunes described on 
equal and coincident spheres, having the angle CAD 
=angle E AF, these lines shall be equal; for suppose 
the one sphere to revolve till the circle A E B coincides 

> 


with A C B, then because an- Fig. 8. 
gle CAD =angle EAF, we A 
must have AFB coinciding 
with ADB. The lunes; 


Gaceierss coincide and are 


u 
N.B.—In the above demon- 
stration we have assumed | 3 
that the lunes have the 
same extremities, A B: we 
are obviously eutitled to do 
this, since by shifting the 
spheres these extremities can 
be brought to coincide. Also, B 
the proposition is plainly true when the lunes are on 
the same naga Also, it is manifest that the greater 
lune has the greater angle, and vice versa, 


PROPOSITION VIII. 


In the same or equal spheres, lunes are to each other in the 
ratio of their angles, 

For let 1 and m be two lunes, the angles of which are 
a and b; let A be any multiple of a, and L the lune cor- 
responding to A; then it is plain that L is the same 
multiple of 1 that A is of a. Similarly let B be any 
multiple of b, and let M be the corresponding lune; then 
it is plain that M is the same multiple of m that B is of 
b. We have then four magnitudes, 1, m, a, b; and of 
the first and third we have taken any equimultiples, L 
and A; and of the second and fourth we have taken an: 
equimultiples, M and B. Now, by last proposition, if 
L>M, Ais>B; at aise ore if less, less .*. (Def. 
V., p. 571), l:m::a:b. Q. ED. 

Cor.—It is plain that the area of half a hemisphere is 
a lune whose angle is a right angle, .’. if X be the area 
of a sphere, and if A be any lune whose angle is B, 


A:%::B:one right angle. 


.. A: X::B: four right angles. 
Or area of lune: area of sphere : : anglé of lune: four 
right angles. 
Der. XI.—The spherical excess of a spherical triangle 
is the excess of the sum of its three angles over two right 


angles. 

ft will be seen by the next proposition that the sum 
of the three angles of a spherical triangle are really 
greater than two right angles—the excess of the angles 
above two right angles is clearly due to the sphericity of 
the triangle ; hence the term ‘spherical excess.” 


PROPOSITION IX. 

To prove that the angles of a spherical triangle are together 
greater than two right angles, and that 
spherical triangle has to the area of half 
which it is described the same ratio that the spherical 
excess has to two right angles, 

For (Fig. 7) let ABC be the triangle, then the lunes 
corresponding to each of the angles are BaA correspond- 
ing to A, BbA corresponding to B, Cabe corresponding 


Ps 
< 
iY 
$ 


'to C. For the sake of brevity, call these lunes re- 


spectively L,, Ly, Ls. 
Pithen by Corol. to Prop. VHT; 
L, : area of sphere ::A: 4 right angles. 
or, L, : area of hemisphere ; ; A; 2 right angies. 
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Similarly— 

L, : area hemisphere : : B : 2 right angles. 

Lg : area hemisphere : : C : 2 right angles, 
..L, + L.+L, : area hemisphere : : A+ B+ C: two 
right angles. Now, the three lunes clearly make up the 
hemisphere B A Cab, together with the triangle abe. 
Hence the three lunes are in all cases greater than a 
hemisphere, and .", the three angles of the triangle are 
together greater than two right angles. 

Again, triangle abc is equal to triangle A B C (Remarks 
on Il1.), .-. L, + L, +L, = area of hemisphere 
+ area of triangle ABC. Also, A+ B+ C = two 
right angles + spherical excess ; .", area hemisphere +- 
triangle A BC: area hemisphere : : two right angles + 
spherical excess : two right angles, .". area triangle ABC: 
he foamed pc la aur lte right angles, 


join 
e poles at the sides of 
i i is called 


ee aoe AB, abe 
triang 
An Seesty, if aA be 
joined by the are of a great circle, and this be produced 
to meet BC in D, then aD is a quadrant of a circle, and 
AD is perpendicular to BC, and similarly of the other 


ies in Spherical Trigonometry ; the 
on which its importance depends sassy thee: 
in the following propositions, 
PROPOSITION X. 
If circles intersect, their points of intersection 


two great 
lt of the great circle which passes through 


. 5), take the 
aay and Y P X for aps ) reyiaer bee ahs 


are the points of intersection o 
draw a plane APB pei 
the plane APB 


i to those planes, and therefore will 
contain the poles of the two given circles, Heuce APB 
3 


ah 


‘ 


ircle joining the poles of the circles X A Y 
Y; but ¥ox is perpendicular to the plane 


ate the poles of the circle AP B; i. e., 


PROPOSITION XL 


If ABC tea given triangle, and A'B‘C’, is its polar 
Fig 10. 
ar 


triangle, then is A BC the 
polar triangle of A'B’C’, 


For since C’ is the pole of 
AB, and B’ is the pole of 
AO, .’. (by last Prop.) the 
point of intersection A of 
AB and AC is the pole of 
the great circle joining B’C’, 
i.e., Ais the pole of B/C’, 
similarly B is the pole of 

© O'A’, andC the pole of A’B’. 
Q. E. D. 


PROPOSITION XI. 

If ABC be a triangle, and A’B'C’ its polar triangle, then 
the are on the sphere, which measures the desta A, to- 
gether with the side BC’, the semi-circumference 
of a great circle. (See Fig. 10). 

For, produce AB, AC to meet B/C’ in P and Q. 
Then because AP and AQ are quadrants, P Q is the are 
that measures the angle A (Cor. 4, Prop. V); now B’C’ 
+PQ=BP+0Q+QP=BQ+C'P. But since B’ 
is the pole of AC, .°, B'Q isa quadrant. Similarly 0’P 
is a quadrant, and the two together are a semicircle, .*. 
B/C’, together with the are on the great circle which 
measures A, equals the semi-circumference of a great 


Cor. 1.—If for these arcs we substitute the angles 
they measure, we may state the proposition as follows :— 


A+B = 2 right angles, 
pee tg et is 
‘A’ = 2 right angles, 
O+ AD’ = 2 right angles. . 
Cor. 2,—And since ABC is the polar triangle of A’B’C> 
bik mone Sago ht angles. 
= 2 right 
B’ CA = 2 right angles 


C’+ AB = 2 right angles. 


Cor. 3.—Hence, the sum of the angles of any triangle, 
together with the sides of the polar triangle, = six right 
angles. But the sides of the triangle must have 
some magitad and must be less than four right angles 
(Prop. VII.) Hence the three angles of a triangle must 
be less than six, and greater than two right angles. 

It is plain, since the three angles of a spherical triangle 
are greater than two right angles, and less than six 
right angles, that a spherical triangle may have one, two, 
or even three of its angles right angles. 

Der. XIII.—A right-angled spherical triangle is one 
which has one or more right angles. 

Der. XTV.—A quadrantal triangle is one which has 
at the least one side a right angle, i. e., the quadrant of } 
a great circle, 

PROPOSITION XIII 
If ABC bea right-angled triangle, having a right angle 

C, and A'BC’ be its polar triangle, then ABC is a 

quadrantal triangle, having the side A’B’ a quadrant. 

For by the last proposition (Cor. 1)— 

C + A’B’= two right angles. 

Now, C is aright angle, .", A’B’ is a right angle, 1. e., 
is a quadrant. "0. ED. 

Cor.—Hence, if all three angles, A’B’O, are right 
angles, the sides of the polar triangle are all right es. 
For if two sides of a triangle are right angles, the third 
side measures the oppcsite angle ; .”. if the third side be 
also a right angle, all the angles are right angles. Hence 
in the polar triangle the sides and angles are all right 
angles. And since the angles of the polar triangle are 
each right angles, the sides of A BO will be right angles 
(last Prop., Cor. 2). Hence, if all the angles of any 
triangle are right angles, the sides are right angles (i. ¢., 
quadrants) also. 


With this chapter we conclude the Elements of Geo- 
metry, both plane and spherical. In the succeeding one, 
the subject of Practical Geometry will be treated on, as 
well as Conic Sections. In the section on Astronomy, 
the student will require a considerable knowledge of the 
properties of the ellipse, bola, &c.; which are the 
most important of the conic sections, properly so called ; 
excluding, however, the circle, which has y been 
pt in the Elements of Euclid. The subject of 
Trigonometry, plane and spherical, will follow Practical 
Geometry. An extended series of the logarithms of 
Sees, &c., will be given at the end of this 
section. —Ep, ; 
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CHAPTER IX. 
PRACTICAL GEOMETRY, 


Tue preceding portions of this section having given, at 
the pointer, ear of the several Books of Euclid, the 
general definitions of a point, a line, &c., also the Postu- 
ates and Axi it is un ry to repeat them, it 

ing sufficient for the student to refer to them when 
requisite, in order to give him a clear understanding or 
conception of the Problem he may at the time have 
under discussion. It is not here intended to give all the 
Problems contained in a complete treatise on Practical 
Geometry, but merely a selection of those which may be 
considered most useful in assisting the mechanical 
draughtsman, workman, or others who may be engaged 


in like pursuits. . 
InstrumMENtTs.—For the p of performing the 

construction of the different metrical figures, tlie 

only instruments absolutely required ‘are a pair of com- 

passes, a ruler, a lead pencil, and a drawing pen. 

- Compasses.—The best form of compasses, or dividers 

(Fig. 1), are made of metal, such as brass or silver, from 


five to six inches in length, having steel points, and 


formed with one of the points or legs movable, which at [ 


any time, as occasion may require, can be replaced by 
another containing a pencil leg (a), or a pen leg (b), the 
pen being constructed in the same manner as the drawi 
pen, afterwards described. The various uses to whic 
Fig. 1. the compasses may be 
ay applied are well known ; 
>) the principal, however, 
a ial being to measure or 
transfer distances, and 
when fitted with a pen- 
cil or pen, to describe 
circles, the one with 
black-lead cil, the 
te en ( * The 
sm: e (c) is an 
iatrament ed 3 
ightening the joint o 
the compasses when the 
legs work too easily, or 
the reverse; the two 
points (ee) at the one 
end fitting into two 
small holes (ee) at the 
head of the compasses 
—the other end being 
used for screwing up 
the Bos sil in the 
pencil or , SO as 
to make the joint work 
easily, 
ood of metal, th ig Pormsid eecighs ann tee 
wood or metal, the ing form i and, for 
convenience, should ome six to twelve Soaked in 
length, about an inch in breadth, and is for the purpose 
of guiding the motion of the pencil or pen in a straight 
line or direction. 

Pencil.—It may perhaps be considered unnecessary to 
give a description of a common Grawing pencil; but as 
there are afew who, in commencing to draw mathematical 
figures, can form a proper point to their pencils, a few 
words may suffice to show the best method of doing it. 

A pencil for drawing (Fig. 2) is generally prepared by 
preel emo, the wood and lead, so as to form a fine point, 
similar to (No. 1) in the cut; but peel poe (No, 2), as 
shown in the figure, is the best form for mechanical 
drawing, and is made by cutting two sides of the wood 
and lead flat, and leaving but a small flat on the 
vther two sides, the one side showing a bi point, as 

* The ink commonly used in drawing mathematical fi &c., is that 
known a* China In’ 
little water, mean iy | the pant, e8 sr pale — 


common black writing ink; it also has the advan: of not 
blotting so much on the paper. — a 


Ruler.—The ruler in 


at (a), the other a fine point, as at (b). In this way, the 
lead of the pencil may Fig, % 

kept close to the ruler, and 

at the same time draw a 4 2 

fine line. A very simple “ 

and beautiful little instru- [fj 

ment, not much known, 

called the Pie 5) ins 

and Sharpene ig. as 

been invented, which forms 

the pencil point (No, 1), and 

is used by placing the pencil 

through the gui (4) into 

the hole or cone (6); and a 
by turning it round with the 

hand against the knife 


edge 
(c), the point of the pencil is gradually formed. 
Pig. 3. 


Drawing Pen.—The drawing pen (Fig. 4), like a pencil, 
Fig. 4. is used for aoe , ight lines, 
guided along the of the ruler ; 
it is usually made in two parts— 
viz., the pen and the handle. The 
pen part consists of two blades, 
with steel points, so bent that the 
ends or points meet, but_leaving a 
space or cavity for the ink ; in 
order to draw lines of different 
thickness, those blades can be 
opened more or less by a small 
screw. The best pens are also 
with a joint to one of the blad 
admit of the pen being more 


ze 


i 
i 
uM 


handle of the pen, 
lower portion, having attached 
< a short piece of —— 
ine point, generally 
5 mega in, and is used for i 
ints a line, or markin 
their intersection.) =e : 


. Having briefly described the few instruments requisite, 
it will be necessary to show their application, by per- 
forming the three Peering simple problems, erally 
ven as Postulates (Euclid, Definitions, 541), which, 
owever, by constructing, the student will the more rea- 
dily become familiar with the instruments and their use. 


ProstEm L.—Zbo draw a straight line 5 any one point 


s 


es 
j 


(A) to any other point ( 
Lay one edge of the ruler upon the point A, as shown 
Fig. 5. un dotted lines in the figure, 
pa Band move the ruler roun 
5 ___} until it coincides with the 


‘ point B ; draw the point of 

naa the pencil or pen from A to 

B, keeping it always close 

to the edge of the : the 

trace or mark left u the surface of the paper is the 
straight line requi 
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Prostem II.—To prolong or produce the ht line 
(AB) to any length towards {o), in @ ciatght lines 


Place one edge of the ruler upon the point B at the 
extremity of the line Fig. 6. 
AB; any point A a B c 
in A’ B, such as a, so 
far from B that the distance may be less than the 
length of the ruler; make the ruler coincide with that 
int a, and draw as before with the pencil or from 
towards C, which will leave the line uced as 
required. This operation may be repeated as often as 
wished, so as to prolong a line to any extent. 


Fig. 7. Prostem II].—To describe a circle 
a centre (O), and at any dis- 
tance (O A) from the centre (O). 


0 A —- Place the fixed leg or point of the 
compasses in the centre O, opening 
them until they take in the given 
distance O A or radius of the circle 

to be sg i then move them round, describing the 
east a of the required 
le 


After ‘orming the three 
Y\ wee it will be 
useful, in order to acquire a 
free use of the instruments in 
describing circles, to draw lines 
through points of intersection, 
= ints by straight lines, 

us to produce accom- 
cso g pare several times. 
The student may thereafter proceed to the construction 
of the following problems. 


PROBLEM L 


To bisect or divide into two equal ext Peep! 
line (AB). (Euclid, Book 1., Prop. mee 


1st Mernov.— When there is not sufficient space in the 

drawing on either pepe of the given line. By means of 

the compasses, a leg at one of the extremities of 

the line, open them n until the other leg is at any other 

t near the middle of the line; mark this point ; 

er the leg of the comp to the other extremity 

of the line, and mark the ce of the other leg from 

this point ; if the two points so marked do not coincide, 

ape} the compasses to as near the middle of these two 

as the eye will direct: proceed as before; the 

a pashie between the new points will be smaller than 

before, and a trial or two will enable us to bisect the 
line accurately. 


2np Metnov.t—When the given line (AB) occurs in 

Fig. 9, or near the centre of the draw- 

ing, and there is sufficient 

. room on both sides of the given 

\ - AB). With the centre 
c B 


ig. 9), and any radius 
ter than the half of AB, 

ibe an arc; with the 
centre B, and the sameradjus, 
describe another are, cutting 
the former in D and E; join 


g the points of intersection D 
NS and oA cutting the line 
AB ©, . which will 

bisect A B in the point C. 
Srp Mernop.— When the given line (A B) occurs near 
2 Ee nees mae mole ee tions in Euclid, where several of 
the Probl that the student, should he wish 
examining the methods 


to investigate the Prowieme farther, may do so by 
of construction there adopted. . 


. 10, the bottom of the drawing, and 
a sufficient room is anys Uis-on 
<P one side of the given line a B). 
N With centres A and B 
10), and any equal radii. 
io greater than the half of AB 
(this radius should be as long 
as can be conveniently got), 
describe arcs cutti 
other in the point D, With 
A B the same centres, and less 
equal radii, also ter than 
the half of AB ata ares 
eu each other in the point E ; join DE, and pro- 
duce the line until it cuts AB in C, which will be the 
point of bisection of A B. 


PROBLEM II, 

To draw a perpendicular or a straight line at right angles 
to a given straight ie ey tO 
(Euclid, Book I., Prop 
isr Meruov.—When the given “ites 10) is within or 


CP en 


Fig. J1. the given line 
D (4 B) and near "he middle 

» < it. With the centre 
(Fig. 11), and any 


LZ radius, describe an are 

cutting the line AB in 

the points E and F, 

With the centres EF, and 

A { B the — or ries other 

= z equal radii, describe arcs 

cutting each other in the 

c point D; join DO, then 

the line DC is perpen- 

dicular to the line AB 
as required. 

axp. Metnop.— When 


point F fig. 12) above 

é the line A B, and with the 
M6 radius F'C describe the 
are ECD, cutting AB in 


- int E ; join EF, and produce it until it cuts the 
CD in the point D, and join DO, which will be 


ecnendiobla: to AB, as ‘required. 
3xp Mernop.—When the given point (C) is without 
and opposite the extremity Fig. 12, 
of the given line (AB). In 
the line AB (Fig 13) take | 
any two convenient points 
E, F. With the centre E, 
and radius EO, describe : * 
the are CGD, and with 
the centre F, and radius 
FC, describe an are cut- * B 
ting the former are OGD 
in the point C and D; join 
CD; the line CD be perpendicular to the given 
line A B, as required. 
A very simple method of Fig. 1% 
setting off a perpendicular 
on the ground may be per- 
formed with a tape line in 
the following manner :— 
Suppose it were required to 
set out a straight line of 
road (C D) (Fig. 12) atright a—g—————-- 
angles, or perpendicular to 
another straight line of road 
(A B) from any point (C) 
in AB. Put in a pin at 
the point 0, and also one : 
at E, along one side of the ay, 
line of road A B, and three 
feet distant from C; put the end of the tps Tine at E, 


hs 
Qa 
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pass it round the pin at C, ing it up in the direction 
of the line of new road toD. Bring the line back to 
the pin at E, and holding the end of the ta line fast 


at E, stretch the line tight. When stretched, this will 
give triangle, having sides three (EC), four (Cc D>, = 


This method of setting off a aor ee is taken 
from that beautiful theorem in Euclid (Book L., Prop. 
XLVII.), where in this case, ED, the ypothenuse of 
the triangle, is equal to 5 feet, and the two sides EC 
and CD, 3 and 4 feet respectively ; therefore 5? = 3? + 
#, or 25 =9+16. The sum of the three sides being 
12, or the whole length of line used ; but any numbers 
may be used (consistent with the length of the tape line), 
provided they fulfil the required value, It may be 
easily Seneelsbaredd that any multiple of the numbers 
used, viz., 3, 4, 5, will suffice. 


PROBLEM III. 


To draw a straight line parallel to a given straight 
line (AB), and through any given point (C). (Euclid, 
Book I., Prop. XX XI.) 
1st Mernop.—Take any two points, D and E (Fig. 

re in the given line Fig. 14. 

AB, the further apart 


¢ ” 
from each other the ¥ Si. \ 
better; with the centres cat > 


D and E and radii equal 
to the distance between 

' the point C and the line A- * t B 
A B* describe two arcs, 


and draw a straight line to touch or be a tangent to 
both ares, then the line G F is parallel to A B, 

2np Metnop.—From Fig. 15. 
the point C (Fig. 15) 
draw the line CD per- ¥- —a 
pendicular to AB; at 
another point anywhere 
in the line AB, but as 
far from D as conve- . 3B 
nient, draw EH per- > 
epee) to A B. 

ke E H equal to CD, kK 

and a apy: ring 
points C an the straight line F G, which will be 
parallel to A B. / 

3np Metrsop.—Take any point D (Fig. 16), the further 
Enbmuken tee 
the line AB; join DO, 


and with the centre D, ¥-—S& G 
and radius D C (or any 

other convenient radius pee 

which will cut D 0), ; 


describe an arc cuttin 

AB in KE; also with ~ ™ Be 
the centre C, and the same radius, describe an are D H ; 
again with the centre D, and a radius equal to the dis- 
tance between C and E, Fig. 17. 

describe an are cutting 

the latter are in H; 0 

draw the line F G pass- 

ing through the points 

Cand H; the line FG 


will be parallel to A B. if 
4ru Metnop.—Take ¥ S - G 
any point D (Fig. 17) \ 
in the line AB; join 
DC and produce it, 


ais 


making CO equal to > 
CD; with the centreo “> 
and radii O C and OD, 


describe two arcs, the latter eutting A B in E; join OF, 


distance between C and the line AB is easil placing one 
raw the t C, and H thea ontil chp other point fest 


© The 
it of YG mm at ©, P 

es. may be drawn parallel to AB at distance apart, 
merely using that distance as the radii of the arcs, as Fig. 15. 


cutting the lesser are in the point H; draw the line 
7G pesseg oe the points C and H, then FG will 
be parallel to : 

Sra Meruop.—Take any point D (Fig. 18) in the line 
AB; join DC and Fig. 18, ‘ 
produce it; with the 
centre ©, and radius 
CD, describe a circle, 
cutting A B in E, and, 

DC produced, in 0; 
with the centres E and 
O, and the same radius, » + _¢. 
describe os ang 
ing in the point H; 
draw FG Ppassing 

‘ts 


through the poi 
and H; then FG A~5 3 
will be parallel to A B. 
PROBLEM IV. 
To divide a given straight line (AB) into any given number 
(say 6) of equal parts, 


Through A (Fig. Id) diame Yee AD sh SOs 
A B, and through Fig. 19. 

draw B OC parallel to 
AD; from A set off 
six equal on the 
line AD (those equal 
parts should be asnearly As 
the length of the re- 
quired equal parts of AB 
as can be estimated), 
and from B on the line 
BC set off the same number (six) equal of the 
same length as before; join B and 0, 1 and 1, 2 and 2, 
3 and 3, 4 and 4, 5 and 5, A and 6; then the points 
where those lines cut A B, viz., in a, b, c, d, e, will divide 
the line AB into the required mc eBay of equal 


PROBLEM YV. 
To find a mean or mean proporti between two given 
masa te ee 
Draw a straight line A BO (Fig. 20) equal in length 
Fig. 20. : Oe Sas BC together ; 
bisect AC in O, and with 
the centre O and radius 
OA, or OO, describe a 
semicircle; from the 


ge) 3 wis int B=B ©, the small 
ine measured from C 
perpen eadledles et ee 
* ic 
A oO B c and m : 


AB eeting the semi- 
circle in the point D, then B D is a mean or mean pro- 
portional between AB and B C, 


PROBLEM VI. 
To describe a square ona given straight line (AB). (Euclid, 
Book I., Prop. XLVL) 

From the point A (Fig. 21) draw AE perpendicular 
to AB (Problem II.), and from AE Fig. 21. 
cut off ADequalto AB; drawDCO 
mre el to cic lng 
rs peep 'y, intersecting at the point 

7POr, with B and D as centres, and 
radii equal to AB, describe arcs in- 
tersecting at the point va and join 


cre 


DC and BO, then ABCD is the 
square required. t 
PROBLEM VII = 


To describe a which shall be equal to any number 
of pieek squarea'(L; 2, 3, 4, 5). 
Draw any two lines, AB and A C (Fig. 22), at right 
+ Of couren, any restangle whose length and, breadth are Stee) wel te 
a 


constru , by 3 equal to 
the bend, cnt. glthan GEny Eng ReEHIND Meee of the sides 


PROBLEM VIII.—XI1.] 
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Fig. 22. 


4 


; problem, ing 
ut their whole construction on Euclid, k I., 
Prop. XLVIL. 
PROBLEM VIII. 
To describe a square which shall be to the difference 
of any two given squares (F and G). 


Draw two lines, AB and AC (Fig. at right 
No eadiiother ; tia id greats 


Fig. 23. 
AC make AD equal to ee eae 
the side ofthe les of the 
two given squares, ° 
with rain Et cade K__t * 
radius equal to a side of 
the other given square G, 
ibe an arc cutting a 
AB in E; the square 4 ag 
AEH on 
the line is the square r 
ual to the difference 
the two squares F if 
‘ ° 
PROBLEM IX. 
To describe a square which shall be equal to a given 
parallelogram (A BCD). 


Draw any line G K, which shall be a mean proportional 
between the two sides, A B and B C of the given paral- 
lelogram (Problem V.), and upon the line GK describe 

Fig. 24, 


the square HG KL, which will be equal to the given 
péialislogtam, A CD. (Fig. 24). sia 

When the given parallelogram is not a rectangle, as AEF B, 
‘ane ame 9 ABCD, standing on the same 
and same (Euclid, Book L., 


Prop. XXXV.), equal to it, and proceed as before, 
‘ PROBLEM X. 
i int (E) a straight line, which 
hell fond Sethe beleration ef ben fab oo Sy ape 


ist Mernop.—Through the given point E (Fig. 25), 


draw any line EC, meeting AB in A, and CDinO, 
draw any other line H K parallel to EC, meeting A B 
‘ _ Fig. 25. 


N 


and CD in G and K; join CG, and through K draw 
KF parallel to it, meeting AB in F; join. EG, and 
through F draw F G parallel to it, meeting K G produced 
in H; join EH, which, if produced, ron pass through 
the point of intersection O. 

2xp Mernop.—Draw any two parallels EC and GK 
(Fig. 26), as before ; join AK and CG, intersecting in 

Fig. 26. 


i M 
F, and through F draw PQ parallel to EC or GK. 
Join E K, cutting PQ in R, and through the point R 
draw C H, meeting the line GK produced in H ; join 
E H, which, if produced, would pass through the point 
of intersection O. 


PROBLEM XI. 


| At @ given point (E) in a given straight line (ED), to 
(Euclid, 


make an angle to a given angle (AB 
Book L., Pro IL.) ee 


ip. 
Fig- 21. With the centre B (Fig. 


© 27) and any convenient 
radius, describe an 
cutting AB in H, and BG 

a iG; with the centre E 


x and the same radius, de- 
- scribe an are cutting ED 

in the point L; with the 

centre L and a radius equal 

to the distance HG, de- 

= i > scribe another arc, inter- 


EK, and prod i it ones yee aetaes 
join al uce it if necessary ; then the le 
EF will be equal to the angle AB O, as required. 


PROBLEM XII. 
To bisect any given angle (A BC). (Euclid, Book L, 
: Prop. IX.) 

With the centre B (Big. 28) and any convenient radius, 
describe an are cutti A in D, and BC in E, with D 
and E as cen and any Fig. 28. 
equal radii, describe ares in- 


tersecting in the point F; > 
join BF; then the le D 
ABC will be bisected by 
BF, or divided into two \ 
equal angles, ABF, and p 
CBF. ise 

By again bisecting the an- i rs 
gles ABF, CBF, the angle £ HD} 
ABC Seale aata into be eacianaat 7 
four equal and so on; by ing in a similar 
eae the angle ABC may be divided into any even 
number of equal angles, continuing in geometrical pro- 
gression—viz., 2, 4, 8, 16, 32, 64, 
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PROBLEM XIII. 
To trisect or divide into three equal angles a given right 
angle (ABC), 

With the centre B (Fig. 29) and Fig. 29. 
any radius, describe an cutting 
BA in D, and BC in E, and from 
points D and E as centres, and jp 
e radius as before, describe 


cutting the former arc in F 
; join B and the points of 
intersection F and G; then the an- 


gle A BC is divided into three equal 
angles, ABG, GBF, FBO. 


PROBLEM XTV. 
To trisect or divide into three e angles any given. angle 
‘0 rn BO ng y gi ng 


Fig. 0. With the centre B (Fig. 30) 

/™ and any radius, describe a 
circle cutting BA in D, and 
BC in E; bisect the angle 
ABC by the line BL (Pro- 
blem XIT.), and produce AB 
till it meets the circle in G; 
on the edge of the ruler mark 
off a distance (bd) equal to 
the length of the radius BD 
or BE, and lay the ruler at 
the point G, moving it until 
the point b cuts the circle, 
and the tout d intersects 
the line BL, in H and F 
respectively; join BH, and 
set off HK equal to EH, 
leaving K D ao ual to 
EH, and join B K; then the 
angle ABC will be divided into three equal angles, 
ABK, K BH, and HBC. 


PROBLEM XY. 
Pig. 31. To describe an equilateral triangle 
ad spe a given straight line(AB). 
(Euclid, Book I., Prop. 1.) 


With the centres A and B 
ig. 31) and radii equal to 
AB, describe arcs intersectin; 
in the point C; join AO | 
BC; the triangle A BC will 

B be equilateral. 


PROBLEM XVI. 

To construct a triangle, whose side shall be respectively 
pare hes three given straight lines (1, 2,8), any two of 
which are x than the third. (Buclid, Book 5; 
Prop. XXII.) 

Draw any straight line, ~ Fig. 82. 
AB, (Fig. 32) equal to 
the given line 1, with the 
centre A and a radius 
equal to the given line 2 Cc. 
describe an arc, and with 
the centre B, and a radius 
equal to the given line 3, 
describe another arc, cut- * 


<a Fy former at the bof i 
point C; join AC and BO; th i 
cnt Rae Bey en ABO will be the 


PROBLEM XVII. 
To find the centre and radius of a qi ircle.* 
t given circle. 
(Euclid, Book III., Prop. 1) 
Ist Mernop.—In the circumference of the given circle 
Pig Problem is performed in Euclid by drawing any c! bisecting 


hord, 
oo amare el m the given circle at its 
which gives the diameter two extremitins, 
and radius of the circle are tounge"? °7 "isesting which, both the centre 


ABO (Fig. 33), take any point D, and from it as a 
Fig. 33, 


centre, with any radius, describe 

A a circle cutting the circumference 
of the ~~ circle in the points 

E and F, with which as centres, 
and the same radius, describe 

© arcs intersecting the circle EF 
in the points GH and KL. 
Draw lines passing through the 
dG, & and K, and 


points H an 
produce them until they intersect 
each other in the point O, which 


2 
Ww is the centre of the ci and 


O Mor ON the radius. 


other, will give the centre. 


2np Metrnop.—Take any five points, B, E,D,G,O | 
Fig. 34. 


(Fig. 34), in the circumference of 
the given circle ABC, equidistant 
from each other ; draw lines pass- 
ing through BE and GD, meet- 
ing in the point K; also bir: 
CG and ED, meeting in the 
point L; join EG, and draw BD 
and CD, cutting the line EG in 
M and N respectively; and 
through the points of intersection 
KM, and LN, draw lines, and 
produce them until they intersect 
each other in the point O, which is the centre of the 
given circle ABO, 


PROBLEM XVIII. 


To describe a circle that shall pass through sey Ase given 
points (ABO), which are not in a straight line. 
From the point A (Fig. 35), as a centre, with any 
convenient radius greater % 
than half the distance AB 
or AO, describe an are ; 
with B and C as centres, 
and the same radii, de- 
scribe arcs cutting the 
former in the points D, F 
and EG; draw lines pass- 
ing through those points 
intersecting each other in 
the point O, and with the 
centre O, and a radius equal to the distance OA, OB, or 
OC, describe a circle which will necessarily pass through 
the three given points A, B, and C. 
This problem will be found most applicable in the 
Fig. 36, case of a circular 
whose span (BC) an 
rise (AB) (Fig. 36) 
are given, and it is 
required to describe it ; 
ER 
isect them @ per- 
diculars DF and 
G; then, as before, 
the point of intersec- 
tion O is the centre 
with which to describe the circle.+ i 
The joints of the stones or voussoirs forming the arch 
are drawn from the centre, and form continuations of 


the radii. 

PROBLEM XIX. 

To find the point in a given straight line (AB), drawn 
from the one extremity of a Toontare (AG) eh j 
which the other extremity (6) of the given are, if_con- 
tinued, would pass, and without using the centre. : 
From A (Fig. 37) draw any chord AD, and also any 

+ See Euclid, Book IIL., Prop. XXV. 


—_ 
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other chord A E, making the angle D AE equal to the 
angle BAD; with the centre D and radius DE de 


Fig. 37. 


2s 


scribe an are cutting A B in F; then F is the point in 
AB, through which the arc A EC, if continued, would 


pass. 
When the centre is either not known, or at too great a 

een Or ere ears sae ry Srequentiy occurs 

in practice), this problem will be found ingly useful. 


PROBLEM XX. 

To draw a tangent to a given circle (A BC) through a given 

int D in the circumference, (Euclid, Book IIIL., 
Prop. XVIL) 

1st Mernop.—If the centre O of the given circle 

ABO (Fig. 38) be not given, find it by Problem XVIL ; 

join O D, and through the “prot sem Beara EF per- 

is 


pendicular to OD; then E tangent required. 

Fig. 38 Fig. 39, 

A 
B Fy |? 

c 
YS 
2xnp Mernop.—Take any other point O (Fig. 39) in 

the circumference of the Fig. 40. 


iven circle ABC; join 
O and produce it; with <i 
the centre O, and radius Ts 
OD describe a circle cut- 
ting the given circle in C, 
DO produced in G; 
make the arc GE to 
the are GO; join ED and 
produce it; then EF is 
the + required. 
a 0 Wie a 
o point ig. 40) in 
the circumference of the 
given circle ABC; joinOD 
and produce it; with the Ez 
centre D, and radius DO 
describe a circle cutting the given circle in A, and OD 
eae i dope the centres A and G, and any 
equal radii, describe arcs intersecting each other in the 
point F; join FD and produce it; then EF is the 
tangent required. 


PROBLEM XXII. 
To draw a tangent to a given circle (A BC) through agi 
int (D) without the ci erence, (Euclid, Book 
Tir. Prop. XVII.) 


1st Meruop.—Find the centre O (Fig. 41) of the given 
circle ABC; join O1), and bisect it in G; with the 
centre G, and radius GO or G D, describe a semicircle, 
cutting the given circle A BC in the point 0, which is 
the point of contact ; join DC and produce it: then ED 


is the tangent required, touching the circle at the point 
C, and drawn from the point D. 
Fig. 41. Fig. 42. 


n/ 


iM 


* 2np Mernop.—With the given point D (Fig. 42) as a 
centre, and any radius, describe an arc cutting the given 
circle ABC in Band C; join DB, DC, and produce 
them till they meet the circumference of the given circle 
AB C in F and G; join B.G and CFP, cutting each other 
in the point H; join BC, and through H draw a line 
parallel to BC, and meeting the circle in the points KL; 
draw from the point D lines DE and D passing 
ioe K and L, which will be tangents to the circle 
C, 


3xp Mernop.—From the given point D (Fig. 43) draw 
Fig. 43, 


lines drawn from D through 
those points L, M will ‘be 
tangents to the circle ABC. 


PROBLEM XXII, 


To describe a circle that shall touch two given straight lines 
(AB and CD) not in the same straiyht line, and touching 
at a given point (E) in one of them (A B). 

. 44. Produce the given lines, AB 

— and CD ig 44), till they 

meet in the point G; make 

GF equal to GE : from E and 

F draw EO and F O perpen- 

dicular to AB and CD, re- 

spectively intersecting in the 
point O ; and with the centre 

O, and radius OE or OF, 

describe the circle HEF, which 

will touch the given lines A B, 

ic CD, and also AB in the point 

E, as required, 


PROBLEM XXIII, 
To describe a circle og 3) touch a given straight oe 
. 45, AB) in a given point (E), w 
inn shall also pass through another 
given point (F) not im the same 

straight line (A B). 

From the given point E (Fig. 45) 
draw EG perpendicular to AB; 
join EF, and bisect it by a per- 
pendicular C D, cutting E G in the 
point O, with which as a centre, 
and the radius O EK, describe the 
circle E D F, which will touch the 
line A B in the given point E, and 
also pass through the given point F, 


PROBLEM XXIV. 
To describe a part of a circle that shall touch a given 


A 
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ight line (A B) in 
a given are (DG 
Fig. 46. 


a ., point (E), and shall also | 
Draw E C (Fig. 46) per- 
pendicular to AB; and 
through the centre K of 
the given are DGH, draw 
KL parallel to EG, and 
meeting the arc DGH 
continued in the point L ; 
join LE, and produce it 
to meet the given are in 
the point D, and join DK, 
cutting EC in O; then 
with the centre O, and 
radius OE, describe a "part of a circle which will touch 
the given line A B in the given point E, and also the 
given are D G H in the point D, : 
PROBLEM XXV. 
To describe two arcs that shall meet each other in the line 
of their centres, and shall touch two given straight lines 
AB, CD) at the given points (E, F) in those lines, the 
radius (E G) of the lesser arc being also given. 
Fig. 47. From the point E (Fig. 47) 
oe draw EG perpendicular to 
AB, and equal to the given 
radius, and from the point F 
draw F H perpendicular to 
CD, and make it equal. to 
EG; join GH; bisect GH 
by a pe dicular K O, cut- 
ting F roduced, in the 
int O; jom OG, and pro- 
uce it, then with O as a 
centre, and radius OF, de- 
scribe an are meeting O G pro- 
duced in L. With the centre 
G, and radius GE or GL, 
describe an are meeting the 
‘former are in L; then the ares FL and EL are those 
7 eee meeting each other at the point L in the line 
LO, passing through both their centres G and O, and 
also touching A B and C Din E and F, 


PROBLEM XXVI. 
To find a straight line nearly ae to the length of a given 
are (A BC). 


B 


Bisect the given are in 

B (Fig. 48), and draw the 

lines AB, AC; with the 

centre A, and radius AB, 

describe an are cutting 

A : m AC in D; make DE in 

a Er ae AC produced, equal to 

AD, divide C E into three equal and make EF 

equal to one of the parts ; then AF will be nearly equal 
to the arc ABO, 


PROBLEM XXVIL 
Fig. 49, To draw a straight line 
2 nearly equal to the semi- 
circumference of a given 
circle (A DBC). 

Draw the diameters AB 
and C D (Fig. 49) at right 
angles to each other ; pro- 
duce CD until DE is 
equal to three-fourths of 
DO; through C draw FG 
sage to AB; join EA, 
3 4 B, and produce them 

until they meet F G in F 
and G; then FG will be nearly equal to the semi-cir- 
cumference of the circle A D BC. 


PROBLEM XXVIII. 
To insoribe a circle in a given ee (ABC) that shall 
touch all its sides, (Euclid, Book IV., Prop. IV.) 


Fig. 48. 
B 


Produce A C (Fig. 50) both ways; with the centre A, 


and any radius, describe an are ea. AC produced in 
Fig. 50. 


and AB inE; 
also with the centre 
C, and the same 
radius, eee an 
are cutting ro- 
duced in F, oa 
BCinG; jon DE 
and FG, and draw 
through A and OC 
lines parallel to DE 
and FG — 

tively, and cutting each other in the point O ; then O is 
the centre of the required circle (the lines A O and OC 
will bisect the angles BAO and ACB, which might be 
done by Problem XII.) From per pebted 2 jn icular 
to AC; then with the centre O, and radius O H, describe 
a circle which will touch all the sides of the given tri- 


angle ABC. 
PROBLEM XXIX, 
To describe a circle about a given triangle (A B C). 
(Euclid, Book IV., Prop. V.) 
This Problem is simply to describe a circle passing 
through three given points, ABC, as given before in 
Problem XVI 


PROBLEM XXX. 


To drawa tee within or about a given circle (A C BD). 
(Euclid, Book IV., Props. VI. and VIL.) 

Draw through the centre O (Ng. 
> 651) any two diameters, A Band CD, 
at right angles to each other, meeting 
the circle in the points AC BD.~ To 
inscribe a square in the circle, join 
those four points; then ACBD is 
the square required ; and to describe: 
a square about the circle, draw tan- 
gents or lines parallel to the diame- 
ters at those four points, then EFHG 


is the square required. 
iven 
and ix.) 


Fig. 51. 


PROBLEM XXXtI. 
To circumscribe and inscribe circles to a 
(ABCD). (Euclid, Book IV., Props. VI 


Fig. 52. Draw the diagonals, A C, BD 
(Fig. 52), in ing in the 
A B point O, the centre of the re- 


uired circles. With the centre 
, and radius O A, describe a 
circle which will pass through 
A, B, C and D, and be cirewm- 
scribed about the given square 


SZ ABCD. From 0, draw OE 
: c perpendicular to DO; and 


y = again with the centre O, and 
radius O E, describe a circle which will touch all the four 
sides of the square, and be inscribed in the given square 


ABCD. 
PROBLEM XXXIL 
To, describe = pentagon on 0. geen straight A») 

(Euclid, Book IV., Props. XI. ant XII.) 

Fig. 53. ist MetHop.—Bisect A B in 
C (Fig. 53), and from B draw 
B a a ripen to AB, and 
equal to A C or BC; join AD 
and produce it ; with the centre 
D and radius DB describe a 
circle cutting AD acl gre | = 
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2xp Metuop.—Bisect AB in C (Fig. 54), and from B 
Fig. 54. 


draw BD perpendicular to AB, 
and equal to AC or BC; join 
AD and produce it; with the 
centre D, and radius DB, de- 
scribe a circle cutting A D pro- 
duced, in E; join BE, and 
with the centres A and B and 
radii, each equal to BE, describe 
ares intersecting in O, with 
which as a centre and radius 
OA or OB, describe a circle. 
With the centres A and B and 


Fig. 55. 


With the centies A and B (Fig. 56), and radii, each 
equal to A B, describe circles 
intersecting in O; with the 
centre O, and the same radius, 
describe another circle, cutting 
the two former wren as 
spectively ; join an yi 
ies them till they 
oe Re ie 
respectively ; join BC, CD, 
\ DE, EF, and FA; then 
Fears —"B ABCDEF is the hexagon 
required. From this it will be seen that the side of a 
hexagon is equal to the radius of the circumscribed circle; 
and by ‘merely finding the centre O as above, and setting 
off the length of the given line six times round the cir- 
cumference, the hexagon will be constructed. 


PROBLEM XXXIV. 
To describe a regular octagon on a given straight line (AB). 
With the centres Aand B (Fig. 57), and radii equal 


Fig. 57. 


to AB, describe circles inter- 
soa in K; with the centre 
K, and the same radius, describe 
acircle cutting the two former 
in L and M;; with the centres 
L and M, and still the same 
radius, describe arcs cutting the 
last circle in N and O; join AN 
\ and BO, by lines cutting the 
two first circles in P and Q, and 
 segpies them; join AQ and 
A P, and produce them till PG 
and QD are each equal to AB; and lastly, with the 
G D, and the same radii, equal to AB, 
describe circles cutting the two first circles in H and C, 
and the lines AN and BO ced, in F and E. 
Join BO, CD, DE, EF, FG, GH and HA; then 
ABODEFG H is the octagon required. 
2xp Meruop.—With the centres A and nt og 58 
Fig. 58. and radii, each equal to A 
describe circles cutting each 
other in K and ag pin 
and through A and B draw 
, AFand BE parallel to K 
cutting the circles in M an 
bf N; jom AN and BM, and 
: Senstiat to them through A 
~& and B draw AH and BC 
meeting the circles in H and 
. C; through H and C draw 
is HG end 0.1) parsliel 0% ts 
73 and meatus Pbooet A | 
uced in G an ; an 
ery ae through G and D draw 
GF and DE parallel to AD and BG, cutting AM and 
BN need in F and E; join FE; then ABCDEFGH 
is the octagon required. 


PROBLEM XXXYV. 


To describe a regular polygon (containing any number of 
given Pi sclepenlnmse sy ctevngn atic ry Aa (AB). 

With the centre B (Fig. 59), and radius A B, describe 

Fig. 59. 


a semicircle, meeting AB 
produced in H; divide the 
semicircleintoas many equal 
parts as in the pro 
polygon ; join B and the 
second point of division C ; 
bisect each of the sides AB 
and BC by perpendiculars 
intersecting in O ; then with 
the centre O, and radius 
OA, OB, or OC, describe 
a circle, bbe veg . 
thro the poi 
and C; this Tires will be 
that described rag to by re- 
uired pol ; and therefore, by setting o' as 
neny tina oe) uired round the circle thus formed, 
the polygon will be described. The example given in 
the is a nonagon, or nine-sided figure. 
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[THE ELLIPsE. 


CHAPTER X. 
ON THE CONSTRUCTION OF THE CONIC SECTIONS, 


Tue preceding propositions depend entirely on the pro- 
perties of stmight lines and the circle, and therefore 
admit of construction by rule and compasses. Now, 
beside the circle there are several curves which are used 
more or less, by draughtsmen ; these are for the most 
part drawn, when required, by determining accurately 
several points in them, which are then neatly joined by 
the hand. Of these curves the ellipse is the one oftenest 
needed, and is used, in fact, almost as much as the circle, 
in consequence of the sr ye representation of a 
circle being an ellipse. ides the ellipse, the hyperbola 
and parabola are often needed in the delineation of 
shadows. These three curves are generally called conic 
sections, for this reason—if a right cone is cut by a plane, 
the curve which bounds the section is one of these three, 
except in the special cases when the elliptic section de- 


generates into a circle, and the hyperbolic into two. 


straight lines. The object of the few following is 
to prove such properties of these curves as shall cable 


us to give rules for their construction. The complete 
investigation of their properties, which forms a distinct 
and very interesting branch of mathematics, is not here 
intended. 

Derinition 1—Let dD ig. Fig. 60. 
60) be a given fixed straight line, d 
called the directrix; S a given 
fixed point, called the focus ; P 
a movable point. Let Pd be 
rpendicular tothe givenstraight 
e, then if P move in such ap 
manner that S P bears a constant A Ss 
ratio to P d, it traces out one of the curves called conic 
sections. 

Derinition 2.—Suppose SP :Pd::e:1, then if e 
Z1, the curve is an ellipse; if e = 1, the curve is a 
parabola; if e 7 1, the curve is a hyperbola, (e=the 
eccentricity of the denoted curve). | 
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Let Dd, $ and Fig. 61. 
P (Fig. 61) be 
the same as 
in the fcrego- 4 
ing definitions ; 
wag 8 draw 

Aa perpen- 
dicular to Dd. 9 
Then if A and 


are points in the 
ellipse ; also the line Aa is the transverse diameter of 
major axis ; bisect Aa in ©, then C is the centre of the 
ellipse ; through C draw BC®é perpendicular to A a 
then B 4 is called to conjugate to the transverse diameter; 
or the minor axis ; take H, so that aH = AS, or so 
that CS = CH, then H and S are called the foci (sin- 
gular focus). 
q.) To show that in the ellipse CS =e, AS. 

We have already seen that AS =e. AD, also that 
Sa=e.aD .", a3-SA=e (aD—DA), and aH = AS, 
-. SH=e, Aa, or S8O=c, AC. Q. E. D. 

N.B.—+ is called the eccentricity of the ellipse. 


(2.) To show that SB = AO. 


Manifestly SB=e. DO=eAD+eAC=AS+58C0 
=#AC. Q.E. D. 
Oe gaara BC? =SB?-SC?=AC?-SC?=AC 


(3.) To show that S P=AC—e, ON, 

Manifestly, 

SP=e DN=e (Dce—CN)=e (DA+AC)-eON 
SDA TCA G+ Nek 8 f80r0 ON 
=AC-eCN, 

PN. ON 


(4.) To show that & pa + Gaz =) 


For S P?=S§ N?+ PN? (Eucl. I., 47). But SP=AC 
—e ON and SN=SC-ON.".(AC—e CN=(SC—CN)? 
+PN* and SC=e AO, 

“, AC?=2eA0, CN+eCN?= &AC-2e ACON 

+CN?+PN* 
. AC? (1—e2)=C N? (1—e*) + PN*% 
“ CN%(1—e?) PN? : 
By ee ) " 
ACI—) tac a—a) Now AM (1-2) = ORs 
: CN? , PN? 
“l=catpa 
- PN? , CN? 
“poataa-) Q. E.D. 
Cor.—With centre C and radius C A, describe a circle 
Apa ; produce N P to meet the circumference in p ; join 
Cp, which is plainly equal to A C. 
Now pN? + CN? = Cp? = C A, 
HPN. CN 
“oatca = 
=, PNt_pNt 

** CB? CA? 

Or, PN: pN:: CB: CA. 

This result, and the previous one, we shall have 
occasion to use in the article on Mensuration in a 
future chapter. 

(5.) To show tht HP = AC+eON. 

For H P?=P N?+ N H?=P N?-+ (CN+ CS)=P N? 
+(CN+eCA)? BS 

Now from art. 4, PN?=CB*-G 4a CN? = (1 — e? 
CO A?—(1L—e*) CN* 

., H P?= 0 A2—e? 0 A?—C N24 e? CN? 4+C N?42 
eCA,ON+eCA% 

=CA?+2eCA,ON+eC A*=(CA +e CN) 

., HP=CA+e ON. 


Cor. — Hence, SP + HP=CA-eON+C0A+- 


ON SP-LPH = the major axia of the Bi 

r, = the major axis of the Ellipse. 

On this property of the Ellipse the first and third 
practical methods of construction depend. 


Ge EFGH (Fig. 62) be a rectangular parallelogram, 
and 


and A B are the lines joining the bisections of the 
Fig. 62. sides, di- 
D 


rts, 
m ' a OB inte N, 


F. 


E HM whi 
vided, join and Cp, and produce it to meet Dp, in P; 
then Bis Dai be in @ Ellipse, whose major and’ minor 
axes are AB and OD. 

Fey, Ronee ee ae and .*. perpendicular 
to AB, 
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Now, Op,=2 0B. and Gp, =D. 
OD-PN_OD-p,B_ Gp 
LOE AGE FT OE ae 
Again, draw PM perpendicular DO. Then 
Op, MP ON _ p OB 
0c MC * 0C-+0M = n’ 00" 
OD+PN _ op. 
ON p OB 
OD— PN 
But we have already seen that —,> ~—— = nm OB 
_ OD?— PN? OD? 
ON? ~*~ OB? 
. PN? ON? 
*- op? + opr = + 
Hence by article (4), P is a point in an ellipse, whose 


major and minor axes are O B and OD ively. 
this principle the second ical method is 
founded. 


i] 


£, OD 
’. 


B, 


7 


Now OC = OD .*. 


D (Fig 63) are two lines at right angles 
Fig. 63. 


; 


: 


epee 


= 
bass 


As 
<i 
Exe 
i 


PN 
Bop TGA an — em L Since b0ais 
a right 


angle. 
Se a te Be Ce apenas tie 


This is the principle of the trammel described in the 

fourth ical method. 

To describe an Ellipse, the transverse (A B) and conjugate 
* (CD) diameters being given. 

ist Mernop.—Draw A B and C D, bisecting each 

other at right in the centre O (Fig. 64); with 

the centre D or Fig. 64. 

and radius OA or D 

OB, describe arcs 

wi 

will bo the foci of FP tb r\, 

the ellipse ; = Be 4 

any other point 

in’ the Sod 

diameter A B, and 

with the centres F, c 

¥’ and radii equal to A P and P B, respectively, describe. 

ares ing in the point E, which will be a point 


AE, AF and 
BH, BG into » 
pc ea oe! of D 
equal parts (sa: 
$+ sho divide . 
AO and OB 
into the same 
Ag 
2 
4 


number of equal 
parts; join D 
and the points 
of division in 


" i 
alsoC and those & - bi 
in AE, and BH. Again, from D draw lines through 
the points of division in A O and OB, in i the 
lines drawn from O to the points in A E and BH; and 
in the same manner from C draw lines through the 
points of division in A O and OB, in ing the lines 
drawn from D to the points in AF and BG; the in- 


YY 


stretched, and com- c 
mencing at one end (D) of the conjugate diameter, the 
thread being in the position F DF (as shown in dotted 


lines), move the pencil-point round, keeping the thread 
always stretched until te point again meets at D; the 
ellipse will be drawn. 

4ru Metuop.—An instrument called a trammel is 
sometimes used for describing an ellipse, and is generally 
formed of eee of wood fixed at right angles to 
each other, having a ve running through the 
centre of each, the groove being made a little wider at 
the bottom than at the top, in order to keep the guides 
b, c, (Fig. 67), attached to the bar, in the groove ; 
the bar, abe, should have a pencil fixed at the end a, 
the two 


ides, b and c, being movable or sliding al 
ut when set ready for use, secured ea | 


b: 
proper positions. The method ob i 
as follo ee 
Fig. 67. 
D 


screws in the 


the trammel is WSs i— 


given diameters 
oy and am 
the ellipse (as in 
the figure) ; the 


the yo 
2nd. e the : 
distance from the pencil at a to the first sliding-guide at 
b equal te half the conjugate diameter, (or ab equal to 
OD or OC ; and from the same point a to the second 
sliding-guide at c equal to half the transverse diameter 
(or ac equal to O A or O B). 
3rd. Move the end a round, commencing at the point 
D, allowing the guides to move freely in the grooves, 
and the pencil will be found to describe the ellipse 
uired. 
he ovat, although not an ellipse, so nearly resembles 
it, that very yeas Pay the simplicity of drawi 
an oval, it is in place of an ellipse. It is formed 
parts of circles by the following methods :— , 
1 
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(THE PARABOLA, 


ist Mernov.—Divide any line AB (Fig. 68) repre- 
Fig. 68. 


senti the trans- 

ser oats oe 
three y 
the ‘Die CD. 
With the centres 0 
and D and the equal 
radii CA and DB, 
describe two circles. 
At the points E and 
F, where they in- 


tersect, as centres, 
and the equal radii 
AD or BO, de- 


scribe parts of other two circles joining the circum- 
ferences of the two first circles (the exact points of junc- 
tion of the two circles may be got by joining the centres of 
both circles, as shown by the dotted lines), which will com- 
plete the oval required. : 
2npv Meruop.—It is often required to draw a flat or 
Fig. 69. long-shaped oval, in 
which case divide 
the line AB (Fig. 
69) into four equal 


~ the points 
, D, G, and with 
the centres O and 


G and radii vy 
to CA and GB, 
describe two cir- 

MN cles ; also with the 
same centres and 

radii equal to any 

< two parts of the 
line AB, such as 

: AD, describe ares 

intersecting at E and F, with which, as centres and 
radii equal to three parts, of A B, such as AG, describe 
portions of other two circles joining the circumferences 
of the first circles, which will complete the oval 


uired. : 

a Mernop.—T'o draw an egg-shaped oval. 
Bisect the diameter A B in Fig. 70. 
the point D (Fig. 70), with 5 
which, as a centre, and DA 
or DB as a radius, describe 
a circle cutting the diameter 
EF in the point G: with 
the centres and B and 
radii equal to AB describe 
two ares, AH and BH’; 
join AG and BG, and pro- 
duce them until they cut 
the ares AH and BH’ in 
the points H and H’, and 
with the centre G and radius 
GH, describe a part of a 
circle touching the two latter 
drawn arcs, which will com- 

plete the oval. . 
THE PARABO’ 


LA. 

(1.) To show that PN? = 4A 8, AN. 
Let Dd (Fig. 71) be the directrix, 8 the focus; draw 
DAN perpendicular to Dd Fig. 71. 
through S ; this line is called > 
the axis of the bola. “ 
Draw PN perpendicular to gy P 
DN, and Pd perpendicular 
to PN. Now SP = Pa. 
Hence eee F| 
point in the parabola, and is A 
called its vertex. 
ig gag Mais 
a eee 


Also P §? = PN? + SN? 
= PN? the Aer ”. (AS + AN) =PN + 


(AN - 
”, PN'=4A8, AN, 


a? 
i 


Ps 


P 


Cor. (1.) Hence AS, is a third proportional to AN, 

“Con, ( Y Also iB be ste and P, N : 

R. (2. i an i be 

el to PN, we have PON,? : Nest AN 
:4A8,AN::AN, : AN, 

N.B.—If P, N, bound the curve it is sometimes 
called the base, and AN, the height of the curve. 
Also it is plain that if PN be produced, so that pN = 
a os seitagiate mip al Nae therefore p oor 
in the parabola; which is therefore symmetrical about 
AD) It ABOT Ge 7a) bean ordinate, Sa 

: i an. a if 
DE end OB skeacke : nap. 
divided into m ‘equal , Pe 
parts, and let Dp, = p 
of the equal parts into 
which CD is divided, 
and Bp, = p of the 4 iy 
pe SS 
is divided; join 
meeting p parallel 
to AB) in P; then P 4! ls 
is a point in the para- ss 
bole whith hes Soe is bus 28 Sore eee 

or, Ww dicular to AB, and 
parallel to PN. sec : rere 


Now, Bp, =?..CB., An, = 21 = 
? 2 My ’ 1 My ABand PN B pg. 


PN _ 7p, % _ CBn, 
AN An, ABp, 


Py 
And PN =*" CB. 
nm 


Pe 


Also, 


.. PN?: CB?:: AN: AB. 

.". Pisa point in the specified parabola by corollary 
to last neh The second of the following practical 
methods is founded on the above principles. e first and 
third depend entirely on the definition of the parabola. 


To describe a parabola, any absciss (that is, a portion of, as 
C1 C2, &c.) of the axis and the corresponding ordinate 
being given; or, the half width of the base (AD or 
DB), and the height of the curve (C D) being given. 
1st Mernop.—Bisect DB (Fig. 73) in the point E; 

join CE, and from E draw EF perpendicular to 0 E, 

and meeting C D pro- Fig. 73. 

duced in ; make 0 

COin DC produced 

and CF, each equal 

to DF, F, will be rc 

the focus of the re r 
uired para e 

oe number of points, 

1, 2, 3, 4 (&c.), in 

CD; through them 

draw double ordi- 

nates, or lines per- 
ndicular to the axis 
D; then with the ¥ 

centre F,, and radii OF,, O1, 02, 03, O4 (O de.), 

describe arcs cutting the ordinates; the curve drawn 

through the points of intersection will be the parabola 


uired. ’ : 
os Mernov.—A B (Fig. 74) being the width at the 


base, andC D theheight Fig. 74. 
of the ones; as na ‘ 7 c 
construct the elo- ray 
m ABER, divide |—}~JZ” moat 


A, DB and AF, BE + I N 
respectively into the 2 2 
same number of — iY 
parts in the points 
3, 4; from the points 
of division in AF A’ 2 3 DS 27 B 
and B E draw lines pe Pee and from the 
points of division in DA D B draw lines perpen- 
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dicular to A B, or parallel to CD, cutting the former 
lines; then the curve drawn through the points of in- 
tersection will be the parabola required. 
3np Mernop.—Place a ruler GH (Fig. 75), at any 
convenient distance from -C, parallel to the base A B, 
Fig. 75. 


cL 0 ja 


and take a piece of wood (called a square or set square), 
made in the form of a right-angled triangle I O K, Placing 
the base IO inst the ruler, and the other edge O 
to coincide with the line CD; having found the focus 
F (as in nee mets), fasten one en A a string at . 
place a pencil at the point C, in e string roun 
iy ate nslna.the sicing back to , fasten it to the 
end or point of the triangle ; move the triangle or square 
along the ruler, keeping the pencil always i e 
edge of the square (as at E), and with the string stretched 
the pencil will describe one-half of the curve. By re- 
versing bec and proceeding in a similar manner, 
the other may be drawn, and the parabola required 
completed. 

THE HYPERBOLA, 


If the reasoning employed in the case of the ellipse be 
carefully gone over, attending only to the difference 
that will sesalt from the cireamatance that ¢7 1, the 
ee ree) ata tees toe Showing expressions 
will be found to hold good of the hyperbola, which are 
entirely analogous to the corresponding expressions in 
the case of the ellipse. 

) SC=eAC. 

3 BC must be so taken that B C? = CS*—C A?= 
(e? —1) CA®. 

3.) SP=e.CN—AG. 

ay ENON 

CB? CA? 
3 HP=eCN+A0O, 
6.) HP—SP=2A0C. 
; Fig. 76. 
B 


at 
Tt is on this (6th that the following practical 
PR sta erg Atco or gad Fé : 
The terms major axis, transverse axis, &c., in the 
eo ee 
e ellipse. 
To describe a hyperbola, the transverse (A B) and conjugate 
(C D) axes being given. 
a oe 77), at one end of the transverse 
axis A Pope! G Fig. 77 
parallel to the conju an 
pe OD, anid make GH 
equal to CD ; with the 
centre E and radius, 
equal to EH, describe 
a circle cutting A B, 
produced both ways, in 
the points F and f, which 
will be the foci of 
posite h eee e 
num 
12 3, 4 (&e.), aw) 
uced, and with the * 
centres F and f, and 
radii Bl, B2, B3, B4, 
(B &e.), and Al, A2, 


Through A (Fig. 78) draw AD ee and equal to 
BC, join CD and Finis it indefinitely, take P any 


point in the curve, draw pP N, Fig. 78. 
meeting CD producedinp, Then ; 
ee DK DN 
CA CN 
+ pN? CN?_o 
Oe" Cas 
2 CN2 
But (4) CB? CA 1 
pN?—PN?* 
r subtracting -— 3 1 7 
-'. (P(N — PN) (pN + PN) = OB? 
: ihead a eee 
7 SP“pN+PN 


Now it is plain that PN and pN increase as P is far- 
ther from A, or N from A, and therefore, the farther P 
is from the vertex the nearer it approaches C D produced. 
CD is called an asymptote—after a short distance the 
curve sensibly coincides with the asymptote. Hence, if 
in the practical construction above given E H be pro- 
duced, it will serve as a guide to the curve, which can be 
drawn very accurately after a very few points have been 


determined by the construction. 
THE CYCLOID. 
Besides the conic sections, which we have briefly dis- 
cussed above, there are several curves ing curious 


poe rh ike Bee Amongst the chief of these is the 
eycloid. construction of this curve is sometimes 
useful to the artist. The following will suffice to explain 
the nature of the curve, and method of its con- 


struction. 

The cycloid is a curve formed by a point in the 
circumference of a circle (called the generating circle), 
revolving on a straight or level line; it may be best 
aavectbo as the curve traced out by a point in the wheel 
of a carriage when in motion along a level road. When 
the generating circle revolves round another circle, the 
curve described by a point in the circle is then called an 
a and is constructed in a similar manner to the 
cyclo 


To describe a cycloid, the diameter or width at the base 
(AB), and height (CD), of the ewrve being given. 

The most common method of describing the cycloid is 
by peeing: a ruler along the line AB, and taking a 
circle, such as a shilling, &c., according to the size or 
height of the curve required, and having fixed a point in 
that circle, to move it slowly a the ruler, markin 
different points in the curve, or by keeping a pencil fix 
at the point chosen, and thus describing the curve. 
This, however, is liable to error, as the circle used very 
often slips, and cannot then revolve accurately ; by con- 
struction, however, the curve may be correctly formed 
thus :-— 

Let ACB (Fig. 79) represent the curve in question, 


AB its base, OD its height. Bisect OD in 0, and 
Fig. 79, 
P 
4 
E ba Y 
2 }% ) io 
. Na Na D B 


through O draw EF parallel to AB; with centre O and 
radius OC describe a circle, and*divide the circumference 
into any number of equal parts, as Cp,, Cpg,..- jom 
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walk divide AD into the same number | and so on for any number of points, which, being 
Pee aria BN DN, ..-.and draw O, N, 0, N joined caretaliy wih gies the curve in question. 
ob; with centre O, and radius CD|° We thus conclude our treatise on Practical Geometry, 


sxe peveliel SS 

describe a circle, and with centre N, and radius Dp, 
describe an are cutting the circle in the point P. This 
is a point in the curve, similarly with the centre O, and 
radius CD. Another circle may be described and inter- 
sected by the arc of a circle described with centre N, 
and radius Dp,, and thus another point be determined ; 


It has been our endeavour to confine it in extent to |. 

that which it is absolutely necessary the scientific 

draughtsman should be familiar with; and in the 

foregoing pages will be found all that is required for 

ahangee purposes—no really essential propositions 
ing omitted, 


CHAPTER XI. 
PLANE TRIGONOMETRY. 


1. On representing Lines and Angles by Numbers. 

Iv we have a line of any we can represent it 
numerically by the number of times it contains a given 
line, which we take to represent unity. Thus, if we 
take a line a foot long to be the unit of length, a line 
seven feet long can be represented by 7. Of course, the 
same holds good of any other line. And so when we 
mpek of 0 Sime & 5, or whatever the number may be, we 
mean that the line in question contains 8 or 5 of the 
given unit, as 8 feet, or 5 feet. And of course, if we 
can represent lines by numbers, we can generalise the 
numbers by letters, and thus we can represent lines by 
algebraical symbols; so that abc, xyz, &c., may be 
understood to represent lines. In the same manner as 
before, if we of a line a, we mean a line contain- 
ing as many units of length (¢.g., feet) as a contains 
units of number. 

angles by 


On the same arent we ag vy, 240" 
numbers or by letters. This is done by dividing the 
ight angle into 90 equal each of which is called 
a degree, and dividing the degree into 60 equal 
each called a minute, and the minute into 60 eq 
parts, each called a second. An angle is then expressed 
as being so many degrees, with odd minutes and seconds, 
¢. g-,36 degrees, 57 minutes, 31 seconds (which is usually 
written 36° 57’ 31”), in the same manner as a line is 
i Sh ee with odd feet and inches. 

course, as we can thus represent angles by num- 
bers, we may also represent them ue letters, and may 
have angles ABC; where the angle A (for sory 
means the angle contains as many degrees 
parts of a degree as A contains units and parts of a 
unit. It is usual to-denote angles either by Roman 
capital letters, ABC; or else by Greek small letters, 
a, 8, 7... 9,9, Y... while generally the small Roman 
abe denote lines. This is, of course, only a conven- 
tional arrangement. 

In the same manner as we may measure lines either 
by feet or yards, or miles, so we might take, as the 
unit of angular measure, any other part of the right 
angle than the j,th; and, in fact, at the end of last 
century, when the decimal notation was introduced into 
France, it was proposed by certain French mathemati- 
cians, to make the degree the ,}jth part of the right 
angle. The proposition was at no time extensively 
accepted, and is now quite abandoned, 


2. Definition of the Science of Trigonometry. 

We are thus enabled to express lines and angles by 
numbers; and this is the first step towards i 
calculations in which lines and angles are the data. 
However, before these calculations can be performed, it 
is necessary that the relations which exist between 
~ vig lines and angles should be investigated. It is 
‘ands peated the science of Trigonometry to make these 

vi ons. 

The object of the science perhaps, be more 
clearly stated, if we limit the definition so as to make 
it correspond more closely to its derivational meaning, 
Kiet taocntiont science of Trigonometry has for 

ect the investigation of the relations which exist between 


a 


the sides and angles of tri and the ical ex- 
i faite 2 of triangles algebraical 
The immediate application of the science is to the 
Fig. 1. 


A 


. “© of the side BC. 

The science has, however, very many other uses be- 
sides the one from which its name is taken—viz., the 
measurement of triangles. 


3. The Circular Measure of an Angle. 


The measures above given, enable us to compare 
arithmetically one ight line with another, and one 
angle with another. But it is to be observed, that an 
angle and a line are heterogeneous magnitudes ; and 
therefore, if we would perform algebraical operations 
into which lines and angles enter, we must devise some 
plan of measuring angles that shall express them by 
means of lines, or of the ratios of lines, 

In fact, when we s of an angle (of 57° suppose) it 
tells us what the angle is, but does not at once give us the 
means of comparing that angle with given lines. 

The measure of the angle adopted for the purpose of 
such calculations, is called the circular measure. 

It is founded on the two well-known geometrical pro- 
positions. 

(a) That in circles of the same radius, the angle is 
proportional to the arch Fig. 2. ; 
which subtends it. 8 

(b) And that for the 
same angle, in circles of 
ditferent radii, the arc 
varies as the radius, 

If a = the are BO, 

@=the angle BA 0, 
subtended by the are BO, 
r=theradiusAC. ~ is 
we may express these propositions by the two variations 
aw@ when r is constant. 
aar when @ is constant. 
»’.@ 70 when both vary. 


“Ons 
or the angle is measured by the ratio of the arc to the 
radius. 


If we take the unit of angle to be the angle which is 
ee ee length as the radius, 


Om. 
r 
Tn this case, the angle measured by the ratio of 
two lin 2 en eae te culation in which we are 
dealing with lines. 


N.B.—We can easily find the number of degrees in 
the angle which is the unit of circular measure. 


SINES, COSINES, ETO.] 


Let x = the number of degrees required. Then x is 
subtended by an arc of the at, ke the radius = r. 

Now an angle of 180° is subtended by a semicircle ; 
i.¢., by an arc = 7 r, where 7 = 3:14159. 


sp akan a oF 
“"180° rr ot 


4. The Definitions of the Trigonometrical Lines and 
It is, however, generally sg aoe aba cag and 4 GA 
+ purposes necessary, to determine an e 

ak or by the ratio of an are to its radius, but by 
certain pee 4p lines, or by the ratio of certain straight 
lines to other. These lines, or, as they are now 
more commonly ed, these ratios, are called 4 
spectively the sine, tangent, secant, cosine, cotangen 
or cosecant of the angle. e proceed to define these 


terms. 
Let AOB be an angleO A. DrawOC dicular 
Fig. 3. to A, and 
c y With the centre 
O and any ra- 


i 


° s At, Cu, perpen- 
A, OC. Then Bn is defined to be the sine 
of the angle A'O B, to the radius O A. 
‘At is defined as the tangent of A OB. 


OC ; . secant of AOB. 
An . . versed sine of AOB. 
Hence, also Bm (or On) is the sine of BOC. 
Cu . . tangent of BOC. 
Ou . ° secant of BOC, 
Now BOC is 90° — A. 
I hola 
cosecan’ vi 
respectively 
Bn= sine A 
gn fier gr ty 
# = tan. A 
Cibpcachen A to the radius O A. 
Ot = sec. A 
Ou = cosec. A 


_ To this method there is the obvious objection that the 
sines, &c., of a given angle have different values, accord- 
ing as they are referred to different radii; accordingly, 
instead of defining the sines, é&c., as lines, it is, as above 
stated, now more usual to define them as ratios ; b 
which means all consideration of the radius to which 
the sines are referred is avoided. ‘According to this 
method the definitions are given as follow :— 

ae any right-angled triangle having the right angle 


Fig. 4. © 


But because A = 90 —B 
ae ae cosine A. 
e tangent cotangent of A, 
The secant of A is the cosecant of A. 
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. BC é AC 
Hence— Sine A= AB Cosine A = AB 
BC AC 
Tan. A= AG Cotan. A = BG 
AB AB 
Sec. A= ya Cose. A= ye 


N.B.—The angle which with another makes up 90° is 
called the complement of that angle. Hence B is the 
complement of A; and the cosine, cotangent, and 
cosecant of an e are evidently the sine, tangent, and 
secant of its complement. 

It is plain (Euc. VI. 4) that the values of these ratios 
depend solely on the e, and are quite independent 
of the magnitude of the sides of the les, If, then, 
we can by any means calculate the value of these ratios, 
which correspond to any angle, these values can be 
arranged in a table; and it is plain that, having such 
tables, if we have given any one of the ratios defined 
above, we know the angle; and vice versd, if we have 
the angle given, we know the ratio. 

Such tables have been calculated on principles to be 
hereafter explained ;—for our present purpose it is suf- 
ficient for us distinctly to ca atta) that if we have 
given to us the numerical value of any one of the ratios, 
we know the angle that corresponds to it, and vice versa. 


5. On the relations existing between the Trigonometric 


Ratios of the same Angle. 
Let ABC be a right-angled triangle, 
A any given angle, 
C the right angle. 
Then AC+BC*=AB? (Eucl. 47, Book I.) 
"* AB °" AB 
-*. cos. 7A-+ sin. “A =1.,.. (1). 
Again tan. A= 7G 
cotan. A= pu 
-’. tan. A, cotan. BA=1..... (2). 
Again, BO 
BC AB 
a. 470" 10 
AB 
. in. A 
Stam, Am Sees.) 
3 ABI 
Again, net 8 3e ae 
a5 
Lig eae 
ee cos, A 
In the same manner it may be easily proved that 
cos, A 
Cotan, A= ++ +++ (6). 
1 
Cosec. A=Factr: ©. 
Sec. A 
Tosea. Am *82- A «+s (7). 


It is of very great importance that the student be 
familiar with the relations we have just established, 
He will therefore do well to perform the following exer- 


c1ses :-— 
Show that 
(1). sin. A= /1—cos2A. 
= SF Fao 
(2). tan, A= V¥— a —L 
(3). tan. A cosec. A = sec. A, 
1 


Be tees tok soles hee oe 
(6). coseo, A—sin. A=cos, A cotan. A. 
ic ae Ban ha 

* “sin. 2A” 1=cos. £ 


. 
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1 stand for a line of the same le measured in the 
OD args tt oon site direction. "In other words, the magnitude of the 
: ; ; ine is determined by the num) units in a, whi 
®). a mn Bay = Mod " aot sig ag x4 direction is determined by its — peste 
There are two or three angles, the numerical values of It Se ee ee t+ a signifies a line 
the trigonometrical ratios of which can be easily deter- Ohad AB pel per tice | Fig. & ; 
mined. These angles are 45°, 60°, and 30°. a ignites @ line ieanence 40% z —3 


6. To find the Trigonometrical Ratios of an Angle of 45°. 


C, a right-an jangle. C the right angle. 
te inate mis0=5O 
Now, AC?+ BC?= AB* (Eucl. I. 47). 
.. 2AC=AB*, Fig. 5. 


or2.BC? = AB* 5 
. BO_1. 
canig?- 2 
o B = 
oo AB. 
sec. 45° = 7G 3g 


and cosin. 45° = sin. (90 —45) = sin, 45°, 
cos. 45°= —— 


Similarly, cot. 45°— 1, 
cosec. 45°= ,/ 2, 


7. To find the Trigonometrical Ratios of an Angle of 60°. 

ABC, an equilateral triangle. The angle ABC is 
one of 60°. Draw AD perpendicular to BC. Now 
ty 3. BO=3. AB and AD*=AB?—B D?=#, 
AB* 


Fig. 6. 


. 3, 
: “AD = AB. 


Since 30°= 90°— 60° 
we shall have sin. 30°= cos. 60°= 4, 
“ee 1 2 

And similarly tan. 30°= —— sec, 30°= —*_ 
y V3 a * 

Cotan. 30°= ./3. 

Cosec. 60° = 3. 

8. Generalisation and Extension of the Principles and 
Definitions previously laid down. 

The definitions above given hold good for angles that 
are less than ninety degrees ; the definition, both of an 
angle and of the ratios which determine it, admit of and 

uire extension ; the nature of which extension and the 
—— on which it is made we will now proceed to 
explain. 


9. The use of the Negative Sign to denote position. 


Let AB be a line, the Fig. 7. 
Jength of which isa, Let , : Z 
B be aiHind, fies length of : 
which is b. en it is plain that ACisa—b. This 


distance, AO, is arrived at by measuring a distance (a) 
to the right from A, and then measuring another dis- 
tance (b) to the left from B, the +a and the—b being 
measured in opposite directions. 

It appears, therefore, that when a stands for a line 
measured from a given point in one direction, —a will 


the left of the fixed point, as AB’. 
10. Extension of the Definition of an Angle. 
We now proceed to extend the definition of an angle. 
An angle, as defined by Euclid—i-e., as the inclination 
of one line to another—must be less than two right 
angles, But if we ei ae an angle as the swept 
out by a right line revolving in one plane, about a fixed 
point in a given straight line, we clearly remove the limit 
a by Euclid’s definition on the magnitude of the 
angle. 
usif A be the fixed point Fig. 9 
in the fixed line A B, A P the P 


movable line, let the angle yore 


B AP, according to Euclid’s 
definition, be A. 
Now it is plain that in one 
through £ re! 


revolution : 

an le to four right 

te 300°. Moreover, A P will always come to its 
pom position after one, two, or any number of revo- 
utions ; and therefore, according to our extended defi- 
nition, B A P may be either A or 360° + A, or 2 x 360° 
+ A, or, generally, 360°n + A, where n is any integer. 


11. Negative Angles. 

In the same manner as we have shown that +a and 
—a mean Camel lines measured in a contrary direction, 
so + A and — 

A will mean 
angles measured 
in con di- 
rections, us, 
ABandA Phave 
the same mean- B 
ing as_ before, 
Let A P’ be so 
placed P’AB 
= PAB; then 
if PAB = 

PAB RAT — 

It is plain that if A P’ comes into the position AP, it 
must revolve through an angular space of — 360° + A, 
as denoted by the portion of a dotted circle in figure, or 
through a certain number of total revolutions besides — 
360° +A. Hence BAP may also be represented by — 
360° + A, — 360° x 2+ A, or generally by — 360° x n 
+ A, where n is any positive integer. 

Hence we conclude that if A be any geometrical angle, 
its most general SE S00" gre will be 

nx 
where n is any positive or negative integer whatever. 


12. Extension of Definitions of Trigonometrical Ratios. 
Fig. 11. We now pro- 

—_ to consider 

e trigonometri- 

cal ratios of angles 
greater than a 

P right angle. We 
shall, in the first 
instance, confine 
our attention to 
the sines and co- 
sines of les, 
less than four 


5 J Se Tare 


Fig. 10. 


N/’ 


ve al- 
ready explained 
that 
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PN Sin. 315° = sin. (360° — 45°) =— sin. 45° =— 
Sin. BAP=75 If we consider on of Pad itl of an cae 2A 
AN being an angle, <90°. 
Cos. BAP = 5 sin. (180°—A) + sin. A 


Now as A N is measured along AB to the right, AN 
is positive. And if we reckon lines measured upward, 
from A towards C positive, it is plain that PN, being 
measured parallel to that direction, is positive. 

The signs of the sine and cosine of an angle less than 
ninety degrees are then, by this way of reckoning the 
igns of the measurements, positive, as they should be. 

mili anapakdne tat mage BA. , it is clear that P, 
N’ stands in the same relation to BAP, that P N does to 
BAP. 


Cos. BAP, = AX 
pit is plain that P, N’ is positive, and A N’ is negative. 


ence 

The sine of an angle 7 90° / 180° is positive, and the 
cosine of an angle 7 90° 7 180° is negative. 

In like manner, if B A P, be the angle subtended by 
the circumference B P, P. 


1“ 2) 


AP. 
¢ 2 ; 

Now P, N’ is negative, and A N’ is negative. Hence 
the sine of an angle 7 180° / 270° is negative, and the 
cosine of an le 7 180° 7 270° is negative. In like 
manner if P, A B signify the angle subtended by the cir- 
cumference } P, P, P,, 

he, 7 270° but 7 360°. 


PLN 
neg ipa s 
Cos. BAP, = “ae 


Fy A 3 ays 

And P, N is negative, and AN is positive. Hence, 
sine of an angle 7270° 7 360° is negative : and the cosine 
of an angle 7270° 7 360° is positive. These four angles 
which we have considered are said to be in the first, 
second, third, and fourth quadrants respectively. 

By means of the above, if we have given the signs both 
of sine and cosine of an angle, we can tell in what quad- 
rant it must lie. 
eed ee Pee Cee le in 

second quadrant ; i.e., must be greater than 
less than 180°, , 


13. To express the Trigonometrical Ratios of any angle 
in terms of those of an angle less than 90°. ™ 
Again, the trigonometrical ratios of any angle can be 
e by means of the ratios of an My lees than 90°. 
or if, in the same figure, BAP, B’AP,, B’A Py, 
A lage Senge png ort 
are in e; as 
also areANand AN,’ ; 
If then we take account both of sign and magnitude, 
é De Neth 2, Rae 
core he tek Sei 9 thant ' embae BAP. 
ie sin. (180° — A) = sin. A. 
Sin. BAP, = F2N'_ EN _ sin. BAP. 


For exam we have seen that cos. 60° = }. 
, Con 1208 coe. (180° Oe cos. 60 = — } 
Similarly— 


Tan. (180°— A) = 357897 =A) — cos A= ~ tm A. 
sin. (180° + A) 


Tan. (180° +A) =r as +4) = we. A tan. A. 
Tan. (360°—A) =—— 0 coe p= tan. AL 


In the same manner we may expzess the other tri 
nometrical ratios of angles greater than 90° by means of 
those angles less than 90. 

It is to be observed, that if we suppose AP to make 
one complete revolution from AP, it returns to its 
eps position. So that AN and NP are the same 

Ly eae and direction for the angle 360° + A 
as for 

The same is true of anynumber of complete revolutions. 

Hence, if f denote any trigonometrical ratio whatever, 

_ f (n 360°-+-A) = f(A), 
where n is any positive integer whatever. Thus, 
Sin. (n 360° + A) = sin. (A 
Cos. (n 360° + A) = cos. (A 

And so on. 

There are a great variety of relation similar to those 
above deduced. The following are worth notice :— 

Mb ay before stated that if BA P=A, then P, AB 

oT opie NP; 
-. sin. (— A) =sin. BAP, =P, 


This result can be arriv: 
previously proved. 

We have seen that under all circumstances 

f (n.360° + A) = f(A). 

., sin. (360°—A) = sin. (— A). 

But we have also seen that 

sin. (360°—A) = — sin. A; 

«. sin. (—A) = — sin. A 


14, On the Magnitudes of the Trigonometrical Functions 
of Angles, 0°, 90°, 180°, 270°. . ‘ 

The definition of sine BA P tells us that 

. PN 
sin. A — AP" 

jgrs) AP coincide with AB, A=0 and PN=0, 
.. sin. 0°=0. 

If A P revolve round A, P N increases until A P coin- 
cides with AC, when A=90°, and PN=A P. 

.. sin, 90°=1, 

After which, as AP revolves towards AB’, PN 
decreases until at AB coincides with A B1, when PN 
=0, A=180°, and therefore 

Sin. 180°=0. 

As AP revolves from A B’ towards A O, P N increases 
negatively until A P coincides with AO, when A=270° 
and PN=—AP, 

-*. sin. 270°= —1. 
As A P revolves from A O’ towards its original position 


AB, PN decreases negatively, until when A P coincides 
with A B, we have A=360°, and P N vanishes. 


. sin. 360°=0. 
pe ee eee Eee ee 
Cos. A= AP’ 
Now when A=O AN=AP.’. cos. 0° =1 
A=90° AN=0 _.*. cos. 90° =0. 
A=180° AN=—AP cos. 180°= —1, 
A=270° AN=0 cos. 270°=0. 


A=360 AN=AP cos. 360°=1. 
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~ sin. A an Sin. 77 
Now tan. A cos. A . tan. 270° con 20 _ er 
‘ sin. sin. 
tan. 90° = =. ae If we apply similar to the various trigono- 
cos, 0 ~ 0 metric functions to that employed in discussing the 
tan. 180° = %2-_180°_ 9 _ 9 variations of the sine of A, we obtain results which may 
cos. 180° 1 be arranged in a tabular form, as follows :-— 
QUADRANT. 
0° | 290° | 90° | 2180°|180°| 2270°| 270° |7360°| 360° 
Line. 70 7 90°| (7 180° 7H 
Ges . ww ee ON ea | eae 
Cosine . + ete 1 + | 0 — ll] — 0 + 1 
Tangent aes 0 + o|— Oo; + a _ 0 
Cotangent . . . | w t 0.) — Tse a Sa ae cae 
Secant . is en 1 a} — |-1l}] — a” a 1 
Cosecant NP d, be a] + {2 + |[o] — |-1 —lu 
The student will do well to verify carefully all the | These may be included in one formula, as follows :— 


results given in this table ; he will also observe that the 
trigonometrical ratios illustrate the principle that if a 
function of a variable changes its sign, it must pass 
through the values of either zero (.0) or infinity (~). 

As the values of the ratios are continuous, the ratios 
increase gradually to their greatest value, and then de- 
crease to their least. Thus, to take the case of the sine 
of an angle, which we call 0. 

Sine @ increases from 0, when 0 = 0° up to 1, when 
@=90°. It then decreases to 0, when 0 = 180°; after 
which it still further decreases till it equals — 1, when 
6 = 270°, and finally increases up to 0, when @ = 360°. 
15. To determine all the angles which have the same sine, 

or cosine, 4 

There is another class of questions presented to us by 
this extension of our definition of an angle, viz., having 
given a trigonometrical ratio of an angle, to find all the 
angles corresponding to it. 

For example, tan. 0 = p. 

Now, if we did not reckon any angles but those less 
than 180°, as is the case in geometry, we could only have 
one value of @ corresponding to a given value of tan. 0. 


si « Sm this value = a, 
en, if we take the trigonometrical or generalised 
conception of an angle, we shall have ano’ = 180° 


a. 

And since no trigonometrical ratio changes either its 
value or its sign when its angle is increased by an 
multiple of 360°, it is plain that in addition to a we s 
have a series of values, 360 + a, 2 x 360° + a, 3 X 360° 
+a+...., 360° +a; and in addition to the value 
180° + a, we shall have a series of values, 360° + 180° 
+ a, 2 x 360° + 180° + a, 3 x 360° + 180°+4-a,....0” 
360° + 180°-++ a. Both these series may be included in 


one formula, X 
0 = m180° +4, 


where m is any integer number whatever. 
In the same manner, if 
Cos, 0 = q 


and a be the value of @ less than 180°, which has for its 


cosine g, then all the values of 6 which have a cosine q 
are included in the formula, 

0 = m, 360° + a, 
where m is any integer. 

‘And similarly if 
Sin. 0 = q, 

the value of @ is included in the formulas— 

0 = 2m 180° + a, 

and @ = (2m + 1) 180°—a, 


m being any integer whatever. 


0 = k.180° + (—1)a, 


where k is any integer whatever; for when k is even, 
(—1} is positive ; and when k is uneven, (—1) is 
v 


‘e. 
As practice in the preceding articles, the student may 
verify the following soveite ; 
1, Sin. 180° = 0, 


5 1 
3. Cos, 135°= mE = cos, 225°, 


2 
5. Sin. 120°= + =—sin. 300°, 


4. Cos, 315°= = <= sin, 405°, 


6. Cos. 300°= = =—cos. 150°. 
7. Sin. 150°= a 
8. Cos. 300°= +> 


Given that sine @= 1, show that the following are the | 


values of @ which satisfy that equation, 30°, 160°, 390°, 
510°, 750°, 870°, ee ae ee 


Given that 008, 0 mF show that the following are the 


values of @ which satisfy this equation, 45°, 315°, 405° 
675°, 765°, de. narra terse 

Given that tan. @= 1, show that the values of @ are 
45°, 225°, 405°, 585°, 765°, dre. 


THE RELATIONS BETWEEN THE TRIGONOMETRICAL FUNC- 
TIONS OF DIFFERENT ANGLES. 

The formulas we have already proved hold good of the 
ratios of the same angle ; we now proceed to investigate 
the formulas which express the relations between two or 
more different angles. There is a very —_ variety of 
formulas of this kind, and they admit of an almost in- 
finite number of combinations and modifications. They 
are, however, all derived mediately or immediately from 
the following four ;— 

Sin. (A + B) = sin. A, cos, B +-sin. B, cos. A..... 

Sin. (A — B) = sin, A, cos. B— sin. B, cos, A... .. (9 
Cos. (A+ B) = cos. A, cos. B— sin. A, sin. B..... (10 
Cos. (A—B) = cos. A, cos. B ++ sin. A, sin. B,.... (11 

These four formulas can be easily remembered—and 
it is of great importance that they should be remembered 
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—by observing that the sine of the sum of two angles 
is the sum of pp nape a gan pr pte aay. 
and the cosine of d, and of the product of the 
sine of the second angle and the cosine of the first ; while 
the sine of the difference of the angles is the former pro- 
duct minus the latter. The cosine of the sum of two 

is the product of the cosines of those angles minus 
the product of their sines ; and the cosine of the differ- 
ence of two angles is the sum of the product of the 


cosines and of the product of the sines. 
16. To prove the Formula 

Sin. (A + B) = sin. A cos, B + sin. B cos. A. 

Fig. 12. 


Let AOB be the 
angle A, BOC the 
angleB; ... AOC 
is the angle A+B. 
In OC take any 

met and from 

et fall PN, PM, 


MQandMR, 
diculars ON 

* fad OB = 
- 


aot MR Oe, Pa. gag 
eae} oP” OM‘ Bde PM’ OP 


And since 0 q right set ofa QMO=MOR, 


- PQ_ = 
“oo A= Gp = 5; 


*. sin. (A + B) = sin. A. cos. B +sin. B, cos. A. 
17. To prove the Formula 
Cos. (A + B) = cos. A. cos. B — sin. A, sin. B. 
For as before, 


Cos. (A+ B)= on _ OR-QM_OR_ QM 


OP OP” OP 


”. cos. (A+B) = cos. A. cos. B—sin. A. sin. B. 


18, 70 prove the Formula 
Sin. ie eh 


Fig. 13. A. cos. B—sin. 


Again 7MPQ=QMB=BOA= A, 
. PQ_ QR PM 
oe “uP om =cos. A. Op = Sino B. 


.’. sin. (A — B) = sin. A. cos. B — sin. B. cos AL 


19. To prove the Formula 
Cos. (A—B) = cos. A. cos. B + sin. A. sin. B, 
ON _OR , MQ_OR OM MQ MP 
cos. (A—B)= Op = Op top —OM'OP + MP'OP 


OR OM MQ_. 
But Om =o: A. O p= ©. B. MP = sin. A and 


MP 
Op = 2 B. 


.*. cos. (A — B) =cos, A. cos. B+sin. A. sin. B, 


20. To extend the above proofs in special cases. 


The proofs above L grate peg 4 limited to the cases 
in which A, B, and A+B or A—B, are each less 
than 90°. They admit of extension to any case what- 
ever. Thus— 
If A is > 180° < 270°, B > 90° < 180°, and A-B 
> 90° < 180°. 
To show that 


Pp 


Sin. (A—B)=sin. A cos. B—sin. B cos, A. 
In this case the figure ’ Fig. 14. 
will be the following :— ¢ 
AOB is the angle 
measured as indica 
by the dotted circle je 
BOC is the angle B. 

COA is the angle / 
A-B. 

From any int P in | 
OO draw P) , PM per. R S 7" 
OB Reece 

produ 
M draw MQ, MR ‘ 
pendicular P re B 

Then 

. = PN _PQ,QN 

Sin. (A~B)=50= pot po = 50 

MR — PQ PM MR POM. 
PO~ PM’ PO* MO’ PO” 

Now Fo cos, MPQ=cos, AO M=cos, (A—180°) 
= cos. (180°—A) =—cos. A. 
pe =sin. PO M=sin. (180°—B)=sin. B. 


Similarly resin. MO A=—sin. A 


oN 008. POM=-—cos. B; 


.’. Sin. (A—B)=sin. A. cos. B—sin. B. cos, A. 


ON NR—OR 

QM, OR ___ MQ MP, OR OM 
=—~OP "OP  ~ MP’ OP "OM’ OP 
Now c= sin, MPQ =sin. MOA =—sin. A, 

Mr, = sin, POM = sin, POB = sin. B. 

OR ne one: 

OF = cos, MOA = —cos. 

oro 600) POM uncon, Be 


_ .*. cos, (A —B) = cos. Acos, B+ sin. Asin. B. 
Again, to show that sin. (A+B) = sin. Acos. B+ 
i B A. 


. B cos. 
When A + B 7 270° 7 360° A 7 90° Z 180° 
B 7 180° Z 270°. ze 


the angle B, Then 
AOC isthe angle A 
+B, BOC, and 
therefore A OC, be- / 


ing m' as in- 
dicated bythe dotted 


circles. In O take 
any point P and 
draw P N, P M per- 

iculars to OA Pe 
and OB produced, 5 
and from M draw 
MR and MQ per- 
pendiculars to OA 
and N P produced. 

Then 


_PQ@_RM_PQ MP, RM OM 
OP OP MP’ OP'OM’ OP 


Now ae cos. MPQ = cos POA = —oon A. 


MP... 4 
oP” sin. POM sin. B, 
yc! es pate 

ou sin. AOM=sin. A, 
OM 

nee le M= oan: B. 
OP cos. PO cos. 


.”. sin. (A+ B)=sin. A. cos. B + sin. B. cos, A. 
The student may verify for practice the formulas in 
the following cases :— . 
Sin. (A+B) A 7 90° 7 180° A+B7180° B790° 
Cos.(A—B) A 790° 7 180° A+B 7 90° B7 90° 
Con tat ) AZ180°7270° A+B 7360° 7450° 
B7 90° Z 180° 


21. The principle on which the proof may be considered as 
established generally. 

The above examples will be sufficient to satisfy the 
reader that the four formulas above given hold good for 
all angles whatever. It is worth while to observe, how- 
ever, that, independently of these examples, this follows 
from the circumstance that the extension given above to 
the definitions of angular itude, and of the trigono- 
metric ratios, are made in strict accordance with the ex- 
tension given to the meaning of the negative sign in 
algebra. Thus, a—b primarily signifies that the number 
b is to be subtracted from the number a ; if therefore b 
be greater than a, a—b is impossible, unless we generalise 
the definition of the negative sign. If we do this so as 
to render a—b susceptible of meaning for all values of a 
and b, then whatever theorem we prove to be true of a 
—b, and its combinations with the restriction, will be 
equally true of a—b, and its combinations without the 
restriction. : 

Tn like manner, if we prove a trigonometrical formula 
to hold good for all geometrical angles, these will equally 
hold good of the angles when defined according to the 
trigonometrical conception of an angle explained above. 
The principle which we have to guide us in all these 
generalisations, is called ‘‘The Principle of the Per- 
manence of Equivalent Forms,” and is that which lies 
at the root of all extensions of merely Arithmetical Al- 

bra, as explained in the treatise on Logarithms and 

ries, (See Chapter VI., p. 512, in this section 
The reader who wishes to see a full account of the appli- 
cation of this principle to Trigonometry, will do well to 
consult Dr. Peacock’s Algebra, vol. ii., p. 144, &c., 2nd 
edition. 
22. Relation between the Four Fundamental Formulas. 


It is to be observed that the last three of the four 
, formulas given above can be derived from the first of 


os MATHEMATIOS.—TRIGONOMETRY. [DERIVED FORMULZ, 
Let AOB be the Fig. 15. Thus, sin. (A+ B) = sin, A cos. B+ sin. B cos, A. 
angle A; BOC be : For B write —B, Now sin. (—B) =— sin. B. 
And cos. (—B) = —cos. B, 
.’. sin. (A—B) = sin. A cos. B—sin. B cos. A. 


in con, (A +B) = sin. (00°—A—B 
Again cos, (ober) ook Bain IB ook (90°—A) 
on 008 Ak oc, b= 6i ay 


Cos. (A—B) = sin. (90°—- A+B 
On (80 Ok oe ob one. (Or A) 
= cos. A cos. B+ sin. A sin. B. 


23. Formulas derived from the Fundamental ones, 


From these four the following formulas of frequent 
occurrence can easily be derived :— 
Sin. A cos. B + sin. pig! Soha! jee os: 
Sin. A cos. B—sin. B cos. A = sin. (A—B), 
.”. adding 2 sin, A cos. B = sin. (AS) Se 
and airy cos. A sin. B = sin. (A + B)— sin. 


mes 
Similaly, 
2sin. A sin. B = cos. (A—B)—cos. Rip § 
2cos. A cos. B = cos. (A—B) + cos. (A + B).... i} 
The same formulas are of frequent occurrence in a 
different form. Evidently 
PES 
5a Oth 9-6 
Agog pee I 


w.sin, 0 = sin, S08, 9=F + sin 9 FB 005, FH 
O0+%, O—G | O0-G O+¢ 
C Wibegas keecader Wo se 


sin. 6 = sin.—p— 
sin, 6+ sin. = Sain. + cos, 92 eee. (14). 
sin, 0 = sia, Gui 9 008 : 258 +» +» (15). 
Similarly, 3 F: 
Cos. 0 + cos. ¢ = 2 cos. a cca, £8 +++ (16). 
Cos. 6 — 008. 0= 2sin, SEL. eos, =F oe e (17). 


24. Formula for the Tangent of the Sum of Two Angles. 
Again, we can easily derive from the formulas for the 
sines and cosines of A + B and A — B, expressions for 
the tangents of A+ Band A—B. Thus, 
sin. (A+B 
Tan. (A +B) ree 
__sin. A cos. B + sin. B cos. A 
~~ cos. A cos. B — sin, A sin. B 
Divide both numerator of this fraction by cos. A cos. B. 
sin, A oon, By, sin, B cos. A 
cos. A cos. B * cos. B cos. A 
-’. tan. (A + B)=<oSK cos, Bain, A sin, B 
cos. A cos. B- cos. A cos. B 


fin A. an. 8 
cos. A t cos. B_ tan. A + tan. B 


sin, Asin. B i—tan.Atan,.B .... (18). 
1 cos. A cos. B 
Similarly, ry eS 
Tan. (~-8B)“7-p, Aun eee» (19), 


25. Expressions in which the Swm of Three Angles occur, 
We can easily derive from the above, expressions for 
Che pinta, cosines, 0, GF the lenin Of blader eee 
Sin (+ Bot C)=ain, (A+B) cos. 0 +008. (A+B 
in. = sin. cos. 0s. 

Be A ek oesdine Bie Alen eee 
cos. B — sin. A sin, B), sin. C = sin. A cos. B cos. C + 
sin. B cos. C cos, A + sin. C cos. A cos, B— sin, A 
sin, B sin. O. 
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In the same manner, . 

Cos. (A + B + C) = cos. A cos. B cos. C— cos. A sin. 
B. sin. C — cos. B sin, O sin. A — cos. C sin. A sin, B. 
And hence, 

Tan. (A+ B+ C) 
_tan. A + tan. B+ tan C—tan. A tan. B tan. 0 

1— tan. B tan. C —tan. C tan. A — tan, A tan. B. 


26. Certain other Formulas. 


Again, since— 
Sin. 0 + sin. = 2 sin +2. cos. 9=P 
Sin. 0— sin. ¢ = 2 008.° 2 . sin. SS 
_ O+6 0g 
. Sinotsng Se 2 2 
“Sinden gp [,OFG O—> 
x a 2° 
= tan, °F. cotan, P=, .... (20) 
In like manner, 
Cos. @ — cos. 0 6+¢, O0—¢ 
Gee Bee a tan, FP tan SP... 2) 


There are many similar combinations of the trigono- 
metric ratios besides those above given. These are of 


very § occurrence, and the student who has 

mastered the above will be at no loss in 
investi other combinations that may occur in his 
subsequent reading. 


27. The Sines, Cosines, &c., of Multiples of given Angles. 
We have already seen that 
Sin. (A + B) = sin. A, cos. B + sin. B, cos. A. 


This being true of all values of A and B is true when 
A=B, and .*. when A + B= 2A, 


.”. Sin. 2A = 2 sin. A, cos. A.... (22). 
Similarly, since 
Cos. (A +- B) = cos. A, cos. B — sin. A, sin. B, 


a 2A= cos,*A—sin.*A..... (23). 
Now, 1 = cos,?A + sin.?A, 
Add this equation to (23), and we obtain 
Cos. 2A = 2 cos.2*A—1 
And Cos, 2A = 1—2 sin.*A. 
‘ 2 tan. A 
Tan. 2A = er io (24) 
Again, 
Sin. 3A = sin. (2A + A). 


= sin. 2A, cos. A + cos. 2A, sin. A 
=2 sin A, cos. A,cos.A-+(Cos.?A —sin.?A)sin. A. 
+3sin. A, cos*A —sin.2A, 


= 3sin. A—4sin. 9A..... (25). 
Similarly, 
a Cos. 3A =3 Cos. A+ 4cos,2A..... (26), 
3 tan. A—tan.2A 
Tan. 3A= ima . (27). 


28. Determination of Sine, &c., of an Angle in terms of 
the Sine, &e., of the Sub-multiples of that Angle. 
From these expressions we may derive others expres- 
sling thse ninea; ir, Ot untangle ty tered eb the tines. 


of the submultiples of that angle, Thus, writing 4 for 
A, we have 


From (22) Sin. 0 = 2 sin. cos. : 


From (23) Cos. 0= oon.* 5 —sin.? 2 


= 9 
=1-2sin.2 = 
sin. 5 

= 9 oon. 
onn.S po 


2 tan? 
From (24) Tan. @=——__?_. 
1—tan.2? 
2 

And writing for * we have 

Ps 

3 
From (26) Cos. ¢ = —8 cos. $ + 4005.2 2 


From (25) Sin. ¢ = Sain, sin? 2 


3 tan. P—tan.3? 
3 3 


Fro’ T; = ——————_— 
m (27) Tan. 1-3 tan.2® 


29. On the “* Ambiguities” resulting from the use of the 
above Formulas. J 


These formulas enable us to solve the following ques- 
tion :—Having given the sine, &c., of an angle, we can 
find from = the sine, eri of double that angle ; and 
conversely having given the sine, «&c., of an angle, we 
can find the sine, éc., of half that angle. sap Xeei o's 

(a). Thus, having given sin. A = p, to find cos. 2A, 


we have 
Cos. 2A = 1-2 sin.2 A = 1—2p? 


and so, having given sin. A = pto find sin. 2 A, 

Since sin, A = pcos. A= ,/1— p’* 

.”. sin, 2A = + 2p ,/1—p*, 

It will be seen, from the above formulas, that for one 
given value (p) of sin. A, there is one value of cos. 2 A, 
while there are two of sine 2 A equal in magnitude, but 
of different si This is sometimes spoken of as an 
ambiguity. tt will be observed, however, that the am- 
biguity in the determination of sin. 2 A arises necessarily 
from the data, since it appears by considering the values 
of A which satisfy the equation. 

Sin. A = p, 
that there will be one value of cos. 2A and two values 
of sin. 2A resulting from the data. Thus, if A? be one 
angle which satisfies the equation, then all the values of 
A are included in the two formulas. 
A = 2m 180°+ At 
and A = (2m-+1)180°-+-A? 
m being any integer whatever ; 
.”. cos. 2A = cos. (2m 3601 + 2A’) = cos. 2 Al, 
or =cos. (2m + 1) 360°—2A1) = cos. 2 At 
Under all circumstances, therefore, 
Cos. 2.4 = cos, 2A, 
and therefore has but one value. Whereas 
Sin. 2A = sin. (2m 3601 + 2A?) = sin. 2A’. 
or = sin. {(2m-+ 1) 360°—2 A')} = —sin. 2A’. 
.’. sin. 2A has the two values + sin, 2 A! and 
—1sin. 2A’. 

If, however, we know A, or even the limits between 
which A lies, as well as that sin. A =p, then all inde- 
terminateness vanishes from the expression for sin. 2 A. 
Thus, if A be less than 90°, then 2A is Z 180° and sin® 
2A must be positive. And, again, if A 7 90° 7 180°, 
then 2A 7 180° 7 360°, and the sin, 2 A is negative in 
the former case ; therefore, 


Sin. 2A = 2p J/1—p% 
In the latter, 


Hence it appears that for a given value of cos. @ there 
will be two values of sin. 5 likewise two values of cos. 


5 equal in magnitude, but with different signs. This is, 


as before, necessarily the case, if we only know the value 
of cos. 8. For if we have a given value p of cos, 0, 80 


that 
Cos. 0 = p, 


and if 62 be a value of @ which satisfies this equation, 
then all the values of 0, which satisfy this equation, 


are expressed b 
7 6 = m (360° + 62). 
“ 
F sin. f= sin. (m 180° + ©") 
which = + sin. Sif m be even, 
or, + sin. if m be odd, 
under any circumstances ; therefore there must be two 
values of sin. $ equal in magnitude, but with different 
signs ; the same result as that we obtained from the 
equations for sin. 5 and 008.5 


6 
(c). Again, we have given sin. @ to find sin. > and 


Adding these equations we obtain, 
7] Pag 7) 6 . 
sin. * > +2 sin. “> cos. 5 + cos? > = 1+ sin. 0 


And, subtracting the second from the first, 


6 0 6 5 
sin? —2 sin, “5 cos, g + cos.? 5 =1—sin. 0 


Extracting the square root of each of these equations, 
and we have — 
ae 6 
sin. gt 00s. 3-= J 1+ ain. 


oe 6 
sin. Spey COs. > = 7 1—sin. 0 


“*. Adding— 
2sin. 3 = J/1+sn. 0+ J/1—sin. 0 
and subtractirig— 


0 
2 cos. > = /1+sin. O— /1—sin. 0 
sin, <4 JI sin. 0 + Jism} 
and con. = 2 | Tam? — Ji=me} 


And since each square root has two sines, it follows 
that if we have given merely the value of sin. 0, i. ¢., 


sin, 0 = p. we have four different values of sin. + 


620 MATHEMATICS.—_TRIGONOMETRY. (AMBIGUOUS RESULTS. 
(b). Again, we have viz. }(/1+p.+ /1—p.), t(/1 +p. —/1—p.) 
Cos, @= 1-2 ssin. “9 = 2 008. “2-1. 4(— Jitp. + Ji—p.), and 
0” Vimeo 4(— Ji+p.— J/T—p) 
-. sin, — = 1008. | We may prove, as before, that this amount of in- 
i 2 determinateness is involved in the data; for if 
ae 8 1 + cos. 0 sin, @ = : 


and if @ be a value of 0. which satisfies this equation, 
then all the values of @ which satisfy the equation, are 
given by the formulas. 


@ = 2m, 180° + 0 
and 0 = (2 m. + 1) 180° — 0 
where Gi any whole number whatever. 
., sin. 9g may be either one of the two forms, as 
follows :— ye 
Sin, (m.180°-+ 5) or sin. (m. 180° + 90 — 2) or ac- 
cording as m is odd or even, i.¢., according as m is 2n 


or2n-+1. 
One of the four— 


Sin. (2m, 180° +5) sin, (HPL 180° 4 °) 
Sin. (2m. 180° +90—) or sin, @n FL. 180° 


o 
+ 9° —z) 
And these are respectively equal to 
Sin. 7, —sin. 2, 008, &, and — cos.” 
‘a? ” ¥? ? r 
i.¢., it may have one of the four different values— 
7) A eae fet 


Sin. > —sin. “J? 008. “Gy? — C08. 
If, however, we know the limits within which the 
value of @ lies, this indeterminateness vanishes. Thus, 
(J 
if 07 90° 7 180°, then 3 7 45° Z 90°, and therefore sin. 


1 
<. must be 7 a" Z1. and be positive, Hence, in 


this case, 
Bek 
Sin. 5 = -@ {+/1+sin. 6 + ./1-sin. 4}: 


6 
For when 6 = 90 this gives sin, t-F 


6 = 180—sin. | = 1, 


and between these limits the value of the formula con- 
tinually increases. 
If, however, 9 7 270° 7 360°, we have 
Sad {-/1 Fain. 6 + /T ain, Of. 
The student will do well to verify this for himself. 
The same kind of reasoning applies to the formula for 
0 


seat 
(d). Again the formula 
2 tan. zr 
Tan, @ = ————_3, 
1—tan? > 


8 ine 
enables us to determine tan. @ When tan. @ is given. For 
we can easily put the equation into the form 


> 6 
Tan.?> 


SINES OF ANGLES 15°, 30°, Ere.] 
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Tt will be observed that for one value of tan. 0 we have 
two values of tan. 5 The ambiguity is involved in the 
data in this case as in others. For if 

. tan. 0 = p. 
then @ being one value of @, all the values of @ are in- 
cluded in the formula 


6=m. 180° + @. 

.". according as m is odd or even, #. e., according as m is 
equal to 2n or 2n +1, £: 
, 7] od 

glee +s 


6 oe 
rT; =n. 180? + 0+ 


That is; . 
Tan. g = tan. 0 180°+ > 
or, tan, (n 180° + 90° + 2) 


according as m is odd or even ; and therefore 
A a oO 
Y Y 
stan. _ or—cotan. 


Two different val as also appeared from the 
formula. i 


30. On the Numerical Value of the Sines, Cosines, ce. 
of the Angles 15°, 30°, 45°, 60°, 75°. : 


fo ned drag ge ag the value of the trigo- 
nometrical ratios of 45°, 30°, and 60°. By the aid of 
the above formulas we can investigate the values of 
many others. For example, of 15° and of 18°. 

Tee = e. (45° —30°) = sin. 45° cos, 30°—sin. 30°, 


3-1 

“2/2 

since 75° = 90° —15°. 
Cos. 15° = cos, (45°—30°) = cos. 45° cos, 30° + sin. 


45° sin. 30° 
= sy Se 
et Ry J 3-1 
W341 

Cotan. 15° = YES, = tan. 75° 


2/2 
/3t+1 
_vV3+1 
Cosec. 15° 272 


The student will observe that this investigation of the 
ratios of an of 15°, together with those previously 


in ves the ratios of the series of angles 15 
30 oe, 0" 5°, 90°. : 


31. To investigate the Trigonometrical Ratios of an Angle 
vis ee 


which also equals cos, 75°, 


= sin. 75° 


= cotan. 75° 


Sec, 15° = + = cosec, 75° 


- = sec, 75° 


Since 54° = 90° —36°, 
if we write 0 for 18°, we have 
30 = 90°—20, 
and therefore 
Cos, 30 = sin. 20. 


-*. 4 Cos.20—3 cos, 0 = 2 sin. 0, cos. 0. 


-. 4Cos.20—3cos. 0 = 2sin. 0, 
1-4 sin. = sin. 6. 
4 Sin.20 + 2 sin. 0= 1. 
.*. 48in. 2 + 2 sin. 6445-2 
1. 2Sin. ga ttys, 
Sin. 9 = 4 V5, v6 


This is a case of ambiguity similar to. those above 
explained, and if we only had the equation 
4Sin. °0 + 2sin. @=1, 
we should have the two values of sin. 0 just given, viz., 
—1+ V5, .43-1— v5, 
4 Bo 
But as we not only have the equation, but also know 
that @ = 18°, this enables us to choose the only admis- 
sible value. 


Sin. 1s* = 2 ES 
For the other value of sin. @ being negative cannot be 
the sine of 18°. Hence, =A 
Cos, *18° = 1 — sin. *18° = 
y—3—1V75_5+ 75 
8 8 
by cos, 18° = VA0-F 2 V5, 


(,/5—1) /2,/5 +10 
8 


Hence, sin. 36° = sin. 2 x 18° = 
and cos. 36° = Sh +1 
4 
and sin. 36° = cos. 54°, and sin. 18° = cos. 72°. 
Hence we evidently can obtain the trig. ratios of the 
angles 18°, 36°, 54°, 72°. 


Again 
Sin. 3° = (18° — 15°.) 
= sin. 18° cos. 15° — cos. 18° sin. 15°. 
a Y5—1, f38+1_ SI +275 /3—1 


4 2,/2 4 2,/2 
_ (V5 - 1) (3+ 1) -(/3 = 1) sora 5 
8,/ 2. 
Hence we may clearly obtain numerical values for the 
ne aE ratios of the series of degrees, 3°, 6°, 9°, 
15°, &c. 
vB reading the the student 


N.B.—In 
will have observed, that in many instances, when a 
method of reasoning has been applied to one case, it has 
been merely indicated that the same method is appli- 
cable to a similar case. In all these instances he will do 
well to write out at full length the reasoning in these 
similar cases. By this means he will ensure a thorough 
hee Tape. of this part of the subject, and becume 
familiar with the various combinations that trigonometric 
ratios can form. In regard to this very subject, Dr. 
Peacock observes :—‘‘ It should be the first lesson of a 
student, in every branch of science, not to form his own 
estimate of the importance of elementary views and 
propositions, which are very frequently repulsive or 
uninteresting, and such as cannot be thorougkly mas- 
tered and remembered without a great sacrifice of time 
and labour.” ‘To assist in obtaining this familiarity he 
may perform the following exercises :— 

1). 3 +-cos. 2 A=2 sin, (60° — A) sin, (60° + A.) 

see (Remember that cos. 120°=— 3.) 

Dapp ai aR n 0 cos. 7 0 = cos. (m+n-+71) 
0+ cos. (m+ n—r) 0+ cos. (m—n-+ 7) 9 + cos. 
(m—n+r)0 

(Remember that cos. (A + B) + cos. (A — B) 
=2 cos, A cos. B i 
(8). 4 sin. 20 cos. @ = cos, @ cos. 3 0. 


(4). Tan. A + tan. pa Ot 
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(Remember that tan. A = 54), 


sin. (A + B) sin. (A—B 
(). Tan. *A—tan. B=" (A+B) sin. (AB) 
ber that tan. “A —tan, *B = (tan. A + 
tan. B) (tan. A—tan. B.) 
(6). re ™ Sin. B __ C08. B+) tron 
nsin,a cos. (a—2) 


n cotan. 8—m cotan. a 
Tan. z= n+m 


If 0 = 90° show that 
a Sti ah eck ogee Leg Be O tan. d= 
Tan. 6 + tan. @ + tan. y = tan. @ 
sa cchbct that ain (04 43 
sin. 
= i poegh Wi 


3 


? “gin. 2x m 
n—m 
(9). If tan. A+ 3 cos, A=4, show that A has two 
series of values, one of which is 45°, 225°, 405°, 585°, 
J... (ie, tan. A= 1), 
(10). If cos. nA + cos. (n— 2) A= cos. A, show that 
A must have the values 
so°. = 880°. 390° 690° 750° 
n—1°'n—1'n—1 n—1' n—T 
(11). If sin. (2 + a) + cos. (2 +a) =sin. (2n—a)+ 
cos. (« —a), then x must be 45°, 225°, 405°..... 
(12). If sin. A + sin. Sep + sin. (20 + A) = sin. 
(0+ A) +sin. (20—A. 
(13). If 2 sin. (Q—)=1, and sin. (@—¢) = cos. 
(0+ 4), then we Sai have 0 = 45°, @ = 15°. 


a 
(14), Tf Tan, 0 = tan. Sand cos, = ™ =} 


ee 


m—1 = #0—sin. $0 

3 cos, $0 +sin. #0 

(15). If sin.? 26 —sin.?0 = }. 
Show that sin. 0= +>, and show that the values 
of @ are given by the series, 


Then 


18°. 162° S78 BBB as wishes 
54° «126° 416°: 486°... 
198° = 342° BHS° 70D a 
234° 306° 694° 666°... nas 


(16). Show that the series of angles in No. 9 can be 
expressed by the formula m. 180° + 45°. 


oO ‘J 

In No. 10, by the formula, = = 
In No. 11, by the formula, m, 180° + 45°. 
In No. 15, by the formulas, m. 180° +- 18°. 
m, 180° +- 54°. 


31. On Inverse Trigonometrical Ratios Explanatory. 


The following notation, which is part of a general 
system of notation originally pro by Sir a Her- 
are = "—s generally adopted, and is very convenient:— 


is the sin. of p, and therefore sin, 0,= sin. (sin. 6), and 
Sir J, Herschel proposed to write P ( sa 


Sin. (sin. 0) = (sin. 26),' 


reserving the notation (sin. A)* for the squares of the 
sin. of @. Upon this principle, 
Sin. (sin. (sin.. (... sin. @))) = sin" @, 
and evidently e 
sin,” (sin.™ 0) = sin." +™ 0 

or the notation follows the law of indi 
interpretation that sin.—1p must obtain, is 

le whose sine is p. 

n like manner 


log. (log. (log. a) is written log. %a 
and log. —1 a, signifies the number whose logarithm is a. 
Of this system the only part that has obtained any 
extensive currency is that given above in the case of the 
inverse trigonometric ratios, 
32. Formulas connecting inverse Trigonometric Ratios, 
There are some formulas in which these inverse ratios 
occur that are worthy of notice. 
(a). Tan.—1m + tan.—™n = tan. Te 
For if tan. 0 = m and tan. =n 
tan. 0+tan.d m+n 
0 = = .- 
fen (05) 1—tan. Otan. p ~ 1l—mn 
Now 0 = tan.—'m and # = tan,—1n, 
2.04 p = tan.—'m + tan.—'n 
ButO+¢@ = tan—1 ™+%, 
1—mn 
.*.tan.—1m-++tan.—In=tan.—* ™$™ || (28), 


1l-mm 
Hence, 


* and’ the 
t it is the 


2m 
tan.—tm = tan.—? ———_, 
, * 1-—m. 


and 


Tan.—'m—tan.—1n = tan.—? —”—™ 
1—mn. 


Again, 
sin.— Im -+ sin.— In = sin—I{m J 1—n? +n J1—m}. 
For let sin.—tm = 0, sin.—'n = . 
.m = sin. On = sin. d. 4/ 1—m? 


= ee —nv= . e 
Now sin. (049) nah. 0. prs Bo 0. sin. @ 


=m/1—n*?+n JV 1—m?* 
0+6=sin. 1 {m J/1—ni+n/1—m} 
ee —n=sin. + {m./1—n?-+n ./ 1—m3} 
* “Similarly, 
Cos, —' m — cos. —! n = cos. —! {mn — Via 
Cos, —! m + sin. n= sin. — {mn 4+/1—n? ,/1—m*}. 
33. Examples, 
Show that 
Tan.—1 i at si al 


ats 


gr are a 
For tan.—" 5 + tan,—1 = = tan, am 5 
2°3 


mtan.—1 8 +3 tant 1. = 45° 


It is to be observed that when we say tan.—! = 45° we 
mean that this is one value. All the values of tan.—1? 1, 
are, of course, given by the formula m180° +-45°. 

Show that 


(1). Sin.—2 spt y = 45°, 


2). Sin.-2 m= tan.—t__™__ 
@). = 


= eo _1 NV 1— m+ mi 
©) Coa mc OR ere 


* See ante, p. 465. 


I ——-_ a 


Ee ———— a 
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(5). 4 tan.— r tan—2 1 _ ase 


cake m+n } 
(6). tan.—'m-+tan.—? n=sin.— {aem’) (ee?) 
oP As Dar eM oo . 
@. If @=tan.— 3 o=tan.—1 vis: then 
sin. (@ + ) = sin. 60° cos. 30° 
ON THE USE OF THE SUBSIDIARY ANGLES. 
34. Explanatory. 

In making trigonometrical calculations it is nearly 
always necessary to conduct them by means of logarithms. 
For the purpose of preparing a formula for logarithmic 
calculation, it is often necessary or convenient to ex- 
— the sum or difference of two or more magnitudes 

yy means of a product: this can generally be performed 
by introducing the sine, tangent, or some other ratio of 
an angle chosen for that purpose, which is called a sub- 
sidiary angle. One or two examples will explain the 
means employed for this purpose. 


35. Examples, 
(a) Thus, let a? = a?+ 0}? to find x 


we have 2?=a? (1+ =) 


Assume © tan. 0 


a 
a?= a? (1+ tan? 6) = con. 0, 


, a 
8 = a5. 0. 

so that if a and b are any two numbers whatever, we are 

entitled to assume that ~ =tan. 0, since tan. 0 may have 

any value whatever from o to, whether the value be posi- 


tive or negative. Butif we assume asin. 0, we must be 


sure that a 7 b, for otherwise 5-7 1, orsin. @ 7 1, which 
is impossible, 
(b) The following wi ate occurs— 
x =asin. A+} cos, y 
Assume? = tan. 0 


then # = a(sin. A + > cos. A) 


= a(sin, A+ tan. 0 cos. A) 
q Sin. A cos, 0 +sin. @ cos. A 


o= +h 


sin. 

cos. 79 — sin. ? O=cos, 20, 
N.B.—It will frequently in calculations that 

we have previously used pares sialon and when 

this is. the case the calculation is very materially 

shortened. Thus, in the above example, suppose we 

already know log. a and log. b. Then 


L. tan. 0=log. b—log. a + 10. 


which immediately enables us to find L. cos. 26; and 
therefore x, by only using the tables twice. 
@ Sin. A=cos. B cos. C, cos. a+sin. B sin. OC. 


cos. C cos. a 
Assume ————, — = tan. ¢ 
We obtain i : 
sin, A— 82 ©. sin. (@+B.) 
cos. D 


(fp) eZ 


Assume e= sin. 0. Then 
om tant, 
© Such an example as the following frequently occurs 
in momy : 3 
If =m cos, 0+-n cos. (9+a). Express % in the 
form A. cos. (@ +B). t 
z=mcos. 0+ n cos. acos. 0—n sin. asin. 0 
= (m+n cos. a) cos. 0—n sin. a sin. 0 
, —sin. @ sin. 0 
= (n-+-nom, «) (Seon ee ) 


m-+n cos. a 


n sin. a 
where tan. ¢ ae oye 


It will be observed that the expression for tan. ¢, is 
not expressed in products and quotients om to effect 
this we must introduce another angle, ¢’. Thus : 
Assume tan G’ =~ cos. a 

m-+ n cos. a= m (1+ tan. $’) 
—™ (cos. P’ + sin. $') 
cos. P 


_ m(sin. G cos. 45°-+ cos. g sin. 45) JF 


Then 


008. 

_ main. (+ 45%) /2 

cos. PY 
n sin. a cos. f’ 
m sin. (P +40") J2 

m 2. sin. (fp! + 45°) cos. (0+ 
“7 n. Sin, a cos. P cos. P’ 
Then « is in the form required. 


.. tan. 6 = 


and Ef 


THE RELATION BETWEEN THE SIDES AND ANGLES OF 
TRIANGLES, 


In the following articles, abe represent the sides of a 
triangle, and AB C the angles which they subtend. 
: : a _ sin. A 
(36). To show that in every triangle 5 = =~ 

Let ABO be the triangle, from C draw C N perpendicu- 


lar to AB. Then whether A be acute or obtuse, 
Fig. 17. 


; CN 


624 MATHEMATICS.—TRIGONOMETRY. [RELATION OF ANGLES AND SIDES. 


. Sin. Aa 
*"Sn BB sees (30) 
Sin. BD 
Seley eo 
N.B.—These relations manifestly can be written in 
ee A Sin. B_ Sin. O 
aca 5 ae ea ae (31) 
(87). Zo prove the Formula, 
a@ = b? +c? — 2 be. cos. A. 
If A be an acute angle. Let ABO be the triangle, 
draw CN perpendicular to the base of’ the triangle A B. 
Then (Euclid ii. 12); 
BO?= AC? + AB? —2 BA-AN. 
Now, AN=AC. cos. CAB=d cos. A. 
, a2 =b2 +.¢2—2be. cos. A. 
in, if A be an obtuse angle. Then drawing CN 
perpendicular to AB produced, we have by Euclid, ii. 13, 
BC?=AB? + AC? + 2 BA.AN 
and AN=CA cos. Letarige (180°—A) 


. at=b? ray far ab cos. A. 
Hence whether A be acute or obtuse 
a? =}? + ¢?—2be cos. A... 5. (82). 
Similarly, ; 


b2=c? + a?—2ca. cos. B. 
co? =a® + b? —2ab. cos. C, 


(38). To deduce the Formulas of Articles 37 from 
those of 36. 


These formulas can be immediately deduced from the 
formula— 
sin. A _ sin. B _ sin. © 
a b c 
without reference to Euclid’s demonstration. Thus, 
since the three angles of a triangle are together equal to 
two right angles, we have 
A+B+ C=180.° 
.*. sin, (A+ B)= sin. (180°—C)= sin. O. 
.. sin, A cos. B + sin. B cos. A= sin O. 
° sin. A og By 20. B 
** sin. C sin. O 
008. B+ 2008, A= 1. 
.”.acos. B+b cos. A=C. 
.”. a cos.? B + b? cos.2 0+ 2 ab cos. A cos. B = c*. 
a_ sin, A 
Now > Gin. B 
.. asin, B—b sin. A=0 
.”. a sin.? B+)? sin.? A — 2ab sin. Asin.B=0 
adding these two equations her, and remembering 
prea Rea Pbuilee taped 2 ; 

a? +b? +2 ab (cos. A cos. B—sin. A sin, B)=c* 
But cos, A cos. B—sin, A sin. B=cos. (A + B). 
Now, cos. (A + B) = cos, (180° — 0) = — oC 

.'. a? + b?—2 ab cos. CO = c* 
The other formulas can be derived in the same manner. 
(39). Certain Derived Formulas. 
(a) Again, since 
a? = b* + o? — 2he cos, A. 


: ~_ Vte—@ 
-". cos, A oa 


b+ ot — a? 


. cos, A=1; or 


«1+ cos, A= 1+ Dhe 


And 1—oon-4= 1——tG=% 
1c d= HERES —e 
Jame de Sab pte 
sang tyes 
dsintt— S— Ooo 
sorta Cbetdote—g 
insta Oxb+o@rb—9 
Now suppose 2=a+b+e 


2(s—b)=a—b+e 
2(s—c)=a+b—ec 


com Bey / BED... 09) 


sin. A= A EYED... 09 


ep ereses 


Now, sin. A=2 sin. + cos. 
cain, A= BK s. (s—a) (s—b) (s—c)..... (35) 


In to these formulas it will be observed that 
the angle and the denominators are always the three 
letters, t.¢., if the angle is A the denominator is be ; if B. 
the denominator is ca, and so on. Again, in (33) it will 
be seen that the sides in the numerator correspond to 
the angle, and in (34) the sides in the numerator cor- 
respond to those in the denominator. Hence we can 
always adapt these formulas to any angle, thus :— 


in. Ba 2.4 / * 6-4) 6—b) 6—9) 
ce {- YW 8. = 
(b) The following relations are important :— 


- a4b_ sin. A.+sin. B 


a sin. B 
a—b_ sin, A—sin. B 
b sin. B 


.a—b_ sin. A—sin. B 
**a+b sn. A+sin. B 
a—B i248 

cos. 


2 sin. —— ——— 


2 cos. oe sin, A TB 


. 


A—B A+B 
= tan. 2 —> 
Now A+B =180°—0C. 


.’, cotan. A = cotan. (90° _ $= 3 


(40). To obtain Formula (32) in a form adapted for 
Logarithmic calculation. 


The above form expressing the relation between 
the sides and angles o' a triangle, are in a form adapted 
for logarithmic computation, except 


T 
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ce = a? + b? — 2ab cos. OC. 
| — This can easily be written in such a form, by intro- 
ducing a subsidiary angle. Thus, 
c? = a? + b?— 2ab cos. C. 
= a? + b? + 2ab — 2ab — 2ab cos. CO. 
rhe Bll Sarat ta acti 


= (a+ b)? — 4ab cos. ? 


2 


es] 


vaceapt 1— +h? 


. 2/ab. cos. - 


Nowa+b7 ./2ab. ., 2 


a+b 41 
We may therefore assume 


2,/ ab. cos. 2 


a+b 
Sse b)2 (1— 20) = b)2 sin. 20 
pas a har eine ah mk Ser 


= cos. 0. 


See eee eens © kl, 
° 2 
Since 1 = cos.* = + sin.? | 
0 Pee | 
= cos.2 — — gin.? — 
And cos. C = cos. zx sm? 5 


J.0? = (a? +02) (cos 2 + sin. 2) 
= (at int) 
= (a? 4 2ab 45%) sin? 2 + (a? —2ab + b2) 008.20 
= (a+)? sin? 2 + (a—t)? 05.20. 


= (040)? sins 2 {14 (254) cotan.2 2}. 
" Assume tan. 0-3 cotan. > 


oC 


“0? = (a+b)? sin? =. (1+ tan? 0) 


P A—B_a—b Cc 
lao the calealation 8 tease cotan. 5 
can be simplified, if we have already log. a and log. b; 
by introducing a subsidiary angle. us, 
b 


yt 


a 


a+b a) 
Se ate ts 


Assume tan. 0 =. 


.a—b_1—tan. 0_ tan, 45°— tan. 0 
“‘a-b 1+tan 0 1+ tan. 45° tan. 0 
for tan. 45° = 1. 
-a—b_ oo 
"orb tan. (45) 0) 
and tan, A=B — tan. (45°— 0) cotan. 2... (80) 
There are several Theorems which can be deduced by 
means of the relations proved above. ‘The following are 
a few. 
(41). To find the Area of a Triangle in terms of its sides. 
In figure (16) we evidently have 


Area triangle =}. ON. AB. 
VoL. L 


Now CN. =ACsin. A=} sin. A, 

< be. 

-- area = — sin. A 
= By ave (s—a) (s—b) (s—c). .. (85). 
=A, (s—a) (s—b) (s—c) 


N.B.—If a = b=c. or triangle equilateral, then = 


: a*,/3 

CO sae Ta 

If a = b. or triangle isosceles 
s=a+5s—ats—b +5 


oS ea, 
. ie a2 —c2 
ws area = 24% q 


(42). To find the Radius of Tnseribed Circle om terms of 


Let A BC be the triangle. 

O the centre of inscribed circle 
Join O A, OB, OC. 
Rn eee area C O A + area 
Let r = required radius. 


Then, area BO 0 = = 


The circles which touch one side of a triangle, and the 
two other sides produced, are sometimes called the sws- 
scribed circles, fet T. % Te be the radii of those circles 
which touch the sides a b c respectively. 
Then if O, be the centre of the circle which touches 
the side BC, join 0,A, 0,B, 0,0. We clearly have 
— Area B0;, C+ arca 00,, A area AO,, O 
= area ABC. 
T, & 
es ange 


. Ta (8 — a) = »/8. (8s —a) (8 — 5) (8—) 
ea r/ 8. (8— a) (s — b)(s—c) 


(—a) 


44 
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Similarly a 4D, DO  aDOm™ sin, (190° — 
_ veb—O6—DG—9 os 2 Pigs sin. (180° — 8) 
/s. 6—a(s—b) @—e) 
nee Cr) Area of triangle A BO = 4B,P° sin. Bo, 
(43). To find the Area of the Circumseribed Circle. a in 0. 
Fig. 19. Let AB hee pea or 2 
Circumscribe a circle abou’ st 
it, the centre of which is O. .". The whole area “5° (ab + de). 
Join B O and produce it to , 
¢ meet the circumference in Hence area of quadrilateral 


D. JomDO. Then (Eu- 


D A=a, 


oe /s. @—4) S—b) s—o =4 
abe 
sai r/8. (s— a) (s—6) (8s—e) 


‘44), To find the Area of a Quadrilateral inscribed in a 
ag pacha Maley 
ABCD a quadrilateral inscriptible in a circle, let the 
four sides rey BO, CD, DA, be Fig. 20. 
respectively abcd. Join AC. 8 
Now, fABC=0 ADC= 
180° — 0 (Euclid III.—22.) 
Hence, A C? = a? + b?— 2ab 2, 
cos. 0 
and A O02 = c2 +d? — 2cd cos, 
(180°— 0) 
.”. a? + b? — 2ab cos. 0 = c? 4+ d? 
+ 2cd cos. 0 
.*. a? +b? — 2ab cos. 0 = c? + d? + 2cd cos. 0 


: 0 a+h—e—a 
*. 2008.9 = 1+ — Sp aed 


— @$0)'—(e—d)? _ (a+b+e—d (afd—eF — 


2ab + 2ed 2ab + 2ed 
2. (s— oe 
ie 26 eS ifIsmathte+e 
Similarly, 
<A. ?4+%—e—a 
Sen? 5 1 -—aoe 


2. (s—b) (s —c) 
= ab ed 
Sint9 a A ¢—) Ne) (s—d) 


But area of triangle ADC 


= / (s—a) (s— b) (@—<) @—2a). 


(45). To find the Area of a Polygon of (n) sides inscribed 
in a given Circle, 


If AB be one side of the polygon, O the centre of 
Fig. 21. the circle, let r be the radius, and 

° 2 the a of sides, Then area 
polygon = n X (area triangle 
OAB). ‘ a 


Now angle AOB = oe 
Draw Op perpendicular to AB, 


Then 
AOp=}A0B ~, AOp ==, 
Then area of triangle 


AB x Op 
3 = Ap X Op. 


A h 5= 


- 180° 180° 
Ap. rein, —— + Op. f 008, —— 


180° og, 180° 
n n 


.. Area triangle = r? sin. 
= 372 sin, 250° 
n 


If a be one side of the polygon, 
180° | 


Then © = r sin, 
” 


Hence area of polygon =" sin. om when radius is 
given, 
And area of polygon =" eotan, 180° when side is 
iven. ; 
The area of circumscribed polygon can in like manner 
be proved to equal Re 


nr tan. ——, 
n 
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CHAPTER XIL 
TRIGONOMETRICAL SERIES AND TABLES. 


(46) GENERAL EXPLANATIONS, 


Tue preceding give the theory of plane trigono- 
metry. Tocomplete this branch of mathematical science 
it remains to explain the mode of deducing numerical 
results from the above theory, and to perform the actual 
calculations of the parts of triangles from which the 
science derives its name. We have already seen that 
the trigonometrical ratios of certain angles are known ; 


for example, we know that sin. 45° = 5" sin. 60° 


av8. and some others, and knowing these values 


we can determine log. sin. 45°, log. sin. 60°, and so on. 
Now instead of knowing only the trigonometrical func- 
tions of certain angles, we want to know the trigono- 
metrical functions of every angle from 0° up to 90°. 
And as the calculations are for most part carried on 
by means of logarithms, we require to know also the 
ithms of these functions. ese values have been 
culated and arranged in tables in a similar manner to 
the tables of logarithms as before explained ; we pur- 
pose in the following pages to fee 0 the principles on 
which this calculation has been effected.* 


this object strictly in view, a circumstance t 
prot gets, Bag beer gt of certain aug caf ghee 

i in treatises of trigonometry. ere is a very 
Fires: wumber. of such series; we teat thie peries here 
oo te ara ehgens df 8 taganc hora ae 

on this principle make the following selection from 
that large number. The student will do well to observe, 
in studying any branch of mathematics, in which alge- 
braical formulas occur, that unless he understands the 
method of obtaining arithmetical results from his for- 
mulas, he has not as yet mastered the subject. 

The first article is an example of a limiting value. 
We would recommend the t to consider it very 
carefully. eee ee ne eae we Meat Nhe 
limiting value of ~— = 1, where, of course, 0 is in cir- 
cular measure. The following will sufficiently explain 
the gc orrer of the statement. When @ becomes very 
small, “5 ~ becomes very nearly equal to 1, and the 
smaller 9 becomes the more nearly sn” becomes equal 
EDA sacdhecd ois lone dha stage however small, 
sin. 


—>77 can never actually equal 1. Then the value which 


limits the value of =° is 1, while the value which 


limits the values of @ is 0, and we asswme that if 0 
actually equals 0, “~" actually equals 1, The assump- 
tion is in point of fact an axiom. We cannot, however, 
discuss the questions here that this statement gives rise 
to, There are several methods by which the proposition 
can be proved. The following is a modification, of New- 
ton’s sixth Lemma. ae 

(47). To show that when @ = 0 we must have “""— = 1 


Let A P,P be the arc of a circle, the contre of which 
isO. AT atangent, APachord. Produce A P to p, 


* Tables of 1 sines and cosi and logarithmic sines, cosines, 
tangents, &e., will be found at the end of this section. 


and AT to #, draw PT and pt parallel to A O, draw 
arallel toP’O. ‘Then angle Apo = APO™=PAO, 
AO= PO, and therefore Ao = op, with centre o 
and radius op describe a circular arc, Ap, Then the 
angle A OP being equal to Aop, we have— 
arc AP _ arc Ap 
AO Ao’ 
since each measures the equal angles. 
Agpin, deawl Nata Ue, eee 08 
Then AT = EN ~ sin, AOP 
AO PO Y 


@) 


a 


Now, suppose P to move along the arc to P,, and sup- 
pose pt to remain fixed, produce the chord A P,, to meet 
pt in p, make the chord AP, to meet pt in p,, make the 
angle AP,O = Ap,o,. Then as before—— - 


so that in all cases the equation (a) holds good. Now 
when P moves up to A, p moves up to ¢, and when P 
coincides with A, p coincides with ¢, and then p and ¢ 
coinciding, the changing are Ap coincides with At, and 
therefore in the extreme or limiting case. 


and hence on the limiting case, when A P vanishes, 


AT 
Now let AO P=@, where @ isin circular measure, then— 
arc AP 


and 
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Hence, in the limit when @ equals zero, (d). To prove the same theorem when n is fractional. 
in. @ Pp 
“S _ QED. aie 
oe carats os sin. 0 1 Now (os + Tein. Pm cos. 2 0+ Y=E 
se" wan 8 q : @ 
avis sin, p 0, 
Now when 0 = 0 sin. 2 od. = (cos. 0+ ,4/—I1 sin. 6)» 
(7) cos. @ - po ee po ¢ —. 
Hence, in the limiting case, when @ = 0. nT pH (08 OV 1 sin. 0? 
tan. 0 
on 


(48). De Moivre’s Theorem. 

(a). To prove that (cos. 0+ ,/—I sin. 0) x (cos. 6+ 
./—1 sin. $) = cos. (0+9)+ /—I1 sin. (0+ ¢). 
For by actual multiplication— 

(cos. 0+ ,/—Lsin. ) (cos. 6+ ./—1 sin. $) = 
cos, 0 cos. 6+ ./—1 sin. 0 cos. 6+ /—1 cos. sin. 
$—sin. @ sin. @ = cos. @ cos. 6—sin. Osin. 6+ /-1 
{sin. @ cos. b + cos. 0 sin. 6} = cos. (0+ 9) + ./—1 
sin. (0+ 9). 

Henco— __ 
(cos. 0+ 4/—I sin, 0) (cos. $+ ./—1 sin. ) (cos. y 
+ J=Asin. y) = feos. 0+9)+ J=Trin. +09} 
. + /=Asin. y) = cos. (06+ 9+Y)+/—1 
Sie MEE Naa 


And generally if we had nangles 0, . . 03 ... 0,, weshould 
have— 


{cos. 6, + /—1ain. 0, {cos 6, 4+ ./—Tsin. 0,} 
ws foos On-+ 47 —1 sin. 04} cos. 4 + Oy fone es On) 


+ JHA sin. (0, + 05! oe +n) veers (40). 
(4) To show gh pa O+ hor 6)" ssa kd 
,/—1 sin. n @ for all integral and positive values of n. 
Tn equation (40), su 0, 0, ... Onto be each equal 
aerial ag aes 3 
Then— 0, FO, — 2 + On = 08, 
And— ate 
(cos. 0, + .f—1 sin. ,) (cos. 0, + ./—1 sin. 04) 
«+++ (008. On + / — 18in. 0,) = (cos. 0+ / — Lin. 6) 
(cos. 0+ »/ — Isin. 0).... (cos. 0+ ,/ — 1sin. 0) = 
(cos. 0+ ,/ — 1sin. 6). “3 
And co8. (0, + 04+. 4) + V=Tsin. (0, + Oat 


=cos.n0+ ,/—1sin. nO 
Hence es ge 3 
(cos. @ + ./—1 sin. 0)" = cos. nO + ,/—1 sin. nO. 
(c). To prove the same theorem when n is a negative 
whole number. s 


For by multiplication, (cos. n 0-+ ./—1 sin. n 6), 
(cos, n O— ,/—1sin. n 0) = 008.2 nO +sin.2n 0 =1, 
(cos. 0+ ,/—1sin. 0)" 

(cos. 0+ J—1sin. 0)" 
= (cos. 0-+ ,/—I1 sin. 0), " (cos. 0+ ./—1 sin. 0)—" 
= (cos. n 0+ ./—1sin. n 8), (cos. + ./—1sin. 0)— 
“+ (cos. wiles eli: (cos. 0+ ./—1 
sin, G)—" = 
(cos. n 0 + ./—1 sin. n 6), (cos. nO — ,/—1 sin. n 6); 
-*. (cos. 0+ ,J—1 sin. 0)—" = cos. nO — J/—1 
sin, n 0) 
= cos, (—n J—I sin. (— . 
Since son (=n) = yr as 
sin. (—n 0) = —sin. n, 0, 
Hence the theorem is true when n is negative, 


nowl = 


= (cos. 0+ ./—I1sin. 0) 5 
and hence, in all cases— 
(cos. 0+ »f—I sin. 0)" = c0s.n0 + J—1 


Wheihal ic’ a MO coves (41). 
ether n be positive or tive, integral or fraction ; 
which thearem & talled Die Meolvery Ghitcaee: : 


(49). To express sin. m 0 and cos. m 0 in terms of powers 
of sin. 0 and cos. 0. 
Since 
(cos. m 0+ ,/—1 sin. m 0) = (cos 0+ ,/—1 sin. 0)™ 
= cos."0 — cos, ™—29 sin, 20 
+ seh X cos"—4 @ sin. 40 — &e. 


=1 1 0sing —™-m—im.—3 
+f I { m. cos sin 0 Css 
cos. 8 0 sin. 2 @ + 


Hence equating possible and impossible quantities, 


cos. m 0 = cos." 0 — mm cos »—*0sin.? 0 
a = m 3 oo5.m —t sin 40 — dvo....(42). 
and 


Sin. m 0 = m cos."—' 6 sin. p— emt ma 
cos. ™—* @ sin. °0 +4... (43)* 
(50). To express sin. p, and cos. d, in terms of 9. 
Let m 0 = ¢, and = 
Hence in the expression of the last article for cos. m 
0, we have a set s 
ono SF 22m 8" as 
m. (m—1) (m— 2) (m—3)/ 
1.2.3.4 \ 


x (om 85 Sm get 


+ con, 2)" sin “Bi, 


ee mre 


* We assume in this article that if a4- /“—1, 6=A-+- 
/—1B. where a. b. A. B. are real. Thena=A and B=6, 
To prove this, suppose A to be unequal to @ and let A=a-a, 
and B=b+y. 

wats /—la=ate+04+yV—1 


e+ y= 
Now 2? and y® must each be positive. 
.“.@=oand y=0 


AS B=4 
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%\? @& /—1 
cos, 2 LA ree Ti i amills ates 7 
mw i eS ae 
123.45 
2 3 
eDeated Bo EN 1, sin. 0=10,/—1— © 
1234 i = a eet es | 
oy sin, +23 —Lasatiesas 
‘ ek. oe 
(cos. # at Gh— he. Sm Leia ee t=O ofl tag 
Pfs > Bs) Foe 
This formula is true for every value of m, however "5 Fiza casas 
large m may be; Ld Hic rateable eater f Now : 
sila salina limiting or extreme case when m is (Jat De ’ 
infinity ® is zero, and hence in this limiting caso | (/=1 = (Jai! (eee 
aM os (=I) = (/ = 13 (/— 1)? = (— 1) 1) = 
ae =1 peaeaireciesaier 
m - 4 Ov—i 
a = So eaherai. ae 1.2.3 
Also 1 4. =e &o, Ee 
fo (coe. #)"= 1. cos. 0 — ,/f—i1sin. 02=1—0,/—1 14+ €¥7=0 ae 
™ 
And therefore ‘3 4 — Oe pg 7 
cos. 6 = 1— 4, + 5 — ke. ..« (44). 1.2.3 aly: - 
ee octal gale tata One 
ee ee he anal obtain eye oaa, ater og 
‘ P p z y the exponential theorem (Art. on Series)* 
sin. $= $— 7937 (9.3.4.5 &--- (4). .*. dividing the former by the latter 
— omit ¢*, we shall we. 64 lan 0 
a <= =e /—-I4+e—0 /=1 
sin. P = Gand cos. 6 =1—F cos. 0— / —Isin. 0 
1+ /—1 tan. 0 — 
(51). To obtain sin. 0. cos. 0. and tan. @ in terms of ie rere 4 of he Mae 
Exponentials. 
Since Also adding (46) and (47) we obtain 
sin. 0= 0— 7 55 + 9945 — 2cos,0 =e? /—-14+¢—0/—1,,, (49), 
aw o and subtracting (47) from (46) we obtain 
& cos. 9 =1—q 9 +iaga— % 2 —Isin. 0 = 0% =i —¢, —0V=T, . (50) 


(52). To obtain an expression for 0 in terms of tan. @ and its powers. 

Since from equation (48) 
jai t /—1 tan. 0 

1—y—lItan.0 
Taking logarithms on both sides. 

20 /—1= log. (1+ “—1 tan. 0) — log. (1— “—1 tan. 6) 

v—Atan. 0 (/—TI tan. OF . ¥—T ten. 0%, — &e. 
1 2 $ 


> {- =a (7—1 tan. (7—itan.oF |, 


i 12 3 
nF | Spe 4  , 1 ts. siete 


=2/— =| tn 0 — S858 4 © = — se | 


3, 
1.0 = tan, 0— - + 100-0 — be, 
* See ante, p. 516. 
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(LOGARITHMIC VALUE OF 7. 


or if, 9 = tan.—l!«, Then z 


Sd += — te 


3 


+++ (61). 


If be positive, this value of tan. —1 x is, of course, that value which is less than i Hence, if we wish 


to express all the values of tan.—! « in terms of «, we ought to use the formula 


Where m is any positive or negative integer 


(53). To calculate the value of 7, i. e., the ratio which the 
Are of a Semicircle bears to its Radius, 

Let a be the arc to radius r subtending an angle of 
45°. Then since the semicircle subtends an angle of 
180°, 7 =S. Hence i is the circular measure of an 
angle of 45°. 

. T 
«a tan. ry =] 
and i= tan: 41 
Hence, from equation (51). 
7 aoe See 
gu eactim1—st5—7 Tt: 
and from this we might obtain the numerical value of 7. 
But it is much more expeditiously determined in the 
following manner, 


2 
1 5 5 
=. = RS = et 
2 tan. 15 tan. yf tan. 15 
25 
5 
1 5 6 120 
— —l_._ _ — ea: Pc 
4 tan. 5 oe eS ee PE 
—jH# 
120 = 
Tan.) ~~ tan. 1 1=tan, 19-1 _ an 1555 
1+ ii9 
120 1 
tan. —! 1 = tan 1779 — tan. — 535 
1 
= 4 tan. —1 5 —tan.—l5a5 
7 1 1 
.-= -1-.— oo 
oi | 4 tan. 3 tan. 339 
feo ER OS ELS | 
ae tcc S: A oe es 
(5 3 a te os &o, | 
ae: cae | iy 
(ge—-3- gets ae | 


The expression, it will be observed, consists of the 
difference between two series. Their values can be cal- 
enlated separately, and the value of 7. be found from 
thence in the following manner :— 4 

(1). We obtain the value o! '-F ate z= 
&c., to the 12th place of decimals in the following 
manner. i 


~ 


. 
1 

B = 008 
1 

eB = 00032 


a oonsian 


A) 
Be = 000000512 


From these we can easily obtain, first, the negative, 
tracting we obtain the whole value required, 


ia 

+ ps = * 002666666666 

7 ar = * 000001828571 
1 


T 


gH Ble ole 


| ms 


BI oles eos 
U 


o 
~ 
e 


1 1 
45—= : 
: - indent 
(2). To caleulate the value of (ao papetee } 
= -004184100418 


Which is the value of { m-raeta } to 12 


places of decimals. 


and then the positive part of the expression ; and sub- 


— 
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If we subtract this from the result last found we shall 
obtain 7. and .", multiplying that difference by 4, we 


shall obtain the value of 7. required. Thus, 


*789582239404 
004184076002 


ere < ty 


3141592653608 
The calculation is carried to 12 places of decimals, but 
is not trustworthy beyond the first 10. 
Hence (to 10 p' of decimals) 


mw = 3°1415926536 


If we had wanted to obtain the value of 7 to a larger 
number of places of decimals, we should have had to 


carry the calculations throughout to a correspondingly 
greater extent. 
Thus, we can show that 
mw = 3°141592653589794* 
We can very conveniently apply De Moivre’s formula 
to the solution of Binomial Equations, i.e., equations of 
the form a*+a=0 


(54). To explain what we mean by the roots of a Binomial 
Equation, 


If we take the case x" + a = 0, and if a be b", then 
the equation becomes 0" -+- b" = 0, andifw = by. 2*= 
b" y", and then the equation becomes 

y*+1=0 
where the 1 may be either positive or negative, It 
might seem at first sight that this has only one root, viz., 
unity, but to conelude so would be an error, as a little 
consideration will make quite plain ; for take the case 
2?—1=0 

Then 2 is either + 1, or—1; i.¢., has two values. And 

if we take the case dc Exe 


a —1 = (@—1) (+2 +41) 
we shall have 
(z —1) (*?++ 2 +1) =0 
whence x will have values corresponding to 
—1=0 
ath O 


From the former of them we find that « = 1, 
and from the second that 


@+o+i=—} 
—1+ /—3 
Ag May Were” ae ee 
And hence « has the three values. 
—1 + ¥—3 »aa-1- V—3 
2 2 


1 

which are three roots of the binomial equation 
2—1=0 

And hence we manifestly have that the roots of 
2—ad=0 


are 
—1+ J—3, ana 1 —- V—3, 
; and a 


2 
Tn like manner 
a +1=0 
has n different roots, which indeed follows from the 
principle, that every equation of the m" degree 
n different roots, real or imaginary. 
* In connection with this, the student may advantageously peruse the 


remarks of Professor Y ‘in Cha: TV on Geometry, 1a which be 
the quadrature of the circle.” (See p- 577). 7 


(55). To find the roots of the Equation, 2" +-1 = 0. 


Since, cos. (2p +1) 7+ /—1sin. 2p+1)r=—1 
whatever be the value of p. provided it be Ris integer. 
And since 

e=—1 
we must have 


am = cos. (2p +1) 7+ VY —i1sin. 2p+1)7. 
1 
*. 2=(cos. 2p flr + /—Isin. 2p+izy 


ora = cos, -PT* , 4 J=Asin, 2P Tt, 


Hence cos. eth tv =Tsin, 2p tt isa 


root of the binomial equation whatever integral value we 
may give to p. 

e shall prove that there are n different values of this 
formula, corresponding to the different values of p, viz. : 


0, 1, 2,3....%—=1, and that there are no more than n 
values. 


Ne Rgaed fle-nk Buotilieg: each < n; and if pos- 
2 ey 
oon, SP ET r+/—1 sin Pt T 


2 1 
=cos, 244 T oo /Hisin, 22 +2 y, 


Hence equating possible and impossible terms, 


2 
ee ee pel eee ae 
n n 
2 
do ees ag+t . 
nm n 


Hence the angles must differ by some multiple of 2 7, 
say by k X 27. 
tet. atl. 
n n 
.“. p—q=kn.a multiple of n, 
and therefore either p or q must be greater than n. 


Hence all the values of x which correspond to the values 
of pit viz., 0, 1, 2, 3,....2—1, are different from 
each other. 


(b). Again, if we give p a value r greater than n, then 
the corresponding value of « will be the same as one of 
those which is given by some value of p, that is less 
than n, as for instance gq. 


For suppose p = kn + q. 
where k is a whole number, and q is less than n, 


wt+2kr, 


Then, cos, 2P TTS Jasin. 2241, 8 


ae Shot 2a th, Hin eee 


cos, (20+ 24E2 = | fain, (2004 20te, = 
woe 20th, fein 2441, 


Hence by giving to p. successively the values of 
0.1.2.3.....%—1, in the formula - 


z= cos. 22 Tt, 4 J —Iain. apt? 

we obtain all the roots of the Equation 
a+1=0. 

Thus. To find the roots of the Equation 
o+1=0, 

the roots are given by the formula 


= cos, PE + /—Tein, 2247, 


and are therefore respectively — 
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cos =f afin. 008, 30° + J—1cin. oy = V8+ i= 
cos, 8 Asin. 5Z = cos. 90° 4 4/—=Tsin. 90° = fA 


oon, BF 4 fi sin. OF, = 008. 150° +./— isin. 150° = = 18+ ed 


con, TF 4 Asin, FF. = cos, 210° + f—isin. ag — V8 —* 
com: OF 4 Asin, °F. = 008, 270° + ,f—1 sin. 270° = — J—1 
cos, 17 + /—Tsin, “7. = 008. 330° + ofA sin. 330° = Y¥S—/—* 
Similarly if we have to find the roots of the Equation #—1=0. Since cos. 2p 7 + J/—Isin. 2p7=1 
we shall have all the roots given in the formula a = cos. 22 4. ,/—Isin, 727. 
n 


; (56). To resolve x®*—' into factors.* 
If ag a, ag s+. + a*—! are the roots of the Equation «*—1=0. Then 22" —1 = (x — ag) (@— 4) 
(w—ay)..- . (e—a™*—"'), 
Now all the roots of the Equation are included in the expression cos. PPE 4 /—Isin. apr. 
n 


If then we suppose p 7 n. and a, be the corresponding root a, = cos. P+ /—Isin.2*- 
n 


Now observe that there will be another root a™—» which will equal cos. 2"—P ™ 4, /=isin, 2*=P* 
nm n 


= Dey hed i i pe 
cos. (2 = ee isin. (2% a 
Hence a®—? = cos, 27 /—I sin P*. where p 7 n, and so we have a pair of factors c—a? and 2—a—P 
hicks ee entelto asven: £— f— tome lemme =I sin. 2 ) 
wi are eq (* 008. = J —1sin. %— 008. ~— + af 1sin. 
= a? — 2x 008. P+ 1, by multiplication. 


Where p may take any value, 1:23....m—1. It will be observed that { oe tee *.(a—a,) (@—a) = 28-1 


and .*. 2*—1 = (22—1) (#- 2x cos. = +1) (=— 22000. % +1) ok (2#—22005.25"" +1) (62) 


Corol. Hence, «%*—a™ = (a2—a®)( z?—2axcos.~+a?)......+ os 9 an conten ee | 
z = (53) 


Vor since y=? = (y°—1) (v— aye 5 + 1) (v—2veosF + 1) ys (1 —2ye08" + 1) 


‘J a“ a e acl ¥. Pod x n—Il17 

3—1-(5 -1\(5 azom 5 +1)....(5—a5e0 2 +1) 
Now as there are n factors, if we clear the equation of fractions, multiplying the right-hand side by a® wi 

same thing as multiplying each factor by a ns, multiplying the righ e by a™ will be the 
ence :— 


gin _—_ gin -(#-« a?— 2 ax cos. “+at)...(a8—2a0 con, IF + at) 
4 n 
By a precisely similar process we shall able to prove that 
T 3x 2n—17 
mia 2 —2z cos. = +1) (2-220 gant: 1) sne(at— 2 cos. $n +1) woe» (54). 


And hence 


bohm Par con +4) (#2 az 008, 37 +41) eve (22 ar cos. 2*=1+ at) coud (55). 


* If a,, ag, ag... a, are the roots of the equation, uation 2"-1 = 0, we have a,"—! =0, a 
a1 =0 Then divisible by —a,, or 2 —a, isa factor of "Simi. 
x) = (x—a,) (6 — ae) (©—ag).... (©—a,) forall larly a—a,.7—ag...2— a, are each factors of 2*—1 

values of 2. and since #"-t cannot have more than n factors, it is 

For if we actually divide 2*—' by «—a,, we shall plain that 
obtain a remainder a,"-* ; now, since a, is a root of the wt == (@—a,) (©—ay).. 6. @—ay) 
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(57). To prove that 2" —? sin.? nin 8 7™ sin 237 .. ++ sin,2 OF a 
n 
We have by actual division— 


SO gt gh 24 9-8 et 


—y 


oA p 
Hence, whenz=1. The limiting value of _— will equal 1+ 1+1-+....+1-+1 to 2n terms=2n. 


Again by the last article— 
—— = (+1) (#—28 cos. = +41) (#- 2x cos. 27 41)....(<-22008 n 


and hence when « = 1, the limiting value of ——-- 
is 2 2-208, =) 2- 2 con, 27), oF (2-2 005.2=1") 
n ¥ % 
and therefore these two limiting values are equal, and oe 
2n = 2(1—con =) (1— cos 2r)....(1-o0n #2) 
27 


= ® x Fsin. 27 2 sin? 2* 9 sin. 237 osin®—! tA on ye oe sin. 


2n 2n 2n Qn Qn Qn Qn" 


In the same manner we may prove iat 


= 2 
2 = 2* gin. z, sin? re 


For 


-lr 
n 


4 


om 41-(2— 2x cos. 5 fu 3) (#20 55 +1): «+ (0222 cos, ASI 


Let z = 1, and then observing tha 


We shall obtain the required formula. 
(58). To express sin. % in a series of factors. 
The above formula (53) for the factors of <% — a™ is true for all values of « and a 


Suppose =1-++ 3, anda=1—z. 


2 
Then z*—2 az cos. £= 4 a? = 14> + gop —2(1— go oon 8? 41-2 4 


- > : and, 2 n—ler 
fie cotan.? sites an l+ia cotan,? In *) 


—2*, dein!” dein.§ 2" 4eint O*... Asin. M—'* 
n 2n 2n 2n n 


«(14 4. cotan.? Fa)(3+ a cotan.t 3). (+2, cotan.? Fit) 


wo * ,9™—1 gin. _* , sin32 * 
n 2n 2n 


(+4. cotan 7) +4. cotan.? 2r), (1+ A, ootant *12) 


=22(147, cotan.? ¥.) (+75 cotan.t 27) (14 cotant "= 1")... 
VoL. L , 


. 
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om —ah en (145%) "-(1-95 : 
and expanding each by the Binomial Theorem. 


2 Q2n.2n—1 2 2n. 2n—12n—2 us \ 
om —am = (142m % + BT. Be 123 at 
2 Q2n2n—1 # 2n,.2n—12n—2 2 
= (1-205 + ae, 5 ae 123 80 T ‘) 
r 2n.2n—12n—2 # 
no | anf + ae fF eeee \ 0 
Now (a) and (5) are equal under all circumstances, and therefore their limiting values when 2n becomes very 
large are equal, i.¢., when 3 a - ++ P are each equal to zero. 
a Pr 2 1 
Now since 7 cotan, ha ae 
2n 
ys 25. AB 
* pz pe pr 
it we aa 
up gh anppeaigadanal Sa 
And the limit of ——~— a ? when 0 = 0 is unity. 
a 
Hence the limiting value of =1, 
tan. On 
«bis 2 327s 
And therefore the limiting value of 75 cotan. In pat 
Hence the limiting value of the expression (a) is 
| a {1+5} (1+55} [t+ga}eo- 
Again since (6) can be written 
1 2 1 4 
1— 1—— 1——)}...,1—— 
wf (8.68), ,0-8)-8),. 
Fa 123 aoe igs 
Baie ‘ Pid z 
Hence, — 
Ce See ) (14+ # Vous 
Wn re Pr 


-+. 
or writing — 2 for z*, we have— 

cs =(1-3 ss 
1— ag tT = 


Multiply both sides by z, and we obtain 
Psd 2 2? ( 3 
*—Tg38 a [23405 = -(1-4) (1— a). +++ 
Dd # e 
But, sin. s=s— 795 + 79940 


+. in. -=2(1—4) (1-25) (1—385)--+- © : 


hich is the expression required. 
In the sane manner, by taking #® + a% and its factors from formula (55), we can obtain cos. # in factors, 


Thus, let e= 1+ 5--a—1—F- 
ae 1 2 4 Indn—1 H—2 M—=B Role ve } 
* ht 1.2.3.4 16n4 


: 


Seam ammo fr 4 2 
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eS ieee ae a , 
a ae as 
Againsince 


@) 


siacaeasitin Gite La beers 

2 sin.? ™ sin? °™. sin. 7... 

2 socal taal phate aa sin. in 
2 a 


a( 1+ ip colan? is) 


2 2n —17 x 


es 


ad 


2 el Ee he 14+Z5 ns PE 


I 


- cotan.? 2p 


+17 
Now, — 


4 


The limiting value of which isS—— 


a 
1+ 5+icmi +... = (1+55) 
Write — z* for + z* (as before) and we obtain 


kinds. (1). Those whee give the numerical values of 
the sines, cosines of the &e, (2). Cony Chere 


ve the values of the logarithms of the sin 
i of the es, The former are called are. 


natural sines ; latter, Tables of logarithmic sines. 
We shall explain the ‘method by which each of these 
tables is calculated. 


(59). To show that sin. @ is less than 0 and greater than 


3 
P= 
2 ) 


: St Ol 7-6 * 
For sin. 0 = 2 sin. 5 cos. 5 = 2 sin. > 


Now 1~sin.* 2 must be less than 1. 


(1-sine¢ 
2 


Hence sin. 0 7 2*sin. 6. Whatever n may be. 


s 
Sin. 0 


a 2" for all values of n, however large n 


—_—— 


aE ae 
Qp + 1m? 
Hence the limiting value of « + a derived from the expression for its factors will be 


a(1+S) (1+5m) (Item). 
And the two limiting values (a) and (b) are equal. Hence 


z z 422 

tat Tas = 1 

2 2 

sere (1) (-¥ 

The series given in the preceding articles are sufficient 

en peced _ We now sip an explain the method 
ting bles. 

The Tables of t etrical functions are of two 


4:2 
(1+35,) (1+ 
422 1 422 
(2 “¥e) (1s 
) (1-5 gar por + 9) 
may be; and therefore, in the limiting case, when » 
is Infinitely lange, & 2” infinitely large, or when 
==" 
nO 
sin.5, 
But in this case a =4h 
2 
rent, 
or sin. 0< @ 
In like manner we can easily prove that tan. 0 > 0 
| son 
For tan. 6 = 
1— tan.? 


0 
Hence by same reasoning as before, tan.@ > 2" tan. 9; 


(2) 
tan. 9a 
wd 


ai 
Now, when n is infinitely large x ar =0 
0 


,, tan. 0 
a) 


in this case = 1, 


2" 
asic = 


= 
e 


5 
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es tan. 0 - 
tei ; 
or tan. 0 7 0 
od 
(2). To show that sin. 07 @— 7 
0 
For sin. @ = 2 sin. z 8H ‘ 
0 0 
= 2tan. > cos.? 5 where the seven zeros in front of the significant digits of 
0 2k are be crisrigr By means of this table, which re- 
etn 5 (1-sin?-5) sembles of the proportional parts in the table of 
Py 2 logarithms, the multipheation can be performed by 
0 e\" means of addition only. It will also be observed that in 
tan. > ge [sin @ the case of the sines of the first few minutes the products 
ar pas oJ eee SE of k will have more than ten zeros, and therefore can be 
0 4 oO omitted, and that under all circumstances they will have 
2 2 at the least seven, so that the multiplication is soon per- 
formed. Thus, suppose : 
7] 6 3 Sin. p’ =. 3759264827 
tan. > sin. 5 2k, sin. p’ = - 0000000253,8 
Now — -— being 7 1 and r) being 4 1 re 
2 2 7 
oN SEE. 
ge f «0000000318 
e oe 2 By this means we can successively obtain the sines 
sre oe must be £ 1 —~ 7 ar ae 12" 4, aoa ao On fonsevery nities upto 4B". 
a (62), To obtain the Cosines of the Angles 2’ 3’ 4’, &e. 


.7-sin, 0 must be 7 0(1—) 
“. sin, 0 > 0% 
(60). To caloulate the value of sin. 1' and cos. 1! 


Let @ be an angle of 1’ measured by the circular 


measure. Then,— ; 


1 a 7 
180° ~ 180 x 60° 
.*. Taking the value of 7 previously gi 
@ = ‘00029088820. id 


6=7— 


7 = 000000000006 
Hence, if we only take in the first ten decimal places, 
sin. 1’ = + 0002908882. 


And since 
cos. VY’ = f 1—sin? I = 1—+> sin.? 1 — FsintV’... 
= + 9999999577. 


Cor.—Henee, it is plain that if our approximation do 
not extend beyond ten places of decim toes 


measure of angle of 1’ = sin. 1’. 
Similarly, Circular measure of angle of 1” = sin. 1”. 
.”. Circular 
provided n 7 60. 


measure of angle of n” = nsin. 1’, 
(61). To calculate the Sines of 2’ 3’ 4’..... 
Since sin. (A + B) + sin. (A —B) = 2 cos. B, sin. A. 
we have sin. (n + 1)’ + sin. (nm — 1) = 2 cos. 1’ sin. n’. 
Now cos. 1’ = 1—- 0000000423 .= 1—k, 
7. sin. Sia (n—1) = 2sin.n’—2k - sin. n’. 
,. sin. (n + 1)'—sin, n’= sin.n’—sin. (n—1)/—2ksin n’. 
This formula is very convenient for calculating the sines 
and cosines of successive angles. Thus, _ 
Sin. 2’ — sin. 1’ = sin, 1’ — 2k sin. 1’. 
Sin. 3’ — sin. 2’ = sin. 2’ — sin. 1’ — 2 k sin. 2 
Sin. 4’ — sin. 3’ = sin, 3’ — sin. 2’ — 2k sin. 3; 
and soon. It will be observed that the first member of 


the right-hand side of each —— is given by the former 

equation. So that the only term requiring multipli- 

mga 22 ae? 2 vlay a 2’, 2k sin. 3’ in each equation. | 
is multiplication can be greatly facilitated by formin 

@ table in which 2 & is multiplied by each digit thus — 


Since cos. (A + B) + cos, (A — B) = 2 cos. A cos, B. 
.”. Cos. (n + 1)’ + cos. (n—1)' = 2 cos. 1 cos. n’, 
Hence as before « 
Cos, (n-+1)’—cos. n’ = cos. n’—cos, n—1’— 2k 
cos. n’, 
or, since the cosine continually decreases, 
Cos. n’—cos. n+1’ = cos. n—1’ + cos. n’ + 2k cos. n’. 
Hence 
Cos. 1’ — cos. 2’ = cos. 0’ — cos. 1’ + 2k cos. 1’. 
Cos. 2’ — cos. 3’ = cos. 1’ — cos. 2’ + 2k cos. 2’. 
Cos. 3’ — cos. 4’ = cos. 2’ — cos. 3’ + 2k cos, 3’. 
The method of calculation is precisely similar to that 
of the sines. It will be further observed, that since sin. 
(90°— A) = cos. A, that we need not to continue the cal- 
culations of the sines and cosines of the angles beyond 
45°. For example, if we know sin. 23° 15’ and cosin. 
nie these are respectively cosin. 66° 45’ and sin. 


(63). Simplification of calculation in case of certain Angles, 

Again, the calculation of sines and cosines of angles 
ter than 30° can be very much rag pp ; for 

° + 0) + sin. (30— 0) = 2 sin. 30° cos, 0 = cos, 0 

Since sin, 30°= + 

.". sin. (30° + 0) = cos, @—sin. (30° — 8) ; 
now if 30° + 6 be less than 60°, then @, and 30°— @ are 
each less than 30°. Hence by our previous calculations 
we know both cos. @ and sin. (30° — 0), and therefore 
obtain sin. (30° + 0) by subtraction. 

Thus sin. (41°. 15’) = cos. (11°, 15’)—sin. (18°. 45’). 
It is plain that by this formula we can calculate the 
sines Of angles from 30° to 60°. 
And since cos, (60° — 0) = sin. (30° nf) ae caloula- 
tion of the sines from 30° to 60° gives the sines from 
30° to 45°, and the cosines from 45° to 30° ; which is what 
we want to complete the tables from 0 to 45°. Thus if 
we calculate by the Launge 9 formula, sin. (51°. 33), 
this is the same thing as cos. (38°, 27’). 


(64). Method of checking the calculation. 

It will be observed, that according to the method 
above given, the sine of a given number of di or 
minutes is inferred from the sine of the number pre- 
ceding. Hence, if an error be made at any one poin 
say in sin. 3° 15’, it will be propagated into the sines o 


in, 


| every succeeding angle ; to arrest the progress of any 


[ry a 
7” ah 


TABLES OF TANGENTS, ETC.] 
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such error, as well as to verify the correctness of the 
calculations, at different points of their progress, when 
no such errors exist, it is usual to in the values of 
any such terms as can be calculated by independent 
methods. Thus we have already seen that the sines, &c., 
of the angles 15°. 30°. 45° ... can be readily expressed, as 
well as those of 18°. 36°. 54°...* And that hence we 
can obtain the sines, &c., of an angle of 3°. These and 
others will act as stops in the series, and also serve to 
verify the accuracy of the calculation up to the point 
where they are inserted. 


(65). The calculation of Tangents and Cotangents. 
By the methods now explained we can calculate the 
natural sines and cosines of all angles from 0° to 90° for 
every minute of a d . The natural tangents of 
angles between 0° and 45° can be obtained by simple 
division, since tan. 9 =n 8 From 45° up to 90° we can 
obtain the tangent by the formula, 
Tan. (45° + 0) = 2 tan. 2 6 + tan. (45°—0.) 
To prove this formula. 
Daa sin. (45° + 0) 
Tan. (45°-+ 0)=tan. (45°—0) = cos. (45° 0) 
sin. (45°— 0) 


Ween t 
tin. (45° + 8) cos. (45°— 0) —sin. (45° — 6) cos. (45° + @) 
cos, (45° + @) cos. (45°— 4) 
sin. 20 
cos, (45°— 0) cos. (90°— 45°— 6) 
2 sin. 20 
2 cos. (45° — 6) sin. (45°— 8) 
2sin. 20 2 sin, 20 
cos. (90°—26) cos. 20 
= 2 tan. 20 
.’, tan. (45° + 0) = 2 tan. 2 0 + tan. (45° — 0) 
Since @ is less 45°, 2 @is less than 45° + 0. and 
hence, whatever be the value of @, we shall have already 


calculated tan. 2 @. before we need tan. 20, for the de- 
termination of tan. (45° + 0), 


Thus tan. 81° = 2tan. 72°+ tan. 9° 


where before we calculate tan. 81° we shall already have 
Tein plain thet if we kn the tangents siien.8 

t is plain if we know of from 
0° to 90°, we also know the cotangents of the angles 
from 90° to 0°. 


(66). Formulas of verification. 


There are many formulas by which the accuracy of the 
tables, when calculated, can be tested. ‘The following 
are some of them ; 

@. Cos, 0 = sin. (30° + 0) +sin. (30° — 6). 

. Sin. 0+ sin. (72°+4+ 0) —sin. (72°— 6) = sin. 
(36° + 0) — sin. (36°—@ 

(3). Cos, (90° — 0) + cos, (18° — 6) ~ cos. (18° + @) 
= cos, (54° — 0) — cos. (54° + 0 

The student will ily verify these formulas if he 
remember the numerical values found in previous articles 
for the sines, &c., of 18°.+ 


(67). Another method of calewlating Tables of natural Sines 
and Cosines, 


Besides the method already given for calculating the 
natural sines and cosines of po there is another more 
convenient than that. The following is an account of 
this second method, 


Wehave ... a «6 
Sin. 2 = %—T33 + 123465 345% viees 
Now suppose « to be an angle = “. z Then 


* See ante, p. 621. + See ante, p. 621. 


Now we have already seen that 5 = 1°570796326794897. 


8 
Hence if we reduce the coefficients of ~. (Ayes to 
numbers, we have 

Sin, = 90° 


m ‘m\? 
=™ x 1.570796326794807 —(™) x 0.645964097506246 


+(™) x 0.079602626246167 — (™)’ y¢ 0,004681754135319 
+(™)" x 0.000160441184787 =(2)'x 0.000003598843235 


+()"x 0.000000056921729 — ()"'x 0.000000000868804 


7 
+(%) X 0.000000000006067 — (")"x 0.000000000000044 
oh &e, ef 
A similar formula can be calculated for cos. ™. 99° Tt 


will be observed that ™ is always a fraction less than 


1 
3 Since we only require the sines and cosines of angles 
less than 45°. Hence these series converge very rapidly, 
and from them we can easily calculate the sines an 
cosines for each from 1° up to 45°. When these 
are known, the sines and cosines of the for inter- 
vals of 1’, or if necessary 10” or of 1”, can found by 
the ‘* method of interpolations,” 

The method of in lations involves mathematics of 
a higher order than is issible in an elementary course. 
The advanced reader will find an account of the appli- 
cation of this method to the calculation of Tables of 
natural sines and cosines in Airy’s 7reatise on Trigo- 
nometry, in the Encyclopedia Metropolitana. 

Calculation of Logarithmic Sines, &c. 

We now proceed to give an account of the method of 

constructing Tables of the logarithms of sines, cosines, 


io ae 

. B.—The sines and cosines of angles are never greater 
than 1, Consequently their logarithms are negative. 
The numbers printed in the tables are always the - 
rithms of the sines, &c,, with 10 added to them ; thus if L 
denote thé tabular logarithm, and log. the ordinary 


logarithm ; 
L, sin. 6 = log. sin. 6+ 10. 
This notation will be observed throughout the following 


pages; 

The Tables may be constructed by cola the 
logarithms of the natural sines and cosines. And then 
as we have already found the natural sines and cosines 
of angles for intervals of 1’ from 0° to 45°, this table will 
give us the log. sines, and cosines for intervals of 1’ from 
0° to 45°, : 

They are, however, more generally calculated by an in- 
dipentiont process, of which the following is an account : 
(68). To obtain an expression for log. sin. ™. 90° in aform 

adapted for calculation. 

We have already seen (page 634) that 


morale 3) 22) (8) 


(=) 


= log. m—log. n +e 2 +log. sie 5 


1m? 1 Dont ot ee 
—M (pie +3: ent te ae get: } : 
1m? ,1.1 mtb ome 
—M (js. nt + z ne 3 er ne +:.. 
1m? 1 1 mt - 11m. 


— ke. Gehan. 
Where M is the modulus of the common logarithms. 
4 - Mm : + op ot & ¢ - 
-. Log. sin. + = | / 


log. m+ log. (2n—m) + 
log. m ig n oe 


¥ vee ee 


pei ae 


oes 
a (get oe + ge tage toe ps 
Tact oct eho to im 
—3 (tet a tae 
Now log. «log 8= 

Hence reducing the ¢ 


bers (in the same m 


m 
= 
— 3 log. n. 

+ 9°594059885702190. 


4 
x 0:070022826605902 — <0:001117266441662 


8 
x 0-000039220146454—""; x 0-000001729270798 


190 ’ 13 , 
~ "ro 0-000000084362086~""-; x 0:000000004348716 
mis « m6 
—™{ x 0-000000000281931.— "5" x 0:000006000012659 


m8 
~ nie 


— &e, 


It can be proved in the same manner, by means of the 
expression 


4a? 4a? 
Cos. a= ( 1_— — ose 
x ¢ =) (Qa <=) ae that 
L cos. “90? =10 +log.(n—m)+log.(n-+ m)— 2log.n + 
terms involving ea é&c., similar to those in L. sin. ”"90° 
ne? n n 


By means of the former of these expressions we may 
ealculate logarithmic sines of angles from 45° to 90°, or 


-000000000000703 — 772° > 0-000000000000040 
x 0 703 ™— x0 


; 
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hence by means of the latter logarithmic cosines of angles 
sin. ™ 7 ™.* m? ‘ m? 1 m? ieve 0° to oats — clearly Coes to the = thing. 

) —. me 1- ta) ( rar) ( —#n) We can then calculate remaining logarithms by means 
a Se ( ov “7 O'"'/ | of the formula =e 
1 L. sin. A=L, sin. 24 — L, cos. A + 9°698970004336019 
8? » To prove this formula 
taking the logarithms on both sides. Since sin. 2A = 2 sin. A cos. A 
- “ - 4n? — m? 41 log. very whe 2 rier . sin. ars Ya = x 
i Divesd ame ae .=— + le. og. 5 sas Rae = L. sin. . COS. log, 2— 
Log a a= lee. | aad + log <2 And 10 — log. 2 = 9°698970004336019. 
m m mv Hence the formula. 

1—= — +! (1g =e log 1 - a Ee et 

( 4 a JTS ew 8" wi > Wekgiale 


for L sin. = 90° to 


f large intervals, as for 
ethod of interpolations 


find that the loga- 
small angles are given 
angle than of the larger 


sine 


“a 


; the need for these minute 
he following considerations:— 


R L.sin:(0--n")—L.sin.0=Min in, 1’cotan.6(1—*™-1") 


wel may omit 8° 
we ay omit 63 ....* 


articles are several in- 

ch must be carefully at- 
o small that we may 

wers of 6, then cos. 6 = 

8, see cor. to article (50). 

We then obtain 

Jog. sin. (0 + 8)—log.sin, 0=M { (cotan. 6 a} ) 


~7(enee-595 


which is of course=M (cotan. as? 1 


pap ad 2 
5 7 cotan. 0 


1 64 
+ 5 cotan. @ B= + &e. ) 
which =m { cotan. ase (l + cotan.? 6) } 


if we omit 6%, 64, &c., and hence the result of the text. 
So again in another article. If we omit 64, and all 
higher pow ot 0, we have 


; sin. 0 oe 

sin. @ Sora 7 : of ars 
OM yo St ) 

Now (1—F) =2 g2 0 9, 


=l—5 3 &e. 
by the Binomial Theorem 
2 
“oh 1—¢ = 1—“it we omit 04 &, 


eto(-Ho(mep 


7] 
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we have cos. é=1—Sand sin) Sead 


.*. log, sin. (0 + 8)—iog. sin. 0=log. (1+ cotan..00-5) 
Now log. (1+ 2) = M. 


) 
.”. log. sin. (0 + 8) — log. sin. @. 
m. { (cotan.0.-5) —5-(eotan. ay Rade } 


< &e. 


=M. (eotan. 0 — gan35 é) omitting &. «ears 


2 
é 
a 0°) 
Now if é be an angle of n” then 6 the circular measure 
of this angle, equals n. sin. 1”. 
.. L. sin. (0+n’)—L. sin. 0=Mnsin.1” cotan. 0 


=M. @ cotan. 0 (1— 


x (1-Ra 2). am 
In like manner we may prove that 
M nsin. 1” 
L, tan. (0 +n”) —L. tan. 0 = — ag 


(1—nsin 1” tan. 2) 


that differ by so small an le 6”, that we can neglect 
the second term of Equation (60) so that 


L. sin. (0 + 6”) —L. sin. @ = Mé sin. 1” cotan, 0, 
Also, if n < 4, @ fortiori, 

L. sin. (0 + n”) —L. sin. 0 = M wsin. 1” cotan. @. 
Now, for any value of 0 the Tables give us 

L. sin. (0 + 6”) — L. sin. 6 call this A 

Ps A = Mésin 1” cotan. 0. 


.. L. sin. (0 +n”) — L. sin. o= 7A 


i.e., when two angles are nearly equal, difference between 
log. sines is proportional to the difference of angles. 

Now4 is the difference corresponding to 1”, This 
can easily be multiplied by n. Also L, sin. @ is given 
by the Tables, and hence we can find L, sin. (0 $n) 
and conversely having given L. sin. (9 + »”), where 
only L. sin. @ is given in tables, we can easily find the 
nm seconds. 

If the numerical values of formula (60) are taken for 
different angles, it will be found that in order to make 
the difference between two consecutive L. sines, given in 
the Tables proportional to the number of seconds, we 
must have 6 = 1” from O° up to 1°. 30’., and 6 = 10” 
from 1°. 30’ up to 5°, and 6 = 60” from 5° up- 
ward—the log. sines being calculated to 7 places of 
decimals. * 


Now suppose that our tables are calculated for angles 


The practical mode of employing the Tables will be 
readily understood from the following examples :-— 


Thus, 1). Find L. sin. (15° 11’ 16”: 5). 
OF e eas ch et: ae Me: daee eee = 94181495 
Do. diff. 1”=77,55 x 10” = 775, 5 
ve = 465, 3 
5 = 38,7 
sin. (lo Ll 1675) = 9-4182775 
(2). Find L, sin. (3° 19’ 37”: 4). 
By tables . . 0. woes sin. (3° 19’ 30") = 8°7634252 
Do. diff, 1” = 3623 x 7 = 2534, 1 
cin PW HS ee 
: sin. 19 37” 4) = 87636931 
(3). Find @. If L. sin. 0 A 9°7645827 
L. sin. 0 = 97645827 
L. sin. (35° 33’) = 9°7644849 
978 
Diff. 1” = 29°45 x 30 893°5 
84°5 ° 
2 58°9 
25°6 * 
8 23°56 
«*. 0 = 35°. 33’, 32.8. 
We in precisely the same manner with the . 
ithms of the other Pasar functions, with Hence =< 1— ce (1-5 = duo 
this exception, that what is true of the L. sines and L. 0 2 
tangents of small angles, is true of the L. cosines and L. Now suppose 0 to contain n” .*. 0 = nsin. 1” 
cotangents of angles which are nearly equal to 90°. . sin, k 
For, since sin. 9 = cos. (90° — @) and tan. 0 = cotan. + ane 8 9 


(90 — 0), then if @ be small, — @ is nearly equal 
to 90°. 


(71). Another way of treating the L. sines of small angles. 

If the tables give the log. sines, &c., for intervals of 
1’ throughout, and not the refined tables for small angles 
before spoken of, we can find the accurate value of a 
small angle whose L. sine is given, and vice versd, by the 


following process. 
If @ be small, so that we can omit 4 6°, &c., we have 
(Art. 50) 
i pete eta 
= 6 
@2 


.”. log. sin. 0Q—log. n. —log. sin. 1” = Ss log. cos. 0 


10 
.*. L. sin. 0—log. n—L. sin. 1” = 5.L.c0s, 6-3 
.L. sin, 0=log. n+l. cos. 0 +L. sin, 1” — 2 


& L. sin. 1” = 4°6855749. 
re L. sin, = log. m + 5 L. cos 6 + 13522416 
and log. n = L. sin. 0 ~ 5+ L.cos. 0 — 13522416 


It is to be observed, that when @ is very small, cos. 0 
changes very slowly. Hence in the term L, cos. 0 we 
* See Tables.at page 666, et seg. 


Find @, having given that L, sin. = 7.2777613. On 
ing into Tal we find that id is between 6’ and 7’, 


hence in this case cos, 0 = cos. 6 
L. sin. 0 = 7°2777613 
—}L. cos. 6’ = 6-6666668—10. 
— + 1:3522416 = 8°6477584—10. 
2°5921865 
*5921768 
391.00 97 
8 90 
: 7 
391.0086 = n. *. 0 = 6, 31” .0086 


If we find n” by more refined tables 


L, sin. 0 = 7-2777613 
L, sin, 6.31” = 72777514 


75,21 1 
23,790 
22,563 38 
| $0 = 6.31".013. 
| ,*. by this method nm = 391-013 


| which does not differ materially from the result we ob- 
tained by the less refined table and the formula. 


Find L. sin. 0 when 0 = 7.31.37. 
Here n= 451.37 L, cos. 0 = L, cos. 7’ 
L. sin. 0 = log. n = 2°6545327 
+ : L. cos. 7’ = 33333330 
+ 1:3522416 = 13522416 


73401073 
‘The more refined tables give us at once 
L. sin. 7/31” = 73397511 _ 
Diff. 1” = 9619 x ‘3 = 2885,7 
7 = 673,33 
73401070 


In like manner if we have @ so small an angle that 
eke may be omitted, and if @ be an angle of n 


slog. tan. 0—log. n sin. 1” -—2. log. cos. 0 
L. tan, 0 = log. n+ L sin. +2. (10 —L. cos. 6). 


L. tan, 0 = log. n-$11:9522416 — 3 L. cos. 0. 


‘This formula can be used in the same manner as the 
one for L. sin. 0. 


(72). Delambre’s method for L. sines of small Angles. 


There is another method of treating the L. sines of 
small angles, of which the following is an account. 
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may use the number of minutes in 0, omitting the odd os 68 

seconds, and then, the former formula gives us L. sin. 0, Sin. 0 = 0-F + [29 — &- 

when € or ah is given, and the latter gives us the n” sin. 0 oof 

Whec'L. in Obs piven. tog 859 tog, {1—-(F- 2). ms 
For instance, ¥ i) Ss 6 :55) Omitting 


= { (eh 


@ or 
2 -u(F + 180° 
From this a table for log, 0 O- sin. T” cam easily be 
calculated. Now suppose @ to contain »” 
Then n sin, 1” = 0 
‘ sin. n” sin. 6. sin. 1” 
= 
n 0 
n+ L, st 
is given by the Tables, if we 


*s LL. sin. n” = log. 

y, 8-9. sin. 1” 
0 

know n we can at once find L. sin. n”. And conv 

if we have given L. sin. @, we can find n ; forsin. @ = 

=n sin. 1” nearly. .. log. n= L. sin. 0 —L. sin. 1” 

nearly, whence we know n onpeurinaiey. This will 

sin. 0. s 


enable us to obtain the value of log. wen teh from 
the Tables with sufficient accuracy ; which being kn 
: sin. @ sin; 1” $ 
we have log. n= L. sin: 0 —log. More ey which 
gives us n accurately. ; 
It can easily be shown, that in calculating tables for log. 


~ from the formula, 
sin. 0 @ os 
log. r) =—M G + Tso. 
that for tables of seven places of decimals up to 5°, # 
can be omitted. 


For when @ is an angle of 5°, 


mu M 5! wr 
es 180 = (180) = .0000001,39927 oe 

Let us now look back and consider what we have done 
in the previous pages. (1). We have investigated the 
various general relations existing between the bok nt 
metrical functions. (2). We have investiga the 
general relations existing between the sides and angles of 
triangles. (3): We have fully discussed the mode of 
constructing trigonometrical tables, i. e., the means of 
obtaining numerical results from our trigonometrical 
formulas. : 

We now proceed to the actual numerical calculation of 
the sides and angles of triangles, which we shall find will 
invariably consist in reducing formulas to numbers. For 
instance, 

Given sin. (m+ 2) —sin. (m—«x) =cos. (m—n) 
— cos. (m-+ n) 

Find « when m = 12°. 13’ and n = 7°. 37’. 

Since wep nie, —sin. (m— x) = 2 sin. @ cos. m 
and cos. (m—n) — cos. (m+n) = 2 sin. m sin. n. 
.“. 2 sin. # cos. m = 2 sin. m. sin. n. 

‘6 see aot ve sin. 7”. +1 
V'. log. sin. « = log. tan. m og. sin. ”. 
«’. log. sin. 2 -+ 10 = log. tan. m. + 10 + log. ° 
sin. n + 10—10 
and ..L. sin. c= L. tan. m. + L. sin. n—10, 
L. tan. m = 9°3354823 
L. sin. n = 91223624 —10 


and since 


8'4578447 
L. sin, 1° 3840" 84578369 
78 
diff. 1” = 732,8 x 1 73:28" 


Ans. z=. 38'.40’,1 
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CHAPTER XIII. 
THE NUMERICAL SOLUTION OF RIGHT-ANGLED TRIANGLES, 

Tue parts of a right-angled triangle are the three sides, ‘ b 
ec tees ind Geavght ongins if any two of the former Again cos. A= —. 
five, one of the two being a side, are given, we can eal Je b= c cos. A. 

culate the remaining three. e following are the AS log. b = log. c+ L. cos. A—10. (6) 
mG employed in the various cases, which are these. Ex. Given a = 7245. c= 1005-4. 

Given the base and dicular. We shall have A = 46° 6’ 17”. B=43° 53’ 43”, 


@ Given the hypothenuse and another side. 
}). Given the base or perpendicular and an angle. 
(4). Given the hypothe- Fig. 23. 
nuse and an angle. 2 
£3 oe given 
a, b. find A. B, : 
B=90°— A. Gives B, 
Cos. A=, 7 
¢ a ; c 


(1). Given the Base and 
ek cs 4 ra a 
Gives ¢, 


b 
cos. A 
These oe ee a forms adapted for logarithmic 

tan. A =] b. 
yy agin Bhar ag gy ae eg 
tan. A = log. a + ar.: comp.: om b. (a). 
Similarly, 
Log. ¢ = log. 


= log. 
log. ¢ = 1] 


PP ‘and nd) a 


lacie = eek-s b = 3987-4 
Find ABandeo rs 
To find A. from (a) we have, 


orc= 


log. b. — log. 


feats G0 tog. cos.) 


opt Iona comp.: L. cos. A. (b). 
formulas actually used in calcula- 


Log. eee: bar a 
= log. 7564°5 3°8787 
+ ar.: comp. : log. 3987°4 $-3908102 
102780904 
L. tan. 62° 12’ 102779915 
diff. for 1” = 61°05) 989°00 (19 

5105 
47850 
45945 


.”. A = 62° 12’ 19” 
90 


and B = 27° 47’ 41” 
To find ¢ we have, 
Log. ¢ = log. b + ar.: comp.: L. cos, A 


log. b = 36006898 

ar.: comp.: L cos, 62° 12’ 19” = ar.: comp.: 
9°6686623 = 3313377 
3°9320275 
9320271 
8551°2 —_—. 
08 diff. = 4 

~*, ¢ = 8551°208 
(2). Given the Hypothenuse and another side, 
6 Jus pena des £2 nd S 


We have. sin, A =<. 


*. log. EES a—log, ¢. 
“. L. sin. A = log. a + ar.: comp.. log. ¢ 
which gives A and .” . B which equals 90° — A 


VoL. L 


(a) 


b = 697 086. 
(3). Given the Base or Perpendicular and an Angle. 
e. g., given a. A., find B. 6, c. 

We have B=90° — A. 

. _ @ 
Again O= on A 

. log. ¢ = log. a — log. sin. A 
“, log. c = log. etary :comp.:L, sin. A. (a) 
Again ° = cos. A 


-. log. b = log. c+ L. cos. A — 10, (b) 
In using formula (5), it must be remembered that in 
the calculation of formula (a) we have = found 


1 
oy , Given a= 7643°5 A = 37°.18’. 
We shall find B = 52°.42’ . 
ec = 126134 
b = 10033 53 
(4). Given the Hypothenuse and an Angle. 
e. g-, given c. A, find B. b. a. 


We have B= 90° — A. 
b =. cos. A. 


log. 6 = log. c+ L. cos. A — 10. 
a=csin. A. 


(a) 


log. a = log. c + L. sin. A — 10. (b 
Beenie Given ¢ = 72345 A = 33°19. 
We have B = 56°.41. 

b = 6045-493. 
a = 3973-665. 


The cases of oblique triangles are in like manner 
reducible to four, viz.— 
1). Given three sides to find the angles. 
2). Given two sides and the included le. 
Given two sides and the angle opposite to them. 
4). Given one side and Fis: 34. 
two angles. - 
(1). Given three sides to ~ 


Jind the angles, i.e. given 
a b.c. to find A. B. 0, & 
We have 2s = a+ b+ 


A _ (s—b) rh 3) 
eae 27s. (s—a) a 


*. Blog. tan. * = log. (s — b) + log. (s — c) — log. s 
— log. (s —a) 

*. Blog. tan. 24 20 = log. (s—8) + log, (s—c) +10 
— log. s +10— log. (s—a) 

*. 2.1L, tan. g = log. (s — b) + log. (s — ¢) + ar.: 
log. s + ar. ; comp. log. (s—a) 

This formula gives us “> We shall have to find B 
from the formula ; 


ee 


comp. : 


2 L. tan. 2 = log. (s—c) + log. (s—a) + ar. : comp. : 


log. s + ar. : comp. : log. (s—b) 

It will be observed that all the ae logan needed for 
finding B and C have been eng, used in finding A, 
whence, when A is known, B and CO are found with very 
little trouble. 3 

N 


642 MATHEMATICS.—TRIGONOMETRY., (SOLUTION OF TRIANGLES. 
i | - and ~ tan, 0 bo cotan, © 
Instead of using the formula which gives us tan. > , 0 7° 


A 
we may use those which give sin. — oF cos. “5~ 
Example given, a= 490 b= 960 c = 660 we shall 
that— 


A= 2°. 10 . 12” 
B=112 , 20 . 40 
C= 39.29. 8 
or A+B+C=+180. 0 .0 
which circumstance is a test of the accuracy of the 
calculation. 
(2). Given two sides and the included Angle, 
e.g., given ab C, find A Be, 


LAB s=) tan. a5 


We have 


’. L tan. 4 = log. (a—b) + ar: comp.: log. (a +). 


+ Ltan. te ~ 10. (a) 


Fe must be cbescyed tbat Ate 90° - ¢ and is 


A-B 
therefore known. Wherefore (a) gives us —g—=48 
known angle. Then, 


SB oe. 0 
ae zr 


and B = 90°—a— “4 


whence A and B are known. 

To find c we have 

oma M2 Cc 
sin, A ) 

ston ae log. a-- tani Wah ae :comp. : L. sin. A 
—10, which will give us c. 

We may employ a subsidiary angle @ in the following 
manner (see Art. 40). 


Assume 


Soca +5) sin. e 
cos, @ 
log. tan. 0 = log. (a—b) + ar. : comp. : log. (a+ 5) 
+ log. cotan. 310 (c) 


oC 
log. ¢ = log. (a + b) + log. sin. ot ar. : comp. : 
log. cos. 0— 10. (d) 
By using (c) and (d) we can obtain c without first finding 
A and B. 

lf we solve by the former methods we require six 
logarithms, viz. : those of (a—b), (a +), tan. 44% 
sin. C., and sin A. 

If by the latter we sar, ese five logarithms (a — b), 
(a + 5), cotan. ~ sin. -y and cos. @; therefore the 
latter method possesses a slight advantage over the 
former. 

The @ in formula (c) is evidently the same as = . = 
in formula (a). 

If b 7 a the formulas become 

4 B—A bt—a ree + 


2 b+a 2 


Example :—Given a = 562. b= 820. C= 128° 4’ 
We shall find A= 33° 34’ 40” 
B = 18° 21’ 20” 
¢ = 800-008. 
If we take the second method we shall find 


ec = 800008, 
(3). Given twosides, and an Angle ite to one of thems 
@ g., given B, b. A. C, a, 
Wehave sin. C= >. sin. B. 
.". log. sin. © = log. ¢ + log. sin. B + ar, : comp, 


log. b— 10... 60006. (@ 
which gives C. Then ) 


A = 180°—(B + ©) 
which gives A. Then x 
a=-psmA 
1 log. b +1 in A 
or, log. a = log. og. sin. A + ar. : comp. ¢ 
; log: tee = 3h sop ees 


which gives a. 
N.B.—This is sometimes called the ambiguous case of a 
triangle ; for we have sin. C given us, whence we know 
C =a, where a 7 90°, Now, sin. a = sin, (180 — a) 
.. © may also equal 180 — a. Hence this equation 
may give us two triangles, one which has C = a, the 
other having C = 180° — a. In many cases, however, 
this ambiguity does not exist. 
(1). B=or 7 90°. Then C = 180° — ais inadmissible, 
since C would then be 7 90°, and B + 0 > 180°, 
which is impossible. 
(2). IB < 90°. Then 
(a). If c sin. B=} then sin. C=1 or C= 90°, and 
the other value of C = 180° — 90° = 90°, or in 
this case there is no ambiguity. f 
(8). Ife <b. Then O < B, henceif C=a. a< 
B, and 180° — a + B > 180°, or in this case the 
angle 180° — a is inadmissible, and there is no 
ambiguity. NY 
(y). But ifc > b. Then bothe = a, and c= 180° 
— a are admissible, and there are two triangles 
determinable from the given values, b. c. B. 
This can be illustrated geometrically as follows :— 


AB=c 
ABc=B. 
Fig. 25. 
A 
ogg. oe 
\ tee oO eet ie 3 
§ | i 2 y, 
ws 


with centre A and radius 6 describe a circle. Then, 
(a). If b=c sin. B, the circle will touch Be in ¢, 
and the triangle will be A Be. 
(8). If ¢ < b the circle will cut Be, in two points 
Oa on different sides B, and the triangle is 


A ; 
(~). If > b the circle cuts Be in two points ¢, ¢y on 
the same side of B, and the triangle may be either 
A Bc, or ABe, ; which is the reason of this case 
being called ambiguous. 
Example :—Given B= 45° b = 305 c = 219° 
Then C= 30°. 36’. 22” 
A = 104°. 23’. 38” 
@ = 416.8344, 
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(4). Given, one side and two Angles; ¢.g., given, aBC, to | Example :— 

Jind A. ¢, b. : Given B=49°. C= 29°. 19’ and a=95-4, weshall find 

We have A = 180° — (B + C). which gives A. A=101°. 41’ 

Now 5 _ sin. B © _ sin. C. b = 7352255 

? 
a A @ sin.A ¢ = 47 °69952 
*, log. b = log. a + 1 


. sin. B+ ar: ng ee 
ar. 


Several practical applications of the science of Trigo- 
nometry will be found in the following chapter on 
Mensuration. 


CHAPTER XIV. 
MENSURATION, 


Tue object of the following pages is to show the prac- 
tical application of the truths investigated in previous 
chapters on Geometry and Trigonometry to solve a variety 
of questions about measurements such as may frequently 
occur in ical life. For instance, the determination 
of the area of a field, the distance between two inacces- 
sible points, the solid content of a pyramid, and others. 
We endeavour in each instance to refer these ques- 
tions tothe principles on which they rest. By doing so, 
the attentive reader will be able to apply the same prin- 
ciples to cases that may occur poe, but which our 
cxpehy eigen areal Aap te oa maination <1, 
variety of questions concerning the determination—(1), 
of Heights and Distances ; (2), of Areas of Surfaces ; & 
of Contents of Solids. 


I. On Heicuts anp Distances, 


In the following articles we are supposed to have the 
means of measuring the angle subtended at the eye of 
the observer by the eo two points. The instru- 
ment by which this can be done edeiad 4 sextant, For 

the angle subtended by two objects on a hori- 
zontal plane, and for determining the vertical elevation 
of one point above another, an instrument called a 
theodolite can be used. 


(1). To determine the height of a Tower standing on a 
Horizontal Plane, the base of which is accessible. 
Let AP be the tower. B any Fig. L 
convenient place for the observer. 
At B measure the angle ABP; 
also measure the line A B. Then, 


whi ives x. = 


N.B.—If P be the top of a 
steeple, half the breadth of the tower must be added to 
the measurement, which is made to the outside of the 
tower. It will be observed, moreover, that B is the 
eo of the observer’s eye, and .°. AP, or a, is the 
eight of P, above the horizontal plane passing through 
the observer’s eye. Hence, if h be the height of the eye 
above the ground, «+ his the height of the summit of 
the tower above the ground. 
(2). To determine the height of a Tower, the base of which 
is inaccessible. 
Fig. 2, 


let PBN=p. PAB=a AB=a, 
BP=<«. PNe-y. 


= (8—a) 


and x= ysin. B. 
sin. a. sin. B 
sin. (8 —a) 
-. log. « = log. a+ L. sin. a+ L. sin. 8 + ar. comp. 
L. sin. (8 —a)—20. 


«-t=a4 


(3). To determine the height of the Tower in the last article, 
when the nature of the grownd does not admit of the 
observer moving latent 
Let P N be the vertical 

heightrequired ; place pickets 

at two points, Aand B, APN 
and BPN being two dif- 
ferent vertical planes, 

Let 


= a 


Fig. 3. 
E 


Measure angle P A N =a. 
PAB=A PBA=B. 
Then 2 =A Psin. a. 
Now A P B=180°—(A+B) 
sin. B 


)* 
log. «= log. a +L, sin. a +L. sin. B+ ar. comp. 
L. sin. (A + B)—20. "i 
In the above case such an angle as PAN being the 
vertical elevation of P above the horizon, is measured by 
a theodolite. While the angle PAB, which is not in a 
horizontal plane, being the angle subtended by the dis- 
tance between two object is measured by a sextant. 

If the object be a long way off, we may measure the 
angle subtended at the eye by the line joining the object 
a its image in still water, by a sextant ; half that 
angle will be the vertical elevation of the object. 

xample :—We observe that the altitude of a hill is 
3° 15’. proceeding 13 miles towards it, its altitude is 
15° 37’. Find the height of that hill, neglecting the 
sphericity of the earth. 

Here (Fig. 2 AB = 13 miles. 

we? PAB=3° 1b’. 
PBN = 15° 37’. 
.. PBN—PAB = 12° 22’. 


Then by the formula proved in Article (2) 
PN sin. PBN sin. PAB 
= sin. (PBN—PAB) 
.. log. PN =log. a+ L. sin. PBN +L. sin. PAB 
+ ar. comp. L. sin. (P B N—P A B)—20. 


log. 1°75 2430380 
L. sin. 15° 37’ 94300750 
L. sin. 3° 15’ 8°7535278 
Ar. comp. L. sin. 12° 22’ 6692473 —20 
1°2958881 
19764 2958748 
6 as 4150, 
‘197646 of a mile 6= 132 
or } of a mile very nearly, (Answer.) 
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(4). To find the distance between two points, one of which ; A+B 
40 ee mh ond te ele disvenioe since we know 2 

Let P be the inaccessible point. Fig. 4 Finally from triangle A BC 

A the accessible, P sin. C 
“lang a picket in at A, wr Cm Oe AS 

ive in at any convenien .'. log. c= log. a + L. sin. O + ar.: comp.? 
point, B. pated Ee | = 


Measure the angles P A B and 
PBA, also measure the line A B. 
Then by the fourth case of the 
eee tenets 
sin, 
sin, 
os wea ‘s 
. calling AB= a, PAB=A, ABP =B, 
we have 
log. AP = log. a+ L. = sO B) + ar. comp. L. sin. 


(5). To find the distance between two points neither of 


which is accessible, 
Let A, B, be the two Fig. 5. 
points; place on the a B 


ground two pickets, C 
and D, such that the 
distance betweengC and 
D can be measured, and 
that from each of C and 
D, the two inaccessible 
points and the other 


j 


ie 


ica may be visible. ¢ 
camp OD = p ACB=C BCD=C ADB=D 
ADC=D’' 

Then in triangle ACD we know one side and two 

angles, and therefore can calculate A OC. 
triangle BC D we know one side and two angles, 
and therefore can calculate BC. 

And finally in triangle A C B we have already calcu- 
lated AC, BC, and have measured the angle C, and 
therefore can determine A B. 

Of course, from the first two triangles we can also 
determine A D and B D, and then in triangle A BD we 
know two sides, and the included angle, and hence can 
determine AB, and can use these two calculations for 
checks upon each other. ; 

The calculation is performed as follows :— 

Call the sides and angles of ABC—a.b.c. A. B.C. 
and observe that C A D = 180° — (C + 0’ + D’) and 
CBD=180° (C’+D+D’). Then from triangle AC D 

sin. CAD 

pores sin, ODA 
.. log. AC=log. CD + L. sin. CAD + ar. comp. log. 
sin. CD A—10, nae 


or 
log. b = log. p + L. sin. (C + CO’ + D’) + ar.: comp.: 
log. sin. D’— 10 (1) 


Similarly : 
log. a= log p. + MO ib D’) + ar.: on 
From triangle A CB we have AtTB_o°_$ 
i me bao 
assume tan. On5 Se Gotan (45°—-9) 
pee teus rt Mage 


and L. ton ASB a1 tan. (45°—¢) 


tan. 


+L. tan, A$ B10 (4) 


whence we obtain 1 and .*. A and B 


It will be observed that in the above calculation we ig 


not require a and b, but only log. a and log. 6, which 
are given by equations (1) and (2). (Compare Plane 


Trig, Art. 40). 
ample:—Given C D = 372.5 yds. O = 123°,16. 
C’ = 13°42, D=129°.11’. D’ = 19°13’. 


1) . b= log. 372.5 = 2.5711263 
Rae L. sin. 156°.10’ 9.6064647 
ar. comp. L, sin. 
19°.13’—10 -4826176 — 10. 
2. 6602086 
(2) Log. a= log. 372.5 2.5711263 
+L. sin. 162°.6’ 9,4876426 
+ ar. comp. L. sin. 
18°.42’ — 10 .6255483 — 10. 
2.6843172 
8) L. tan. p =log. b = 2.6602086 
® wre, comp. log.a  7.3156828 
9.9758914 
op = 43° 24’ 9.9757318 
4218)159600(37.8 
12654 
ob = 48° 24’ 37” 8 33060 
45 29526 
45—h= 1°35' 22”2 35340 
(4) L. tan, ASB = 1, tan, (45°—¢) 
+L tan, 4 = B 10, 
= L, tan. 1° 35’ 22”.2= 84432492 
L, tan. 28° 22’ 30” 9°7326024—10 
81758516 
0° 51’ 30” 8°1755658 
at. eed PE. | 1408)2858(2 
2 0° 51' 32” 2816 
42 
ate = 28° 22" 30” 
A=29 14 2” 
B = 27° 30’ 58” 
(5). log. c = log.a + L, sin. C + ar. comp. L.sin.A—10. 
= log. a. = 2-6843172 
L. sin, 56° 45’ 99223549 
ar. comp, L. sin, 29°14’2”  -3112458 -10 
29179179 
827.78 = 9179149 
30 
., ¢= 827.786 yds. 6= 32 
827.786 Answer. 


II. Tae Mensvrartion or AREAS. 
(1). To find the Area of a Rectangle. 
Let A BOD abcd be two rectangles. Then (Euclid, 


VI., 23) the areas of these rectangles are to each other 
in the ratio compounded 


ty "ge of the ratios of the sides, 
p i.e., in the ratio com- 
pounded of the two, 
a d pots fa and be: BO; 
and if we suppose these 
lines to be re. 
t cB is com- 


© by num! 
pounded ratio is abx be: 


AREAS OF FIGURES. | 


MATHEMATICS.—MENSURATION. 


645 


AB xBO. Hence rectangle ac: rectangle BC :: abx 
be: ABX BO. fk 

Now suppose ab = 1, and cb=1. Then the area ac is 
the unit of area, <.@., is a square inch, or a uare foot, 
or a square according as ab is an inch, foot, or 
a yard. In this case 

lectangle BC = AB x BC. 

Hence, if a and b be the sides of a rectangle, its area is 
ab, i. ¢., it contains as many units of area as the product 
of the number of units of length in one side, by the 
number of units of in the other. 

Cor.—If a be the side of a square, its area is a’, 

(2). To find the Area of a Triangle. 
Let ABC be the triangle ; from A draw AN per- 


pendicular to BC. Then, Fig. 7. 
since the area of ABC is * 
half that of a rectangle, 
whose base is BC and 
height AN, the area of tri- Y 
angie BOX AN 
). If we have y Pa 
given AB. BC and angle B. N 
Area tangle = 20 AB in. B _ ar sn. B 
Since AN = AB sin. B. : 
(2). If we have given BC and the angles of triangle, 
e_ sin, 


Area triangle = Sia 
Oo we have all the sides given (by Trigon., 


Area triangle = ,/s. (s—a) (s—) (s—c) 
where 2s = a-+ b+¢. 
(3). To find the Area of a Parallelogram. 
If a.b be the sides of the parallelogram, and A the 
angle contained by those sides, then by the last article 
the area of half the parallelogram 
ab sin. A 


2 
.*, Area of parallelogram = ab sin. A, 
ndicular distance between two 


(4). To find the Area of a Trapezoid. . 
Let ABCD be the trapezoid of which the side A B is 
Fig. 8 parallel to the 
> é e side OD.. Join 
BD, draw DM 
dicular to 
AB, and BN 
— to 

- , or 
aM M Sansa spel Wace 


AB.b=DC andp=DM or BN. 
Then isagle BOD = tp 


A iangle BCD 

ere = 
.. Area ABCD = Pats) 

Or the area of a id = 4sum of parallel sides 
plus the perpendicular distance between them. 


(5). To find the Area of a Trapezium. 
. 9), be the trapezium ; join AC, from 
Fig. 9. 


passieee 
ee ee upon 


Tf instead of having the perpendiculars Bm and Dn 
given, we have re gts AB. BC. Cl. DA. and a dia- 
gonal, we must e area of each triangle separatel 
by the formula. git 

Area triangle = ,/ s. (s — a) (s — b) (s —c) 

Or, again, if we have the sides and one angle, as A, 
iven, we can proceed as fol- Fig. 10. 
ows.—Let A B.= a. BC = b. c 
CD=c.DA=d. JomBD 
(Fig. 10), then we can calcu- B 

late BD from triangle A B D 
by secoud case of oblique- 
angled rye and having 
calculated BD we can deter- 4 D 
mine the areas of the triangles 

as before. 


(6). To determine the Area of an irregular Polygon. 


Suppose A BC D EF to be an irregular polygon, its 
area can be determined Fig. 11. 
by effecting the following “ 
measurements ; join A D, ' 
the longest distance across 
> figure e BCEF, 

raw perpendiculars to 
AD., viz. Bm, On, Ep, 
Fq, respectively ; measure 
Am, mn, nD, Cn, Bm, 


Aq, ap, pD Fq. 
Kap cour 24 OES 


+ EpqF + FqA. " 


(gl D 


DpE 
x (Bm + Cn) Cn x nD + 4. Dp + pE (Ep 

: . + oo 
F } + + 2 +Pq 


(7). To determine the Area of a regular Polygon. 
_ Various formulas have been already given for this 
in Chapter XI., on Trigonometry (Art. 45), It is there 
shown that if n be the number of sides of the polygon, 
and a the length of one of the sides, 


2 
Area = “T eotan. we. 
Hence in case of pentagon, 
2 
Area = om cotan, 96° = VS EDS 
io 4/10— 2/5 
In case of hexagon, 
Area = 52 cotan. 90° = 3/8 "08 
And so on in other cases, 


(8). To determine the Area of a Circle. 


Tf n is the number of sides of a regular polygon in- 
scribed in a circle whose radius is 7, then, as we have 


already seen (Trig., Art, 45), 


Now if we increase the number of sides of the polygon, 
it becomes more and more nearly equal to the circle, 
and in the limiting case when the number of sides is 
infinitely great, it mes the circle ;* but when n= 
27 20 and (Irig., Art. 47) in this case sin, 27 

n 
ae} 
m 
.”. Area of circle=r? 7, 


Cor.—Hence area of quadrant="". -} r a ‘ 


- © Compare wth the statement in the text what is said on p. 577. 
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Now “F =the length of are on which quadrant stands. 


.*. Area of quadrant= 5 X are on which quadrant stands. 


(9). To find Area of a Sector of a Circle. 


Let A OB be any sector of a circle, 
OA =r. AOB = @ (in circular measure), 
 AB=ré. Fig. 12. 
Now if AOB were a quad- B 


rant, AB would equal 7 and 

the area of the quadrant = 

es Al ° 
zr hi 


But in equal circles sectors are to each other as the 
ares on which they stand. 


.’. Area sector : area quadrant : 70:7 e, 
2 , er 7, 
.*. Area sector : [— U) z 
ws Area sector = 78. 
= erx re 


-ir x (are on which sector stands), 


(10). Yo find the Area of a Segment of a Circle. 
Let OA CB bea sector of a circle. Join AB, We 
are required to find the area 
of thesegmentA BC. Draw 
ONC ndicular to A B, 
Let AOB=0, OB=r. ‘ 


7 0 : 
-". ON=rcos. g AN=rsin.5- 
.'. area AB O=r’ sin, 2 
a | . 
cos. <== fT’ sin. 0. 
2 2 c 


Fig. 13. 


Now area ACBO=F 120, 


.”, area of segment — a @—sin.@). 


Cor.—From A draw An perpendicular toOB. Then 
An=r sin. 0, also arc AC B=r 0, 
Hence the area of segment 


=" (r@—rsin. 6) 
2 
=5 x (ACB—An) 


(11). To find the space between two Concentric Circles, 


vz., ABOCEDF. 
Fig. 14. Let OA=r OB=r,. 
¢ Then area of interior 


circle=z 7°, and area of 
P exterior circle=7 r,? 
t+ Area of the space be- 
tween the circles 
= © (r,?—1%) 
On O Bas a diameter, 


A describe a circle OPB 
cutting the interior circle 
in P; join O P.P B, then 
OP Bis a right angle, 
BP?=O0B P2=7,2—7? 

F 2.7 BRP=x (r,2—1? 


also since O BP is a right 

angle, B P tonches the circle, or the area of the space in 

nestion is equal to the area of a circle whose radius is 

thelength of the line drawn from any point in the exterior 
circle to touch the interior circle. 


\ 


The cited cases of areas of are the chief 
of those which belong to Elemen Mathematics, 
The determination of areas bounded curved lines 


belongs, of right, to the Integral Calculus ; the following 
propositions, however, are best given here, though the 
reasoning is not of a strictly elementary character. 


(12). Zo find the Area of an Ellipse.* 


Fig. 15. Let «BA bea semi- 
; 5 9°73 
gms OA its semi-major 
" axis=a, 


Pe OB its semi-minor 
axis=b, 

r\ On aA as a diameter 

i—rk A describe a_ semicircle 

aCA. In AB take 

any point P and draw an ordinate P N perpendicular to 

O A, and produce it to meet the circle in Q, and draw 

another ordinate qgpn parallel and near to QPN, and 
complete the parallelograms nP, nQ 

Now, by a property of the ellipse, 

NQ NP 335 36 
oe NQ=2 NP ts at B 
and hence, if we suppose a series of parallelograms to be 
described in circle and ellipse, the same proportion will 
hold good between each of these, and therefore 

Sum of parallelograms in semicircle : sum of 
grams in semi-ellipse ::a:b.; and this being true, how- 
ever great the number may be, is true in the limit. 

Now the semi-ellipse is the limit of the aa Bri 
inscribed in it, and the semicircle is the limit of paral- 
lelograms inscribed in it, 

.". semicircle ? semti-ellipsa 22036 
.". circle : ellipse :: ra*:7ab 
But area of circle=7 a* 
.’. area of ellipse=z ab. 


3). Let q PQ be a portion of a Parabola. It is re- 
ie sired to find its Area. (Fig. 17). 
Bisect Qq in V, draw the diameter PV. Through P 
Prorcamts sy | parallel to QV gq, and draw QR and gr 
parallel to PV, Then the area q PQ is two-thirds of 


g RQ. 

Take p and p,, two points in PQ, and through p, 
draw p, ™, Py ny el to P V and QV, and through 
p draw pm pn also parallel to PV, QV, and produce 
98 to meet p, n, in g, and p, m, in g respectively. 

en 

Parallelogram pm, : parallelogram pn, :: pm X mm, } 
pm X mm. ; 

::pn x (Pn, —Pn) : Pn x (p, », —pn) 


* Let APQ be an area included by two straight lines AB. A P, and the 
warte Pes divide AQ into equal parts Aa, ab, be, ed, dQ, and on these 


lete the parallelogr A es a Sroen it ie plain that 
com) ‘ams . 

the difference between the pats rallelc ) and the 
x ter 


Ap, aq, br, es 
Se oats each ete a 
Fig. 16. 
P—P 
FS ie 


2 yl 
od 
t. VA 


4, 


become very small, and ma‘ be made less than any magnitude that may 
be oatianed. my a ay eur area is clearly greater than the interior 
a = exterior gonna cgpeemad and pyres —_ Ktayher 

“ te ntigned : and therefore the eurvi- 


aE eee 


“er 


D eee — 


= 
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Now, by a property of the parabola together with the sum of all the intermediate ordi- 
Fig. 17. nates) 
> Q Orifé AN,=A AP=a QB=b 
of iy PLN =" P.N,=y,  P3N3=ys3 é&e. 
b 

a Z ABQP=A (“4 by tust yet... tum ) 
(2). The above is a . approximation, but a much 
Fig. 19, tter may be found in the follow- 
: ingmanner, Consider the portion 

P v 


4 


Pas Pn, $2 pn' spin? 
. Pn : Pn, —Pn: tent 2D, n, 2— pn? 
or Bn : Pn, —Pn :: pn: (p,m, —pn) (p,m, +n) 
-”. Pax (p,m, —pn) : (Pn, —Pn) pn: pn ip, m+n 


. ogram pm, : pry tipnipy nm 
+ pn. 

Now in the limit p, n, differs from pn by a quantity 
Jess than any that can be assigned. 


.. In the limit pn : p,n, +pn::1:2 


7, In the limit parallelogram pm, : parallelogram 
pn, ::1:2 


which proporti is true for each pair of parallel 
Jnscribed a PQ R and PQV, and. is true of all 


eee ee eee ene SE 3 ete 
of lograms in PQ V ::1:2 
oe aa eda laa are aap: Bg: aa 
parallelograms inscribed in it ; is imit 
of the sum of the parallelograms inscribed in it. 
oat ay te 
-, PQVR:PQV::3:2 
Now PQ V Ris the half of gr QR, and PQV is the 
half of P Qq. 


ae a Quam or QR. QED. 
4), To i the Area of a Plane Figure 

(14). To find rip 

Let ABPQ be the figure; divide AB into equal 
sri a? N, Ny, Ng Fig. 18. 

3, &c., and draw or- P = 
dinates P, N,, P. Noy oe Zr 
Pap Nay, fo to ‘s 4 

or and perpen- 
Souler to 4B. / 

(1). As eee e = 
proximation curv 
area may be considered 
as identical with the 

ly; area _inclosed 
ES 
P,, &. In this case, 2 3% 


the area required=A N, P, P-++N, N, P,P, +N. Ny 
P, Py, &e 


=AN, x APP, Ny 4, Nyx Pi Ns +Ps N, 
+N,N,x =a tFaNs, ke. 


an, (AF4P,N, +P,Ne+Ps +. et 32) 


Or the area=(the distance between any two consecutive 
ordinates) x (half the sum of the extreme ordinates, 


/* of the curve between any three 
eee » consecutive P’s such as P, Ps P,, 

“| through P, draw a line nP, m 
touching the curve, and let it 
meet N, P., N, P, produced in 
nand m. Draw P, p ndi- 
Ttrserecncn-ta-eaneneee= gular to P, Ny, join P. P, meet- 
: ing Ps N.  Seetedtic! pre! 
consider P, P, P, a portion of a 
parabola,* and .”, the curvilinear 
area P, P, Pyapotn Py Pym 


=im P, x Py p. 


wz 
PZ 


=3Ps qX Pap. 
Now N, a=} (Yo + y*) and P, p=N, Ny=2 A 
-. Ps ga=Ps Ns— gN5=Ys —} (Yo + 4) 


° 4A 1 
“Ps Ps P= {v.34 (Yo + Ya) } 
Now the area P, P, Ny N.=A (vo +44) 
.”. the whole area P, P, P, Ny Ny = 4 (dvst¥s +4) 


Hence the area of the figure PABQ (Fig. 18), which 
equals PAN, P, + P,NP,N,+P,Ny Po Not--:- 


= 4. @t4y ty) + Oat dus ty) + 


A vetdystycdte. +2 Want 4nath 


reckoning that there are 2n-+1 (an odd number) ordi- 
nates drawn between the two extreme ones P A, QB. 


SPABQ=2 Satd+4 (yi tyst vst. Yan +1 
+2 (Yo +¥atye t+» + Yan) 


or the area ; 
= 4 X (sum of extreme sides + 4 sum of odd ordinates 


+ 2 sum of even ordinates). 


Hence the Rule :—At equal distances along the base 
AB draw an odd number of ordinates parallel to the 
parallel sides of the figure; then take the sum of the | 
parallel sides, of four times the odd ordinates, and twice 
the even ordinates, and multiply the third of this 
stim by the common distance between the ordinates, and 
this product is the area of the figure. 

Besides the above areas of plane surfaces, there are 
areas of certain solids which will be best given here, viz. 
the areas of a prism, a cylinder, a pyramid, a cone, an 
a sphere. 

er. 1.—A prism is a solid bounded by two equal 
and similar rectilinear figures in parallel planes by 
parallelograms. 

Thus ABCDE, abcde, is a ay bounded by two 
equal and similar pentagons whose planes are parallel 
(ABODE, and abede), and by parallelograms AaBb, 


* It appears from Newton, (Lemma XI., Lect. 1,) that in any curve of 


finite curvature, Fa. gia bn she Taal oe foe ere ee sor ae 
characteristic propert: parabo! at Pq, is as the square ; 

curve of Anite ox ratenenends been penatete ant its limice ah 
so if we take a small arc Pe Ps Pa we may consider it to be a parabolic 
arc, without making any appreciable error. 
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be agrd &o. A ao is called aright prism when the planes 
the pa ograms are perpen Fig. 20, 
Dow weap lag Nag omer cl oct ped gt » 
abede in the accompanying figure). o 
Feesadr iba midi, slid a T..h 
_ boun any plane ear D 
| figure, ade triangles having a cel 
| common vertex, and for bases the 
es the rectilinear figure respec- 
tively. 
Tis, (Fig. 21) ee is a 
yramid, on a quadrilate base, | 
R BCD. P= 
Der. 3.—A cylinder is a solid 
whose surface is traced out by a ” | —— 
ight line which always moves t 
el to its first position, and whose extremity is 
ided by a given curve, 21. 
e"Thus ( ig. 29) if ach is a circle, sige 
and Aa a straight line perpen- 
dicular to the plane of the circle, 
then ABC abc is a cylinder which /“ 
is traced out by a line Ce, 
that is always parallel and 
equal to Aa. is cylinder y hs 
is strictly defined as a “right 
cylinder with a circular base ;” it is, however, in elemen- 
treatises generally called ‘‘ a cylinder.” 
er. 4.—A cone is a solid, the surface of which is 
traced out by a straight line, one end of which passes 
through a fixed point, and the other end through a given 
plane curve, called its base. 


Fig. 22. 


Fig. 23. 
A 


Tf BOD (Fig. 23) is a circle, and Aa fixed point, the 
surface A BCD is called a cone on a circular base. If 
O is the centre of the circle, join A; then draw straight 
lines from A to different points in circumference of circle, 
making — angles with AO; or if (which is the same 
thing) A O is perpendicular to plane of circle, ABCD is 
strictly defined as ‘‘a right cone with a circular base ;” 
or, as it is more generally called in elementary treatises, 
a ‘right cone.” 

N. B.—It is manifest that if a regular polygon be in- 
scribed in the circle BC D, and its r points are 
joined with A, that the resulting solid will be a pyramid 
inscribed in the cone ; and also, that if we increase the 
number of sides in the polygon, the inscribed pyramid 
will approach more nearly to the cone ; and, since the 
circle is the limit of the inscribed polygon, the cone will 
be the limit of the inscribed pyramid. 

Similarly, the cylinder will be the limit of the inscribed 
prism. 

(15). To find the Area of a right Prism. 

Tn figure (20) AKea is a rectangle. Since the planes 
Ab, Ae are perpendicular to the , their cone of in- 
tersection Aa is also perpendicular to the base, and 
therefore angle Aae is a right angle. Hence the area of 
AEea is Aa x AE, similarly of all the other parallelo- 
grams. Hence the area of the parallelograms is Aa 
(AE+ED+DC-+...) =AE x (the perimeter of 
the base). Hence the whole area = height X perimeter 
of base + areas of the two ends. 


(16). To find the Area of the surface of a right Cylinder. 
Since the surface of the cylinder is the limit of the 

surface of the inscribed prism, and the area of the prism 

= height x perimeter of base +2 x base, whatever be 


tum + gQPp. 


between slant side of cone an 
section of frustum. 


the number of sides to the base, this will be true in the 
limit when base is a circle. 

.’, Area of a cylinder = height x perimeter of base + 
2 


xX base. 
Hence, if h = height, and a = radius of base. 
Area of cylinder = 27 ah 4+ 27a? = 274 (a+ h). 


(17). To find the Area gs cameron of aright > 


Let P ACDB be the cone, ACD B its circular base, 
O the centre of the sy hee P O is at right angles to 
plane = the rp ly ti os Fig. 24. 
inscribe an polygon, 
ACD, &. and join PAPC, A 
PD, &e. Bisect OD in n, join 
Pn. Then Pn is perpendicular 
to CD, and .", the area of tri- 
angle PCD=}$0D, Pn. Now 
the line joining P with the bi- 
section of on — side of the 
polygon is equai to Pn. 

avas area of pyramid in- 


Ets. 
Sse 
scribed in cone Le 


=}PN(AC+OD+DB+...) 
= 4PN x perimeter of polygon. 

Now, this is true whatever be the number of sides the 
polygon we § have, and hence is true in the limit ; when 
perimeter of polygon = circumference of circle, and Pn 
ar ronn to a point in circumference, or is = slant side 
of cone. 

.. Area of curved surface of cone = } slant side X 
circumference of base, 

Cor.—If we suppose that the surface of a cone is 
capable of being Sart it is plain that its surface will 
be a sector of a circle whose radius Fig. 25. f 
is the slant side of cone, and base c 
of the same len as the cir- 
cumference. It is plain (Men- 
suration, Art. 9), that the area 
of this sector is, as it should be, 
the same as that of the surface qa 5 
of cone. 

Der.—The frustum of a cone 
or pyramid is the portion cut off A B 
by a plane parallel to the base ; 
thus, A B ba isa frustum of the cone C A B. 


(18). To find the Area of the Frustwm of a Cone. 

Suppose a sector, OP Q ig. 26) of a circle is 
deserbod, with ration OF Re ee 
= CA (Fig. 25), and if its P 
base PQ = circumference of e-— 
AB, we have seen that the 
area of POQ is the same 
as that of the cone CAB. 9 
Take Og = Ca, and describe 
the are Ogp. Then as be- 
fore, area of opg = area of 
Cab, and .*. the area of frus- 


Let angle POQ= 0. Og=r OQ=r 
.. Area Opg =}r”0 

., Area OPQ = 47°70 

., Area gOPp = $0 (r°—1*) 


rr x (r-"). 
in ¢ and draw are tt? 
Then "+" 9. # and r—r’ = 4. 


.”. Area of frustum = rectangle between Qq and #’ or 
circumference of mean 


Pa ill 


(19). To find the Area o; cps Oe a 
Let A B be a quadrant of a cirle whose radius is AB 
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or OB. If we suppose the quadrant to revolve round 
Fig. 27. AO it will describe a 


P: 
P2 z equal chords, AP, Py’ 


Pate 


PY 3 point of AB, these 
chords in the revolution 
will describe frustums of 
cones: now the arc AR 
8 X is the limit of the chords 


Ap, + + pe Ps + 
ik Set ann iesuee tho sen. 
8 © of the ion of sphere 
described by AR will be the limit of the sum of the 

of cones 


frustums described Pip Paces 
Let PQ ( Die one of thee diotds: draw PM, 
perpendicular to AO. Draw O perpendicular to P Q, 


QN 
| and tn perpendiculartoA O. Now tn is the radius of the 


ig. 28 
Fig. 28. 
P 


mean section of the frustum of 
A cone described ye and 
frustum 
=2rinx PQ 
n Now tn= Ot sin. tOA. 
LS and PQ sin. PQN = NM. 
° or since PQN = t0A. 
PQ sin. (OA = NM 
And area of frustum 
B ° = 27 Ot. NM. 
In Fig. 27, draw p, n, Po % Ps Ms perpendicularly to 
AO. i Ps are all equals, the 
since, Avs Ps Ps P and therefore the sum 
= 27 Ot x (An, + + ny M3 +..--) 
=270tx AN es sot 
if we consider the portion of sphere described by 
AR. Sls aries, botehec press thd twoneabee of chord, 
and is therefore true in the limit; but in the limit O¢ 

.”. Area of portion of sphere, whose height is AN. 

=27r0A, AN. 

If we take the whole sphere. AN = 204A. 

.". Area of sphere = 4:7. (O A)* 

Cor.—In the sphere 27 Xx OA = circumference of a 

. Area of portion of a sphere = height of portion 
X circumference of a great circle. 

If we imagine a right cylinder to be described about a 
sphere, its curved area == circumference of a great circle 
X diameter of sphere = area of sphere. 
cylinder. 

Exam.:—How many square miles of sea are visible 
from the top of a mast 80 feet above the surface ? 

Let O be the centre of the earth; draw OA. OC., so 

Fig. 29. that AC is perpendicular to OC.; draw 

‘ =r. The area visible from A 

€c w will be the area of the part of the sphere 
whose depth is BN 
i.¢., will = 27 ra. . 
Now, let AB=p. Then, by similar tri- 


|! therefore area of 
.. in, PQ = Of. NM. 
of areas of frustum of cone 
= radius of sphere. 
great circle 
Hence, ‘‘area of sphere = area of circumscribing 
4 ON perpendiculsr to 0.4. Then, if BN 


9 = 2rrp very nearly. 
vou. L 


Now, 7 = 3°14159. 
r = 3958 miles 
80 L 
P= 80 fect = Fo50 = 66 


w. visible area = 2 x 314159 x 8958 x gq 


= 378 nearly. 


III. Taz Mensvration or Sorins. 

(1). If two solid Angles are each contained by three Plane 
Bre. 695 aq each to each, then the inclination 
of will be equal, each to each. 

Let O, 0, be two solid angles contained by the plane 
angles AOB, BOC, COA, and aob, boe, coa, respec- 
tively. Then the plane A OB is inclined to plane COA 


Fig. 30, 


at the same angle that aob is inclined to aoc. For, take 
OA=oa, and let the plane CAB be perpendicular to 
BAU, ao; too urs sath ee eae ieee 
> Cao, » are es; an are 

the inclination of the mihag tn quae, oe 
Now in triangles AOB, aob. we have OA = 0a and 
angles BOA, OAB = angles oab, each to each, 
-*, OB=o0b and AB=ab (Euclid, L., 26) ; similarly in 

triangles OO A, coa, we have O 0 = oc and ACO = ae. 
Then in triangles BOO, boc, we have the sides 
BO, OC = sides bo, each, the included 
a Pa iadeaanes -. (Euclid, L, 4) the base CB= 


Hence, finally, in triangle ABO, abe, we have the 
sides BA, KO = the sides tay as cad to cath aaa ee 
base BO = baso be... (uclid, I, 8) CAB = cab 


_ Cor, 1.—Hence (Fig. 30), if the solid angle O be super- 
imposed on the solid angle 0, so that AO coincides with 


Fig. 31. 
k K 


La 
DAN pala 
IAN Wase 


f e B 


O oa, and the plane A O B with plane aob, then, because 
angle A OB =: angle aob the line OB coincides with ob; 

because inclination of plane C OA to AO B equals 
that of coa to cob, the plane C O A will coincide with coa, 
and hence O OC with oc. 


Cor. 2.—If ABODEF and abcdef are two prisms, the 
edges of which are equal each to each, and the plane 
angles at B equal those at b, the prisms are equal in all 
respects. (See Figs. 31 and 32). 

‘or, if the triangle ABC be applied to abe so that 
AB coincides with ab, and BO with be, it is plain by 
the last corollary that BD coincides with bd, And 
hence the prisms will coincide throughout. 


40 
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Cor. 3.—If edhe rm od lepiped* (i.¢., a 
prism ona jogram for a it . $2. 
ean be divided into two ual prisms gs D 


Fig. 32). , 
Dom 4.—Again (in Fig. 31), if we 
suppose the base DEF of the one 
to be in all respects equal to Le 

t of the other def, and if the angles ° © 


prism bafe, and if DB < db, the prism BDFE < 


DFE is double of the prism bdfe ; and generally if 
BD is any multiple of bd, then BDF E is the same 
multiple of bdfe. 

Cor. 5.—If we suppose (Fig. 31) BD produced to K 
so that D K is any multiple of DB, the prism K DFE 
is the same multiple of BDF E; and if we suppose db 

roduced to k so that kd is any multiple of bd, then 
‘dfe is the same multiple of bdfe. But if KD > kd, 
KDFE > hdfe; if equal, equal; if less, less .”. 
(Euclid, V., p. 136). 
BDFE : bdfe: : BD: bd. 

Cor. 6.—The results proved in Cors. 4 and 5 to be true 
of prisms, are manifestly true of paral??'. 

(2). Pa ipeds on the same Base and of the same 

Altitude are equal to one another. 


If the paral’ are on the same base and of the same 
altitude, it is manifest that the ends opposite the 
common base are in the same plane. 


(a) Sup two of the edges of the ends opposite to 
in Bm af ok figure to be in the same sain line. 


AS 
va 


B 


A 


i 

D o 

Let DBEG, D Beg, be the parallelepipeds on the 
same base B D, and of the same altitudes, and Ss 
that EH, eh, are in the same straight line, and also F G, 
fg, in the same straight line. Then it is obvious that Ee 
= Hh, HC =ED, and angle AH C = angle eED. 

.. the base ei D = base hH C, also HG =F E, and 
the plane angles that form the solid angles at H and E 

ual each to each, .”, the prism hC HG = the prism 

eDEF. Hence if we suppose the former prism taken 
from the whole figure hC DEF, and the latter to be 
taken from the same figure, the remainders will be equal 
.«.DBEG = D Beg. 

(b) Suppose that no two of the edges of the side 
a to the base are in the same straight line. 

+ D BEG, D Beg (Fig. 34), be the paral*r’ on the 
same base BD, and being of the same altitude, their 
ends E G, eg, are in the same plane. Produce EH, FG, 

@, gh, to meet, they will evidently form a parallelogram ; 
jet this elogram be KLMN, then oy MN, and 
FE, GH =AD, BO, each to each, and KN, LM = 
eh, i pect sD AB, each to each, and angle MLK = 
angle GF E = angle BAD. 

.. LKMN is on to ABCD. Join AL, BM, 
CN,DK. Then DB MK isa parallelepiped; and by 


* We shall use throughout the abbreviation paral”? for parallelepiped. 


the first of this ition, BD M Kis al to | 
each of BDG EB; and B ". BDGE=BDye @ ED, 
Fig. 34. 
Ey. 
? c 


(8). Solid ra on Bases and of the same 
Alti are to each other. 


(a) Suppose the edges to be perpendicular to the bases. 


Fig. 35. 
ff i va rs 
B / ¢ a 
“ rai % a“ 
até Pe r G 
\ 
‘ 


H 2 
To avoid a complicated figure we will only letter the 
bases, and will call the edges of figure that are perpen- 
dicular to the bases by the letters at the angles of the 
base. Thus the edge B means the edge ndicular to 
the base at the point B—i. e., Bb. Let AC, DF be the 
bases where we suppose the solids to be so placed as to 
have a common edge D, and the sides AD, D E in the 
same straight line ; produce C D, and F E to meet in H ; 
through G draw LG K parallel to CD, and produce BC 
to meet K Gin L 

Now since ) H = GK, and HE is evidently = KF 
and the angle DHE = G KF... the base D H E = base 
GK F;; and since edges Hi and & axe perpeneenes to 
base, the solid angle at H is contained by plane angles 
respectively equal to those seeing Se angle K ; and 
hence the prisms whose bases are D H E and GK F are 
equal. Add the solid on base DEK G to both, .. 
paralr?¢ on D K = paralrret DF. 


Now erie’ SDs pee Dil3) 6) 
ier DL: paral? DK ::0D:DH::DL: 


.”. (Ex equali), 
aralret BD : mDK::BD:DK 

But BD = DK, since (Euel. L., 35) DK = DF 

.”. paral’r? BD = paraler¢ D K = paraler’ D FF. 
cake) If the edges are not dicular to the bases, 

the pea P andQ. on P’s base a paral?r p be 
, Whose edges are ndicular to base, and 
whose altitude is same as P, then p = | last eee 4 
tion ; and if q be in like manner described on same base 
as Q, but having its edges perpendicular to the base, 
then (last Proposition) g = &Y and by the former part 
of this Prope ons & =p,..Q=P, QE. D. 

Cor. 1.—Hence if there be two ved of the same 
altitude, but the base of the one be double of the base 
of the other, the former is double of the latter ; and 

rape ye the base of the one be multiple of the 
Base of the other, the former paral? isthe same multiple 


descri 


_ 


CONTENTS OF SOLIDS. ] 


MATHEMATICS.—MENSURATION. 


651 


of the latter ; and hence, by reasoning similar to that 
employed in Cor. 5, Prop. T of the present article, it 
appears that paraler** of equal altitudes are as their bases. 
And again, if they have equal bases, they are to one an- 
other as their altitudes. 

Cor. 2.—Let there be two paral» P, P’, the base and 
height of one of which are A and h, and one of the 
other A’ and h’, where Ah A’h’ are in numbers. And 
suppose S to be a third paral’* on the base A’ and the 
height h. 

Then P:8 ::A:A’ 

SiR i :h eh 
PP: PF’; Ah AW 


— P’ to be a cube which has one 

a loin panel 43 cody, then A’ = 1. and h’ = 1, 
2 Pee Aa 
hence if we consider P’ to be the unit of solid measure 
(a cubic inch, or foot, for instance) ‘then 
P= Ah. 
ved is found by multiplyi 

re ne tine dimuon tatnoar ene 


and the ite one. 3 
Cor. awe have ee a a peepd 
i of e same altitude, and on a 
fae ciuk 2 iangle. Hence if A be 
i prism, 
*, the vol- 


the volume of this paral»! = 2A x h, and . 


of the prism = A X h; or the volume of a prism 
ae i base is found by multiplying the area of 
the base by the altitude. 


Let A wee 
h the common altitude, the volumes of all these prisms 
=(A, +A, + Ag+...) h 
But the polygon is equal to all the triangles; hence 

if A be the area of the polygon, 3 

A=A, +A, +As4+.- 
.”, The volume of the prism on a polygonal base = Ah, 
or is equal to the base multiplied by the altitude. , 
Cor. 6.—It is plain that Cor. 5 is true of a regular 
pol of any number of sides, and therefore is true 
Po iamit ; now when the number of sides of the polygon 
is increased, its limit is the circumscribing circle, and 
limit of the corresponding prism is the circumscribing 
cylinder. Hence the volume of a cylinder = Ah, or 

_| base x height. 


N.B.—When we of the volume of a solid, a 
is i course that all mea- 


18 45 
2 x 18, but 2 X 75 3, and the 3 is in CUBIC FEET. 


The cubic foot and the square 
tent and of area corresponding 


foot being the unit of con- 
to the linear unit one foot. 


el to AB. Now A P is bisected in D. 
isected in E. Similarly AC is bisected in H. Also 
since plane D EF is parallel to ABC. .. ED is paral- 
lel to KH, and .*. KH is eltoAB. Draw ON 

dicular to AB, meeting K H in M; then since 
CH:HA::CM:MN (Euclid VI, 2), and CH= 
HA ..CM=MN. Hence, if from N and O per- 
pendiculars are drawn on the plane, DE K H, they are 
equal. Hence pets on the base DEKH, with 
these i respectively for altitudes, are equal. 
Now the prism BEK HDG is half the former, and 
the prism KCHDFE is half the latter. Hence the 
prisms are equal, and they are together double of one 
of them. But the two prisms make up the figure 
EDGHCOB, which is, therefore, double of the prism 
EDFHKG. 


. Pyramids on triangular Bases and of equal Altitudes 
©) ah ons canociarthee Baek 
Let P, ABO, p, abe be the two pyramids, and let 
them be divided by planes as in the last proposition. 
Fig. 37. 


z, 
< & £ D 
b e * 
ec 


Now efd : bea in the duplicate ratio of fd : ca; but 
fd :ca::1:2.. efd:bea::1:4 Similarly EFD: 
BOA ::1:4.°. ed:ba :: EF D:BCAorefd: 
EFD :: bea: BCA. But the prism efdkch : prism 
EFDKCH::efd:EFD::abe:ABO. .*, (by last 
a grec 

e double prism edghch : EDGHCB:: abe: ABC. 

Now if we suppose pd and PD, and also da and DA 
to be equal, figures will be formed p,dfe, and P, DF E of 
the same kind as in p,abe and P, A BC, and also in d,agh 
and D, AGH, and these will have to each other 
the ratios efd : EFD and agh : AGH respectively ; 
which ratios are each equal to the ratio abe : ABC. 
And the same will be true, however often we continue 
to bisect the bisections of the sides, and hence 

All the double prisms in 

p, abe: all those in P, ABC :: abe: ABC, 


And the number of successive bisections being as great 

as we please, this is true in the limit. Now the pyramids 

are the limits of the sum of these double prisms. Hence 
p,abe: P,ABC::abe: ABC. Q.E.D. 


Cor, : Hence pyramids on equal bases and of the same 
altitude are equal. 
(6). Every Prism on a triangular Base can be divided into 
three equal Pyramids, 
Let ABE, DFC be the prism; 
draw pb gene through D E and OC, cut- 
ting off the pyramid E, DFO, and 
through ED and B draw a plane di- 
viding the remainder into two pyra- 
mids E, ABD and E, BCD. Now 
since these two latter have their ver- 
tices coincident at E, and since their 
bases ABD, BDE are manifestly 
ual, being halves of the elogram 
a0, the two pyramids E, ABD and | 
E, BDE are equal. Now the pyramid 
E, ABD is clearly the same as the 
pyramid D, ABE. But the base ABE I 
= base DEF, and the perpendicular from E on DF E, 
is equal to that from D on ABE since these planes are 
arallel; hence the pyramid D, AB E= pyramid E, 
F C, and therefore the three pyramids are equal. 


ovo © Bin 


Fig. 38. 
A 


_——— 
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Cor. 1.—Hence if a pyramid and a prism have equal 
bases and are of equal altitudes, the pyramid 
is one-third of the prism. 

Cor. 2,—Let A = area of base, h = height of p id. 
Then the volume of the prism on base A and of height 
h=Ah,. And .*, the volume of pyramid = 4*. 

Cor. 3.—If we have a pyramid on a polygonal base of 
which the area is A, it can be divided into triangles 
whose areas we will suppose tobe A, A, Ag .. . . 80 that 
A=A,+A,+A,+... Now if h be the height of 
the pyramid, then its volume being clearly the sum of 
een peresnre Ay Ag Ay «+ - anil belghs 
h, will equal 


gA( Ar taste afk ‘) = 5 Ab 


Cor. 4.—This is true, however great the number of 
sides there are to the polygon, and hence is true in the 
limit. Now if we i the polygon to be regular, its 
limit is the circumscribing circle, and the limit of the 
pyramid is the circumscribing cone .*. volume of cone = 


= where A is the area of the circular base. 


(7). To determine the Volume of the Frustum of a right 
Prism on a triangular Base. 


Let ABC, DEF be the frus- 
tum, where ABC is perpen- pr 

i to the edges. LetA= fF 
area of ABO, and let h, hah, |', e tad 
be the edges AF, BE, CD re- | + F 
spectively, and V the required | \ Fé, 
volume. Join FC and es “ 
a plane to pass through E, 
cutting off the pyramid C, FED, 
and — “4 cae lah i" <9 
ting the pyrami . ‘ , / 
E, ACF, these three make up |.” 4 / 
the volume V. Join FB, DB, 4& _—_— c 
and DA. Now volume of E, Scaler 


ABC=A‘2; volume of E, ¥ 


FAC = volume of B, FAC; since ndiculars from 
Eand B on the plane ACF are clearly equal, and B, 
F A C is the same pyramid as F, ABC, the volume of 


Fig. 39. 


Again, since F A is elto DO, the triangle AC D 
is = the triangle F CD; and we have already seen that 
the perpendiculars from E and B on the plane ACDF 
are equal, .°.the pyramid E, CD F = the pyramid B, 


AOD, i.e. =D ABO, the volume of which is “}s, 
1 
., Vaasa Ma + ra, = avthtts ths 


Con.=TIf the prim be A BO, FED, eee et 
in which neither of the ends is perpen- 7 
dicular to the edges, take abc an area a 
whose plane is perpendicular to the + 
edges, and let A = area of abe, 
let AE= h, BD=h, CF=h, 
ak=2, bD = a, cF = 2, 
aA=y, bB=y, C=y, @ 
Then if V = volume required ¢ 
V =abe. DEF + abe ABC 


=A 1 + 2 +25 ah tvatys 
HAM +22 t+ Yet 73 + U5 
3 


8). To determine the Volume of a Frustum of a Right 
© Prism on a base which is a Parallelogram, ~ 
Let ABCDEFGH be 
the Pag uestion ; #, 
let h ps 2 
at A.'B.'C. D. respectiv v3 
draw AO, and if eo 
through AO and E it 
ivides AB .... H into 6 
two wha similar to 
that in the proposition. 
Lat V be ta, tenekeal =. 
volume, and A, the area ; 
A BC which is = area ADO c 
(Euclid, I., 34). Now the volumes of the two triangular 
prisms are respectively 


A, hth th, and A, athe th x ih 


Fig. 41. 


eV = 5 Aa ha thy thy) +E Ay (lg +hy $I) 


If we had divided the a plane passing thro 

BD, we should have ‘il Pree re 
1 1 

Vi= 5 Ai (ig ths thy) +g41 Cathy the 

Similarly if we had divided at C and D, we should have 

had respectively 


Vas Ar Gig the thy) + 2 Ay Oy thy hq) 
Var Ay Oy thy ths) + 5 As Oia hy +h) 


four values of V we have 
avez As (s+5+8) + 4 As(8+5+8) 
=2A,.8 


.". If A be the whole area ABCD. Since A = 2A, 
veaSau Mththth 


(9). To find the Volume of a Frustum of a right Prism on — 
a reguar Pentagonal Base. 

Let P, P, Ps Ps P,; be the base, and let h, ha hs hy 
hs be the edges corresponding Fig. 42. 
to these angles. Join P, Ps Ps 
and P, P,, and let the areas 
of P, P, Py and P, Py Py 
which are equal, be each Aj, and 
the area of P, Ps; Pa be Ag. # 

Let V be the required volume, 
then this volume consists of three 

rtions of prisms of the same 
Sind a in article (7) and hence 


Va it heths) t 
+A the th) +A th hy) 
Now divide the base by lines drawn through Pz the 

areas will be the same as before, and hence 


Va athe th) + AP ete + hy) 
+A ta the +h) 
and similarly by dividing the base by lines drawn suc- 
cessively through Ps P, and Ps we obtain 
Vat (ha the the) + AP Gh ths + hy) 
+ AE (hs + + ha) 
Vm AE Oh ths + ha) + A (ha tn + ha) 
+ 4b (ue the + hy) 


og 


a ———— 
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Ay a 2 
= Fis + hn +a) + AZ is + fra +h) 
+ Fhe + hs +) 
Then adding these together, and writing 
hi thaths the +hs=8 
we have 5 V = 4" §4+8+5) 
+3 6+8+59+ 64849 


-, 6V =(2A Az) S=A.8. 
Wk toser toe a Tia 
Vm, th Pha he th 


(10). To find the Volume of a Prismoid. 
Der.—A prismoid is a solid of the form represented 


in the accompanying . 43. 
figuree ABCD is a " 
rectangle, and ABFE, 
DEHG, are planes 
Ey 
Bee ee : 
inelined at given angles i 
to the plane of the 
and GH’ being parallel ” ‘ 
to AB and CD. al 
AD and BC 
ol BOMM poner 
ie a 
dicular to the plane abode ~ ; then divide the 
ven viz., A DLG, BDN 
SMreHN. ; : a 
Let AB=a AD=h AK=c2DL=ox, EK =5GL 
=b,MF=cNH=c, 
(a) the fi BDN is of the same kind as in 


Then 
Article 8. Now area DB = ah; if therefore V, is 
its volume, 
Vie GTet+etntn)=tetm) 


(b). Let V. be the volume of the figure AEKDLG, 
( 44), draw planes ED,K Fig. 44, 
GD,K, dividing the figure into A 
three ids, DGL,K, AEK,D, 


K r— 
=GLD xa ie xh = ; a, by 


Similarly, volume of A EK,D -* xb, 


Now the volume of GED,K is to 
that of ADE,K as GED is to ADE, 
or as AE to GD; or since triangles = 
AEK, GDL are similar, these 
volumes are as AK to DL, or as 
EK to GL. 


oan k( a, sgh $2t ts) 
(c). Similarly, if V, is the volume of MBFCNH 
ig. 43) 


Vink (a, 4b ae + 2 f=) 
Now if V be the required yolume, 
V = Vi, abaVis + Vs. 
o Va’ [sate +e, 6, +e) b2bto 


b+e b, +c, 
Fg $6 SEES 


or rearranging the right-hand side of the equation, 


v= RSe(at?F*) 40, (tht) 


+otay(ve4 ites bbe) 
Now in this expression, 
x (0+ 24°) i the area of ABFE (Fig. 43). 


b 
@, (04% F 41) i te area of DOH. 


and (e+ #,)( 20+ tee eer igo) ila 
e+e 1 b+e 1 b, + 
4x Ste (5 (ot o>) 45 ete) : 


is clearly four times the area of a section made by a 
lane parallel to ABFE and DEHG, and half way 
een them. 

Hence the solid content of a prismoid is found by the 
following rule: ‘*To the areas of the ends, add four 
times the area of the mean section ; multiply this sum by 
one-sixth of the height of the figure ; this product is the 
volume required.” 

In practical cases it will generally happen that b = c, 
and b, = c,. This does not affect the enunciation of the 
rule, but simplifies the formula, which becomes 


V= { sa(e-+e)+2, @0, +0)+2@540,)}- 


(11). To find the Solid Content of a Railway Cutting. 


In the last article, the figure (Fig, 43) is very nearl 
that of a portion of a railway cutting, in which ABCD 
is the road, AG and BH, the sloping sides of the 
embankment, and hence the solid content required can 
be found by means of the rule given in the last article. 
It is to be observed that the rule sie bee brea = 
to be straight lines, or, as an approximation, to be very 
nearly steht lines, or E H to be a plane, which is not 
true if the cutting be a long one. For this case we 
derive the following rule from the above formula, 


Fig. 45, 
P3 P4 
Ys 
M M 


Let A BC represent a section made by a vertical plane 
of the hill to be cut through, A B the level of the road, 
and sup sections of the cutting to be made be. lanes 
perpendicular to AB, at equal distances along that line, 
viz., at M, M, My... Mon+3, let the terminal sections 
at A and B be a and b, and the sections at P, M, P, M, 
++ Py Po Py -+++Pon Pon +1, the number of sections being 
oad, and let the common distance between the sections 
beh. Now by last article the volume of portion 
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AMP, DisA™s. (@+4p, +7.) or 


A (at4p, +Ppa) 
ane the volume of the portion P, M, M, P, is 
= (Py +473 + P,); and so on ; 


and the volume of P,, M,,BC is b (Pont 4po4, +2). 
Hence, by addition, the whole volume required is 


Fo [HOA + Pete HP t+ 20 +% 


-++ Pae)} 


which may be expressed as a rule as follows. 

Between the first and last sections make an odd num- 
ber of sections at equal distances along the road, the 
planes of the section being perpendicular to the road ; 
then one-third of the common distance multiplied 
by the sum of the first and last sections, with four times 
the sum of the odd sections, and twice the sum of the 
even sections, gives the volume between the first and last 
section. - 

The student will observe that this rule is the same as 
that for finding the area of a figure bounded by a curve, 
which has been already given (p. 647), speepting that the 
ordinates in the former rule are replaced by trapezoidal 
sections in the latter. The formula given in article 10 is 
called the prismoidal formula. It will be observed that 
the material on each side of a cutting being generally the 
same, is the reason the inclination of the planes AG 
and BH to BD beifig generally the same as stated in 
the last article. Mr. Macneill, to whom the prismoidal 
formula is due, has constructed tables founded on that 
formula, by which the volume of a cutting is very readily 
calculated. The volume of an embankment is to be 
found by the same formula, since, as a question of mere 
figure, an embankment is only an inverted cutting. If 
the calculation be made directly from the formula, it 
is very tedious; the value of the tables above referred 
to is therefore very great, and is enhanced by the follow- 
ing circumstance :—In constructing a long line of rail- 
way, the earth taken out of the cutting should be suffi- 
cient to form the embankment, otherwise land must be 
purchased for the mere purpose of obtaining earth ; to 
effect this end of making the volume of the embank- 
ments equal that of pire B the ascents aud descents 
(gradients) of the line of have to be properly chosen, 
and this can only be done by trial, so that the calculation 
may have to be performed two or three times before 
aright adjustment can be hit upon. It is worth adding 
that, as a general rule, a cutting is followed not by a 
long level, but by an embankment; if possible, these two 
are adjusted to each other, to prevent the need of carry- 
ing earth from long distances. 


12. To find the Solid Content of a Military Earth-work. 


The form of a military earth-work will be understood 
from the following explanations :— 

The form of a section of the work made by a vertical 
plane ng ars to the face of the work is such as 
ABCDEF: from B, ©, D, E draw perpendiculars to 
AF, viz., Bm, Cn, Dp, Fig. 46. 
Eq, then’ Am, mn, np, ‘ 


pd, YF, are of known 4 
Sm Dp ome a, 
are n y ms B ¢ i Ieee 
wor ‘Ni ; 
will be of the accom- Aree H H 


~ F 
Bi kind, viz, Ff  2~ * * ¢ 


ig. 47) is the line corresponding to F (Fig. 46), B’e the 
ine corresponding to EK, and so on for the others; the 
lengths of all these lines are known ; we will call them 

a, b, ¢, d, ¢, f, respectively. 
In Fig. 46, join pE, pO, pB, dividing the section of the 
into triangles 'ApB, BpO, OpD; DpE, and EpP 5 


call these areas respectively A, A, Ag A, A;, then the 
contents of the work 

are clearly equivalent . Fig. 47, 

to the frustums of five 4 2” cD ae 
prisms (similar to that 
in the Corol. to article 
7), which have the area 
of perpendicular sec- 
tion A,,and edges f,e,d, 
section A, and edges ¢ 
e, d, d, section As, and 
edges d, d,c, section 

and edges c,d, b, 


acs 


ies 


whole volume equal ’ 
V, we have + 


vaA8(Gtet D+ *O+d+O+ 


Ar a@tid+9 


+A2C+dt+H)+4O+d+a) 


adh irre Wyre ts e y yl oc 
c 
+d(a, A, +45 +4, +45) 
In which formula it will be observed that each line in 


the plan is multiplied by the triangle, or by the sum of | 


the triangles, which have an angular point in that line, 

and that the line dD’ is also multiplied by the whole 

area of the section. Hence if these products are formed 

= added together, the required volume is one-third of 
e sum, 


13. To find the Volume of the Frustwm of a right Cone 
made by a Plane parallel te the Base. 
Let ABCD be the frustum of the cone PCD. Join 
POO, where 00, are the centres of the ends of the 
frustums, Let AO=7,C0,=7,,00,=h. PO=z, 


Fig. 48. 
PRP 


Then volume ABP = ak volume 


Ppcp= 7 @& +h) 
3 
.”. Volume of frustum = 


r 2 a (1,2 —12°) 
x oi Meme ico x 


Nowa +h:iry::ain 

Cherie 

w(r9—s8)\ he 5 
:— 


.: = e. 8 
.". Volume of frustum 3" h+ ron 


= (yt tnrte) 


which is the same as the volume of three cones whose 
common height is h, and which have the radii of their 
gee respectively r, 7, and a mean proportional between 
r Ts 


14. Zo find the Volume of a Portion of a Sphere. 


Let ABO be a quadrant of a circle, draw BC, AC, 
tangents at A, and B, join OO, and take any point P in 
AB and draw QP N parallel to BO; then if the whole 
figure revolve round A O, the quadrant ABO will 
clearly describe a hemisphere, the square A OB 
will describe a cylinder, on a base aan i 
O B, and height A O, and the triangle ACO will d 
scribe a cone on a base whose radius is A C 
AO. Also APN will describe a portion of a sphere, 
eb OLN tay teeny cig radius A 
and AOM 8 ee eee of wh 
ends are AC and MN, and height AN. Di 


: 


N 


; 
| 
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into any number of equal parts, of which let mm, be 
one, through m, draw Fig. 49. 


— to and 

i My aa 

1 2 ‘3 
doulas tom: pate by ‘2 m 
P. Ow = Pa he ™> 
+ m0? since Omp isa 
right angle. pede eee 
triangle Omh is simi- 
lar to OAC and AC = 
AO..Om=mhalsokm * ° 
=BO=0Op.., me = mp? + mi? “7 x mi? = + x mp? 
+7x = of Areas, Art, 8) the circle, 
the radius of which is is equal to the sum of those 
ee 3; also since kk = pp, = hh, 
we have 


or the cylinder, the radius of whose base is mk and 


. And the 


of them. Now all the cylinders 
make up the cylinder described by 
Q, and all those described by m,p, make up the series 
i and those described by 
about the cone. Hence, 
Q=sum of cylinders inside portion of 
sum of cylinders outside portion of cone. 
however small mm, may be, is true 


i 
i 


Sea en ncn a oat 

cone ; 
Now iat r= talus of sphere h— height of AN, and 
V, = volume of portion here NM = ON =r—h. 


column of cylinder described by A Q = wr*h. 
of frustum of cone described by AC MN 


=2x{e+o—mrto—m} 
srr V, + fo aye + rm} 


2.8V,=37 hah f+) r+ 7} 
=ah (3rh—2*) 
* ah? 
oe Vy ="5°(3r—h ). 
Hence if V= volume of the whole sphere, in which 


case h=2r. 
Ar x 


V= — 


Now the volume of cylinder circumscribing sphere 
=ar* x 2r. 


mY v=3. (circumscribing cylinder). 


Cor. 1.—The above proposition may be demonstrated 
in the following manner. Suppose a solid having any 
number of plane faces to be described in the sphere, and 
let A, A, A, &c., be the areas of these faces, and p, po ps 

the distances of these faces from 
sphere ; now this inscribed solid may 
be made up of pyramids, the bases of 


age wed ~ + es of the solids, having the centre of 
ie sphere for their com rte i 
volume of the solids is . Paaa rey ee 
1 1 1 
Vi=zA Pi +5 As Ps +zAs Ps t+.. 

Now this is true, however great the number of f. 
may be, and .”. is true in the limit, but in the limit, PaPa 
P3+-. become eq one another, and to i 
Ps R Hele, ; r the radius 

Limit of A +A A i imi 
Fries ey ae 2 Pz + Asps +...=r X (limit 

Now the limit of A, + A,+A,+... = surface of 
pg = 477° (Mensuration of Areas, Art. 19), Also 

e limit of V,=V bar age of sphere. 

te V=3r x ten 

Cor. 2.—To find the volume of the portion of the 
sphere corresponding to BPNO. Let 1 
called V, and let h=ON which is=M N. Then —— 


V=cylinder BN —cone O N M, 
Now volume of cylinder B N=zr*h 


Volume of cone M N O=5 mh3 


1. Vent-Levens( oT) 


15. To find the Volume of a Spheroid. 


Der.— A spheroid is a figure formed by the revolution 

Fig. 50, of an ellipse about one 

c of its axes; if about 

Q the major axis it is 

called a prolate sphe- 

roid, if about its minor 

™ axis it is called an ob- 
late spheroid. 

BP oa wy be a semi- 

rh ipse, OA its semi- 

pl a axis, O B its 

semi-minor axis. With centre O and radius O A describe 

a semicircle A Ca, draw QP N through any point in 

the ellipse parallel to OC, draw Mnm parallel to NPQ 

and a the rectangles MP, MQ (Mensuration of 

12). 

Now if the figure revolve round Aa the semi-ellipse 
will describe a ie spheroid and the circle a sphere, 
also MP and M Q will describe cylinders with altitudes 
MN, and haying the radii of the bases N P and N Q re- 
ppg and .". having volumes t MN x PN? and =. 
MN xNQ* Now by a property of the ellipse, 

QN:PN::a:b 
2. QN?: PN? :: a? 7% 
Cylind. MQ : cylind. MP ::MQ?:MP? 
.”. cylind. MQ :cylind. MP :: a? : b? 
and the same is true of any other cylinders described in 
like manner within the sphere and spheroid, and .°. is 
true of their sum 
.’, all cylinders within sphere : all within spheroid : : a? : b? 
and this being true, however many cylinders there may 
be, i.e., however small we sup MN to be, is true in 
the limit, but the sphere is the limit of its inscribed 
cylinders, and the spheroid the limit of its inscribed 
cylinder, 


t 


° N 


But 


pat bt, ,47@ : drab* 


.". Sphere : spheroid : 5 3-3 
But volume of sphere = co 


.’. Volume of spheroid = svat? 


Cor.-—In like manner the volume of an oblate spheroid 


‘ 4rra*h 


3 
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16. To find the Volume of a portion of a id cut of | volume ABCD, Fig, 48. And hence by Article 
by igo Pe i to the yoo of = Mensuration of Solids, ir 


In figure 50, suppose we wish to find the volume of 
the ion of the spheroid corresponding to the portion 
APN of the generating ellipse ; then, as in Art. 15, we 
shall have 

Portion of Spheroid : portion of en Ee ee 

Now (Mensuration of Solids, Art, 14), if A N=h the 


volume of the portion of the sphere is equal to 7M Ba -h) 


«, If V, is the volume required, 


heb? 
V,= "9,5 (Ga-). 


if we wish to find the volume of the portion 
to ON PB, and if V, is this volume, and 


Similarly, 
h=ON, ft 
Va=nhi#(1~3-5) 
as is evident from Corol, 2, Art. 14, Mensuration of 
Solids. 


17. To find the Volume of a Cask. 


We may consider a cask to be either the middle portion 
of a spheroid, or two frustums of equal cones joined 
together at their bases, though it will not coincide 
with either of these forms exactly. . It is to be observed 
that excise officers generally consider casks to be of the 
first form. 

The measurements that are most easily made in prac- 
tice are the diameters of the end, and of the middle 
section and the i pores between the ends; we will call 

respectively, and investigate the rule 
in rasa ‘the yee romege - 8. : 

(a). Suppose the to a Fares of a spheroid. 
Its volume V will be double that of V, in the last article 


2 
J.V=2ahb? (1—z S 
Also by a property of the ellipse, (See Fig. 50), 
PN? ON? 


N 
op toa” 
“.PNt | jf 
21 PN 1 eo 
7 ee tyrans 
re Oe 1 ae 
3+3°5.7!-3@ 
an 2 1PN 
JV = onl (5 +5 a) 


ova 2 (324 a PN?) 


12 
Now 2h=k. 2b=D 2PN=d 


eA (2. D°+ @). 


_ Also a = .2618 very nearly, hence the rule. ‘To 


twice the square of the middle diameter add the square 
of the end diameter, and multiply the sum by the length 
of the cask ; this product multiplied by .2618 gives the 
contents of the cask.” 

(6). Sup the cask to have the form of a double 
frustum of a cone. 

If v be the volume required, v is clearly double of the 


2Qxh 
0 = 212-40, +14) 
Now D=2r,, d= 2randk=2h 
é TT 
Sonik (D*+ Dd +4). 


Hence the rule, ‘*T'o the product of the diameters add 
the sum of their squares ; multiply this by the length of 
the cask, then the Mie ea multiplied by .2618 
gives the contents of the cask.” 

N. B.—If the measurements are made in in the 
above rules give the required contents in cubic inches ; 
to obtain the contents in gallons we must divide by 
277.274, since 277.274 cubic inches go to one gallon. 

Cor.—It is evident that v, the value given by the 
second rule, is less than the true contents of the cask : 
it is to be observed, also, that V, the value given by the 
former rule, is generally greater than the true value ; so 
that the true value will lie somewhere between these two 
results. Hence we can easily estimate the amount of 

in each of the above determinations. Thus, 
V —-v is clearly than the difference between the 
true result, and either of those given by rule, and » is 
less than the true value of the contents ; hence the error 
committed by either way of making the calculation 


cannat be wo great as the (=* + of the whole. Now 


ee Bates a (2D+e) 7 (D+ Dd+ 7) 


ak 
= ™{D*—Dd \ _ 7 = 
(om) -2oe-m 
k 
“Ve gr O-% DM—d 
= D?+Da+a*" 


= xk 
. ip(De+Da+¢) . 
IfD=d+n Then Dd=D?—Dn, and d= D?— 
2Dn+n*. 
Ht 
De rest VRB aay 
” 3D?—3 Dn-+ n? n, 
1—) + 3p 


which is an expression for a limit of the part of the whole, 
by the approximate, which differs from the true value. 


e.g-, Suppose the diameters to be 18 and 20 inches 
respectively, 
th = 2i pil 1 5 
en » = 2 inches and D=i0 and there the error com: 
mitted by calculating according to either rule cannot be 
1 
30 
so much as i 1 Of the whole, or so much as 
170 + 300 
10 


ae or x (very nearly) of the whole. If the cask in 
uestion had an interior length of two feet, then, by the 
+ rule, its contents are 25°47 gallons, and, by the 
second, its contents are 24.56 gallons. So that the error 
committed by either way of gauging must be less than 
one gallon. 
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Berore reading the following Chapter, the student will 
do well to that on Spherical Geometry already 
given (p. 596, &c.) He will there find the definitions 
enunciated, and the chief properties of spherical triangles 
proved, which are employed as the premises, and whence 
the formulas of the following pee deduced. It has 
been stated that the chief applications of this science 
are found in ical astronomy and geodesy ; also it is 
observed, on p. 598, that the side of a spherical triangle 
measures the angle it subtends at the centre of the 

ere, and hence is spoken of as an angle. Now it is 
to be remarked, that in practical astronomy, the mea- 
surements made by the various instruments are invari- 
ably the angles subtended at the eye of the observer, by 
ares of the great sphere ; for instance, the altitude of a 
star is measured directly as an angle,—so that in these 
cases the radius of the sphere never enters into con- 
sideration. But in the case of measurements on the 
earth’s surface, if we have a distance measured along a 
great circle in miles or yards, which is to enter into our 
erie we must ine the angle these yards 
or miles subtend at the earth’s centre: thus if a be the 
length in question, r the radius of the earth, @ the angle, 
then 0 = © where @ is in circular measure. If 8 con- 
tain n°, then n°? = =. Further it will be observed, 
that in case the sides of a spherical triangle are small 
Otel below aby the triangle does 
not di eee ees os See 
on the earth’s surface, the sides of which are each about 
a mile long, will not differ sensibly from a plane triangley 
unless the measurements are with very refined in- 


struments. Hencait is manifest that the e triangle 
i , and accordingly we 


is the limit of a spherical triangle 
shall find that the formulas for the solution of spherical 
hen peeled gue Rgy dl mt Bla ag 
'y deduced for the solution of plane. triangles (p. 
ie tice We detltasing fas plane ingle us the 
ormer e eas 
limit of the spherical triangle. 
N.B.—The following results already proved on p. 599 


are eo" terme A, B, C, a, b, c, be the angles 
fad ehiee aay hed triangle, and A’, B’, C’, a’,b’,c’, 
the angles and sides of the corresponding polar triangle. 
Then A+q@d=B+U'=C+c = 180° 
And A’+a =B+5) =C+c = 180° 
Reece Semin note sie 
a i ts polar triangle, through- 
out the following pages. - y 


(1). To show that the Sines of the Angles of a Spherical 
Senn greens 20: fhe Sines of the cpporite 


Let A BOC be the triangle, O the centre of the sphere ; 


in OA, OB, OC; Fig. 1. 
A draw a plane 
AN P perpendi to 


OB, cutting the plane 
AOB in AN and BOC 
in N P, these lines are 

dicular to OB, 


tion of the planes, and 
is .", equal to the angle 
of the 
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and MP are dicular to OO, the angle AMP is 
equal to the angle C of the triangle, and A P is perpen- 
dicular to the plane BOA, and... APN and APM 
are each right angles. Hence 

4 AP rr AL Ts 

Sin. B= Gy and sin. O= i5 CS 5 tas «| 
Also since c is the angle AO B and b the angle AOC 

i AM 


sin. B AM 


AN Peas . sin. b 
om 6 = OA ee Ok ae ee 
sin. B_ sin. b sin. B_ sin. OC 


‘sine sin.e “sin.b sim 

The same proof holds good of the other sides and angles. 
sin. Asin. B__ sin. C 

ee ad hy See eal (1). QED. 

_ Cor. 1.—Suppose a, b, ¢, to be the lengths of the 

sides BO, CA, AB, then the angles denoted in formula 

(1) by a, }, ¢, are <- 2. < in civeular measure, r being 


the radius of sphere: Hence 


Hence 


ca tb 

i bal 

rae | rf 6 b 
sin. B seat fins 2% T 
sim CO . ¢ c ¢ Fa: 
ied ieee acd 

v7 ohne, Sa ea 

r r 


Now in the limiting case when r is infinite,~ =0 


and > = Oand .*, (Plane Trig., Art. 47) 
han 2 1G: 
* = 1, .*. in the limit 


-—* the formula for plane triangles (p. 627). 


Cor. 2.—If ass a O and AP a plane be drawn 
cutting the surface o' ee in Ap, then Ap is per- 
pendicular to B C, and 4 equals the sine of AOP; 
i. e., is equal to the sine of Ap, which we will call p. 


ae . AP AA Nod AP aon 
Now sin. Bsin.c = 75 + 64 AO ~ Sin. Ap. 
.. sin, B sine = sin. p..... (2). 


cos. a— cos. b cos. ¢ 
(2). To prove the Formula cos. A = ——> 


As before, let O be the centre of the sphere, and A BC 
Fig. 2 


A 
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z ew 
be f+ +» terms involving y+ * ** 2be-+ terms involving" jah *** 


A _ cos, a— (cos. b cos. ¢—sin. sin. ¢) 


Now in the limit when r is infinite, the terms involving 2 
1, 1... ,, will all disappear ; hence in the limi Papa meee 
7, PF a t, : _ 208: a — cos. (b + ¢) 
b+ c?—as sin. 6 sin. ¢ 
Siptics 2be is 2 sin) 2%: (b —c) —cos. a 
or a? =b?+c?—2becos, A. rae sin, 0 sin. ¢ 
as in the case of the plane triangle. (Page 624). ig oA _ 2 sin. £(a+b+0¢) sin. $6 +e —a) 
4 oom 27Is formula (3 substitute 180° — ay for A. sn Oe sin, b sin. ¢ 
— A’ for a. — B’ for 6, and 180° — C’ for C . A 2sin. $(a—b +0) sin. F(a +d—C 
and we shall have ‘ *| And 2 sin?>= 4 ts mK mt 
7 _, 008. A’ + 008. B’ cos. C’ Now if a+ b+c=2s, thenb +c—a=2(s—a) 
Seb sin. B’ sin. 0” a—b+c=2(s—D), anda+b—c=2 (s—o). 
This is true of the sides and angles of every polar A A __ sin. s sin. ($s —4) (6) 
be apart ey it appears rpg eee on Cs sin. 6 sin. ¢ 
every triangle may be rega as the triangle of i —b) si ree 
some other; hence the above ri 8 is perfectly sin? = o— 1) se & ) (6) 
general, and is true of every triangle, and we have n b) si 
Cos. a = 00% A +008. Boos. 0 tga Be) ae eg (2) 
Parr sa, hk ee 2 sin, OT? 
Cor. 3.—Formulas similar to (3) and = of co’ And since, sin, A = 2 sin, 5 00s. 5 
true of Cos. B, and Cos. O, and of Cos. 4 and C. 4 
seh ce et dt Aol >: 
(8). To express the Formulas of the last Article in a Form | "A= gin tb sinto Su ® © Od) sel Gee 
adapted for Logarithmic Calculation. sin. (s —¢) (8) 
- cos. a—cos. b cos. ¢ these formulas are analogous to the formulas beg Sh 
Since Ce, A ian ee of Plane Trigonometry, which can be shown to the 
é 3 limits of these in the same manner as in Cor, (1), Art. (1), 
O44 ee Ae + pone and Cor. (1), Art. (2). 3 
sin. 6 sin. ¢ Tt is to be observed that, since any two sides of a tri- 
— 008. &@ — cos. b cos. ¢ ++ sin. } sin. c angle are greater than the. third, aor s—b, s—o, are 
Bin. d sin. ¢ positive ; ao se all ag sides on & pi ge a 
aS than four right angles, s is less than two angles, 
And 1—cos. A = 1— 4 Bona and @ fortiori, s—a, s—b, s—c, are less than two 
sin. b sin. o right angles ; so that, sin. 6, sin. (¢—q), sin. (s—b), 
. 008..b cos. ¢ + sin, b sin. ¢—cos.@ | sin, (s —c), are each positive, also 6 and ¢ are each less 
sin. } sin, ¢ than 180°; so that sin, } and sin. ¢ are always positive, 
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the triangle, join 0 A. OB. OO, and produce the planes | , 2sin. ¢ sin. b 2 cos. a 1 sinc — 
DOB, BOG, COA indefinitely ; at A draw a plane | ** cos. c cos. b A = dos-coos.b — conte * cose 
Si ed ae ie 
in , gA respectively, then since p ~~ oon? 3 
is on the plane AOB, and perpendicular to OA, and | . oP ee 
gA is on the plane COA, and perpendicular to O A, ron | 1 __sin.t¢ _ coste_ 4 
pAq is the between the planes, and .*. is equal to | _ cos2¢ cos.2¢ c08.2¢ 
the A of the triangle ; the angle pOq is the . 1 ain.?} 
angle subtended by BC: i. ¢., is the angle a. Similarly <p te 
Hence (Plane Trig., Art. 37) , 2sin. c sin. b 2 cos. a 2 
Ap? + Ag! —2 Ap. Aq cos. A = pq? = Op? + Og? "+ “os, on. b 0% A = Son ccon.b 
ety yp. Og cos. a. .*. sin. ¢ sin. b cos, A = cos. a — cos, ¢ cos. b 
Now 4? = _ Sin. ¢ Aq _ _Ssin. b P cos. a—cos. b cos, ¢ 
Ok ce? ON ee | Ae ee 
DP. pra Cor. 1.—If a.b.c. represent the lengths of the sides of 
oa pone the telsspln, and wibee sada 
a@ bec : 
Of = 200. b= 5 Then = =" are the angles of formula (3) in 
circular measure. 
. inte, sit 5 sin. ¢ sin. b ais 1 P e2 ot 
a8 caaSo 7 contb —aboak wate Hence, remembering that cos. 0 =1— 35 ti53q'** 
2. jt 2 cos. a e 
cos? ~ cos. ¢ cos. b and sin. 0 = 0—7o5 +" > we have 
bad Ua ee é of 
(nd) (ob) gen) 
Cos. A = 
Bat 2h PR EPG abs ‘ 
“ r. or eo 
Z oF et , Meh! , ; 
(1- a) —(1— gaan terms involving 5g ° **— b2 + c2 —a? + terms inyol & ate 
= I 
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Henee, (5), (6), (7), (8), are always positive, and .*, the 
values of cos. sin.’ tan. 4 and sin. A derived from 
them are always real. 

Cor.—lIf we consider the case of the polar triangle A 
= 18? — a +. 5 = 90° — 9 a = 180° — A’, b = 180° 
—B, c= 180° —¢. 

Js = 270° — L(A’ + B+ C’) = 270° 
if’ = 5 (A’+ B+ 0) 
14 a= WA), s— b= Ww — 8 — B), 
s—c = 90° — (8’ 
cos. 8! cos. (S’— A) 
sin. B’ sin. 0” 


Hence sin? © = — 
: 72 ? a’ a’ 
with similar expressions for cos.* ->~ cotan.? >- and 
See Peat tease ‘akes:ecs dane ier sit tcicaglen,! so 


shall have 

atg-— TEE SEY gy 
= 6-9 6-8” os 
ee 
and sin.?a = —~—-____ 


(S—B) cos. (S— 0} (12) 
where 28S=A+B+0. It mate cneenred tone A. +-2 
dere pho te mage oer t angles, and greater than 
two right angles; .". S 7 < 270°. .*. cos, is always 


Also S—A being équal tol. (B+c—a)=1 


[0500 <4) | must bo 7, since Y ++ ¢ 7 a’ 


cos. (S—A) is alwa: positive, and similarly cos.(S—B) 
and cos, a —C) are always positive, and ," “8, (10), (11), 
(12), though in appearance negative, are eo pt gue 


positive, and .*. give us real values for sin.=, 1 e08. F, 
tan. 5, and sin. a, 
Similar formulas, of course, exist for sin. ©. sin € &e. 


Similarly 008, = 


(4). To prove the Formulas, 
a—b 


Si tant = sin, (s—b) sin, (s—c) 
sin. 8, sin. ( —a) 
sae sin. (s—c) sin. <2 
sin. 8, sin. (s—6 
Be sin, (s — a) sin. G3) 
"2 sin. 8. sin. (s —c) 
4 tan. 2? tan.tC= sin (#2) sin, @—a) 
ed 2 2 sin. s sin. (s—b 
sin, (s—a) sin. (s —b) _sin.? (s—a) 
* pn 8. sin. (s —c) sin.” s 
7 P tan, = G—9) 


sin. 8 
* See ante; p. 616, 


Simil ty, tan, 2 tan, A= sit. f= Ord 


sin. $ 
tons > tn Oe =D 


2 2 ier 
B tan. 
tan. > tan.€ +tang 
But tan, A+ tan © ee) 


3 - aes 


sin. (s—a) , sin. (s—b 
sin. $ + sin, s ) 
+2 sin, (s —c) 
sip. 8 
Co _ sin. (s—a) + sin. (s—b) 
sin. s—sin. (s—c) 


A+B 
2 


sin (nae 


2 sin. zoo 3( %—c) 
1 


sin. ¢ cos, 5 (a-0) 


sin. 50 c08. 5 Ca 


a—b 
oe AtBL cos. ( ee cotan. ©. (18) 
on (oh) 
A—B, © _ sin. (6-—2)—sin, (6—a) 
2 2 sin, s + sin. (3s —c) 


sin. (a2) cos. 1( 25a) 


». tan, 


tan.> 


Similarly, tan. 


2 sin 3 (*—<) cos. xo 
1 
sin. — (a—b) 
tan, A= B ; cotan, @ (14) - 
ain. = (a+) 


These formulas are clearly analogous to (39) on p. 624, 
Plane Trigonometry, 


Cor .—If we take the ea since 
nf a A : =a ett 


A+B + at’, 
PASS 2 
A’+B’ a- / wee Cs i 
We have from (13) and (14) 
B’ — A’ 
, 1M 2 c 
- ore = Ba 2” 
2 
zt —A’ 
i ————— 
and ta oe : an. 


2 iB a 


Hence, remembering that the formulas for the polar 
triangle are perfectly general, we have 


ne A-B 
a+b ATU. 6 
aan 
sin, a8 
a—b : SU c 
tan, cathe stool A+B tan.5 (16) 
es 
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Q. E. D. 


Tue Sotvrion or RicHT-ANGLED SPHERICAL TRIANGLES. 


There are as many as six different cases of right- 

oar Wie. a angled spherical triangles, as will 

appear from the following conside- 
rations :— 

Let ABC be the triangle, having 
aright angle at C. Then using the 
ordinary notation, all possible cases 
are the following : 

(1). Given the base ‘and perpen- 
dicular, i.e., given a and b. 

(2). Given the hypothenuse and 
another side, i.e., given ¢ and a, or 
c and ‘ ie 

(3). Given the or - 

e dicular, and an adjacent abe te, 

a and B, or } and A. ' 

(4). Given the base or perpendicular and an opposite 
angle, i.e., given q and A, or b and B, 

(5). Given the hypothenuse and an angle, i.¢., given 
cand A, or cand B. 

(6). Given the two angles, i.e., A and B. 

If these cases be compared with those on p. 641, for 
plane triangles, it will be seen that the third case of plane 
triangles diverges into two cases, viz., the third and fourth 
of spherical triangles, while the sixth case is peculiar to 
+ caperes triangles. Both of these differences are due to 
the circumstance, that in the spherical triangle, A + B 
es a known, whereas in the plane triangle A + B+ 


(6). To investigate the Formulas on which the Solution of 
Right-angled Spherical Triangles depends. 


sin. ¢ sin. b _ sin. a 
From the general formula a0. a3 aA 
Since C = 90° and .’. sin. C = 1, we have 
- sim. 5 _ sin. a 
ome= sin. B ™ sin. A 
: -". sin. b= sin, c sin. B (17) 
Similarly sin. a= sin. c sin. A (18) 
. C— COS. b 
Again, since cos. C eee and cos. 
C = 0, we have 
+". C08, C= cos. a cos. b (19) 
J P cos. C + cos. A cos. B 
meee, ‘sine 008. “0 = sin. A sin B and 
os, O= 0 
-, 008. c= cotan. A cotan. B (20) 


‘| all the formulas o' 
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A sin, C = Cotan. asin. B Go 
pal iah tee ctr cr ETL *H | Again, since cos. a = SAT evs. B08. © and 
This formula is used in certain propositions : ¢.g., it is | cos, C = 0 and sin. C = 1. 
employed in the astronomical problem of finding the .*. con. A = cos. a sin. B (21) 
aberrexion in dectination. cat ap 
From formula (2) we have Bimilady o04 B = cos. b nin. ee 
Cos, A sin. } sin. c = cos. a—cos. 5 cos. ¢, Again, since cos. A = cos. a sin. B and sin. B = =— 
And from formula (3) we have deb BC, sin. ¢ 
Cos, ¢ = cos. a cos. b+ sin. asin. } cos, CO. “. 008, A = ——. cos. a and 008. == ——. by (2) 
-. Cos. A sin. b sin. ¢ = cos, a—cos,acos.* b—sin. a ; Gs ape 
sin. 4 cos, b cos. C, +". COs. = eer 
.”. Cos. A sin. eee eee Sate Si wel haal bh nalin. p (23) 
*. Cos. a sin. c = cos. asin. b—sin. acos. bcos. CO. Similarly cos. B = tan. a cotan. ¢ (24) 
Also from formula (1) we have Again from (1) sin. a= sin. ¢ sin, A= SOP, a 
Sin, 6 SE Cain 6 . _ sin. b.cos.B . sin. A cos, b 
sin. A from (2) and this = <3 sin. B con, B 
Cos AS CM og, @ sin, b— sin, a 008, Boos. C, But by (4) cos. B = cos, b'sin. A. 
: : : ; .". sin. a= tan. b cotan. B (25) 
.. Cotan. saan 8 em ie Rirr meee: Similarly sin, becden. o Solan A (26) 
-". Cotan. A sin. C = cotan. a sin. 6— cos. Ccos. b. 


7). Napier’s Rule for the Solution of Right-angled 
Sf g' Spherical Triangles. " ; 


phe 
The formulas given in the last article can be included 
in a single rule, which is very easily enunciated and re- 
membered. It is generally called Napier’s Rule, having 
been invented by Napier, who, as we have alread 
stated, was the inventor of logarithms. Leaving out ©, 
which is 90°, there are three sides and two angles in the 
triangle—viz., a. b. c. A. B. We will call the base, the 
perpendicular, the complements of the hypothenuse and 
the angles, circular parts ; if we fix on any of these and 
call it the middle part, then of the remaining four, two 
will be adjacent, and the other two opposite: then it 
will be found that all the formulas of the last article 
are included in the following rule. ‘The sine of the 
middle part equals the product of the ents of the 
adjacent parts, and also equals the product of the 
cosines of the opposite parts ; 
Or, Sin. mid. = tan. ad. = cos. op. 
Thus, if 90° — A be the middle part, then 90° — c and 
b are the adjacent, and 90°— B and a are the opposite 
part. 
The rule gives us sin. (90°—A) = tan. (90° — c) tan. b 
= cos. (90° — B) cos. a 
Or Cos. A= tan. b cotan.c=cos.a@ sin. B (a) 
Similarly, if 90° — Bis the middle part, then 90° — ec 
and a’are the adjacent, and 90° — A and 6 the opposite 
parts. The rule gives us 
Cos. B= tan. a cotan. c= cos. 6 sin. A (6) 
If a be the middle part then 90° — B and 6 are the 
adjacent, and 90°—ce and 90°—A the opposite part, 
then the rule gives us 
Sin. a = tan. } cotan. B= sin. c sin. A (c) 
If 4 be the middle part then 90°—A and aare the 
adjacent parts, and 90°—e and 90°—A the opposite 
parts, then the rule gives us 
Sin, d= tan. a cotan. A = sin. ¢ sin. B (d) 
Finally, if 90°—c be. the middle part, then 90°— A 
and 90°—B are the adjacent, and a and b the opposite 
parts, then the rule gives us 
Cos. e = cotan. A cotan. B = cos, a cos. b (e) 
If the five formulas of the present article be com- 
pared with those of Article (6) they will be found iden- 
tical. Hence Napier’s Rule, as was stated, comprises 
Art. 6. Itis a question whether, as 
a matter of practice, Napier’s Rule is really more con- 
venient than the disconnected formulas of Article (6). 


(8). Zo explain the Method of Solution in the cases of 
Right-angled Seheoat Triangles. 
All the formulas of Art. 6, to which we refer in the 


—— 


pan " _— 


OBLIQUE TRIANGLES. ] 
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present article, are expressed as uw and con- 
sequently are adapted for Gaabind aici The 
cases, as we have already seen, are the following :— 
(1) mip cp odes Parl pc ob 
Cos. ¢ is given 19), then is given 
(23), and cos. B by (24) hy 
(2) Given c and a, find b, A and B 
Cos. b is given by (19), then cos. A is given by (23), 
and cos. B by (24) 
(3) Given a and 4, find 4, c, and A 
Cos. A is given by (21), then cos. b is given by (22), 
and tan. ¢ by (23) 
(4) Given a and A, find 4, c, and B 
Sin. B is given by (21), then cos. b is giyen by (22), 
and cos. c by (19) 
® pie one bran Gos by (19), 
Sin. } is given by ( cos. a is given 
and cos. B by (22) ¢ 
(6) Given A and B, find a, b, and c 
aa on? 


It will be observed that each of the above determi- 
ge cee Paygeece Asay iguous, except the determination 
of B in (4), bin (5), for these are the only two deter- 
minations made by means of sines ; for which reason, if 
B’ and Pb’ are the values Jess than 90° which satisfy (4) | 
and (5), then 180°— B’, and 180°—¥D’ also satisfy (4) 
and (5); and hence it would seem that in the former 
ease there would in general be two values of } and two 
of ¢, ing to B’ and 180°—B’ respectively ; 

i that there would be two values of 
a@ given by (3), and therefore two values of a pee by 
(oy, If more closely considered, however, it will appear 
that there is really no ambiguity in case (5). We will 
consider thé cases separately. 

Tn case (4) we have given A and a, Now AB and AC 


(Fig. 4), produded, meet at A’, where AB A’ and 
ACA‘ are each of arc Fig. 4. 
180? (see Spherical n 
-Pp. 698, 599) 
and the angle at A’ is A< 4 
ual to the atA. 


the side a belong equally to triangle A BC and to A’BC. 
And if we take the value of B less than 90° to be ABC, 
then CB A’ is 180° — B’, the second value indicated by 
the solution. 

In case (5) — from (10) it appears that tan, a = sin, b 
tan. A. 


Now sin. b is always positive, and hence the si 
of tan. astro: bee WHC an that of tan A. Hence if 
A 7 90° a must be 7 90°, Fig. 5. 
and if a 7 90° A must be 
Z 90°, and A is given, B 
hence only one of the two 
values of a is admissible, 

This ges from c ‘ 
geometri considera- 

tions. Let C be the right 

angle, then © A and © B, A 

oped per meet in OC’; then since we have given A B 
(c) B A C(A) we determine }, i.e., cA from the equa- 
tion or 180° — b, i.e., AC’; but AC’ belongs to a triangle 


on which the angle BAC’ is not A, but 180°— A, and 
.. the value A C’ is inadmissible. : 


Tux Soivtion or Osrique-ANGLED TRIANGLES, 

(9). To enumerate the Cases of Oblique-Angled Triangles, 
There are six cases of oblique-angled triangles, viz. :— 
(1). Given three sides, e. g., a. b. ¢ 

oe Given two sides and the included angle, e. g., a,b. 
C 


(3). ; ae two sides, an angle opposite to one of them, 
6. g., a. d. 

ta, Given one side and the two adjacent angles, ¢.., 
A. B.c 


(5). Given one side, the opposite angle and another 
angle, ¢.g., A. C.¢ 


(6). Given the three angles, e.g., A. B. C 

As in the case of right-angled triangles, these six cases 
are analogous to the four cases of plane oblique-angled 
triangles (p. 641). But the fourth case of a plane tri- 
angle diverges on to the fourth and fifth of the spherical 
triangle, owing to the circumstance that A+B+C is 
not known in the case of the spherical trian le, whereas 
in the plane triangle A+ B-+C= 180°. For the same 
reason case (6) is peculiar to the spherical triangle. 


(10). To Solve the First Case of Oblique-Angled Triangles. 


We can obtain A from either of the formulas (5), (6), 
or (7), and then can obtain B and C from similar for- 


mulas, Of these formulas (7), which gives tan. i isthe 


most convenient if we wish to find both of the other 
oer Compare the analogous case of Plane Triangles, 
p. 


(11). Lo Solve the Second Case of Oblique-Angled 
Triangles. 

In this case we will suppose that we haye given ab and 
C. a = — (13) and (14) we can determine 
2+8 ate’ and hence A and B; and then, 
knowing A and B, we can determine c from formula (1). 

If, however, we wish to determine c directly, i.e, 
independently of A and B, we can effect our object 
by introducing a subsidiary angle in a manner analogous 
to the corresponding case of plane triangles. (See pp. 
623 and 642). Thus, from formula (3) we have 


Cos. C — 008. ¢ — cos, a cos. b 
; sin. @ sin. b 
se Cos. ¢ = cos. acos. b + sin. as‘n. bcos. 0 
¢'s 1—Cos, ¢ = — cos. acos. b — sin. asin. b cos. O 
= 1 — cos. a cos.b + sin. @ sin. b 
— sin. a sin. b (1 + cos. C) 
= 1 — (cos. a cos. b — sin, a sin. b) 
— sin. a sin. b (1 +-cos. C) 
= 1 — cos. (a + b) — sin. a sin. 
1 + cos. C) 


A 


Now 1 — cos, A= 2sin2 4 and 1 + cos. A = 2 cos.? 


C 


2 


P bs = ; 
*e sin. 5 =sin.? — — sin. asin. b cos.? 
: : 2) 
Assume sin.? @ = sin, a sin. b cos.*5 


sin.? 0 


die ble bol ee 


’ 


RD 
nie 


This latter method is very much vanes ber nt 
former ; for by this we only require five logarithms, 
whereas by that we require eight, for the determination 


of & 


(12). To Solve the Third Case of Oblique-Angled Triangles. 


In this case we will suppose that we have given a, b, A 
Then we obtain sin. B by formula (1); and knowing a, b, 
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we can determine C, by formula (13) ; and 
finally we can determine e by formula (1). 
It will be observed that in this case, since the results 
epend on our determining B from a given value of sin. 
ill be ambiguous, as in the analogous case of 
egy saga tee ae B’ be the value of B < 
, Which we derive from formula (1): then 180° — B’ 
also satisfies formula (1). 
This amount of ambiguity depends on the data. For 


let ABC be a triangle, having the angle BAC = A, 
AC =tandBC= Fig. 6. 

¢. Produce A Band c 

AC to meet in A’, 

draw CB’ = CB. 
Then the given data A A 
belongs as much to B ‘ <4 


as to ACB’. Moreover it is plain that CB B’ = CB’B, 
and hence if CB’ A = B’, we shall have CBA = 180° 
— B’, the same conclusion that we derived from the 
formula. 


(18). To solve the Fourth Case of Oblique-Angled Spherical 
Triangles. 

In this we suppose that we have given A.B. 18 C. Then 
=t? is given from formula (15), and “[— from for- 
mula (16); hence we obtain a and 4, and then we obtain 
C. by formula (1). If we wish to obtain C without the 
previous calculation of a and 4, we must introduce a sub- 
sidiary angle @ and proceed as in article (11). From 
formula (4) we have 

Cos, C = — cos. A cos. B + sin. Asin. B cos. ¢, 


Assume sin,? 0 = sin, Asin. B sin? 
And we shall obtain 
Cont 5 =sin( ATE +0 sin. (ATS —o | 


(14). Zo solve the Fifth Case of Oblique-Angled Triangles. 

In this case we will suppose that A. C. and ¢, are 

iven. We shall obtain sin, a from formula (1). Now, 
ormula (13) gives us 


A+C cos. = (a—e) B 
$ - 1 gomutt I 
cos, g (ate) 


°2 
Whence we obtain B, and a similar modification of 
formula (15) will give usd; or, having B, we may obtain 
6 from formula (dy. 

In this case a is determined from its sine, and there- 
fore has two values, viz. a’ and 180°—da’; and if both 
these values are admissible, the case is ambiguous. 

In the triangle ABC, let AB =c,BAO = A and 

CA=C, and suppose B C =a, draw BC’ = a’; then 
greater thanc,  - Fig. 7. 


Tan. 


sme 
z 


LF 
i 


13 
i] 
i} 
Sa 


c 


Hence the data belong © A 

equally to the triangle B AC, and B A C”; and the case 
is am ype provided c < a; also it will be observed 
that 8 OC” = 180° — B C’ = 180°— BC = 180° —a’, ag 
previously appeared from the calculation. If B C be less 
than B A, then C’ would fall between B and A, and the 
above construction would be no longer possible, Hence 
ife > a, the case is not ambiguous. 


(15). To solve the Sixth Case of Oblique-Angled 
Triangles. 
In this case we have given A, B, 0. We shall find a 


from formula (11), and 6 and ec from similar formulas. 
This case, however, never occurg in any of the practical 
applications of spherical trigonometry. 


On the Solution of Quadrantal Triangles. 

A quadrantal triangle (Spherical Geometry, Def. 14, 
p- 599) has one side of 90°, and .*. the ee i 
polar triangle is a right-angled triangle, From this con- 
sideration it would be easy to modify Napier’s Rule to 
suit the case of the quadrantal triangle. In practice, 
however, it is better to treat them as oblique triangles : 
on doing so it will be found Spey! that the cir- 
cumstance of one side being equal to 90° will introduce 
important simplifications, 


ON THE FORMULAS PECULIAR TO GropETICAL 
Operations. 


We have already stated, in general terms, that the 
science of spherical trigonometry finds one of its appli- 
cations in Geodesy, It is to be observed that this appli- 
cation pres some peculiarities in consequence of the 
sides of the triangles employed in a survey, on even the 
largest scale, being small compared with the radius of the | 
earth, and consequently small when estimated in 
or minutes ; whereas, in astronomy, there is no limi- 
tation imposed on the magnitudes of the sides of the 
triangles employed, Our object in the present article is 
to explain concisely the results of this limitation, and to 
deduce certain formulas depending on it, - 


(16). To state the Object 4 a dr Survey of a 
‘ountry. 


The object of the survey is, (1), to fix accurately the 
relative positions of certain chief points in the country. 
so as to lay them down on a map; and, (2), having fixed 
these chiet points, then Fig. 8. 
ty means of raga 

operations, to lay 
dean in detail all the 
minor features of the 
country, itsroads, rivers, 
towns, hamlets, ko. The 
accompan: figure 
will be sufficient to il- 
lustrate this matter for 


our present pu 
which is from an pitas 


called Ruckinge, Br High B Allington 
ucki igh Nook, C i D. 
E, Fairlight Down, and F, Tenterden. — The line He: 


is measured very accurately, and is called the base line ; 
and then the angles C A B, ABC, are measured ; from 
these data, AC, and CB, can be calculated; then OB 
being known, the angles DCB, and CBD, can be 
measured, and thus CD, and DB, be determined. This 
coh, is to be continued for any number of triangles 
whatever. It is usual, in the larger triangles, to mea- 
sure all the three angles of any triangle, and not merely 
the two at the base; this is done with a view of keeping 
a check upon the various errors to which all observations 
are liable. 
When the triangulating has been continued for some 

distance, it is necessary to compare the calculated 1 
of a line that has been fixed upon, and then measure it ; 
the coincidence of the two results is a verification of all 
— measurements and calculations ; hence such a 

ne is called a base of verification. It is usual to choose 
stations that are from ten to twenty miles apart; also it 
is usual to choose for a base line a line of aan four or 
five miles long. In late French surveys only two bases 
of verification have been used. ‘The attainable 
in practice will be appreciated when the fact is stated 
that, in some English bases of verification, of four or 
five miles long, the computed and measured | have 
ditfered only af one or two inches, The operations of a 
trigonometrical survey are then two,—(1), the measure- 
ment of base lines; (2), the measurements of angles. 
We will proceed to msider each of these, 


Gy Bm 


GEODESY. ] 
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(17). The Measurement of a Base Line, 
anemones cmt 
horizontality of the base ; the measure may be made by 

a 


= weenee. 
= 
a. 
~., 


be = Pee 
Se 


for temperature. A more convenient contrivance for se- 
curing accuracy in the measures has been devised of late 
for the Irish Survey : it is of the following kind :—A B, 
CD, are rods of platina and iron riveted ther at the 
middle point P, and are exactly the same length for a 


given temperature: Ay, Bq, are marks affixed to the / 


ends of each. Now the metals have different ex ions 
for the same temperature ; suppose then that A B, for a 
change in temperature, becomes ab, while CD becomes 
cd, then Ap assume the position ap, and let Aa = éa 
Cc = 2b, then if Op be taken so long, that 22 — >" then 
the change of temperature ; 


is 

& is constant ; the same arrangement being made at the 

eee ere ee ae wt be afected by change 
temperature. 


(18). To Correct for want of Straightness in the Base Line. 


mpossible to measure a perfectly straight base line of 
aufliciont length. Fig. 10. 

This was the case zB 
in some of the 

French surveys, 

where the actual y 
measurement was c 


of ne nea oe sore Other wh an angle of 


nearly . 
"Pot A B’be the line the len of which is required, 
amatawamatar One. and BON = 
@ in circular measure =n” suppose. Then it is plain 
that AB 7 (a+b). Let us suppose AB = a+b—2z; 
our object is to find «. 
A B*=a? + b* — 2 ab cos. (r —0) = a? + b? +. 2 ab cos. 0 


Now (Plane Trig., Art. 50, cor.) cos. 0=1—. if we 
omit 0” .. 


/ AB = 4 a +3!—ab6? = 
(a + by a 
ari) + 


* AB=(a+b) (1-3 


ab? ). ; 
(a+b) (3 aap jit we omit oF. os 


. c= st X *00000000001175 
The correction to be applied to the sum of a and b, to 
obtain the true distance, A B. 
(19). To measure the Angles of the Triangles of a Survey. 
Any two of the three points of one of these 
triangles are rarely in a horizontal plane passing through 


the third ; the angle required is, of course, such a hori- 


zontal angle. Now the angles are measured either by a 
theodolite, or by a repeating circle—in the case of the 
former instrument, the vertical elevation of each object 
is observed, and the horizontal angle between them— 
that is to say, if A B C (Fig. 11) are the stations, ANM 
the horizontal plane through A, BN and CM perpen- 
diculars from B and C on A MN, then by the theodolite 
we observe the les BAN, CAM, and MAN;; the 
last is the hhdrigontal angle required. The theodolite is 
the instrument that has been used in the English surveys. 
But if a repeating circle be employed, the angle BA CO 
rt adeg page hry = pea eat es 
this the horizon le A e repeating circle 
is the instrument shes. in the French surveys. 


(20). To determine the Correction for reducing an Angle to 
the Horizon. 


Let ABCMN be the same as in last‘article; with 


Fig. 11. 
Z 


P 
n 


y 

A Av 
centre A and any radius describe a sphere, which m 
the lines AB, AC, AN, AM in», q, n, m, respectively. 
pn and mq, if joined by great circles, clearly meet in Z 
vertically over A, since the circles must be perpendicular 
to the horizontal plane. Then mm, or the angle mZn 
(Spherical Geometry, Prop. V., Cor. 4) is the angle re- 
qui and for its determination we have given pq = A, 
pn=h, qm=h. Suppom mZn = A + 6A, then our 
object is to determine 6A, 

‘ow in triangle pZq we have, by formula 3, 
008. pq — cos. pZ cos. gZ 
+ a dtr sin. pZ cos. qZ 
Now pZ = 90°—hA, and 9% = 90°—h’ 

° cos. A—sin. h sin. h 

v7 008 (Ap OA) Coe. 008. W 

Now we will sup 6A so small that we can omit 
6A? ... and kh and h’ so small that we can omit every 
power and product higher than h*, hh’, and h’®, 

.". (Cor. Plane Trig., Art. 50) sin. 6A = 6A, cos. 6A 
= 1, sin. h=/, sin. h’ = WN, cos. h=1—-s and cos. 
W=1 x 

- 2 


Now cos. (A + 6A) = cos. A cos. 6A —sin. A sin. 6A. 
cos. A —hh/ 


"ee 
1508 +0) 
Bt Moos 
2Asin, A= ay — EER ein 
Now leth+h’ =p, andh—W=q. “.2h=p+q 
tee aa = Poh and 28) = pt gt 
ee / = p?—q*, an PQ) ee 
. 4 Shain Ag <@ +) an hm 
HO ss Rh CEOS ) 


Hence cos. A—éA sin. A= = cos. A 


cos, A — hh’ + 


12 
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: 1 A_ A : Pens), } ieee 5 i) 0 
J. 2A— Ff { pttan, 3 ¢* cotan. 4} .”. 328C sin. 3 008. 3 = sin? FAP? 008.7 5 


Hence, whether we use the theodolite, or the repeat- 
ing circle, we obtain the same end ; namely, the deter- 
mination of the horizontal angle. It is plain that the 
-vgpreg a Se hdet move at _ of the enparw 

are true es, supposing the triangle sphe- 
oo 

e ma’ wi triangle thus obtained in 

either of the following ways :— 


(21). To Explain the Methods of Treating the Triangles 
thus obtained, 

(a). Delambre’s Method, 

It is supposed that we have tables of the kind described 
in Art. 72, Plane Trigonometry. Now we know a, the 
length of a side in feet, hence © the angle subtended at 
the centre by a is known, and hence log. _n © is known ; 


we will suppose the table to give us this for every value 
of ain feet. Then by simply adding log. a we obtain 
log sin. a, Now from formula (1), S™! — 5B, 
hence L, sin. b = L. sin.a+ L.sin. B+ ar:c:L. sin. A 
—10, from whence b can be obtained. 


(). By the Method of the Chordal Triangle. 


Let A BO be a given triangle, the sides of which are 
and eS A, B, CG, join Fig. 12. 

8 ht lines, 

then the plane img ‘ormed by A 

these chords is called the chordal 
triangle. Let C—éC be the angle 
of the chordal triangle correspond- 
ing to the angle C of the spheri- 
triangle. Now, by Plane Tri- 


gon., Art. 37, 

2 (chord BC) (chord © A) cos. 
C—&0) = (chord BO)! + (chord 
'A)?— (chord AB)? 

7. 2sin. S-sin. = cos. (0-20) * c 
= sin? st sin? 2 — sin#S, sinoe chord 0 =2sin.$ 
Again 
Sin. asin. 6 cos. C = cos. ¢—cos. a cos. b = 
i 


ry eee eee oe ee Sas Data 8 
1 2sin.* 5 0 2ain. 5) (2 Zin 5 ) 


J. 2 Sin. sin. ® cos, £ cos. 5 eos. © 
= sin? 4 sin*l — sin? S —2sin.2% sinte 
Sw 4 8 cag Cee 
= 2sin. 5 sin. 5 cos. (C — 6C)— 2sin.* 5 sin.* > 
r a b Re forte) 
-". Cos, (C — 8C) = cos. 5 cos. > cos. O + sin. 7 sing 
Now omitting (6C)*. .. we have cos. O + 6 Csin. C 


~ ~ 4 i a b 
-. OO sin. O.=sin. 5 sing -(1 — C08. “C08. 7). 0. 


DOR ET ECR Bre 
- ae 8 = (e? — f2) — 
coa, C =e? (1 — cos, 0) —f" (1 + 008, ©) ifn cht 


‘ 1 © Cc 
oe 6C m= — — — f? cotan. = 
c iy 5 Pf? cotan, of 
In this we suppose the radius of the sphere to be unity ; 
and so if, for instance, ¢ is in feet and equals m feet, we 
must have ¢ == where r is the earth’s radius in feet. If we 
wish for &0 in seconds, let 80 = w" then = aa Tae 
= 0000004848, as we have already seen. 
“= SNES 
The above is the method used in the English surveys. 
(9. By ie ik ne gates and Treating 


Triangle as P. 
Let a, b, c, be the sides to radius 7, then the circular 


measures of the sides are respectively <, 5 “. Now 


cos. © _ cos. 2% oon! 
Cos, Ca : 2 ms 
sin. % sin. & 


rf 
But if we suppose that we retain all terms up to the 


fourth order, i.e., (¢) (*) -— «+.¢ Then 
r 


r* 
es 1 
CY LD 
r 6)\r 


a + bs + Gar be 
24r* 


a® +? 
rae 
_ at +e — ct + Gab? 


1 at +3 
ss 


+ sn) 


(#40 - 
Taking in every term involving 7 
, lft y—ey @+) @+P—A) 
Vos, Com 2 fat -yr— ory (EF) a 
aed ne 
a 1272 
a@+h2—2 4 
Bab 2dabr? 
2 + 248-4 Betta} 


Now 20%? + 2%? + Qc? — ch—Ut — at = Dr! 
usar eee ae eo 
— — a = — — = 
=) @ob— ef ape Mesias 3 


{@+e%—at} a —(—o} 


=(b b _ b— —s 
= Se ai, 1e 4 Se the pros Ow ae Cd See 
sides are a, b, c. (Plane Trigon., 41). 

Z Cos. Cm OT B=F _ 16 A? 

‘ Fab — 2 abt 
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Now if &C be the correction to be applied to the tri- 
angle, in order that we may be enabled to reckon the 
triangle plane, so that C—6éC is the angle of a plane 
triangle whose sides are a, 6, c, then 


Cos. (C— aC) = E+ (Plane Trigon., Art 37). 


And Cos. (C—éC) = Cos. C+ éC. sin. C 
r 2 A 
.*. Cos, C = Cos. 0+ &, sin. C—5. aa 


‘ 2 Ag ee 
(0U0=> gm" Ss # 


Since the area of the triangle is > ab sin. C= A. 


Now if E be the spherical excess, i.c., the excess of the 

sum of the three observed angles over two right angles, 

we have (Spherical Geometry, Prop. IX:) 

A: Area of hemisphere : : E : 27 
ini of this section will be 

ts for each minute in the quadrant. 


E being in circular measure. 


*. 2rA = E+ Qari 


oe Pia 
2. stale 
3 


The same clearly holds good of either of the other 
angles; hence the rule determines the spherical excess 
into three equal parts ; subtract one from each of the 
ry rg Senso the triangle can then considered plane. 
If 6C be equal to n” then, as before, 


: A 
" = 3 x 000004848 


It is to be observed that n is very small, e.g., rarely 
more than 5 or 6 ; hence a small error in the area will pro- 
duce no appreciable error. Hence A can be found on the 


supposition that the original triangle is plane. 


Pa remaining ied with tables giving the logarithmic sines, cosines, tangents, 
cotangen e add, however, a aan 
will be useful in connection with other subjects that we shall subsequently have to enter on]. 


table of natural sines and cosines, which 


Natvrat Sixes anp Costnes For EVERY DEGREE IN THE QUADRANT, 


Sin. | Sin.1°—30°| Cos, || Sin. |Sin. 31°—60°| Cos. |! Sin. |Sin.61°—90°| Cos. 
1 | 0174524 | 89 |} 31 | 5150381 | 59 || 61 | 8746197 | 29 
2 | 0348995 | 88 || 32 | 5299193 | 58 || 62 | 8829476 | 28 
3 | 0523360 | 87 || 33 | 65446390 | 57 || 63 | 8910065 | 27 
4 | 0697565 | 86 || 34 | 5591929 | 56 || 64 | 8987940 | 26 
5 | 0871557 | 85 || 35 | 5735764 | 55 || 65 | 9063078 | 25 
6 | 1045285 | 84 || 36 | 5877853 | 54 || 66 | 9135455 | 24 
7 | 1218693 | 83 || 37 | 6018150 | 53 || 67 | 9205049 | 23 
8 | 1391731 | 82 || 38 | 6156615 | 52 || 68 | 9271839 | 22 
9 | 1564345 | 81 || 39 | 6293204 | 51 || 69 | 9335804 | 21 
10 | 1736482 | 80 || 40 | 6427876 | 50 || 70 | 9396926 | 20 
11 | 1908090 | 79 || 41 | 6560590 | 49 || 71 | 9455186 | 19 
12 2079117 78 42 6691306 48 72 9510565 18 
13 | 2249511 | 77 || 43 | 6819984 | 47 || 73 | 9563048 | 17 
14 | 2419219 | 76 || 44 | 6946584 | 46 || 74 | 9612617 | 16 
15 | 2588190 | 75 || 45 | 7071068 | 45 || 75 | 9659258 | 15 
16 | 2756374 | 74 || 46 | 7193308 | 44 || 76 | 9702057 | 14 
17 | 2923717 | 73 || 47 | 7313537 | 43 || 77 | 9743701 | 13 
18 | 3090170 | 72 || 48 | 7431448 | 42 || 78 | 9781476 | 12 
19 | 3255682 | 71 || 49 | ‘7547096 | 41 || 79 | 9816272 | 11 
20 | 3420201 | 70 || 50 | 7660444 | 40 || 80 | 9848078 | 10 
21 | 3583679 | 69 || 51 | 7771460 | 39 || 81 | 9876883 | 9 
22 | 3746066 | 68 || 52 | 7880108 | 38 || 82 | 9902681 | 8 
23 | 3907311 | 67 || 53 37 || 83 | 9925402 | 7 
24 | 4067366 | 66 || 54 | 8090170 | 36 || 84 | 9945219 | 6 
25 | 4226183 | 65 || 55 | 8191520 | 35 || 85 | 9961947 | 5 
26 | 4383711 | 64 || 56 | 8290376 | 34 || 86 | 9975641 | 4 
27 | 4539905 | 63 || 57 | 8386706 | 33 || 87 | 998629 | 3 
28 | 4694716 | 62 || 58 | 8480481 | 32 || 88 | 9993908 | 2 
29 | 4848096 | 61 || 59 | 8571673 | 31 || 89 | 9998477 | 1 
30 | 6000000 | 60 || 60 30 || 90 | 10000000 | 0 
Sin. |Cos. 60°—89°| Cos. || Sin. Cos. 30°—59*| Cos. |] Sin. | Cos. 0°—29°| Cos. 


VOL. I. 


49q 


TABLE 


or 


SINES, COSINES, TANGENTS, AND COTANGENTS; 


From ()° to 9()°. 


The following Table gives the Logarithmic Sines, &c., for every Degree and Minute of a Quadrant, calculated to a 
Radius of 10.000.000, or 


Log. 5 =10,000.000. 


HH 


Sine. 


Tan. Comp. 


| 


CoOISKSMoPONH Oo 
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SBRNERLLL 


0,0000000 


6,4637261 
6,7647561 
6,9408475 
7,0657860 
7,1626960 
7,2418771 


Infinite. 
13,5362739 
13, 2352438 
13,0591525 
12,9342137 
12,8373036 
12,7581222 
12,6911752 
7 6331831 

12,5820304 
12,5362727 
12,4948797 
12; 4570909 
12,4223285 
12,3901434 
12,3601799 
12,3321508 
12,3058214 

2809974 


122575160 


12, 2352390 
12,2140492 
12, 1938453 
12,1745396 
12, 1560556 
12, 1383262 
12, 1212923 
12,1049012 
12,0891062 
12,0738656 
12,0591416 


39) 51 


SESSRRESE 
oa 
ao 


8, 1071669 
8, 1169262 
8, 1264710 
8, 1358104 


8,2118949 
8,2195811 
8,2271335 
8, 2345568 
8,2418553 


12,0591416 
12,0449004 
12,0311114 
12,0177406 
12,0047808 


8092 | 11,9921908 


11,9799555 
11, 

11, 9564726 
11,9451906 


PRGRaSSSSSERBRRENERS wy 


_ 
—] 


CRNWROANOS 


Sine Com, 


Tang. 


Sine Com. 


Min. 


Min. 


L1°—2°.] LOGARITHMIC SINES, TANGENTS, Ero. (Compr. 88°—87°.] 667 
1 Degree. 1 Degree. 

= =| 5 : 
5 Sine. Sine Com. | Tangent. | Tan. Comp. | * | F Sine. Sine. Com.| Tangent. | Tan. Comp. 5 
0 8,2418553 | 9,9999338 | 8,2419215 | 11,7580785 60 30 8,4179190 | 9,9998512 | 8,4180679 | 11,5819321 | 30 
1| 8,2490332 | 9,9999316 | 8,2491015 | 11,7508985 |59 31| 84227168 | 9,9998478 | 8,4228690 | 11,5771310 | 29 
2 8,2560943 9999294 | 8,2561649 | 11,7438351 | 58 | 32) 8,4274621 | 9,9998445 | 8,4276176 | 11,5723824 } 28 
3 8,2630424 | 9,9999271 | 8,2631153 | 11,7368847 57 | 33 8,4321561 | 9,9998411 | 8,4323150 | 11,5676850 | 27 
4) 8,2698810 | 9,9999247 | 8,2699563 | 11,7300437 |56 34| 8,4367999 | 9,9998367 | 84369622 | 11,5630378 | 26 
5) 82766136 | 9,9999224 | 8,2766912 | 11,7233088 | 55 | 35| 8,4413944 | 9,9998342 | 84415603 | 115584397 | 25 
6 8,2832434 | 9,9999200 | 8,2393234 | 11,7166766 | 54 36} 8,4459409 | 9,9998306 | 8,4461103 | 11,5538807 | 24 
7| 8,2897734 | 9,9999175 | 8,2898559 | 11,7101441 | 53 37 | 8,4504402 | 9,9998271 | 8,4506131 | 11,5493869 | 23 
8 8,2962067 | 9,9999150 | 8,2962917 | 11,7037083 52 | 38 8,4548934 | 9,9998235 | 8,4550699 | 11,5449301 | 22 
9 8,3025460 | 9,9999125 | 8,3026335 | 11,6973665 | 51/39| 8,4593013 | 9,9998199 | 8,4594814 | 11,5405186 | 21 
10| 8,3087941 | 9,9999100 | 8,3088842 | 11,6911158 |50 40| 8,4636649 | 9,9998162 | 8,4638486 | 11,5361514 | 20 
11| 8,3149536 | 9,9999074 | 8,3150462 | 11,6849538 | 49 | 41| 8,4679850 | 9,9998125 | 8,4681725 | 11,5318275 | 19 
12| 8,3210269 | 9,9999047 | 8,3211221 | 11,6788779 | 48 42] 8,4722626 | 9,9998088 | 8,4724538 | 11,5275462 | 18 
13 | 8,3270163 | 9,9999021 | 8,3271143 | 11,6728857 | 47 | 43| 8,4764984 | 9,9998050 | 8,4766933 | 11,5233067 | 17 
14) 8,3329243 | 9,9998994 | 8,3330249 | 11,6669751 | 46 44| 8,4806932 | 9,9998012 | 8,4808920 | 11,5191080 | 16 
15 | 8,3387529 | 9,9998966 | 8,3388563 | 11,6611437 | 45 45/| 8,4848479 | 9,9997974 | 8,4850505 | 11,5149495 | 15 
16) 8,3445043 | 9,9998939 | 8,3446105 | 11,6553895 | 44 46 | 8,4889632 | 9,9997935 | 8,4891696 | 11,5108304 | 14 
17| 8,3501805 | 9,9998911 | 83502895 | 11,6497105 |43 47| 8,4930398 | 9,9997396 | 84932502 | 11,5067498 | 13 
18) 8,3557835 | 9,9998882 | 8,3558953 | 11,6441047 |42 48] 8,4970784 | 9,9997856 | 8,4972928 | 11,5027072 | 12 
19| 8,3613150 | 9,9998853 | 8,3614297 | 11,6385703 | 41/49} 85010798 | 9,9997817 | 8,5012982 | 11,4987018 | 11 
20) 8,3667769 | 9,9998794 | 8,3668945 | 11,6331055 |40 50} 8,5050447 | 9,9997776 | 8,5052671 | 11,4947329 | 10 
21| 8,3721710 | 9,9998824 | 83722915 | 11,6277085 | 39 51] 8,5089736 | 9,9997736 | 85092001 |11/4907999| 9 
22| 8,3774988 | 9,9998764 | 8,3776223 6223777 | 38 52| 8,5128673 | 9,9997695 | 8,5130978 | 11,4869022| 8 
23 | 8,3827620 | 9,9998734 | 8,3828886 | 11,6171114 | 37 | 53) 8,5167264 | 9,9997653 | 8,5169610 | 11,4830390| 7 
24) 8,3879622 | 9,9998703 | 8,3880918 | 11,6119082 | 36 54| 8,5205514 | 9,9997612 | 8,5207902 | 11,4792098| 6 
25) 8,3931003 | 9,9998672 | 8,3932336 | 11,6067664 | 35 55 | 8,5243430 | 9,9997570 | 8,5245860 | 11,4754140| 5 
26 8,3981793 | 9,9998641 | 8,3983152 | 11,6016848 | 34 56| 8,5281017 | 9,9997527 | 8,5283490 |11,4716510| 4 
27 | 8,4031990 | 9,9998609 | 8,4033381 | 11,5966619 | 33 57| 8,5318281 | 9,9997484 | 8,5320797 | 11,4679203| 3 
28 8,4081614 | 9,9998577 | 8,4083037 | 11,5916963 32 58) 8,5355228 | 9,9997441 | 8,5357787 | 11,4642213| 2 
29 | 8,4130676 | 9,9998544 | 8,4132132 | 11,5867868 | 31 59| 85391863 | 9,9997398 | 85394466 | 11,4605534| 1 
30 | 8,4179190 | 9,9998512 | 8,4180679 | 11,5819321 | 30 60} 8,5428192 | 9,9997354 | 8,5430338 | 11,4569162| 0 
a Com. Sine. Tan.Com. | Tangent. g g Sine Com. Sine. | Tan. Com. | Tangent. | = 
ey 88 Degrees. 88 Degrees. 3 
2 2 Degrees. 2 Degrees. z 
° Sine. Sine Com. | Tangent. | Tan. Comp. F F Sine. Sine Com. | Tangent. | Tan. Comp.| 
0 | 8,5428192 | 9,9997354 | 8,5430838 | 11,4569162 | 60 | 30| 8,6396796 | 9,9995865 | 8,6400934 | 11,3599069 | 30 
1| 8,5464218 | 9,9997309 | 8,5466909 | 11,4533091 | 59| 31| 8,6425634 | 9,9995809 | 8,6429825 | 11,3570175 | 29 
2) 8, 9,9997265 | 8,5502683 | 11,4497317 | 58 | 32) 8,6454282 | 9,9995753 | 8,6458528 | 11,3541472 | 28 
3| 8, 9,9997220 | 8,5538166 | 11,4461834 | 57 | 33 | 8,6482742 | 9,9995697 | 8,6487044 | 11,3512956 | 27 
4) 8,5570536 | 9,9997174 | 8,5573362 | 11,4426638 | 56 | 34] 8,6511016 | 9,9995641 | 8,6515375 | 11,3484625 | 26 
5 | 8,5605 9,9997128 | 8,5608276 | 11,4391724 | 55 | 35) 86539107 | 9,9995584 | 8,6543522 | 11,3456478 | 25 
6 | 8,5639994 | 9,9997082 | 8,5642912 | 11,4357088 | 54 | 36| 8,6567017 | 9,9995527 | 8,6571490 | 11,3428510 | 24 
7 | 8,5674310 | 9,9997036 | 8,5677275 | 11,4322725 | 63 | 37 | 8,6594748 | 9,9995469 | 8,6599279 | 11,3400721 | 23 
8 | 8,5708357 | 9,9996989 | 8,5711368 | 11,4288632 | 52 | 38| 8,6622303 | 9,9995411 | 8,6626891 | 11,3373109 | 22 
9 | 8,5742139 | 9,9996942 | 8,5745197 | 11,4254803 | 51 | 39| 8,6649684 | 9,9995353 | 8,6654331 | 11,3345669 | 21 
10| 8,5775660 | 9,9996894 | 8,5778766 | 11,4221234 | 50 | 40| 8,6676893 | 9,9995295 | 8,6681598 | 11,3318402 | 20 
11) 8, 9,9996846 | 8,5812077 | 11,4187923 | 49 | 41| 8,6703932 | 9,9995236 | 8,6708697 | 11,3291303 | 19 
12 | 8,5841933 | 9,9996798 | 8,5845136 | 11,4154864 | 48 | 42| 8,6730804 | 9,9995176 | 8,6735628 | 11,3264372 | 18 
13 | 8,5874694 | 9,9996749 | 8,5877945 | 11,4122055 | 47 | 43) 8,6757510 | 9,9995116 | 8,6762393 | 11,3237607 | 17 
14 | 8,5907209 | 9,9996700 | 8,5910509 | 11,4089491 | 46 | 44| 8,6784052 | 9,9995056 | 8,6788996 | 11,3211004 | 16 
15 | 8,5939483 | 9,9996650 | 8, 11,4057168 | 45 | 45| 8,6810433 | 9,9994996 | 8,6815437 | 11,3184563 | 15 
16| 8,5971517 | 9,9996601 | 8,5974917 | 11,4025083 | 44 | 46| 8,6836654 | 9,9994935 | 8,6841719 | 11,3158281 |14 
17 | 8,6003317 | 9,9996550 | 8,6006767 | 11,3993233 | 43 | 47| 8,6862718 | 9,9994874 | 8,6867844 | 11,3132156 |13 
18 | 8,6034886 | 9,9996500 | 8,6038386 | 11,3901614 | 42 | 48| 8,6888625 | 9,9994812 | 8,6893813 | 11,3106187 | 12 
19 | 8,6066226 | 9,9996449 | 8,6069777 | 11,3930223 | 41 | 49| 86914379 | 9,9994750 | 8,6919629 | 11,3080371 | 11 
20 | 8,6097341 | 9,9996398 | 8,6100943 | 11,3899057 | 40 | 50| 8,6939980 | 9,9994688 | 8,6945292 | 11,3054708 | 10 
21 | 8,6128233 | 9,9996346 | 8,6131889 | 11,3868111 | 39 | 51| 8,6965431 | 9,9994625 | 8,6970806 | 11,3029194| 9 
22 | 8,6158910 | 9,9996294 | 8,6162616 | 11,3837384 | 38 52) 8,6990734 | 9,9994562 |°8,6996172 | 11,3003828| 8 
23 | 8,6189369 | 9,9996242 | 8,6193127 | 11,3806873 | 37 | 53} 8,7015889 | 9,9994498 | 8,7021390 | 11,2978610| 7 
24} 8,6219616 | 9,9996189 | 8,6223427 | 11,3776573 | 36 | 54| 8,7040899 | 9, 8,7046465 | 11,2953535| 6 
25 | 8,6249653 | 9,9996136 | 8,6253518 | 11,3746482 | 35 | 55| 8,7065766 | 9,9994370 | 8,7071395 | 11,2928605| 5 
26 | 8,6279484 | 9,9996082 | 8,6283402 | 11,3716598 | 34 56| 8,7090490 | 9,9994306 | 8,7096185 | 11,2903815| 4 
27 | 8,6309111 | 9,9996028 | 8,6313083 | 11,3686917 |33 57| 8,7115075 | 9,9994241 | 8,7120834 |11,2879166| 3 
28 | 8,6338537 | 9,9995974 | 8,6342563 | 11,3657437 |32 58) 8,7139520 | 9,9994176 | 8,7145345 | 11,2854655| 2 
29 | 8,6367764 | 9,9995919 | 8,6371845 | 11,3628155 |31 59) 8,7163829 | 9,9994110 | 8,7169719 | 11,2830281| 1 
30 | 8,6396796 | 99995865 | 8,6400931 | 11,3599069 |30 60| 8,7188002 | 9,9994044 | 8,7193958 | 11,2806042| 0 
| Sine Com. Sine. Tan. Com. | Tangent. Z é Sine Com Sine. Tan. Com. | Tangent. d 

Lol 
= 87 Degrees. | 87 Degrees. al 


! 
} 
| 


[°—.) 


LOGARITHMIC SINES, TANGENTS, Ere. 


[Comr. 86°—85°. ] 


3 Degrees. 


Sine Com. | Tangent. 


Tan. Comp. 
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9,9988780 | 8,8571713 
9,9988689 | 8,8589321 
9,9988598 | 88606859 
9,9988506 | 8,8624327 
9,9988414 | 8,8641725 
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[5°—6°.] LOGARITHMIC SINES, TANGENTS, Erc. [Cowr. 84°—83°.] 669 
5B Sine. | Sine Com. | Tangent. | Tan. Comp. #\e Sine. | Sine. Com.| Tangent. | Tan. Comp.! 5” 
0 8,9402960 | 9,9983442 | 8,9419518 | 11,0580482 | 60 30} 8,9815729 | 9,9979960 | 8,9835769 | 11, 0164231 | 30 
1) 8,9417376 | 9,9983332 | 89434044 | 11,0565956 | 59 31| 8,9828829 | 9,9979838 | 89848991 | 11,0151009 29 
2| 8,9431743 | 9,9983220 | 8,9448523 | 11,0551477 | 58 32| 8,9841889 | 9,9979716 | 8,9862173 | 11,0137827 28 
3 | 8,9446063 | 9,9983109 | 8,9462954 | 11,0537046 | 57 | 33) 8,9854910 | 9,9979593 | 8,9875317 110124683 27 
4| 8,9460335 | 9,9982997 | 8,9477338 | 11,0522662 | 56 | 34| 8,9867891 | 9,9979470 | 8,9888421 1L ,0111579 26 
5 | 8,9474561 | 9,9982885 | 8,9491676 | 11,0508324 | 55 35] 8, 9,9979347 | 8,9901487 | 11,0098513 25 

6 | 8,9488739 | 9,9982772 | 8,9505967 | 11,0494033 | 54 36) 8,9893737 | 9,9979223 | 8,9914514 11,0085436 24 
7 | 8,9502871 | 9,9982660 | 8,9520211 | 11,0479789 | 53 37 | 8,9906602 | 9,9979099 | 8,9927503 | 11,0072497 | 23 

8 | 8,9516957 | 9,9982546 | 89534410 | 11,0465590 | 52 38} 8,9919429 | 9,9978975 | 8,9940454 | 11,0059546 22 
9| 8,9530996 | 9,9982433 | 89548564 | 11,0451436 51 39 8,9932217 | 9,9978850 | 8,9953367 | 11,0046633 21 
10| 8,9544991 | 9,9982318 | 8,9562672 | 11,0437328 | 50 | 40| 8,9944968 | 9,9978725 | 8,9966243 | 11,0033757 | 20 
11| 8,9558940 | 9,9982204 | 8,9576735 | 11,0423265 | 49 41| 8,9957681 | 99978599 | 89979081 | 11,0020919 | 19 
12} 8, 9,9982089 | 8,9590754 | 11,0409246 |48 42) 8,9970356 | 9,9978473 | 8,9991883 | 11,0008117 | 18 
13| 8,95867 9,9981974 | 8,9604728 | 11,0395272 47 | 43 8,9982994 | 9,9978347 | 9,0004647 | 10,9995353 17 
14| 8,9600517 | 9,9981859 | 8,9618659 | 11,0381341 | 46 44| 8,9995595 | 9,9978220 9,0017375 10, 9982625 | 16 
15 | 8,9614288 | 9,9981743 | 8,9632545 | 11,0367455 | 45 | 45/ 9,0008160 | 9,9978093 9,0030066 10, 9969934 | 15 
16| 8,9628014 | 9,9981629 | 8,9646388 | 11,0353612 | 44 46| 9,0020687 | 9,9977966 | 9,0042721 | 10,9957279 14 
17| 8,9641697 | 9,9981510 | 8,9660188 | 11,0339812 | 43 47 | 9,0033179 | 9,9977838 | 9,0055340 | 10,9944660 13 
18| 8,9655337 | 9,9981393 | 8,9673944 | 11,0326056 |42 48) 9,0045634 | 9,9977710 | 9,0067924 10, 9932076 | 12 
19| 8,9668934 | 9,9981275 | 8,9687658 | 11,0312342 41/49 9,0058053 | 9,9977582 | 9,0080471 10, 9919529 11 
20 | 8,9682487 | 9,9981158 | 8,9701330 | 11,0298670 | 40 50| 9,0070436 | 9,9977453 | 9,0092984 10,9907016 10 
21| 8,9695999 | 9,9981040 | 8,9714959 | 11,0285041 |39 51) 9,0082784 | 9,9977323 | 9,0105461 | 10,9894539| 9 
22) 8,9709468 } 9,9980921 | 8,9728547 | 11,0271453 | 33 52) 9,0095096 | 9,9977194 | 9,0117903 | 10,9882097| 8 
23 | 8,9722895 | 9,9980802 | 8,9742092 | 11,0257908 | 37 | 53 9,0107374 9,9977064 | 9,0130310 | 10,9869690| 7 
24) 8,9736230 | 9,9980683 | 8,9755597 | 11,0244403 | 36 54| 910119616 | 9,9976933 | 9,0142682 | 10,9857318| 6 
25 | 8,9749624 | 9,9980563 9769060 | 11,0230940 | 35 55 9,0131823 9,9976803 | 9,0155021 | 10,9844979| 5 
26 8,9762926 | 9,9980443 | 8,9782483 11, 0217517 | 34 56) 9,0143996 | 9,9976672 | 9,0167325 | 10,9832675| 4 
27 | 8,9776188 | 9,9980323 | 8,9795865 | 11, 0204135 | 33 57 | 9,0156135 | 9,9976540 | 9,0179594 | 10,9820406| 3 
28 8,9789408 | 9,9930202 | 8,9309206 | 11,0190794 | 32 53| 9,0168239 | 9,9976408 | 9,0191831 |10,9808169| 2 
29| 8,9802589 | 9,9980081 | 8,9822507 | 11,0177493 | 31 59| 9,0180309 | 9,9976276 | 9,0204033 | 10,9795967 | 1 
30) 8,9815729 | 9,9979960 | 8,9835769  11,0164231 | 30 60) 9,0192346 | 9,9976143 | 9,0216202 10,9783798| 0 
“we Com. | Sine. Tan. Com. | Tangent. g g Sine Com. Sine. Tan. Com. | Tangent. Z 

/ 84 Degrees. 84 Degrees. 

6 Degrees, 2 6 Degrees. 
F Sine. | Sine Com. | Tangent: | Tan. Comp. | © F Sine. | Sine Com. Tangent. | Tan. Comp. F 
0| 9,0192346 | 9,9976143 | 9,0216202 | 10,9783798 | 60| 30] 9,0538588 | 9,9971993 | 9,0566595 | 10,9433405 | 30 | 
1| 9,0204348 | 9,9976011 | 9,0228338 | 10,9771662 | 59| 31| 9,0549661 | 9,9971849 | 9,0577813 | 10,9422187 | 29 
2) 9,0216318 | 9,9975877 | 9,0240441 | 10,9759559 | 58 | 32| 9,0560706 | 9,9971704 | 9,0589002 | 10,9410998 | 28 
3) 9,0228254 | 9,9975743 | 9,0252510 | 10,9747490 | 57 | 33| 9,0571723 | 9,9971559 | 9,0600164 | 10,9399836 | 27 
4) 9,0240157 | 9,997: 9,0264548 | 10,9735432 | 56| 34] 9,0582711 | 9,9971414 | 9,0611297 | 10,9388703 | 26 
5| 9,0252027 | 9,9975475 | 9,0276552 | 10,9723448 | 55 | 35| 9,0593672 | 9,9971268 | 9,0622403 | 10,9377597 | 25 
6| 9,0263865 | 9,9975340 | 9,0288524 | 10,9711476 | 54/36 9,0604604 | 9,9971122 | 9,0633482 | 10,9366518 | 24 
7) 9,0275669 | 9,9975205 | 90300464 | 10,9699536 | 53| 37 | 9,0615509 | 9,9970976 | 9,0644533 | 10,9355467 | 23 
8 9,0287442 | 9,9975069 | 9,0312373 | 10,9687627 | 52| 38| 9,0626386 | 9,9970829 | 9,0655556 | 10,9344444 | 22 
9) 9,0299182 | 9,9974933 | 9,0324249 | 10,9675751 | 51| 39| 9,0637235 | 9,9970682 | 9,0666553 | 10,9333447 | 21 
10 9,0310890 | 9,9974797 | 9,0336093 | 10,9663907 | 50| 40| 9,0648057 | 9,9970535 | 9,0677522 | 10,9322478 | 20 
Tl | 9,0322567 | 9,9974660 | 9,0347906 | 10,9652094 | 49| 41) 9,0658852 | 9,9970387 | 9,0688465 | 10,9311535 | 19 
12) 9,0334212 | 9,9974523 | 9,0359688 | 10,9640312 | 48 | 42) 9,0669619 | 9,9970239 | 9,0699381 | 10,9300619 | 18 
18 | 9,0345825 | 9,9974336 | 9,0371439 | 10,9628561 | 47 | 43| 9,0680360 | 9,9970090 | 9,0710270 | 10,9289730 }-17~ 
14| 9,0357407 | 9,9974248 | 9,0383159 | 10,9616841 | 46 | 44| 9,0691074 | 9,9969941 | 9,0721133 | 10,9278867 | 16 
15| 9,0368958 | 9,9974110 | 9,0394848 | 10,9605152 | 45| 45) 9,0701761 | 9,9969792 | 9,0731969 | 10,9268031 | 15 
16| 9,0380477 | 9,9973971 | 9,0406506 | 10,9593494 | 44/46| 9,0712421 | 9,9969642 | 9,0742779 | 10,9257221 | 14 
17 | 9,0391966 | 9,9973833 | 9,0418134 | 10,9581866 | 43 | 47 | 9,0723055 | 9,9969492 | 9,0753563 | 10,9246437 | 13 
18) 9,0403424 | 9,9973693 | 9,0429731 | 10,9570269 | 42| 48) 9,0733663 | 9,9969342 | 9,0764321 | 10,9235679 | 12 
19} 9,0414852 | 9,9973554 | 9,0441299 | 10,9558701 | 41/49} 9,0744244 | 9,9969191 | 9,0775053 | 10,9224947 | 11 
20| 9,0426249 | 9,9973414 | 9,0452836 | 10,9547164 | 40|50| 9,0754799 | 9,9969040 | 9,0785760 | 10,9214240 | 10 
21 9,0437617 | 9,9973273 | 9,0464343 | 10,9535657 | 39| 51) 9,0765329 | 9,9968838 | 9,0796441 | 10,9203559| 9 
22) 9,0448954 | 9,9973132 | 9,0475821 10, 9524179 | 38 | 52) 9,0775832 | 9,9968736 90807096 10,9192904| 8 
23 9,0460261 | 9,9972991 | 9,0487270 | 10,9512730 |37| 53) 9,0786310 | 9,9968584 | 9,0817726 | 10,9182274| 7 
24 9,0471533 | 9,9972350 | 9,0498689 10,9501311 36 | 54| 9,0796762 | 9,996843L 9,0828331 10,9171669} 6 
25| 9,0482786 | 9,9972708 | 9,0510078 | 10,9489922 | 35|55| 9,0807189 | 9,9968278 | 9,0838911 | 10,9161089| 5 
26 | 9,0494005 | 9,9972566 | 9,0521439 | 10,9478561 | 34| 56| 9,0317590 | 9,9968125 | 9,0849466 | 10,9150534| 4 
27 | 9,0505194 | 9,9972423 | 9,0532771 | 10,9467229 | 33 | 57 | 9,0827966 | 9,9967971 | 9,0359996 | 10,9140004| 3° 
23  9,0516354 | 9,9972280 | 9,0544074 | 10,9455926 |32| 58} 9,0838317 | 9,9967817 | 9,0870501 | 10,9129499| 2 
29 | 9,0527485 | 9,9972137 | 9,0555349 | 10,944465L |31| 59} 9,0348643 | 9,9967662  9,0880981 | 10,9119019| 1 
30) 9, 9,9971993 | 9,0566595 | 10,9433405 | 30 | 60| 9,0858945 | 9,9967507  9,0891438 | 10,9108562| 0 
E Sine Com.| Sine. | Tan. Com.| Tangent, El g | Sine Com. | Tan. Com. | Tangent. E 
83 Degrees. 5 83 Degrees. 
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7 Degrees, | 7 Degrees, 

Sine. | Sine Com. | Tangent. | Tan. Comp. P| 5 Sine. | Sine. Com.| Tangent. | Tan. Comp. 
0} 9,0858945 | 9,9967507 | 9,0891438 | 10,9108562 | 60 30| 9,1156977 | 9,9962686 | 9,1194291 10,8805709 | 30 
1} 9,0869221 | 9,9967352 | 9,0901869 | 10,9098131 | 59 31) 9,1166562 | 9,9962519 | 9,1204043 | 10,8795957 | 29 
2) 9,0879473 | 9,9967196 | 9,0912277 | 10,9087723 | 58 32) 9,1176125 | 9,9962352 | 9,1213773 | 10,8786227 | 28 
3| 9,0889700 | 9,9967040 | 9,0922660 | 10,9077340 | 57 | 33) 9,1185667 | 9,9962185 | 9,1223482 | 10,8776518 | 27 
4) 9,0899903 | 9,9966884 | 9,0933020 | 10,9066980 | 56 34) 9,1195188 | 9,9962017 | 9,1233171 | 10,8766829 | 26 
5) 9,0910082 | 9,9966727 | 9,0943355 | 10,9056645 | 55 35 | 9,1204688 | 9,9961849 | 9,1242839 | 10, 8757161 25 
6) 9,0920237 | 9,9966570 | 9,0953667 | 10,9046333 | 54/36) 9,1214167 | 9,9961681 | 9,1252486 | 10,8747514 | 24 
7 | 9,0930367 | 9,9966412 | 9,0963955 | 10,9036045 | 53 | 37 | 9,1223624 | 9,9961512 | 9,1262112 10,8737888 23 
8) 9,0940474 | 9,9966254 | 9,0974219 10, 9025781 | 52 38} 9,1233061 | 9,9961343 | 9,1271718 | 10,8728282 | 22 
9| 9,0950556 | 9,9966096 | 9,0984460 10, 9015540 | 51/39) 9,1242477 | 9,9961174 | 9,1281303 | 10,8718697 | 21 
10| 9,0960615 | 9,9965937 | 910994678 | 10,9005322 |50 40| 9,1251872 | 9,9961004 | 91290868 | 10,8709132 | 20 
11| 9,0970651 | 9,9965778 | 9,1004872 | 10,8995128 | 49 | 41/ 9,1261246 | 9,9960834 | 9,1300413 | 10,8699587 | 19 
12} 9,0980662 | 9,9965619 | 9,1015044 | 10,8984956 | 48 | 42) 9,1270600 | 9,9960663 | 9,1309937 | 10,8690063 | 18 
13} 9,0990651 | 9,9965459 | 9,1025192 | 10,8974808 | 47 | 43| 9,1279934 | 9,9960492 | 9,1319442 | 10,8680558 | 17 
14} 9,1000616 | 9,9965299 | 9,1035317 | 10,8964683 | 46 | 44) 9/1289247 | 9,9960321 | 9,1328926 | 10,8671074 | 16 
15 | 9,1010558 | 9,9965138 | 9,1045420 | 10,8954580 | 45/45 | 9,1298539 | 9,9960149 | 9,1338391 | 10,8661609 | 15 
16| 9,1020477 | 9,9964977 | 9,1055500 | 10,8944500 | 44 46) 9,1307812 | 9,9959977 | 9,1347835 | 10,8652165 14 
17 | 9,1030373 | 9,9964816 | 9,1065557 | 10,8934443 | 43 | 47 | 9,1317064 | 9,9959804 | 9,1357260 | 10,8642740 13 
18 | 9,1040246 | 9,9964655 | 9,1075591 | 10,8924409 | 42 48]| 9,1326297 | 9,9959631 | 9,1366665 | 10,8633335 | 12 
19| 9,1050096 | 9,9964493 | 9,1085004 | 10,8914396 | 41 | 49| 9,1335509 | 9,9959458 | 9,1376051 | 10,8623949 | 11 
20 | 9,1059924 | 9,9964330 | 9,1095594 | 10,8904406 | 40 50| 9,1344702 | 9,9959284 | 9,1385417 | 10,8614583 | 10. 
21| 9,1069729 | 9,9964167 | 9,1105562 | 10,8894438 | 39/51) 9,1353875 | 9,9959111 | 9,1394764 | 10,8605236| 9 
22 | 9,1079512 | 9,9964004 | 9,1115508 | 10,8884492 | 38 |52| 9,1363028 | 9,9958936 | 9,1404092 | 10,8595908| 8 
23 | 9,1089272 | 9,9963841 | 9,112543] | 10,8874569 | 37 | 53 9, 1372161 | 9,9958761 | 9,1413400 | 10,8586600| 7 
24 | 9,1099010 | 9,9963677 | 9,1135333 | 10,8864667 | 36 54 9, 1381275 | 9, 9,1422689 | 10,8577311) 6 
, 25| 9,1108726 | 9,9963513 | 9,1145213 | 10,8854787 | 35 | 55 9,1390370 9,9958411 | 9,1431959 | 10,8568041| 5 

26 | 9,1118420 | 9,9963348 | 9,1155072 | 10,8844928 | 34 56) 9,1399445 | 9,9958235 | 9,1441210 | 10,8558790 | 4 
27 | 9,1128002 | 9,9963183 | 9,1164909 | 10,8835091 | 33 57 | 9,1408501 | 9,9958059 | 9,1450442 | 10,8549558 | 3 
28 | 9,1137742 | 9,9963018 | 9,1174724 | 10,8825276 | 32 /58| 9,1417537 | 9,9957882 | 9,1459655 | 10,8540345| 2 
29 | 9,1147370 | 9,9962852 | 9,1184518 | 10,8815482 | 31 59| 9,1426555 | 9,9957705 | 9,1468849 10, 8531151 | 1 
30 | 9,1156977 | 9,9962686 | 9,1194291 | 10,8805709 | 30 , 60) 9,1435553 9, 9957528 9, 1478025 10, 8521975 | 0 
al Sine Com. Sine. Tan. Com. | Tangent. g g Sine Com. Sine. Tan. Com. | Tangent. E 
a = 82 Degrees. 82 Degrees. 

8 Degrees, 5 im 8 Degrees. 
F Sine. Sine Com. | Tangent. | Tan. Comp. | * F | Sine. Sine Com. | Tangent. |Tan.Comp. F 
0 9,1435553 | 9,9957528 | 9,1478025 | 10,8521975 | 60 | 30| 9,1697021 | 9,9952033 | 9,1744988 | 10, 8255012 | 30 
1 9,1444532 | 9,9957350 | 9,1487182 | 10,8512818 | 59 | 31| 9,1705465 | 9,9951844 9,1753622 | 10, 8246378 | 29 
2 9,1453493 | 9,9957172 | 9,1496321 | 10,8503679 | 58 | 32) 9,1718893 | 9,9951654 | 9,1762239 10, 8237761 | 28 
3 9,1462435 | 9,9956993 | 9,1505441 | 10,8494559 | 57 | 33| 9,1722305 | 9,9951464 | 9,1770840 10,8229160 27 
4| 9,1471358 | 9,9996815 | 9,1514543 | 10,8485457 | 56 | 34| 9,1730699 | 9,9951274 | 9,1779425 | 10,8220575 | 26 
5| 9,1480262 | 9,9956635 | 9,1523627 | 10,8476373 |55|35| 9,1739077 | 9,9951084 | 9,1787993 | 10,8212007 | 25 
6| 9,1489148 | 9,9956456 | 9,1532692 | 10,8467308 | 54/36] 9,1747439 | 9,9950893 | 9,1796546 | 10,8203454 | 24 
7 | 91498015 | 9,9956276 | 9,1541739 | 10,8458261 | 53|37| 9,1755784 | 9,9950702 | 9,1805082 | 10,8194918 | 23 
8 | 9,1506864 | 9,9996095 | 9,1550769 | 10,8449231 | 52/38) 9,1764112 | 9,9950510 | 9,1813602 | 10,8186398 | 22 
9| 9,1515694 | 9,9955915 | 9,1559780 | 10,8440220 | 51| 39} 9,1772425 | 9,9950318 | 9,1822106 | 10,8177894 | 21 
10| 9,1524507 | 9,9955734 | 9,1568773 | 10,8431227 | 50| 40| 9,1780721 | 9,9950126 | 9,1830595 | 10,8169405 - 
11} 9,1533301 | 9,9955552 | 9,1577748 | 10,8422252 | 49| 41] 9,1789001 | 9,9949933 | 9,1839068 | 10,8160932 
12} 9,1542076 | 9,9955370 | 9,1586706 | 10,8413294 | 48 |42| 9,1797265 | 9,9949740 | 9,1847525 | 10,8152475 | 18 
13} 9,1550834 | 9,9955188 | 9,1595646 | 10,8404354 | 47 | 43] 9,1805512 | 9,9949546 | 9,1855966 | 10,8144034 | 17 
14 9,1559574 9,9955505 | 9,1604569 | 10,8395431 | 46} 44) 9,1818744 | 9,9949352 | 9,1864392 10, 8135608 | 16 
15 9, 1568296 | 9,9954822 | 9,1613473 | 10,8386527 | 45 | 45| 9,1821960 | 9,9949158 | 9,1872802 10, 8127198 | 15 
16 9, 1577000 | 9,9954639 | 9,1622361 | 10,8377639 | 44/46] 9,1830160 | 9,9948964 | 9,1881196 10, 8118804 | 14 
17 9, 1585686 9,9954455 | 9,1631231 | 10,8368769 | 43 | 47| 9,1838344 | 9,9948769 | 9,1889575 10,8110425 13 
18| 9,1594354 | 9,9954271 | 9,1640083 | 10,8359917 |42| 48] 9,1848512 | 9,9948573 | 9,1897939 | 10,8102061 | 12 
19} 9,1603005 | 9,9954087 | 9,1648919 | 10,8351081 | 41| 49| 9,1854665 | 9,9948377 | 9,1906287 | 10,8093713 | 11 
20} 9,1611639 | 9,9953902 | 9,1657737 | 10,8342263 | 40| 50| 9,1862802 | 9,9948181 | 9,1914621 | 10,8085379 | 10 
21) 9,1620254 | 9,9953717 | 9,1666538 | 10,8333462 | 39| 51| 9,1870923 | 9,9947985 | 9,1922939 | 10,8077061| 9 
22) 9,1628853 | 9,9953531 | 9,1675322 10, 8324678 | 38/52) 9,1879029 | 9,9947788 | 9,1931241 | 10,8068759| 8 
23 9,1637434 | 9,9953345 | 9,1684089 10, 8315911 | 37 | 53} 9,1887120 | 9,9947591 | 9,1939529 | 10,8060471| 7 
24/| 9,1645998 | 9,9953159 | 9,1692839 10,8307161 36 | 54| 9,1895195 | 9,9947393 | 9,1947802 | 10,8052198| 6 
25) 9,1654544 | 9,9952972 | 9,1701572 | 10,8298428 | 35| 55.) 9,1903254 | 9,9947195 | 9,1956059 | 10,8043941| 5 
26 | 9,1663074 | 9,9952785 | 9,1710289 | 10,8289711 |34| 56} 9,1911299 | 9,9946997 | 9,1964302 10, 8035698 | 4 
27 | 9,1671586 | 9,9952597 | 9,1718989 | 10,8281011 | 33 | 57 | 9,1919328 | 9,9946798 | 9,1972530 | 10, 8027470 3 
28 | 9,1680081 | 9,9952409 | 9,1727672 | 10,8272328 |32| 58) 9,1927342 | 9,9946599 | 9,1980743 10, 8019257 | 2 
29 | 9,1688559 | 9,9952221 | 9,1736338 | 10,8263662 |31/|59| 9,1935341 | 9,9946399 | 9,1988941 10,8011059 1 
30 | 9,1697021 | 9,9952033 | 9,1744988 | 10,8255012 | 30| 60| 9,1943324 | 9,9946199 | 9,1997125 | 10,6002875| 0 
g| Sine Com. | Sine’ | Tan. Com. | ‘Tangent. il Sine Com. | Sine, | Tan. Com. | Tangent. g 
a 81 Degrees. z a 81 Degrees. 


[9°—10°.] LOGARITHMIC SINES, TANGENTS, Ero. [Comn 80°—79°.] 671 

E 9 Degrees. = 2 9 Degrees, - 
: Sine. | Sine Com. | Targent. | Tan. Comp. P| 5 Sine. | Sine. Com.| Tangent. |Tan.Comp.| 5 
0 | 9,1943324 | 9,9946199 | 9,1997125 | 10,8002875 | 60 30} 9,2176092 | 9,9940027 | 9,2236065 10,7763935 | 30 

1} 9,1951293 | 9,9945999 | 9,2005294 | 10,7994706 |59 31) 9,2183635 | 9,9939815 | 9,2243819 | 10,7756181 | 29 

_ 2) 9,1959247 | 9,9945798 | 9,2013449 | 10,7986551 | 58 32)| 9,2191164 | 9,9939603 | 9,2251561 | 10,7748439 | 28 
3| 9,1967186 | 9,9945597 | 9,2021588 | 10,7978412 | 57 | 33| 9,2198680 | 9,9939391 | 9,2259289 | 10,7740711 | 27 

4) 9,1975110 | 9,9945396 | 9,2029714 | 10,7970286 | 56 | 34) 9,2206182 | 9,9939178 | 9,2267004 | 10,7732996 | 26 

5| 9,1983019 | 9,9945194 | 9,2037825 | 10,7962175 | 55 35) 9,2213671 | 9,9938965 | 9,2274706 | 10,7725294 | 25 

6| 9,1990913 | 9,9944992 | 9,2045922 | 10,7954078 | 54 36) 9,2221147 | 9,9938752 | 9,2282395 | 10,7717605 | 24 

7| 9,1998793 | 9,9944789 | 9,2054004 | 10,7945996 | 53 | 37 | 9,2228609 | 9,9938538 | 9,2290071 | 10,7709929 | 23 

8 | 9,2006658 | 9,9944587 | 9,2062072 | 10,7937928 | 52 | 38] 9,2236059 | 9,9938324 | 9,2297735 | 10,7702265 | 22 

9) 9,2014509 | 9,9944383 | 9,2070126 | 10,7929874 | 51 | 39 | 9,2243495 | 9,9938109 | 92305386 | 10,7694614 | 21 

10} 9,2022545 | 9,9944180 | 9,2078165 | 10,7921835 50 | 40 9,2250918 | 9,9937894 | 9,2313024 | 10,7686976 | 20 
11| 9,2030167 | 9,9943975 | 9,2086191 | 10,7918309 49 | 41 9, 2258328 | 9,9937679 | 9,2320650 | 10,7679350 | 19 
12| 9,2037974 | 9,9943771 | 9,2094203 | 10,7905797 48 42 9,2265725 | 9,9937463 | 9,2328262 | 10,7671738 | 18 
13 | 9,2045766 | 9, 9,2102200 | 10,7897800 47 | 43 9,2273110 | 9,9937247 | 9,2335863 | 10,7664137 | 17 
14| 9,2053545 | 9,9943361 | 9,2110184 | 10,7889816 | 46 | 44| 9,2280481 | 9,9937030 | 9,2343451 | 10,7656549 | 16 
15| 9,2061309 | 9,9943156 | 9,2118153 | 10,7881847 | 45 | 45| 9/2987839 | 9,9936813 | 912351026 | 10,7648974 | 15 
16 | 9,2069059 | 9,9942950 | 9,2126109 | 10,7873891 44 46 9,2295185 | 9,9936596 | 9,2358589 | 10,7641411 | 14 
17 | 9,2076795 | 9,9942743 | 9,2134051 | 10,7865949 | 43 47 | 9,2302518 | 9,9936378 | 9,2366139 | 10,7633861 | 13 
18 | 9,2084516 | 9,9942537 | 9,2141980 | 10,7858020 | 42 48) 9,2309838 | 9,9936160 | 9,2373678 | 10,7626322 | 12 
19 | 9,2092224 | 9,9942330 | 9,2149894 | 10,7850106 | 41 49) 9,2317145 | 9,9935942 | 9,2381203 | 10,7618797 | 11 
20| 9,2099917 | 9,9942122 | 9,2157795 | 10,7842205 | 40 50) 9,2324440 | 9,9935723 | 9,2388717 | 10,7611283 | 10 
21) 9,2107597 | 9,9941914 | 9,2165683 | 10,7834317 | 39 | 51) 9,2331722 | 9,9935504 | 9,2396218 | 10,7603782| 9 
22) 9,2115263 | 9,9941706 | 9,2173556 | 10,7826444 | 38 52/ 9,2338992 | 9,9935285 | 9,2403708 | 10,7596292| 8 
23 | 9,2122914 | 9,9941498 | 9,2181417 | 10,7818583 | 37 | 53) 9,2346249 | 9,9935065 | 9,2411185 | 10,7588815| 7 
24) 9,2130552 | 9,9941289 | 9,2189264 | 10,7810736 | 36 54) 9,2353494 | 9,9934844 | 9,2418650 | 10,7581350) 6 
25| 9,2138176 | 9,9941079 | 9,2197097 | 10,7802903 | 35 55| 9,2360726 | 9,9934624 | 9,2426103 | 10,7573897| 5 
26 9,2145787 | 9,9940870 | 9,2204917 | 10,7795083 | 34 56) 9,2367946 | 9,9934403 | 9,2433543 | 10,7566457| 4 
27 | 9,2153384 | 9,9940659 | 9,2212724 | 10,7787276 | 33 | 57 | 9,2375153 | 9,9934181 | 9,2440972 | 10,7559028| 3 
28 | 9,2160967 | 9,9940449 | 9,2220518 | 10,7779482 | 32 58! 9,2382349 | 9,9933959 | 9,2448389 |10,7551611| 2 
29| 9,2168536 | 9,9940233 | 9,2228298 | 10,7771702 | 31 |59| 9,2389532 | 9,9933737 | 9,2455794 | 10,7544206| 1 
30 | 9,2176092 | 9,9940027 | 9,2236065 | 10,7763935 | 30 60) 9,2396702 | 9,9933515 | 9,2463188 | 10,7536812| 0 
r] Sine Com | Sine. | Tan Com. | Tangent. g g Sine Com. Sine Tan. Com. | Tangent. 2 
80 Degrees. 80 Degrees. y a 

10 Degrees. | 10 Degrees. 

F Sine. | Sine Com. | Tangent. | Tan. Comp. | F Sine. Sine Com. | Tangent. | Tan.Comp. E 
0) 9,2396702 | 9,9933515 | 9,2463188 | 10,7536812 | 60 | 30| 9,2606330 | 9,9926661 | 9,2679669 | 10,'7320331 | 30 

1} 9,2403861 | 9, 9,2470569 | 10,7529431 | 59/31} 9,2613141 | 9,9926427 | 9,2686714 | 10,7313286 | 29 

2) 9,2411007 | 9,9933068 | 9,2477939 | 10,7522061 | 58/32) 9,2619941 | 9,9926192 | 9,2693749 | 10,7306251 | 28 

3) 9,2418141 | 9,9932845 | 9,2485297 | 10,7514703 | 57 | 33| 9,2626729 | 9,9925957 | 9,2700772 | 10,7299228 | 27 

4) 9,2425264 | 9,9932621 | 9,2492643 | 10,7507357 | 56| 34) 9,2633507 | 9,9925722 | 9,2707786 | 10,7292214 | 26 

5 | 9,2432374 | 9,9932396 | 9,2499978 | 10,7500022 | 55 | 35) 9,2640274 | 9,9925486 | 9,2714788 | 10,7285212 | 25 

6 | 9,2439472 | 9,9932171 | 9,2507301 | 10,7492699 | 54/36} 9,2647030 | 9,9925250 | 9,2721780 | 10,7278220 | 24 

7 | 9,2446558 | 9,9931946 | 9,2514612 | 10,7485388 | 53/37 | 9,2653775 | 9,9925013 | 9,2728762 | 10,7271238 | 23 

8| 9,2453632 | 9,9931720 | 9,2521912 | 10,7478088 | 52) 38] 9,2660509 | 9,9924776 | 9,2735733 | 10,7264267 | 22 

9} 9,2460695 | 9,9931494 | 9,2529200 | 10,7470800 | 51| 39| 9,2667232 | 9,9924539 | 9,2742694 | 10,7257306 | 21 

10} 9,2467746 | 9,9951268 | 9,2536477 | 10,7463523 | 50| 40| 9,2673945 | 9,9924301 | 9,2749644 | 10,7250356 | 20 
11| 9,2474784 | 9,9931041 | 9,2543743 | 10,7456257 | 49/41] 9,2680647 | 9,9924063 | 9,2756584 | 10,7243416 | 19 
12| 9,2481811 | 9,9930814 | 9,2550997 | 10,7449003 | 48 | 42| '9,2687338 | 9,9923824 | 9,2763514 | 10,7236486 | 18 
13 9,2488827 | 9,9950587 | 9,2558240 | 10,7441760 | 47 | 43| 9,2694019 | 9,9923585 | 9,2770434 | 10,7229566 | 17 
14| 9,2495830 | 9,9930359 | 9,2565472 | 10,7434528 | 46 | 44] 9,2700689 | 9,9923346 | 9,2777343 | 10,7222657 | 16 
15| 9,2502822 | 9,9930131 | 9,2572692 | 10,7427308 | 45| 45| 9,2707348 | 9,9923106 | 9,2784242 | 10,7215758 | 15 
16| 9,2509803 | 9,9929902 | 9,2579901 | 10,7420099 | 44| 46| 9,2713997 | 9,9922866 | 9,2791131 | 10,7208869 | 14 
17| 9,2516772 | 9,9929673 | 9,2587099 | 10,7412901 | 43| 47 | 9,2720635 | 9,9922626 | 9,2798009 | 10,7201991 | 13 
18] 9,2523729 | 9,9929444 | 9, 10,7405715 | 42/48) 9,2727263 | 9,9922385 | 9,2804878 | 10,7195122 | 12 
19| 9,2530675 | 9,9929214 | 9,2601461 | 10,7398539 | 41 | 49| 9,2733880 | 9,9922144 | 9,2811736 | 10,7188264 | 11 
20| 9,2537609 | 9,9928984 | 92608625 | 10,7391375 |40/ 50] 9,2740487 | 9,9921902 | 9,2818585 | 10,7181415 | 10 
21/ 9, 9,9928753 | 9,2615779 | 10,7384221 |39|51| 9,2747083 | 9,9921660 | 9,2825423 | 10,7174577| 9 
22| 9,2551444 | 9,9928522 | 9, 10,7377079 | 38 | 52| 9,2753669 | 9,9921418 | 9,2832251 | 10,7167749| 8 
23! 9, 9,9928291 | 9,2630053 | 10,7369947 | 87/53) 9,2760245 | 9,9921175 | 9,2839070 | 10,7160930| 7 
24| 9,2565233 | 9,9928059 | 9,2637178 | 10,7362827 | 36 | 54| 9,2766811 | 9,9920932 | 9,2845878 | 10,7154122| 6 
25 | 9,2572110 | 9,9927827 | 9,2644283 | 10,7355717 | 35| 55) 9,2773366 | 9,9920689 | 9,2852677 | 10,7147323| 5 
26) 9,2578977 | 9,9927595 | 9,2651382 | 10,7348618 | 34|56| 9,2779911 | 9,9920445 | 9,2859466 | 10,7140534| 4 
27 | 9,2585832 | 9, 2 | 9,2658470 | 10,7341530 | 33/57 | 9,2786445 | 9,9920201 | 9,2866245 | 10,7183755| 3 
28,| 9,2592676 | 9,9927129 | 9,2665547 | 10,7334453 |$2|58| 9,2792970 | 9,9919956 | 9,2873014 | 10,7126986| 2 
29 9,2599509 | 9,9926895 | 9,2672613 | 10,7327387 |$1|59| 9,2799484 | 9,9919711 | 9,2879773 | 10,7120227| 1 
30 | 9, 2606330 | 9,9926661 ; 9,2679669 | 10,7320331 | 30} 60} 9,2805988 | 9,9919466 | 9,2886523 | 10,7113477| 0 
g Sine Com. Sine. Tan. Com.| Tangent. g Fy Sine Com. Sine. Tan. Com. | Tangent. d 

a 79 Degrees. 


672 (11°—-12°.] 


LOGARITHMIC SINES, TANGENTS, Ero. 


[Comr. 78°—77°.] 


11 Degrees. 


Sine Com. | Tangent. 


Tan. Comp. 


11 Degrees. 


Sine. Com. 


Tangent. 


; 
i 


21| 9,2940291 


9,9919466 | 9,2886523 


| 99919220  9,2893263 


9,9918974 | 9,2899993 
9,9918727 9,2906713 
9,9918480 9,2913424 
9,9918233 | 9,2920126 
9,9917986 | 9,2926817 
9,9917737 | 9,2933500 
9,9917489 | 9,2940172 
9,9917240 | 9,2946836 
9,9916991 | 9,2953489 
9,9916741 | 9,2960134 
9,9916492 | 9,2966769 
9,9916241 | 9,2973395 
9,9915990 | 92980011 
9,9915739 | 9,2986618 
9,9915488 | 9,2993216 
9,9915236 | 9,2999804 
9,9914984 | 9,3006383 
9,9914731 | 9,3012954 
9,9914478 | 9,3019514 
9,9914225 | 9,3026066 
9,9913971 | 9,3032609 
9,9913717 | 9,3039143 
9,9913462 | 93045667 
9,9913207 | 9,3052183 
9,9912952 | 9,3058689 
9,9912696 | 9,3065187 
9,9912440 | 9,307167 
9,9912184 | 9,3078155 
9,9911927 | 9,3084626 


10,7113477 
10,7106737 
10,7100007 
10,7093287 
10,7086576 
10, 7079874 
10,7073183 
10,7066500 
10,7059828 
10, 7053164 
10,7046511 
10, 7039866 
10, 7033231 
10, 7026605 
10, 7019989 
10,7013382 
10,7006784 
10,7000196 
10,6993617 
10,6987046 
10,6980486 
10,6973934 
10,6967391 
10,6960857 
10,6954333 
10,6947817 
10,6941311 
10,6934813 
10, 6928325 
10,6921845 
10,6915374 


8 


38 


52 


9,3118926 
9, 3124951 
9,3130968 
9,3136976 
9,3142975 
9,3148965 
93154947 
9,3160921 
93166885 
9,3172841 
9,3178789 


9,9911927 
9,9911670 
9,9911412 
9, 9911154 
9,9910896 
9,9910637 
9,9910378 
9,9910119 


9,3084626 
9,3091088 
9,3097541 
93103985 
9,3110421 
9,3116848 
9,3123266 
9,3129675 
9,3136076 
9,3142468 
9,3148351 
9,3155226 
9,3161592 
9,3167950 
9,3174299 
9,3180640 
9,3186972 
9,3193295 
9,3199611 
9,3205918 
93212216 


9,3274745 


SONS ee 


CRN ORTANDS 


Tangent. 


Sine Com. 


Tan. Com, 


78 Degrees. 


12 Degrees. 


Sine. 


Sine Com. | Tangent. 


Tan. Comp. 


| Sine Com. 


9,3178789 


SRE Some amenmro| UNM | 
A 
: 


21| 9,3301761 


9,9904044 | 9,3274745 
9,9903775 | 9,3280953 
9,9903506 | 9,3287153 
9,9903237 | 9,3203345 
9,9902967 | 9,3299528 
9,9902697 | 9,3305704 
9,9902426 | 9,3311872 
9,9902155 | 9,3318031 
9,9901883 | 9,3324183 
9,9901612 | 9,3330327 

9,3336463 


9,9901067 | 9,3342591 
9,9900794 | 9,3348711 


9,9898043 | 9,3409484 
9,9897766 | 9,3415519 


10,6725255 
10,6719047 
10,6712847 
10,6706655 
10,6700472 
10, 6694296 
10,6688128 
10, 6681969 
10,6675817 
10, 6669673 
10, 6663537 
10,6657409 
10, 6651289 
10,6645177 
10,6639073 
10,6632976 
10, 6626887 
10, 6620806 
10,6614733 
10, 6608667 


SERSSSESSASSERSISSS | um | Min. | SESSERES 


S55 


& 
TSHR SSSSSSRSSRSSRSSSSSRKERSES | up | Min | SSTNSRTS 


a 


BERKES 


SSE 


9,9895815 
9,9895535 
9,9895254 
9,9894973 
9,9894692 


SRSSISSSEREESENSSS | uyy | Min. 


Min, | SBENERENE 
g 
§ 


Min. 


Min. 


[13°—14°.} LOGARITHMIC SINES, TANGENTS, Erc. (Come. 76°—75°.] 673 
13 Degrees. 2 13 Degrees. ba 
P Sine Com. Tangent. |Tan.Comp.|*|F| Sine. | Sine, Com.| Tangent. |‘Tan. Comp. Fi 
0 9,3633641 | 10,6366359 | 60 30] 9,3681853 | 9,9878315 | 9,3803537 | 10,6196463 | 30 
1 9,3639401 | 10,6360599 |59 31! 9,3687111 | 9,9878012 | 9,3809100 | 10,6190900 | 29 
2 9,3645155 | 10,6354845 |58 32| 9,3692363 | 9,9877708 | 9,3814655 | 10,6185345 | 28 
3 9,3650901 | 10,6349099 | 57 33 9,3697608 | 9,9877404 | 9,3820205 | 10,6179795 | 27 
4 9,3656641 | 10,6343359 |56 34° 9,3702847 | 9,9877099 | 9,3825748 | 10,6174252 | 26 
5 9,3662374 | 10,6337626 55 | 35 9,3708079 | 9,9876794 | 9,3831285 | 10,6168715 | 25 
6 9,3668100 | 10,6331900 | 54 36) 9,3713304 9,9876488 9,3836816 | 10,6163184 | 24 
7 9,3673819 10, 6326181 | 53 | 37 | 9,3718523 9,9876183 9,3842340 | 10,6157660 | 23 
8 9,3679532 10,6320468 |52/38| 9,3723735 9,9875876 9,3847858 | 10,6152142 | 22 
9 9,3685238 10, 6314762 51| 39} 9,3728940 9,9875570 9,3853370 | 10,6146630 | 21 
10 9,3690937 | 10,6309063 | 50 40| 9,3734139 | 9,9875263 | 9,3858876 | 10,6141124 | 20 
11 9,3696629 | 10,6303371 | 49 | 41| 9,3739331 | 9,9874955 | 9,3864376 | 10,6135624 | 19 
12 9,3702315 | 10,6297685 | 48 | 42| 9,3744517 | 9,9874648 | 9,3869869 | 10,6130131 | 18 
13 9,3707994 | 10,6292006 | 47 | 43| 9,3749696 | 9,9874339 | 9,3875356 | 10,6124644 | 17 
14 9,3713667 | 10,6286333 | 46 | 44| 9,3754868 | 9,9874031 | 9,3880837 | 10,6119163 | 16 
15 9,3719333 | 10,6280667 | 45 | 45| 9,3760034 | 9,9873722 | 9,3886312 | 10,6113688 | 15 
16 9,3724992 | 10,6275008 | 44/46) 9,3765194 | 9,9873413 | 9,3891781 | 10,6108219 | 14 
17 9,3730645 | 10,6269355 | 43 47 | 9,3770347 | 9,9873103 | 9,3897244 | 10,6102756 | 13 
18 9,3736291 | 10,6263709 | 42 | 48) 9,3775493 | 9,9872793 | 9,3902700 | 10,6097300 | 12 
19 9,3741930 | 10,6258070 | 41 |49 9,3780633 | 9,9872482 | 9,3908151 | 10,6091849 | 11 
20 9,3747563 | 10,6252437 |40 50) 9,3785767 | 9,9872171 | 9,3913595 | 10,6086405 | 10 
21 9,3753190 | 10,6246810 | 39 51) 9,3790894° | 9,9871860 | 9,3919034 | 10,6080966 | 9 
22 9,3758810 10, 6241190 | 38 52) 9,3796015 | 9,9871549 | 9,3924466 | 10,6075534| 8 
23 9,3764423 10, 6235577 | 37 | 53) 9,3801129 | 9,9871236 | 9,3929893 10, 6070107 | 7 
24 9,3770030 10, 6229970 | 36 54) 9,3806237 | 9,9870924 | 9,3935313 10, 6064687 | 6 
25 9,3775631 10, 6224369 35 55) 9,3811339 | 9,9870611 | 9,3940727 10,6059275 | 5 
26 9,3781225 | 10,6218775 | 34 56) 9,3816434 | 9,9870298 | 9,3946136 | 10,6055864| 4 
27 9,3786813 | 10,6213187 | 33 57 | 9,3821523 | 9,9869984 | 9,3951538 | 10,6048462| 3 
23 9,3792394 | 10,6207006 | 32 58| 9,3826605 | 9,9869670 | 9,3956935 | 10,6043065| 2 
29 9,3797969 | 106202031 | 31 |59/ 9,3831682 | 9,9869356 | 9,3962326 | 10,6037674) 1 
30 9, 10,6196463 | 30 60) 9,3836752 | 9,9869041 | 9,3967711 | 10,6032289 | 0 
4 : | Tan. Com. | Tangent. g g Sine Com. Sine. Tan. Com. | Tangent. E 
: 76 Degrees. 76 Degrees. 
14 Degrees. 2 14 Degrees. 
F Tangent. | Tan. Comp. F P Sine. Sine Com. | Tangent. |Tan.Comp. F 
0 9,3967711 | 10,6032289 | 60 | 30| 9,3985996 | 9,9859416 | 9,4126581 | 10,5873419 | 30 
1 9,3973089 | 10,6026911 | 59 | 31} 9,3990878 | 9,9859089 | 9,4131789 | 10,5868211 | 29 
2 9,3978463 | 10,6021537 |58 | 32| 9,3995754 | 9,9858762 | 9,4136993 | 10,5863007 | 28 
3 9, 10,6016170 | 57 | 33) 9,4000625 | 9,9858434 | 9,4142191 | 10,5857809 | 27 
4 9,3989191 | 10,6010809 | 56 | 34) 9,4005489 | 9,9858106 | 9,4147383 | 10,5852617 | 26 
5 9,3994547 | 10,6005453 |55| 35) 9,4010348 | 9,9857777 | 9,4152570 | 10,5847430 | 25 
6 9,3999896 | 10,6000104 | 54/36| 9,4015201 | 9,9857449 | 9,4157752 | 10, 24 
7 9,4005240 | 10,5994760 | 53 | 37| 9,4020048 | 9,9857119 | 9,4162928 10,5837072 | 23 
8 9,4010578 | 10,5989422 | 52| 38| 9,4024889 | 9,9856790 | 9,4168099 | 10,5831901 | 22 
9 9,4015910 | 10,5984090 |51| 39| 9,4029724 | 9,9856460 | 9,4173265 10, 5826735 | 21 
10 9,4021237 | 10,5978763 | 50| 40| 9,4034554 | 9,9856129 | 9,4178425 10,5821575 | 20 
11 9, 10,5973442 | 49| 41| 9,4039378 | 9,9855798 | 9,4183580 | 10,5816420 | 19 
12 9,4031873 | 10,5968127 | 48| 42| 9,4044196 | 9,9855467 | 9,4188729 | 10,5811271| 18 
13 9,4037182 | 10,5962818 | 47 | 43| 9,4049009 | 9,9855135 | 9,4193874 | 10,5806126 | 17 
14 9,4042486 | 10,5957514 | 46 | 44| 9,4053816 | 9,9854803 | 9,4199013 10,5800987 | 16 
15 9,4047784 | 10,5952216 | 45|45| 9,4058617 | 9,9854471 | 9,4204146 | 10,5795854 | 15 
16 9,4053076 | 10,5946924 | 44| 46| 9,4068413 | 9,9854138 | 9,4209275 | 10,5790725 | 14 
17 9,4058363 | 10,5941637 | 43| 47 | 9,4068203 | 9,9853805 | 9,4214398 | 10,5785602 | 13 
18 9,4063644 | 10,5936356 | 42) 48| 9,4072987 | 9,9853471 | 9,4219515 10, 5780485 | 12 
19 9,4068919 | 10,5931081 | 41 | 49| 9,4077766 | 9,9853138 | 9,4224628 10, 5775372 | 11 
20 9,4074189 | 10,5925811 | 40| 50| 9,4082539 | 9,9852803 | 9,4229735 10, 5770265 | 10 
21 94079453 | 10,5920547 |39|51| 9,4087306 | 9,9852468 | 94234838 | 10,5765162| 9 
22 9,4084712 | 10,5915288 | 38| 52) 9,4092068 | 9,9852133 | 9,4239935 10,5760065 | 8 
23 9,4089965 | 10,5910035 |37|53| 9,4096824 | 9,9851798 | 9,4245026 | 10,5754974| 7 
24 9,4095212 | 10,5904788 | 36 | 54 9,4101575 9,9851462 | 9,4250113 | 10,5749887| 6 
25 9,4100454 | 10,5899546 | 35 | 55 9,4106320 9,9851125 | 9,4255194 | 10,5744806| 5 
26 9,4105690 | 10,5894310 | 34 | 56 94111059 9,9850789 | 9,4260271 | 10,5739729| 4 
27 9,4110921 | 10,5889079 |33|57| 9,4115793 | 9,9850452 | 9,4265342 10,5734658 | 3 
28 9,4116146 | 10,5883854 |32/58| 9,4120522 | 9,9850114 | 9,4270408 | 10,5729592| 2 
29 9,4121366 10, 5878634 |31| 59) 9,4125245 99849776 9,4275469 | 10,5724531| 1 
30 9,4126581 10, 5873419 |30| 60| 9,4129962 9,9849433 | | 9,4280525 | 10,5719475 |) 0 
g Tan. Com. | Tangent. g | Fi Sine Com. Sine. Tan. Com. | Tangent. | | 
75 Degrees. \= 75 Degrees. : 


4R 


674 = [15°—16°.] LOGARITHMIC SINES, TANGENTS, Ere. [Comr. 74°—73°.] 
15 Degrees. | 15 Degrees. 
E Sine. | Sine Com. | Tangent. | Tan.Comp. | © | F Sine. | Sine. Com.} Tangent. | Tan. Comp. F 
0} 9,4129962 | 9,9849438 | 9,4280525 10,5719475 | 60 30) 9,4268988 | 9,9839105 | 9,4429883 | 10,5570117 | 30 
1} 9.413467 | 9,9849099 | 9,4285575 10,5714425 | 59 | 31) 9,4273541 | 9,9838755 | 9,4434786 | 10,5565214 | 29 
2 9, 4139381 | 9,9848760 | 9,4290621 | 10,5709379 | 58 | 32) 9,4278089 | 9,9838404 | 9, 10,5560315 | 28 
3 9, 4144082 | 9,9848420 | 9,4295661 | 10,5704339 | 57 | 33 | 9,4282631 | 9,9838952 | 9,4444579 | 10,5555421 | 27 
4 9, 4148778 | 9,9848081 | 9,4300697 | 10,5699303 | 56 | 34 9,4287169 | 9,9837701 | 9,4449468 | 10,5550532 | 26 
é 9, 4153468 | 9,9847740 | 9,43057 10,5694273 | 55 | 35) 9,4291701 | 9,9837348 | 9,4454352 | 10,5545648 | 25 
6 94158152 | 9,9847400 | 9,4310753 | 10,5689247 54 36 | 9,4296228 | 9,9836996 | 9,4459232 | 10,5540768 24 
7} 9,4162832 | 9,9847059 | 9,4315773 | 10, 5684227 | 53 37) 9,4300750 | 9,9836643 | 9,4464107 | 10,5535893 23 
8) 9,4167506 | 9,9846717 | 9,4320789 10, 5679211 | 52 38) 9,4305267 | 9,9836290 | 9,4468978 | 105531022 | 22 
9) 9,4172174 | 9,9846375 | 9,4325799 10, 5674201 |51 39) 9,4309779.| 9,9835936 | 9,4473843 | 10,5526157 | 21 
10| 9,4176837 | 9,9846033 | 9,4330804 10,5669196 50 40 9,4314286 | 9,9835582 | 9,4478704 | 10,5521296 20 
11| 94181495 | 9,9845690 | 9,4335805 | 10,5664195 49 41) 9,4318788 | 9,9835227 | 9,4483561 | 10,5516439 | 19 
12| 9,4186148 | 9,9845347 | 9,4340800 10,5659200 | 48 | 42) 9,4323285 | 9,9834872 | 9,4488413 | 10,5511587 | 18 
13| 9,4190795 | 9,9845004 | 9,4345791 | 10,5654209 | 47 43) 9,4327777 | 9,9834517 | 9,4493260 | 10,5506740 | 17 
14| 9,4195436 | 9,9844660 | 9,4350776 10,5649224 46 44 9,4332264 | 9,9834161 | 9,4498102 | 10,5501898 | 16 
15| 9,4200073 | 9,9844316 | 9,4355757 | 10,5644243 | 45 45 | 9,4336746 | 9,9833805 | 9,4502940 | 10,5497060 15 
16| 9.4204704 | 9,9843971 | 9,4360733 | 10,5639267 }44 46| 94341223 | 9,9833449 | 9,4507774 | 10,5492226 | 14 
17 | 9,4209330 | 9,9843626 | 9,4365704 | 10,5634296 43 47| 9,4345694 | 9,9833092 | 9,4512602 | 10,5487398 | 13 
18| 9,4213950 | 9,9843281 | 9,4370670 | 10,5629330 42 48] 9,4350161 | 9,9832735 | 9,4517427 | 10,5482573 | 12 
19| 9,4218566 | 9,9842935 | 9,4375631 | 10,5624369 | 41 49| 9,4354623 | 9,9832377 | 9,4522246 | 105477754 | 11 
20| 9,4223176 | 9,9842589 | 9,4380587 | 10,5619413 | 40 50) 9,4359080 | 9,9832019 | 9,4527061 10,5472939 | 10 
21| 9,4227780 | 9,9842242 | 9,4385538 10,5614462 | 39 51) 9,4363532 | 9,9831661 | 9,4531872 | 10,5468128| 9 
22) 9,4232380 | 9,9841895 | 9,4390485 | 10,5609515 38 52) 9,4367980 | 9,9831302 | 9,4536678 | 10,5463322| 8 - 
23 | 9,4236974 | 9,9841548 | 9,4395426 | 10,5604574 | 37 53) 9,4372422 | 9,9830942 | 9,4541479 10,5458521 | 7 
24| 9,4241563 | 9,9841200 | 9,4400363 | 10,5599637 | 36 54) 9,4376859 | 9, 9,4546276 | 10,5453724| 6 
25 | 9,4246147 | 9,9840852 | 9,4405295 | 10,5594705 | 35 55) 9,4381292 | 9,9830223 | 9,4551069 10,5448931| 5 
26 | 9,4250726 | 9,9840503 | 9,4410222 | 10,5589778 | 34 | 56) 9,4385719 | 9,9829862 | 9,4555857 10,5444143| 4 
27 | 9,4255299 | 9,9840154 | 9,4415145 | 10,5584855 | 33 | 57 | 9,4390142 | 9,9829501 | 9,4560641 | 10,5439359| 3 
28 | 9,4259867 | 9,9839805 | 9,4420062 | 10,5579938 | 32 58) 9,4394560 | 9,9829140 | 9,4565420 | 10,5434580 2 
29 | 9,4264430 | 9,9839455 | 9,4424975 | 10,5575025 | 31 |59 9,4398973 | 9,9828778 9, 4570194 | 10,5429806| 1 
30 | 9,4268988 | 9,9339105 | 9,4429883 | 10,5570117 | 30 60| 9,4403381 | 9,9828416 9, 4574964 | 10,5425036| 0 
g | Sine Com. Sine. Tan. Com. | Tangent. g g Sine Com. Sine. | Tan. Com. | Tangent. E 
| 74 Degrees. 74 Degrees. 
2 16 Degrees. 16 Degrees. Z 
P Sine. Sine Com. | Tangent. | Tan. Comp. F F Sine. Sine Com. | Tangent. | Tan. Comp. G 
’ 
0 9,4403381 | 9,9828416 | 9,4574964 | 10,5425036 | 60 | 30} 9,4533418 9,9817370 | 9,4716048 | 10,5283952 | 30 
1) 9,4407 784 | 9,9828054 | 9,4579730 | 10,5420270 | 59 | 31| 9,4537681 9,9816995 | 9,4720685 | 10,5279315 | 29 
2) 9,4412182 9, 9827691 , 9,4584491 | 10,5415509 | 58 | 32) 9,4541939 | 9,9816620 9,4725318 | 10,5274682 | 28 
3 | 9,4416576 9, 9827328 | 9, 4589248 | 10,5410752 | 57 | 33) 9,4546192 | 9,9816245 | 9,4729947 10,5270053 | 27 
4) 9,4420965 9, 9826964 9, 4594001 | 10,5405999 | 56 | 34| 9,4550441 | 9,9815870 9,4734572 | 10,5265428 | 26 
5 | 9,4425249 9,9826600 9, 4598749 | 10,5401251 | 55 | 35| 9,4554686 | 9,9815494 | 9,4739192 | 10, 5260808 | 25 
6| 9,4429728 | 9,9826236 9,4603492 10,5396508 | 54| 36) 9,4558926 | 9,9815117 | 9,4743808 10, 5256192 | 24 
7| 9,4434108 | 9,9825871 | 9,4608232 | 10,5391768 | 53 | 37) 9. 4563161 | 9,9814740 | 9,4748421 10, 5251579 | 23 
8| 9,4438472 | 9,9825506 | 9,4612967 | 10,5387033 | 52) 38 9,4567392 | 9,9814363 | 9,4753029 10, 5246971 | 22 
9| 9,4442837 | 9,9825140 | 9,4617697 | 10,5382303 | 51) 39 9,4571618 | 9,9813986 | 9,4757633 | 10, 5242367 21 
10} 9,4447197 | 9,9824774 | 9,4622423 | 10,5377577 | 50) 40 9,4575840 | 9,9813608 | 9,4762233 | 10, 5237767 20 
11| 9,4451553 | 9,9824408 | 9,4627145 | 10,5372855 | 49| 41) 9,4580058 9,9813229 | 9,4766829 10, 5233171 | 19 
12| 9,4455903 | 9,9824041 | 9,4631863 | 10,5368137 | 48 | 42| 9,4584271 9,9812850 | 9,4771421 10, 5228579 | 18 
13| 9,4460250 | 9,9823674 | 9,4636576 | 10,5363424 | 47 | 43) 9,4588480 9,9812471 | 9,4776009 10, 5223991 | 17 
14| 9,4464591 | 9,9823306 | 9,4641285 | 10,5358715 | 46 | 44| 9,4592684 9,9812091 | 9,4780592 10, 5219408 | 16 
15 | 9,4468927 | 9,9822938 | 9,4645990 10, 5354010 | 45/45) 9,4596884 | 9,9811711 | 9,4785172 10, 5214828 | 15 
16| 9,4473259 | 9,9822569 | 9,4650690 10, 5349310 | 44| 46| 9,4601079 | 9,9811331 | 9,4789748 10, 5210252 14 
17 | 9,4477586 | 9,9822201 | 9,4655386 10, 5344614 | 43/47) 9,4605270 | 9,9810950 | 9,4794319 10,5205681 13 
18| 9,4481909 | 9,9821831 | 9,4660078 10,5339922 42| 48) 9,4609456 | 9,9810569 | 9,4798887 | 10,5201113 | 12 
19| 9,4486227 | 9,9821462 | 9,4664765 | 10,5335235 | 41/49) 9,4613638 9,9810187 | 9,4803451 | 10,5196549 | 11 
20| 9,4490540 | 9,9821092 | 9,4669448 | 10,5330552 |40|50| 9,4617816 9,9809805 | 9,4808011 | 10,5191989 | 10 
21) 9,4494849 | 9,9820721 | 9,4674127 | 10,5325873 | 39 | 51 9, 4621989 | 9,9809423 | 9,4812566 | 10,5187434| 9 
22) 9,4499153 | 9,9820351 9, 4678802 | 10,5321198 | 38 | 52 9,4626158 9,9809040 | 9,4817118 | 105182882) 8 
23 | 9,4503452 | 9,9819979 94683473 10,5316527 | 37 | 53| 9,4630323 | 9,9808657 | 9,4521666 10,5178334| 7 
24) 9,4507747 | 9,9819608 9,4688139 10,5311861 | 36/54) 9,4634483 | 9,9808273 | 9,4826210 10,5173790| 6 
25 | 9,4512037 | 9,9819236 9,4692301 10,5307199 | 35 | 55) 9,4638639 | 9,9807889 9,4830750 | 10,5169250| 5 
26| 9,4516322 | 9,9818863 | 9,4697459 | 10,5302541 | 34) 56 | 9,4642790 9,9807505 | 9,4835286 10, 5164714) 4 
27 | 9,4520603 | 9,9818490 | 9,4702112 | 10,5297888 | 33 | 57 | 9,4646938 9,9807120 | 9,4839818 10, 5160182| 3 
28) 9,4524879 | 9,9818117 | 9,4706762 | 10,5293238 | 32/58) 9,4651081 9,9806735 | 9,4844346 10, 5155654) 2 
29) 9,4529151 | 9,9311744 | 9,4711407 | 10,5288593 |31| 59) 9,4655219 | 9, 9,4848870 | 10,5151130| 1 
30} 9,4593418 | 9,9817370 | 9,4716048 | 10,5233952 | 30 | 60 | 9,4659353 | 9,9805963 | 9,4853390 10,5146610| 0 
E Sine Com. | Sine. | Tan. Com. | Tangent. a g|Sine Com. | Sine. | Tan. Com. | ‘Tangent. g 
73 Degrees. el a 73 Degrees. 


» 


{17°—18°.] LOGARITHMIC SINES, TANGENTS, Ero. (Comp. 72°—71°.} 675 
1 

z| 7 Degrees. z S 17 Degrees. | - 
5 Sine. | Sine Com. | Tangent. | Tan.Comp. | * | F Sine. | Sine. Com.| Tangent. | Tan. Comp. | =i 
0 | 9,4659353 | 9,9805963 | 9,4853390 | 10,5146610 | 60 | 30| 9,4781418 | 9,9794195 | 9,4987223 | 10,5012777 | 30 
1| 9,4663483 | 9,9805577 | 9,4857907 | 10,5142093 |59 31| 9,4785423 | 9,9793796 | 9,4991626 | 10,5008374 | 29 
2) 9,4667609 | 9,9805190 | 9,4862419 | 10,5137581 | 58 | 32) 9,4789423 | 9,9793398 | 9,4996026 | 10,5003974 | 28 
3) 9,4671730 | 9,9804803 | 9,4866928 | 10,5133072 | 57 | 33} 9,4793420 | 9,9792998 | 9,5000422 | 10,4999578 | 27 
4) 9,4675848 | 9,9804415 | 9,4871433 | 10,5128567 | 56 | 34| 9,4797412 | 9,9792599 | 9,5004814 | 10,4995186 | 26 
5 9,4679960 | 9,9804027 | 9,4875933 | 10,5124067 | 55 | 35| 9,4801401 | 9,9792198 | 9,5009203 | 10,4990797 | 25 
6 | 9,4684069 | 9,9803639 | 9,4880430 | 10,5119570 | 54 | 36| 9,4805385 | 9,9791798 | 9,5013588 | 10,4986412 | 24 
7 | 9,4688173 | 9,9803250 | 9,4884924 | 10,5115076 | 53 | 37| 9,4809366 | 9,9791397 | 9,5017969 | 10,4982031 | 23 
8 9,4692273 | 9,9802860 | 9,4889413 | 10,5110587 | 52/38} 9,4813342 | 9,9790996 | 9,5022347 | 10,4977653 | 22 
9| 9,4696369 | 9,9802471 | 9,4893898 | 10,5106102 | 51|39| 9,4817315 | 9,9790594 | 9,5026721 | 10,4973279 | 21 
10| 9,4700461 | 9,9802081 | 9,4898380 | 10,5101620 | 50 | 40} 9,4821283 | 9,9790192 | 9,5031092 | 10,4968908 | 20 
11| 9,4704548 | 9,9801690 | 9,4902858 | 10,5097142 | 49 | 41| 9,4825248 | 9,9789789 | 9,5035459 | 10,4964541 | 19 
12} 9,4708631 | 9,9801299 | 9,4907332 | 10,5092668 | 48 | 42) 9,4829208 | 9,9789386 | 9,5039822 | 10,4960178 | 18 
13} 9,4712710 | 9, 9,4911802 | 10,5088198 | 47 | 43| 9,4833165 | 9,9788983 | 9,5044182 | 10,4955818 | 17 
14| 9,4716785 | 9,9800516 | 9,4916269 | 10,5083731 46 | 44 9,4837117 | 9,9788579 | 9,5048538 | 10,4951462 | 16 
15| 9,4720856 | 9,9800124 | 9,4920731 | 10,5079269 45 | 45 9,4841066 | 9,9788175 | 9,5052891 | 10,4947109 | 15 
16| 9,4724922 | 9,9799732 | 9,4925190 | 10,5074810 | 44/46) 9,4845010 | 9,9787770 | 9,5057240 | 10,4942760 | 14 
17 | 9,4728985 | 9,9799339 | 9,4929646 | 10,5070354 43 | 47 9,4848951 | 9,9787365 | 9,5061586 | 10,4938414 | 13 
18} 9,4733043 | 9,9798946 | 9,4934097 | 10,5065903 | 42 | 48) 9,4852888 | 9,9786960 | 9,5065928 | 10,4934072 | 12 
19} 9,4737097 | 9,9798552 | 9,4938545 | 10,5061455 41 | 49 9,4856820 | 9,9786554 | 9,5070267 | 10,4929733 | 11 
20 | 9,4741146 | 9,9798158 | 9,4942988 | 10,5057012 | 40 50) 9,4860749 | 9,9786148 | 9,5074602 | 10,4925398 | 10 
21! 9,4745192 | 9,9797764 | 9,4947429 | 10,5052571 39 | 51 9,4864674 | 9,9785741 | 9,5078933 | 10,4921067| 9 
22) 9,4749234 | 9,9797369 | 9,4951865 | 10,5048135 | 38 52) 9,4868595 | 9,9785334 | 9,5083261 | 10,4916739| 8 
23 | 9,4753271 | 9,9796973 | 9,4956298 | 10,5043702 37 | 53 9,4872512 | 9,9784927 | 9,5087586 | 10,4912414| 7 
24) 9,4757304 | 9,9796578 | 9,4960727 | 10,5039273 | 36 | 54) 9,4876426 | 9,9784519 | 9,5091907 | 10,4908093| 6 
25 | 9,4761334 | 9,9796182 | 9,4965152 | 10,5034848 | 35 | 55/ 9, 9,9784111 | 9,5096224 | 10,4903776; 5 
26 | 9,4765359 | 9,9795785 | 9,4969574 | 10,5030426 | 34/56) 9,4884240 | 9,9783702 | 9,5100539 | 10,4899461] 4 
27 | 9,4769380 | 9,9795388 | 9,4973991 | 10,5026009 | 33 | 57 | 9,4888142 | 9,9783293 | 9,5104849 | 10,4895151| 3 
23 | 9,4773396 | 9,9794991 | 9,4978406 | 10,5021594 | 32 53] 9,4892040 | 9,9782883 | 9,5109156 | 10,4890844| 2 
29 | 9,4777409 | 9,9794593 | 9,4982816 | 10,5017184 | 31/59) 9,4895934 | 9,9782474 | 9,5113460 | 10,4886540| 1 
30 | 9,4781418 | 9,9794195 | 9,4987223 | 10,5012777 30 | 60 9,4899824 | 9,9782063 | 9,5117760 | 10,4882240| 0 
E | Sine Com. Sine. | Tan Com. | Tangent, g g Sine Com. Sine. Tan. Com. | Tangent, E 

72 Degrees. 72 Degrees. 

we 18 Degrees, 18 Degrees. 
| Sine. | Sine Com. | Tangent. | Tan. Comp. F 5 Sine. Sine Com. | Tangent. |Tan.Comp. F 
0 9,4899824 | 9,9782063 | 9,5117760 | 10,4882240 | 60 | 30) 9,5014764 | 9,9769566 | 9,5245199 | 10,4754801 | 30 
1) 9,4903710 | 9,9781653 | 9,5122057 | 10,4877943 | 59 | 31| 9,5018533 | 9,9769143 | 9,5249395 | 10,4750605 | 29 
2) 9,4907592 | 9,9781241 | 9,5126351 | 10,4873649 | 58 | 32| 9,5022308 | 9,9768720 } 9,5253589 | 10,4746411 | 28 
3| 9,4911471 | 9,9780830 | 9,5130641 | 10,4869359 | 57 | 33| 9,5026075 | 9,9768296 | 9,5257779 | 10,4742221 | 27 
4| 9,4915345 | 9,9780418 | 9,5134927 | 10,4865073 | 56|34/ 9,5029838 | 9,9767872 | 9,5261966 | 10,4738034 | 26 
5| 9,4919216 | 9,9780006 | 9,5139210 | 10,4860790 | 55 | 35| 9,5033597 | 9,9767447 | 9,5266150 | 10,4733850 | 25 
6| 9,4923083 | 9,9779593 | 9,5143490 | 10,4856510 | 54| 36] 9,5037353 | 9,9767022 | 9,5270331 | 10,4729669 | 24 
7} 9,4926946 | 9,9779180 | 9,5147766 | 10,4852234 | 53 | 37| 9,5041105 | 9,9766597 | 9,5274508 | 10,4725492 | 23 
8) 9,4930806 | 9,9778766 | 9,5152039 | 10,4847961 |52| 38| 9,5044853 | 9,9766171 | 9,5278682 | 10,4721318 | 22 
9| 9,4934661 | 9,9778353 | 9,5156309 | 10,4843691 |51| 39] 9,5048598 | 9,9765745 | 9,5282853 | 10,4717147 | 21 
10} 9,4938513 | 9,9777938 | 9,5160575 | 10,4839425 | 50| 40} 9,5052339 | 9,9765318 | 9,5287021 | 10,4712979 | 20. 
11| 9,4942361 | 9,9777523 | 9,5164838 | 10,4835162 | 49| 41) 9,5056077 | 9,9764891 | 9,5291186 | 10,4708814 | 19 
12} 9,4946205 | 9,9777108 | 9,5169097 | 10,4830903 | 48 | 42| 9,5059811 | 9,9764464 | 9,5295347 | 10,4704653 | 18 
13| 9,4950046 | 9,9776693 | 9,5173353 | 10,4826647 | 47 | 43) 9,5063542 | 9,9764036 | 9,5299505 | 10,4700495 | 17 
| 14| 9,4953883 | 9,9776277 | 9,5177606 | 10,4822394 | 46 | 44) 9,5067268 | 9,9763608 | 9,5303661 | 10,4696339 | 16 
| 15| 9,4957716 | 9,9775860 | 9,5181855 | 10,4818145 | 45|45| 9,5070992 | 9,9763179 | 9,5307813 | 10,4692187 | 15 
|16| 9,4961545 | 9,9775444 | 9,5186101 | 10,4813899 | 44| 46| 9,5074712 | 9,9762750 | 9,5311961 | 10,4688039 | 14 
/17| 9,4965370 | 9,9775026 | 9,5190344 | 10,4809656 | 43 | 47 | 9,5078428 | 9,9762321 | 9,5316107 | 10,4683893 | 13 
18} 9,4969192 | 9,9774609 | 9,5194583 | 10,4805417 | 42| 48} 9,5082141 | 9,9761891 | 9,5320250 | 10,4679750 | 12 
19} 9,4973010 | 9,9774191 | 9,5198819 | 10,4801181 | 41/49| 9,5085850 | 9,9761461 | 9,5324389 | 10,4675611 | 11 
20| 9,4976824 | 9,9773772 | 9,5203052 | 10,4796948 | 40| 50| 9,5039556 | 9,9761030 | 9,5328526 | 10,4671474 | 10 
| 21) 9,4980635 | 9,9773354 | 9,5207282 | 10,4792718 | 39/|51| 9,5093258 | 9,9760599 | 9,5332659 | 10,4667341| 9 
22) 9,4984442 | 9,9772934 | 9,5211508 | 10,4788492 | 38|52| 9,5096956 | 9,9760167 | 9,5336789 | 10,4663211| 8 
| 23) 9,4988245 | 9,9772515 | 9,5215730 | 10,4784270 | 37 | 53) 9,5100651 | 9,9759736 | 9,5340916 | 10,4659084 7 
| 24| 9,4992045 | 9,9772095 | 9,5219950 | 10,4780050 | 36 | 54) 9,5104343 | 9,9759303 | 9,5345040 | 10,4654960 6 
25\ 9,4995840 | 9,9771674 | 9,5224166 | 10,4775834 | 35|55| 9,5108031 | 9,9758870 | 9,5349161 | 10,4650339| 5 
26, 9,4999633 | 9,9771253 | 9,5228379 | 10,4771621 | 34| 56) 9,5111716 | 9,9758437 | 9,5353278 | 10,4646722) 4 
27| 9,5003421 | 9,9770832 | 9,5232589 | 10,4767411 | 33) 57| 9,5115397 | 9,9758004 | 9,5357393. | 10,4642607 | 3 
28| 9,5007206 | 9,9770410 | 9,5236795 | 10,4763205 |32|58| 9,5119074 | 9,9757570 | 9,5361505 | 10,4638495 | 2 
29) 9,5010987 | 9,9769988 | 9,5240999 | 10,4759001 |31| 59} 9,5122749 | 9,9757135 | 9,5365613 | 10,4634387| 1 
30| 9,5014764 | 9,9769566 | 9,5245199 | 10,4754801 |30| 60| 9,5126419 | 9,9756701 | 9,5369719 | 10,4630281) 0 
g Sine Com. Sine. | Tan. Com.| Tangent. c lig Sine Com. Sine. | Tan, Com. | Tangent. g 

; 71 Degrees. has 71 Degrees. 


676 = [19°—20°.] 


LOGARITHMIC SINES, TANGENTS, Ere. 


i 
& 


19 Degrees. 


Sine. 


Tangent. 


Tan. Comp. 


19 Degrees. 


Tangent. 


coro cmaonmro | TNT 


21 


9,5126419 | 9,9756701 
9,5130086 
95133750 
9,5137410 
9,5141067 
9,5144721 | 9,9754521 
9,5148371 
95152017 
95155660 | 9, 
9,5159300 | 9,9752769 
9,5162936 

9,5166569 
9,5170198 
9,5173824 
9,517 7447 
9,5181066 


10, 4630281 
10, 4626179 


10, 4577187 
10, 4569063 


49 


9,5491487 
9,5495500 


9, 5610659 


CH rPoOnIeaIrmoSh eens Qe cSiBRePeeryere | “Or 


Sine Com. Sine. 


Tan. Com. 


70 Degrees. 


Sine Com. 


20 Degrees. 


| Sine Com. 


Tangent. 


10 


21 


9,9729858 
9,9729398 
9,9728938 
9,9728477 
9,9728016 
9,97 27554 
9,9727092 
9,97 26629 
9,9726166 
99725703 
9,9725239 
9,97 24775 
9,9724310 
9,9723845 
9,9723380 
9,9722914 
9,9722448 
9, 9721981 
9,9721514 
9,9721047 
9,97 20579 
9,9720110 
9,9719642 
9,9719172 
9,97 18703 
9,9718233 
9, 9717762 
9,9717291 
9,9716820 
9,9716348 
9,9715876 


9, 5711951 
9,5715811 
9,5719669 
9,5723524 
9,5727377 


10, 4276476 
10, 4272623 


47 


SESREKESSSSESEERS 


9,9715876 
9,9715404 
9,9714931 
9,9714457 
9,9713984 


99701517 


9,5727377 
9,5731227 
9, 5735074 
9, 5738919 
9, 5742761 
9,5746601 


9, 5841774 


10,4215142 
10,4211331 
10,4207521 
10,4203714 
10,4199910 
10,4196108 
10,4192309 
10,4188512 
10,4184718 
10,4180926 
10,4177136 
10,4173349 
10, 4169565 
10,4165783 
10,4162003 
10, 4158226 


ERERRSISSSERBRRSSESS | ug | Min 


_ 
S 


CRN KCROONOS 


Min, | SSBNSHELSB 


Sine Com. | Sine. 


Tan. Com. 


Tangent, 


69 


Degrees. 


Tan. Com. 


Tangent. 


69 Degrees, 


- Min. 


LOGARITHMIC SINES, TANGENTS, Erc. 


[21°—22°.] [Comp. 68°—67°.] 677 
21 Degrees. 21 Degrees. 
=| & Ss 
Sine. Sine Com. | Tangent. | Tan.Comp. | © | P Sine. Sine. Com.| Tangent. | Tan. ea, e 
0) 9,5543292 | 9,9701517 | 9,5841774 | 10,4158226 | 60 | 30) 9,5640754 | 9,9686779 | 9,5953975 | 10, 4046025 | Ps 
1) 9,5546581 9,9701032 9,5845549 | 10,4154451 | 59/31) 9,5643960 | 9,9686281 | 9,5957679 10, 4042321 | 29 
2) 9,5549868 | 9,9700547 | 9,5849321 | 10,4150679 |58| 32) 9.5647163 | 9,9685783 | 9,5961380 | 10,4038620 | 28 
3| 9,5553152 | 9,9700061 | 9,5853091 | 10,4146909 | 57 | 33) 9,5650363 | 9,9685284 | 9,5965079 | 10,4034921 | 27 
4) 9,5556433 | 9,9699574 | 9,5856859 | 10,4143141 | 56 | 34) 9,5653561 | 9,9684785 | 9,5968776 | 10,4031224 | 26 
5| 9,5559711 | 9,9699087 | 9,5860624 | 10,4139376 | 55 | 35| 9,5656756 | 9,9684286 | 9,5972470 | 10,4027530 | 25 
6| 9,5562987 | 9,9698600 | 9,5864386 | 10,4135614 | 54/ 36| 9,5659948 | 9,9683786 | 9,5976162 | 10,4023838 24 
7| 9,5566259 | 9,9698112 | 9,5868147 | 10,4131853 | 53 | 37) 9,5663137 | 9,9683285 | 9,5979852 | 10,4020148 | 23 
8| 9,5569529 | 9,9697624 | 9,5871904 | 10,4128096 | 52/38] 9;5666324 | 9,9682784 | 9,5983540 | 10,4016460 22 
9| 9,5572796 | 9,9697136 | 9,5875660 | 10,4124340 | 51/ 39| 9,5669508 | 9,9682283 | 9,5987225 | 10,4012775 | 21 
10| 9,5576060 | 9,9696647 | 9,5879413 | 10,4120587 |50| 40) 9,5672689 | 9,9681781 | 9,5990908 | 10,4009092 | 20 
11) 9,5579321 | 9,9696158 | 9,5883163 | 10,4116837 | 49| 41) 9,5675868 | 9,9681279 | 9,5994588 | 10,4005412| 19 
12} 9,5582579 | 9,9695668 | 9,5886912 | 10,4113088 | 48| 42/ 9,5679044 | 9,9680777 | 9,5998267 | 10,4001733 | 18 
13} 9,5585835 | 9,9695177 | 9,5890657 | 10,4109343 | 47| 43) 9,5682217 | 9,9680274 | 9,6001943 | 10,3998057 | 17 
14| 9,5589088 | 9,9694687 | 9,5894401 | 10,4105599 | 46| 44) 9,5685387 | 9,9679771 | 9,6005617 | 10,3994383 | 16 
15| 9,5592338 | 9,9694196 | 9,5898142 | 10,4101858 | 45| 45| 9,5688555 | 9,9679267 | 9,6009289 | 10,3990711| 15 
16| 9,5595585 | 9,9693704 | 95901881 | 10,4098119 | 44| 46| 9,5691721 | 9,9678763 | 9,6012958 | 10,3987042 | 14 
17| 9,5598829 | 9,9693212 | 9,5905617 | 10,4094383 | 43| 47| 95694833 | 9,9678258 | 9,6016625 | 10,3983375 | 13 
18| 9,5602071 | 9,9692720 | 9,5909351 | 10,4090649 | 42| 48| 9,5698043 | 9,9677753 | 9,6020290 | 10,3979710 | 12 
19| 9,5605310 | 9,9692227 | 9,5913082 | 10,4086918 | 41 | 49| 9,5701200 | 9,9677247 | 9,6023953 | 10,3976047 | 11 
20) 9,5608546 | 9,9691734 | 9,5916812 | 10,4083188 | 40 | 50| 9,5704355 | 9,9676741 | 9,6027613 | 10,3972387 | 10 
21| 9,5611779 | 9,9691241 | 9,5920539 | 10,4079461 |39|51| 9,5707506 | 9,9676235 | 9,6031271 | 10,3968729' 9 
22) 9,5615010 | 9,9690746 | 9,5924263 | 10,4075737 | 38|52| 9,5710656 | 9,9675728 | 9,6034927 | 10,3965073| 8 
23 | 9,5618237 | 9,9690252 | 9,5927985 | 10,4072015 | 37 | 53) 9,5713802 | 9,9675221 | 9,6038581 | 10,3961419| 7 
24 | 9,5621462 | 9,9689757 | 9,5931705 | 10,4068295 | 36 | 54) 9,5716946 | 9,9674713 | 9,6042233 | 10,3957767| 6 
25 | 9,5624685 | 9,9689262 | 95935423 | 10,4064577 | 35 | 55| 9,5720037 | 9,9674205 | 9,6045882 | 10,3954118| 5 
26 | 9,5627904 | 9,9688760 | 9,5939138 | 10,4060862 | 34 | 56| 9,5723226 | 9,9673697 | 9,6049529 | 10,3950471| 4 
27 | 9,5631121 | 9,9688270 | 9,5942851 | 10,4057149 | 33/57 | 9,5726362 | 9,9673188 | 9,6053174 | 10,3946826| 3 
23 | 9,5634335 | 9,9687773 | 9,5946561 | 10,4053439 | 32/58] 9,5729495 9,9672679 | 9,6056817 | 10,3943183) 2 
29 | 9,5637546 | 9,9687276 | 9,5950269 | 10,4049731 '31| 59) 9,5732626 | 9,9672169 | 9,6060457 | 10,3939543| 1 
30 | 9,5640754 | 9, 9 | 9,5953975 | 10,4046025 | 30 | 60) 9,5735754 | 9,9671659 | 9,6064096 | 10,3935904| 0 
conden Sine. | Tan. Com. | Tangent. E 3 | Sine Com. | Sine, | Tan. Com. | Tangent. E 
68 Degrees. a 68 Degrees. 
22 Degrees. = 22 Degrees. 
F Sine. Sine Com. | Tangent. | Tan. Comp. | F Sine. | Sine Com. | Tangent. | Tan.Comp. F 
| 
0) 9,5735754 | 9,9671659 | 9,6064096 | 10,3935904 | 60 | 30| 9,5828397 | 9,9656153 | 9,6172243  10,3827757 | 30 
1) 9,5738880 | 9,9671148 | 9,6067732 | 10,3932268 | 59 | 31| 9,5831445 9,9655630 9,6175815 | 10,3824185 | 29 
2) 9,5742003 | 9,9670637 | 9,6071366 | 10,3928634 | 58 | 32| 9,5834491 | 9,9655106 | 9,6179385 | 10,3820615 | 28 
3} 9,5745123 | 9,9670125 | 9,6074997 | 10,3925003 | 57 | 33| 9,5837535 | 9,9654582 | 9,6182953 | 10,3817047 | 27 
4| 9,5748240 | 9,9669614 | 9,6078627 | 10,3921373 | 56 | 34| 9,5840576 | 9,9651057 | 9,6186519 | 10,3813481 | 26 
5| 9,5751356 | 9,9669101 | 9,6082254 | 10,3917746 | 55 | 35| 9,5843615 | 9,9653532 | 9,6190083 | 10,3809917 | 25 
6| 9,5754468 | 9,9668588 | 9,6085880 | 10,3914120 | 54| 36| 9,5846651 | 9,9653006 | 9,6193645 | 10,3806355 | 24 
7| 9,5757578 | 9,9668075 | 9,6089503 | 10,3910497 | 53/37 | 9,5849685 | 9,9652480 | 9,6197205 | 10,3802795 | 23 
8| 9,5760685 | 9,9667562 | 9,6093124 | 10,3906876 | 52/38] 9,5852716 | 9,9651953 | 9,6200762 | 10,3799238 | 22 
9| 9,5763790 | 9,9667048 | 9,6096742 | 10,3903258 | 51| 39} 915855745 | 9,9651426 | 9,6204318 | 10,3795682| 21 
10| 9,5766892 | 9,9666533 | 9,6100359 | 10,3899641 |50| 40) 9,5858771 9,9650899 9,6207872 | 10,3792128 | 20 
11| 9,5769991 | 9,9666018 | 9,6103973 | 10,3896027-| 49| 41} 9,5861795 | 9,9650371 | 9,6211423 10,3788577 19 
12| 9,5773088 | 9,9665503 | 9,6107536 | 10,3892414 | 48 | 42| 9,5864816 | 9,9649843 | 9,6214973 | 10,3785027 | 18 
13| 9,5776183 | 9,9664986 | 9,6111196 | 10,3888804 | 47 | 43| 9,5867835 | 9,9649314 | 9,6218520 | 10,3781480 | 17 
14| 9,5779275 | 9,9664471 | 9,6114804 | 10,3885196 | 46| 44] 9,5870851 | 9,9648785 | 9,6222066 | 10,3777934 | 16 
15} 9,5782364 | 9,9663954 | 9,6118409 | 10,3881591 | 45 | 45| 9,5873865 | 9,9648256 | 9,6225609 | 10,3774391 | 15 
16) 9,5785450 | 9,9663437 | 9,6122013 | 10,3877987 | 44|46| 9,5876876 | 9,9647726 | 9,6229150 | 10,3770850 | 14 
17 | 9,5788535 | 9,9662920 | 9,6125615 | 10,3874385 | 43 | 47| 9,5879835 | 9,9647195 | 9,6232690 | 10,3767310 | 13 
18| 9,5791616 | 9,9662402 | 9,6129214 | 103870786 | 42| 48| 9,5882892 | 9,9646665 | 9,6236227 | 10,3763773 | 12 
19} 9,5794695 | 9,9661884 | 9,6132812 | 10,3867188 | 41/49] 9,5885896 | 9,9616133 | 9,6239763 | 10,3760237 | 11 
20 9,5797772 9,9661365 | 9,6136407 | 10,3863593 | 40 | 50) 9,5888897 | 9,9645602 | 9,6243296 | 10,3756704 | 10 
21) 9,5800845 | 9,9660846 | 9,6140900 | 10,3860000 | 39 | 51| 9,5891897 | 9,9645069 | 9,6246827 | 10,3753173| 9 
22) 9,5803917 | 9,9660326 | 9,6143591 | 10,3856409 |38 | 52| 95894893 | 9,9644537 | 9,6250356 | 10,3749644| 8 
23 | 9,5806986 | 9,9659806 | 9,6147180 | 10,3852820 | 37 | 53| 9,5897888 | 9,9644004 | 9,6253884 | 10,3746116| 7 
24| 9,5810052 | 9,9659285 | 9,6150766 | 10,3849234 | 36| 54 9,5900880 | 9,9643470 | 9,6257409 | 10,3742591| 6 
25 | 9,5813116 | 9,9658764 | 9,6154351 | 10,3845649 | 35/55) 9,5903869 | 9,9642937 | 9,6260932 | 10,3739068| 5 
26| 9,5816177 | 9,9658243 | 9,6157934 | 10,3342066 | 34|56| 9,5906856 | 9,9642402 | 9,6264454 | 10,3735546| 4 
27 | 9,5819236 | 9,9657721 | 9,6161514 | 10,3838486 | 33 | 57 | 9,5909841 | 9,9641868 | 9,6267973 | 10,3732027| 3 
23) 9,5822292 | 9,9657199 | 9,6165093 | 10,3834907 | 32| 58 | 9,5912823 | 9,9541332 | 9,6271491 | 10,3728509| 2 
29| 9,5825345 | 9,9656677 | 9,6168669 10, 3831331 |31|59| 9,5915803.| 9,9640797 | 9,6275006 | 10,3724994| 1 
30 | 9,5828397 | 9,9656153 | 9,6172243 10, 3827757 |30| 60| 9,5918780 | 9,9640261 | 9,6278519 | 10,3721481| 0 
g Sine Com. Sine. Tan. Com. | Tangent. g 4 Sine Com. Sine. | Tan. Com. | Tangent. d 
67 Degrees. a 67 Degrees. 2 rl 


[23°—24°.) 


LOGARITHMIC SINES, TANGENTS, Erc. 


: 
8 


23 Degrees, 


Tangent. 


Tan. Comp. 


= 
=] 


is 


Sine. Com. 


Tangent. 


Tan. Comp. 


= 
— 


SSE5ER5REEF 


= 


coc omenmes | “TW 


? 
9,9626719 
99626172 
99625624 
99625076 
99624527 


| 9,9623978 


9,6278519 
9,6282031 
9, 6285540 
9,6289048 
9,6292553 


; 9, 6296057 


9,6299558 
9, 6303058 


9,6365722 
9,6369185 
9,6372646 
9,6376106 
9,6379563 


9,6383019 


10,3721481 
10,3717969 
10,3714460 
10, 3710952 
10, 3707447 
10,3703943 
10,3700442 
10,3696942 
10, 3693444 
10, 3689948 
10, 3686455 
10,3682963 
10,3679473 
10,3675985 
10, 3672499 
10,3669015 
10,3665532 
10,3662052 
10, 3658574 
10, 3655097 
10, 3651622 
10,3648150 
10,3644679 
10,3641210 
10,3637743 
10,3634278 
10,3630815 
10,3627354 
10,3623894 
10,3620437 
10,3616981 


ERS SS ESSSRERARSIESS 
SSERSGESERSSENSREREES 


51 


9,9623978 


9,9607302 


9,6479028 
9,6482431 
9, 6485831 


10,3616981 
10,3613527 
10,3610075 
10,3606625 


10, 3517569 
10, 3514169 


FRSRSSSSSSERSESENRRS | ony 


S 


CRN OROAONIDOS 


Sine. 


Tan. Com. 


Tangent. 


66 Degrees, 


Sine. 


Tan. Com. 


Tangent. 


66 Degrees. 


24 Degrees. 


24 Degrees. 


Sine Com. 


Tangent. 


Tan. Comp. 


Sine. 


Sine Com. 


Tangent. 


Tan. Comp. | 


BEEScossomenro|] WH | Min. | ESRENSRERL 


14 


9,6107293 
9,6110118 
9,6112941 
9,6115762 


9,6157812 
9,6160599 
9,6168382 
9,6166164 
9,6168944 
9,6171741 
9,6174496 
9,6177270 


9,9607302 
9,9606739 
9,9696176 
9,9605612 
9, 9605048 


9,9597676 
9,9597106 
9,9596535 
9,9595964 
9,9595393 
9,9594821 
9,9594248 
9,9593675 
9,9593102 
9,9592523 
9,9591954 
9,9591380 
9,9590805 
9,9590229 


9,6485831 
9,6489230 
9,6492628 
9,6496023 
9,6499417 
9,6502809 
9,6506199 
9,6509587 
9,6512974 


9,6576989 
96580341 
9, 6583692 
9,6587041 


10,3514169 
10,3510770 
10,3507372 
10, 3503977 
1.0,3500583 
10,3497191 
10,34933801 
10,3490413 
10,3487026 
10, 3483641 
10,3480258 
10,3476877 
10,3473497 
10,3470119 
10,3466743 
10,3463369 
10,3459996 
10,3456625 
10, 3453256 
10,3449888 
10,3446523 
10,3443159 
10,3439796 
10,3436436 
10,3433077 
10,3429720 
10,3426364 
10,3423011 
10,3419659 
10,3416308 
10, 3412959 


9,6177270 
9,6180041 
9,6182809 
9,6185576 
96188341 
9,6191103 
9,6193864 
9,6196622 
9,6199378 
96202132 
9,6204884 
9,6207634 
9,6210382 
9,6213127 
9,6215871 
9,6218612 
9,6221351 
9,6224088 
9,6226824 
9,6229557 
9,6232287 
9,6235016 
9,6237743 
96240468 
9,6243190 
9,6245911 
96248629 
9,6251346 
9,6254060 
9,6256772 
9,6259483 


9,9590229 
9,9589653 
9,9589077 
99588500 
9,9587923 
9,9587345 
9,.9586767 
9,9586188 
9,.9585609 
99585030 
9,9584450 
9,9583869 
9,9583238 
9,9582707 
9,9582125 
9,9581543 
9,958096L 
9,9580378 
9,9579794 
9,9579210 
9,9578626 
9,9578041 
9,9577456 
9,9576870 
9,9576284 
9,9575697 
9,9575110 
9,9574522 
9,9573934 
9,9573346 
9,9572757 


10,3412959 
10,3409613 
10, 3406267 
10,3402924 


10, 3316574 
10, 3313275 


SERRERSLSSS | uy | Min. 


CHRD ORO ATOO 


Sine Com. 


Sine. 


Tan. Com. 


Tangent. 


Sine Com. Sine. 


Tangent. 


65 Degrees. 


65 Degrees. 


Min. 


~ 
. 


[25°—26°.] LOGARITHMIC SINES, TANGENTS, Erc. (Comp. 64°—63°.] 679 
2 ——— E| = ee Z 
5 Sine. | Sine Com. | Tangent. | Tan.Comp. | F | F Sine. | Sine. Com.| Tangent. |Tan. Comp.| = 
0} 9,6259483 | 9,9572757 | 9,6686725 | 10,3313275 | 60 | 30) 9,6339844 | 9,9554882 | 9,6784961 | 10,3215039 | 30 
1| 9,6262191 | 9,9572168 | 9,6690023 | 10,3309977 |59 | 31| 9,6342491 | 9,9554280 | 9,6788211 | 10,3211789 | 29 
2| 9,6264897 | 9,9571578 | 9,6693319 | 10,3306681 | 58 | 32| 9,6345137 | 9,9553676 | 9,6791460 | 10,3208540 | 28 
3| 9,6267601 | 9,9570988 | 9,6696613 | 10,3303387 |57|33| 9,6347780 | 9,9553073 | 9,6794708 | 10,3205292 | 27 
4| 9,6270303 | 9,9570397 | 9,6699906 | 10,3300094 /| 56 | 34) 9,6350422 | 9,9552469 | 9,6797953 | 10,3202047 | 26 
5 9,6273003 | 9,9569806 | 9,6703197 | 10,3296803 | 55) 35) 9,6353062 | 9,9551864 | 9,6801198 | 10,3198802 | 25 
6) 9,6275701 | 9,9569215 | 9,6706486 | 10,3293514 | 54| 36 | 9,6355699 | 9,9551259 | 9,6804440 | 10,3195560 | 24 
7 | 9,6278397 | 9,9568623 | 9,6709774 | 10,3290226 | 53 | 37 | 9,6358335 | 9,9550653 | 9,6807682 | 10,3192318 | 23 
8! 9,6281090 | 9,9568030 | 9,6713060 | 10,3286940 | 52 | 38} 9,6360969 | 9,9550047 | 9,6810921 | 10,3189079 | 22 
9| 9,6283782 | 9,9567437 | 9,6716345 | 10,3283655 |51| 39| 9,6363601 | 9,9549441 | 9,6814160 | 10,3185840 | 21 
10) 9,6286472 | 9, 9,6719628 | 10,3280372 | 50| 40| 9,6366231 | 9,9548834 | 9,6817396 | 10,3182604 | 20 
11} 9,6239160 | 9,9566250 | 9,6722910 | 10,3277090 | 49/ 41| 9,6368859 ; 9,9548227 | 9,6820632 | 10,3179368 | 19 
12} 9,6291845 | 9,9565656 | 9,6726190 | 10,3273810 | 48 | 42| 9,6371484 | 9,9547619 | 9,6823865 | 10,3176135 18 
13} 9,6294529 | 9,9565061 | 9,6729468 | 10,3270532 | 47 | 43| 9,6374108 | 9,9547011 | 9,6827098 | 10,3172902 | 17 
14| 9,6297211 | 9,9564466 | 9,6732745 | 10,3267255 | 46| 44! 9,6376731 | 9,9546402 | 9,6830328 | 10,3169672 | 16 
15| 9,6299890 | 9,9563870 | 9,6736020 | 10,3263980 | 45 | 45| 9,6379351 | 9,9545793 | 9,6833557 | 10,3166443 | 15 
16| 9,6302568 | 9,9563274 | 9,6739294 | 10,8260706 | 44) 46| 9,6381969 | 9,9545184 | 9,6836785 | 10,3163215 | 14 
17 | 9,6305243 | 9,9562678 | 9,6742566 | 10,3257434 | 43) 47| 9,6384585 | 9,9544574 | 9,6840011 | 10,3159989 | 13 
18} 9,6307917 | 9,9562081 | 9,6745836 | 10,3254164 | 42/48) 9,6387199 | 9,9543963 | 9,6843236 | 10,3156764 | 12 
19} 9,6300589 | 9,9561483 | 9,6749105 | 10,3250895 | 41/ 49| 9,6389812 | 9,9543352 | 9,6846459 | 10,3153541 | 11 
20| 9,6313258 | 9,9560886 | 9,6752372 | 10,3247628 | 40/50) 9,6392422 | 9,9542741 | 9,6849681 | 10,3150319 | 10 
21| 9,6315926 | 9,9560287 | 9,6755638 | 10,3244362 | 39 51) 9,6395030 | 9,9542129 | 9,6852901 | 10,3147099| 9 
22| 9,6318591 | 9,9559689 | 9,6758903 | 10,3241097 | 38 | 52| 9,6397637 | 9,9541517 | 9,6856120 | 10,3143880| 8 
23| 9,6311255 | 9,9559089 | 9,6762165 | 10,3237835 | 37 | 53| 9,6400241 | 9,9540904 | 9,6859338 | 10,3140662| 7 
24 | 9,6323916 | 9,9558490 | 9,6765426 10, 3234574 | 36 | 54) 9,6402844 | 9,9540291 | 9,6862553 | 10,3137447| 6 
25 | 9,6326576 | 9,9557890 | 9,6768686 | 10,3231314 | 35 | 55| 9,6405445 | 9,9539677 | 9,6865768 | 10,3134232) 5 
26) 9, 9,9557289 | 9,6771944 10, 3228056 34/56} 9,6408044 | 9,9539063 | 9,6868981 |10,3131019)| 4 
27 | 9,6331889 | 9,9556688 | 9,6775201 | 10,3224799 | 33 | 57| 9,6410640 | 9,9538448 | 9,6872192 | 10,3127808| 3 
28| 9, 9,9556087 | 9,6778456 | 10,3221544 | 32 58) 9,6413235 | 9,9537833 eae | 10,3124598 | 2 
29 9,6337194 | 9,9555485 | 9,6781709 | 10,3218291 | 31/59} 9,6415828 | 9,9537218 | 9,6878611 | 10,3121389) 1 
30, 9,6339844 | 9,9554882 | 9,6784961 | 10,3215039 | 30 | 60| 9,6418420 | 9,9536602 9,6881818 /10,3118182| 0 
4 Sine Com. Sine. | Tan Com. | Tangent. g g Sine Com. Sine. Tan. Com. | Tangent. Z 
64 Degrees. 64 Degrees. 

2 26 Degrees. 26 Degrees. : 
F Sine. Sine Com. | Tangent. | Tan. Comp. F j Sine. | Sine Com. Tangent. | Tan. Comp. 
0 9,6418420 | 9,9536602 | 9,6881818 | 10,3118182 | 60 | 30| 9,6495274 | 9,9517912 | 9,6977363 ' 10,3022637 30 
1) 9,6421009 | 9,9535985 | 9,6885023 | 10,8114977 | 59|31| 9,6497807 | 9,9517282 | 9,6980526 | 10, 3019474 | 29 
2| 9,6423596 | 9,9535369 | 9,6888227 | 10,3111773 | 58 | 32) 9,6500338 | 9,9516651 | 9,6983687 10, 3016313 | 28 
3) 9,6426182 | 9,9534751 | 9,6891430 | 10,3108570 | 57 | 33| 9,6502868 | 9,9516020 | 9,6986847 10, 3013153 | 27 
4| 96428765 | 9,9534134 | 9,6894631 | 10,3105369 | 56 | 34| 9,6505395 | 9,9515389 ; 9,6990006 10,3009994 26 
5| 96431347 | 9,9533515 | 9,6897831 | 10,3102169 | 55 | 35| 96507920 | 9,9514757 | 9,6993164 | 10,3006836 | 25 
6) 9,6433926 | 9,9532897 | 9,6901030 | 10,3098970 | 54| 36| 9,6510444 | 9,9514124 | 9,6996320 | 10,3003680 | 24 
7| 9,6436504 | 99532278 | 9,6904226 | 10,3095774 | 53| 37| 9,6512966 | 9,9513492 | 9,6999474 | 10,3000526 | 23 
8] 9,6439080 | 9,9531658 | 9,6907422 | 10,3092578 |52| 38| 9,6515486 | 99512858 | 9,7002628 | 10,2097372 | 22 
9| 9,6441654 | 9,9531038 | 9,6910616 | 10,3089384 | 51 | 39|-9,6518004 | 9,9512224 | 9,7005780 | 10,2994220 | 21 
10| 9,6444226 | 9,9530418 | 9,6913809 | 10,3086191 | 50 | 40| 9,6520521 | 9,9511590 | 9,7008930 | 10,2991070 | 20 
11| 96446796 | 9,9529797 | 9,6917000 | 10,3083000 | 49| 41| 9,6523035 | 9,9510956 | 9,7012080 | 10,2987920 | 19 
12] 9,6449365 | 9,9529175 | 9,6920189 | 10,3079811 |48| 42| 9,6525548 | 9,9510320 | 9,7015227 | 10,2984773 | 18 
13} 9,6451931 | 9,9528553 | 9,6923378 | 10,3076622 | 47 | 43| 9,6528059 | 9,9509685 | 9,7018374 | 10,2981626 | 17 
14| 9,6454496 | 9,9527931 | 9,6926565 | 10,8073435 | 46 | 44| 9,6530568 | 9,9509049 9,7021519 | 10,2978481 | 16 
15| 9,6457058 | 9,9527308 | 9,6939750 | 10,3070250 | 45| 45| 9,6533075 | 9,9508412 | 9,7024663 10, 2975337 | 15 
16| 9,6459619 | 9,9526685 | 9,6932934 | 10,3067066 | 44| 46) 9,6535531 | 9,9507775 | 9,7027805 10, 2972195 | 14 
17| 9,6462178 | 9,9526061 | 9,6936117 | 10,3063883 | 43 | 47 | 9,6538084 | 9,9507138 | 9,7030946 10, 2969054 | 13 
18| 9,6464735 | 9,9525437 | 9,6939298 | 10,3060702 | 42 | 48| 9,6540586°| 9,9506500 | 9,7034086 10, 2965914 | 12 
19| 9,6467290 | 9,9524813 | 9,6942478 | 10,3057522 |41/49| 9,6543086 | 9,9505861 | 9,7037225 10, 2962775 | 11 
20| 9,6469844 | 9,9524188 | 9,6945656 | 10,3054344 | 40 | 50| 9,6545584 | 9,9505223 9,7040362 | 10,2959638 | 10 
21) 9,6472395 | 9,9523562 | 9,6948833 10, 8051167 | 39| 51) 9,6548081 | 9,9504583 | 9,7043497 10, 2956503 | 9 
22) 9,6474945 | 9,9522936 | 9,6952009 10, 3047991 |88|52| 9,6550575 | 9,9503944 | 9,7046632 | 10,2953368| 8 
23 | 9,6477492 | 9,9522310 | 9,6955183 10,3044817 37 | 53| 9,6553068 | 9,9503303 | 9,7049765 | 10,2950235 7 
24! 9, 9,9521683 | 9,6958355 | 10,3041645 | 36 | 54| 9,6555559 | 9,9502663 9,7052897 | 10,2947103; 6 
25) 9,6482582 | 9,9521055 | 9,6961527 | 10,3038473 | 35 | 55| 9,6558048 9,9502022 | 9,7056027 10, 2943973 | 5 
26| 9,6485124 | 9,9520428 | 9,6964697 | 10,3035303 | 34| 56) 9,6560536 9,9501380 | 9,7059150 10,2940844 4 
27| 9,6487665 | 9,9519799 | 9,6967865 | 10,3032135 | 33 | 57 | 9,6563021 | 9,9500738 | 9,7062284 10,2937716 3 
28| 9,6490203 | 9,9519171 | 9,6971032 | 10,3028968 | 32/58) 9,6565505 | 9,9500095 | 9,7065410 | 10,2934590 2 
29| 9,6492740 | 9,9518541 | 9,6974198 | 10,3025802 | 31 | 59| 9,6567987 9,9499452 9, 7068535 10,2931465 | 1 
30 | 9,6495274 9,9517912 9,6977363 | 10,3022637 | 30| 60| 9,6570468 | 9,9498809 | 9,7071659 | 10,2928341 0 
| Sine Com. Sine. Tan. Com, | Tangent. E | Sine Com. Sine. Tan. Com. | Tangent. g 
= 63 Degrees. va asi | 63 Degrees. 


——— 


680 [27°—28°.] LOGARITHMIC SINES, TANGENTS, Ero. {Comp. 62°—61°,] 
Pe be 4 at Dees. 2 
F Sine. | Sine Com. Tangent. | Tan.Comp. | F | F Sine. | Sine. Com.| Tangent. | Tan. Comp.| 5 
| 
0} 9,6570468 9,9498809 | 9,7071659 | 10,2928341 | 60 30) 9,6644056 | 9,9479287 | 9,7164767 | 10,2835233 | 30 
1} 9,6572046 9,9498165 9,7074781 | 10,2925219 | 59 | 31) 9,6646482 | 9,9478631 | 9,7167851 | 10,2832149 | 29 
2) 9,6575423 9,9497521 9,7077902 | 10,2922098 | 58 | 32| 9,6648906 | 9,9477973 | 9,7170933. | 10,2829067 | 28 
| 96577898 | 9,9496876 | 9,7081022 | 10,2918978 | 57 | 33| 9,6651329 | 9,9477314 | 9,7174014 | 10,2825986 | 27 
4) 9,6580371 | 9,9496230 | 9,7084141 | 10,2915859 | 56 | 34) 9,6653749 | 9,9476655 | 9,7177095 | 10,2822906 | 26 
5) 9,6582842 | 9,9495585 | 9,7087258 | 10,2912742 | 55 | 35) 9,6656168 | 9,9475995 | 9,7180173 | 10,2819827 | 25 
6) 9,6585312 | 9,9494938 | 9,7090374 | 10,2909626 | 54/36 | 9,6658586 | 9,9475335 | 9,7183251 | 10,2816749 | 24 
7 | 9,6587780 | 9,9494292 | 9,7093488 | 10,2906512 | 53 | 37 | 9,6661001 | 9,9474674 | 9,7186327 | 10,2813673 | 23 
8 9,6590246 | 9,9493645 | 97096601 | 10,2903399 | 52/38) 9,6663415 | 9,9474013 | 9,7189402 | 10,2810598 | 22 
9| 9,6592710 | 9,9492997 | 9,7099713 | 10,2905287 | 51/39) 9,6665828 | 9,9473352 | 9,7192476 | 10,2807524 | 21 
10} 9,6595173 | 9,9492349 | 9,7102824 | 10,2897176 | 50 40) 9,6668238 | 9,9472689 | 9,7195549 | 10,2804451 | 20 
11) 9,6597634 | 9,9491700 | 9,7105933 | 10,2894067 | 49/41! 9,6670647 | 9,9472027 | 9,7198620 | 10,2801380 | 19 
12/ 9,6600093 | 9,9491051 | 9,7109041 | 10,2890959 | 48 | 42| 9,6673054 | 9,9471364 | 9,7201690 | 10,2798310| 18 
13} 9,6602530 | 9,9490402 | 9,7112148 | 10,2887852 | 47 | 43| 9,6675459 | 9,9470700 | 9,7204759 | 10, 17 
14/ 9,6605005 | 9,9489752 | 9,7115254 | 10,2884746 | 46 | 44| 9,6677863 | 9,9470036 | 9,7207827 | 10,2792173 | 16 
15| 9,6607459 | 9,9489101 | 9,7118358 | 10,2881642 | 45 | 45| 9,6680265 | 9,9469372 | 9,7210893 | 10,2789107 | 15 
16| 9,6609911 | 9,9488450 | 9,7121461 | 10,2878539 | 44/46 | 9,6682665 | 9,9468707 | 9,7213958 | 10, 14 
17 | 9,6612361 | 9,9487799 | 9,7124562 | 10,2875438 | 43/47 | 9,6685064 | 9,9468042 | 9,7217022 | 10,2782978 | 13 
18} 9,6614810 | 9,9487147 | 9,7127662 | 10,2872338 | 42| 48) 9,6687461 | 9,9467376 | 9,7: 10, 2779915 | 12 
19} 9,6617257 | 9,9486495 9,7130761 10, 2869239 | 41) 49) 9,6689856 | 9,9466710 | 9,7223147 | 10,2776853 | 11 
20/ 9,6619702 | 9,9485842 | 9,7133859 | 10,2866141 | 40|50| 9,6692252 | 9,9466043 | 9,7226207 | 10,2773793 | 10 
21) 9,6622145 | 9,9485189 9,7136956 10,2863044 | 39/51) 9,6694642 | 9,9465376 | 9,7229266 | 10,2770734| 9 
22) 9,6624586 | 9,9484535 9,7140051 10, 2859949 | 38 | 52) 9,6697032 | 9,9464708 | 9,7232324 | 10,2767676| 8. 
23 | 9,6627026 | 9,9483881 | 9,7143145 | 10,2856855 | 37 | 53| 9,6699420 | 9,9464040 | 9,7235381 | 10,2764619| 7 
24) 9,6629464 | 9,9483227 | 9,7146237 | 10,2853763 | 36 | 54) 9,6701807 | 9,9463371 | 9,7238436 | 10,2761564| 6 
25 | 96631900 | 9,9482572 | 9,7149329 | 10,2850671 | 35 | 55| 9,6704192 | 9,9462702 | 9,7241490 | 10,2758510| 5 
26 | 9,6634335 | 9,9481916 | 9,7152419 | 102847581 | 34/56 | 96706576 | 9,9462032 | 9/7244543 | 10,2755457| 4 
27 | 9,6636768 | 9,9481260 | 9,7155508 | 10,2844492 | 33 |57| 9,6708958 | 9,9461362 | 97247595 | 10,2752405| 3 
28 | 9,6639199 | 9, 9,7158595 | 10,2841405 | 32/58| 9,6711338 | 99460692 | 9,7250646 | 10,2749354| 2 
29 | 9,6641628 | 9,9479947 | 9,7161682 | 10,2838318 | 31 | 59)| 9,6713716 | 9,9460021 | 9,7253695 | 10,2746305| 1 
30 | 9,6644056 | 9,9479289 | 9,7164767-| 10,2835233 | 30 | 60 9,6716093 9,9459349 | 9,7256774 | 10,2743256| 0 
Z Sine Com. | Tan. Com. | Tangent. g g Sine Com. Sine. | Tan. Com. | Tangent. Z 
62 Degrees. 62 Degrees. 
2 23 Degrees. 28 Degrees. 
5 Sine. Sine Com. | Tangent. | Tan. Comp. F F Sine. | Sine Com. | Tangent. |Tan.Comp. F 
0 9,6716093 | 9,9459349 | 9,7256744 | 10,2743256 | 60 | 30| 9,6786629 | 9,9438985 | 9,7347644 | 10,2652356 | 30 
1| 9,6718468 | 9,9458677 | 9,7259791 | 10,2740209 | 59 | 31/ 9,6788955 | 9,9438299 | 9,7350656 | 10,2649344 | 29 
2) 9,6720841 | 9, 9,7262837 | 10,2737163 | 58 | 32| 9,6791279 | 9,9437612 | 9,7353667 | 10,2646333 | 28 
3) 9,6723213 | 9,9457332 | 9,7265881 | 10,2734119 | 57 | 33) 9,6793602 | 9,9436925 | 9,7356677 | 10,2643323 | 27 
4) 9,6725583 | 9,9456659 | 9,7268925 | 10,2731075 | 56 | 34) 9,6795923 | 9,9436238 | 9,7359685 | 10,2640315 | 26 
5 | 9,6727952 | 9,9455985 | 9,7271967 | 10,2728083 | 55/35) 9,6798243 | 9,9435549 | 9,7362693 | 10,2637307 | 25 
6| 9,6730319 | 9,9455310 | 9,7275008 | 10,2724992 | 54|36| 9,6800560 | 9,9434861 | 9,7365699 | 10,2634301 | 24 
7| 9,6732684 | 9,9454636 | 9,7278048 | 10,2721952 |53|37)| 9,6802877 | 9,9434172 | 9,7368705 | 10,2631295 | 23 
8| 9,6735047 | 99453960 | 9,7281087 | 10,2718913 |52| 38] 9,6805191 | 9,9433482 | 9,7371709 | 10,2628291 | 22 
9| 9,6737409 | 9,9453285 | 9,7284124 | 10,2715876 | 51|39| 9,6807504 | 9,9432792 9,7374712 10, 2625288 | 21 
10| 9,6739769 | 9,9452609 | 9,7287161 | 10,2712839 | 50| 40| 9,6809816 | 9,9432102 | 9,7377714 | 10,2622286 | 20 
11} 9,6742128 | 9,9451932 | 9,7290196 | 10,2709804 | 49| 41| 9,6812126 | 9,9431411 | 9,7380715 | 10,2619285 | 19 
12) 9,6744485 | 9,9451255 | 9,7293230 | 10,2706770 | 48 | 42| 9,6814434 | 9,9430720 | 9,7383714 | 10,2616286) 18 
13 | 9,6746840 | 9,9450577 | 9,7296263 | 10,2703737 | 47 | 43| 9,6816741 | 9,9430028 | 9,7386713 | 10,2613287 | 17 
14| 9,6749194 | 9,9449899 | 9,7299295 | 10,2700705 | 46 | 44| 9,6819046 | 9,9429335 | 9,7389710 | 10,2610290 | 16 
15 | 9,6751546 | 9,9449220 -| 9,7302325 | 10,2697675 | 45/45) 9,6821349 | 9,9428643 | 9,7392707 | 10,2607293 | 15 
16| 9,6753896 | 9,9448541 | 9,7305354 | 10,2694646 | 44| 46| 9,6823651 | 9,9427949 | 9,7395702 | 10,2604298 | 14 
17 | 9,6756245 | 9,9447862 | 9,7308383 | 10,2691617 | 43 | 47 | 9,6825952 | 9,9427255 | 9,7398696 | 10,2601304 | 13 
18} 9,6758592 | 9,9447182 | 9,7311410 | 10,2688590 | 42/48’ 9,6828250 | 9,9426561 | 9,7401689 | 10,2598311 | 12 
19 | 9,6760937 | 9,9446501 | 9,7314436 | 10,2685564 | 41 | 49| 9, 9,9425866 | 9,7404681 10, 2595319 | 11 
20| 9,6763281 | 9,9445821 | 9,7317460 | 10,2682540 | 40| 50) 9, 9,9425171 | 9,7407672 10, 2592328 10 
21) 9,6765623 | 9,9445139 | 9,7320484 | 10,2679516 | 39| 51) 9,6835137 | 9,9424476 | 9,7410662 | 10,2589338| 9 
22.) 9,6767963 | 9,9444457 | 9,7323506 | 10,2676494 | 38) 52) 9;6837430 | 9,9423779 | 9,7413650 | 10,2586350| 8 
23 | 9,6770302 | 9,9443775 | 9,7326527 | 10,2673473 | 37 | 53) 9,6839720 | 9,9423083 | 9,7416638 | 10,2583362| 7 
24) 9,6772640 | 9,9443092 | 9,7329547 | 10,2670453 | 36 | 54/ 9,6842010 | 9,9422386 | 9,7419624 | 10,2580376| 6 
25 | 9,6774975 | 9,9442409 | 9,7332566 | 10,2667434 | 35| 55 | 9,6844297 | 9,9421688 | 9,7422609 | 10,2577391| 5 
26| 9,6777309 | 9,9441725 | 9,7335584 | 10,2664416 | 34| 56 | 9,6846583 | 9, 9,7425594 | 10,2574406 | 4 
27 | 9,6779642 9, 9441041 9,7388601 | 10,2661399 | 33 | 57 | 9,6848868 | 9,9420291 | 9,7428577 | 10,2571423 | -3 
28 | 9,6781972 9,9440356 9,7341616 | 10,2658384 |32|58| 9,6851151 | 9,9419592 | 9,7431559 | 10,2568441| 2 
29 9,6784301 | 9,9439671 | 9,7344631 | 10,2655369 | 31| 59 | 9,6853432 | 9,9418893° | 9,7 10, 2565460 | 1 
30) 9,6786629 | 9,9438985 | 9,7347644 | 10,2652356 | 30| 60| 9,6855712 | 9,9418193 9,7437520 10,2562480 | 0 
2 Sine Com. Sine. Tan, Com. | Tangent. | 2 Sine Com. Sine. Tan. Com. | Tangent. g 
-_ 
7 61 Degrees. Lad bape 61 Degrees. 


LOGARITHMIC SINES, TANGENTS, Erc. 


[Comp. 60°—59°.] 681 


29 Degrees. z| 29 Degrees. 2 
E Sine. | Sine Com. | Tangent. | Tan.Comp. | F | F Sine, | Sine. Com.| Tangent. | Tan. Comp.| © 
0| 9,6855712 | 9,9418193 | 9,7437520 | 10,2562480 | 60 | 30/| 9,6923388 | 9,9396968 | 9,7526420 | 10,2473580| 30 
1} 9,6857991 | 9,9417492 | 9,7440499 | 10,2559501 | 59 | 31| 9,6925620 | 9,9396253 | 9,'7529368 | 10,2470632 | 29 
2) 9, 9,9416791 | -9,7443476 | 10,2556524 | 58 | 32) 9,6927851 | 9,9395537 | 9;'7532314 | 10,2467686 | 28 
3) 9, 9,9416090 | 9,7446453 | 10,2553547 | 57 | 33) 9,6930080 | 9,9394821 | 9,7535259 | 10,2464741 | 27 
4| 9,6864816 | 9,9415388 | 9,7449428 | 10,2550572 | 56 | 34| 9,6932308 | 9,9394105 | 9,7538203 | 10,2461797 | 26 
5 | 9,6867088 | 9,9414685 | 9,7452403 | 10,2547597 | 55|35| 9,6934534 | 9,9393388 | 9,7541146 | 10,2458854 | 25 
6) 9,6869359 | 9,9413982 | 9,7455376 | 10,2544624 | 54 36) 9,6936758 | 9,9392671 | 9,7544088 | 10,2455912 | 24 
7 | 9,6871628 | 9,9413279 | 9,7458349 | 10,2541651 |53 | 37 | 9,6938981 | 9,9391953 | 9,7547029 | 10,2452971 | 23 
8 9,6873895 | 9,9412575 | 9,7461320 | 10,2538680 | 52) 38) 9,6941203 | 9,9391234 | 9,7549969 | 10,2450031 | 22 
9) 9,6876161L | 9,9411871 | 9,7464290 | 10,2535710 | 51) 39! 96943423 | 9,9390515 | 9,7552908 10, 2447092 | 21 
10| 9,6878425 | 9,9411166 | 9,7467259 | 102532741 |50|40| 9,6945642 | 9,9389796 | 9°7555846 | 10,2444154 | 20 
11| 9,6880688 | 9,9410461 | 9,7470227 | 10,2529773 | 49/41) 9,6947859 | 9,9389076 | 9,7558783 10, 2441217 | 19 
12| 9,6882949 | 9,9409755 | 9,7473194 | 10,2526806 | 48 | 42 | 9,6950074 | 9,9588356 | 9,7561718 10,2438982 | 18 
13} 9,6885209 | 9,9409048 | 9,7476160 | 10,2523840 | 47 | 43| 9,6952288 | 9,9387635 | 9,7564653 | 10,2435347 | 17 
14| 9,6887467 | 9,9408342 | 9,7479125 | 10,2520875 | 46 | 44 9,6954501 | 9,9386914 | 9,7567587 | 10,2432413 | 16 
15| 9,6889723 | 9,9407634 | 9,7482089 10, 2517911 | 45 | 45| 9,6956712 | 9,9386192 | 9,7570520 | 10,2429480 | 15 
16| 9,6891978 | 9 9,7485052 10, 2514948 | 44| 46| 9,6958922 | 9,9385470 | 9,7573452 10, 2426548 | 14 _ 
17 | 9,6894232 | 9,9406219 | 9,7488013 10,2511987 43 | 47 | 9,6961130 | 9,9384747 | 9,7576383 10, 2423617 | 13 
18| 9,6896484 | 9,9405510 | 9,7490974 | 10,2509026 | 42 | 48| 9,6963336 | 9,9384024 | 9,7579313 10, 2420689 | 12 
19 | 9,6898734 | 9,9404801 | 9,7493934 | 10,2506066 | 41 | 49| .9,6965541 | 9,9383300 | 9,7582242 10,2417758 11 
20) 9, 9,9404091 | 9,7496892 | 10,2503108 | 40 50| 9,6967745 | 9,9382576 | 9,7585170 | 10,2414830 | 10 
21 | 9,6903231 | 9,9403381 | 9,7499850 | 10,2500150 | 39|51| 9,6969947 | 9,9381851 | 9,7588096 | 10,2411904| 9 
22| 9,6905476 | 9,9402670 | 9,7502806 | 10,2497194 | 38 | 52) 9,6972148 | 9,9381126 | 9,7591022 | 10,2408978| 8 
23) 9, 9,9401959 | 9,7505762 | 10,2494238 |.37 | 53) 9,6974347 | 9,9380400 | 9,7593947 | 10,2406053| 7 
24 9,9401248 | 9,7508716 | 10,2491284 | 36 54) 9,6976545 | 9,9379674 | 9,7596871 | 10,2403129| 6 
25 | 9,6912205 | 9,9400535 | 9,7511669 | 10,2488331 | 35 | 55 9,6978741 9,9378947 | 9,7599794 | 10,2400206| 5 
26 9,6914445 | 9, 9,7514622 | 10,2485378 | 34|56| 9,6980936 | 9,9378220 | 9,7602716 | 10,2397284| 4 
27 | 9,6916683 | 9,9399110 | 9,7517573 | 10,2482427 | 33 | 57 9,6983129 9,9377492 | 9,7605637 | 10,2394363| 3 
28 | 9,6918919 | 9,9398396 | 9,7520523 | 10,2479477 | 3258) 9,6985321 | 9,9376764 | 9,7608557 | 10,2391443| 2 
29 | 9,6921155 | 9,9397682 | 9,7523472 | 10,2476528 | 31 59) 9,6987511 | 9,9376035 9,7611476 10, 2388524) 1 
30| 9,6923388 | 9,9396968 | 9,7526420 | 10,2473580 |30 | 60| 9,6989700 | 9,9375306 | 9,7614394 | 10,2385606| 0 
g | Sine Com. Sine. Tan. Com. Tangent. z E Sine Com. Sine Tan. Com. Tangent. E 

| 60 Degrees. a 60 Degrees. 
) ; 
Z 30 Degrees. 4 2 30 Degrees es 
: Sine. | Sine Com. | Tangent. Tan. Comp. >| Sine. Sine Com. | Tangent. | Tan. Comp. 5 
0 9,6989700 | 9,9375306 | 9,7614394 | 10,2385606 | 60 | 30} 9,7054689 | 9,9353204 | 9,7701485 | 10,2298515 | 30 
1) 9,6991887 | 9,9374577 | 9,7617311 | 10,2382689 | 59 | 31| 9,7056833 | 9,9352459 | 9,7704373 | 10, 2295627 | 29 
2)\ 9,6994073 | 9,9373847 | 9,7620227 | 10,2379773 | 58 | 32| 9,7058975 | 9,9351715 | 9,7707261 | 10,2292739 | 28 
3) 9,6996258 | 9,9373116 | 9,7623142 | 10,2376858 | 57 | 33) 9,7061116 | 9,9350969 | 9,7710147 | 10,2289853 | 27 
4| 9,6998441 | 9,9372385 | 9,7626056 | 10,2373944 | 56 | 34| 9,7063256 | 9,9350223 | 9,7713033 | 10,2286967 | 26 
5 | 9,7000622 | 9,9371653 | 9,7628969 | 10,2371031 | 55/35] 9,7065394 | 9,9349477 | 9,7715917 | 10,2284083 | 25 
6| 9,7002802 | 9,9370921 | 9,7631881 | 10,2368119 | 54/36} 9,7067131 | 9,9348730 | 9,7718801 | 10,2281199 | 24 
7 | 9,7004981 | 9,9370189 | 9,7634792 | 10,2365208 |53| 37| 9,7069667 | 9,9347983 | 9,7721684 | 10,2278316 | 23 
8| 9,7007158 | 9,9369456 | 9,7637702 | 10,2362298 | 52| 38) 9,7071801 | 9,9347235 | 9,7724566 | 10,2275434 | 22 
9| 9,7009334 | 9,9368722 | 9,7640612 | 10,2359388 | 51| 39] 9,7073933 | 9,9346486 | 9,7727447 | 10,2272553 | 21 
10} 9,7011508 | 9,9367988 | 9,7643520 | 10,2356480 | 50| 40| 9,7076064 | 9,9345738 | 9,7730327 | 10,2269673 | 20 
11} 9,7013681 | 9,9367254 | 9,7646427 | 10,2353573 | 49) 41) 9,7078194 | 9,9344988 | 9,7733206 | 10,2266794 | 19 
12) 9,7015852 | 9,9366519 | 9,7649334 | 10,2350666 | 48 | 42| 9,7080323 | 9,9344238 | 9,7736084 | 10, 2263916 | 18 
13] 9,7018022 | 9,9365783 | 9,7652239 | 10,2347761 | 47 | 43| 9,7082450 | 9,9343488 | 9,7738961 | 10,2261039 | 17 
14} 9,7020190 | 9,9365047 | 9,7655143 | 10,2344857 | 46/44) 9,7084575 | 9,9342737 | 9,7741838 10, 2258162 | 16 
15| 9,7022357 | 9,9364311 | 9,7658047 | 10,2341953 | 45 | 45| 9,7086699 | 9,9341986 | 9,7744713 10, 2255287 | 15 
16 | 9,7024523 | 9,9363574 | 9,7660949 | 10,2339051 | 44|46| 9,7088822 | 9,9341234 | 9,7747538 10, 2252412 | 14 
17 | 9,7026687 | 9,9362836 | 9,7663851 | 10,2336149 | 43 | 47 | 9,7090943 | 9,9340482 | 9,7750462 10, 2249538 | 13 
18} 9,7028849 | 9,9362098 | 9,7666751 | 10,2333249 | 42 | 48| 9,7093063 | 9,9339729 | 9,7753334 10,2246666 12 
19| 9,7031011 | 9,9361360 | 9,7669651 | 10,2330349 | 41| 49| 9,7095182 | 9,9338976 | 9,7756206 | 10,2243794 | 11 
20| 9,7033170 | 9,9360621 | 9,7672550 | 10,2327450 | 40 | 50| 9,7097299 | 9,9338222 | 9,7759077- | 10,2240923 | 10 
21| 9,7035329 | 9,9359881 | 9,7675448 | 10,2324552 | 39|51| 9,7099415 | 9,9337467 | 9,7761947 | 10,2238053| 9 
22| 9,7037486 | 9,9359141 | 9,7678344 | 10,2321656 | 38 | 52| 9,7101529 | 9,9336713 | 9,7764816 | 10,2235184 8 
23| 9,7039641 | 9,9358401 | 9,7681240 | 10,2318760 | 37 | 53| 9,7103642 | 9,9335957 | 9,7767685 | 10,2232315 7 
24| 9,7041795 | 9,9357660 | 9,7684135 | 10,2315865 | 36 | 54] 9,7105753 | 9,9335201 9,7770552 10,2229448 | 6 
25| 9,7043947 | 9,9356918 | 9,7687029 | 10,2312971 | 35| 55) 9,7107863 | 9,9334445 9,7773418 10,2226582| 5 
26} 9,7046099 | 9,9356177 | 9,7689922 | 10,2310078 | 34|56| 9,7109972 | 9,9333688 9,7776284 10,2223716| 4 
27| 9,7048248 | 9,9355434 | 9,7692814 | 10,2307186 |33|57| 9,7112080 | 9,9332931 | 9,7779149 | 10,2220851| 3 
28| 9,7050397 | 9,9354691 | 9,7695705 | 10,2304295 | 32/58) 9,7114186 | 9,9332173 | 9,7782012 | 10,2217988 2 
29| 9,7052543 | 9,9353948 | 9,7698596 | 10,2301404 |31| 59) 9,7116290 9,9331415 9,7784875 | 10,2215125) 1 
30| 9,7054639 | 9,9353204 9, 7701485 | 10,2298515 | 30| 60| 9,7118393 9, 9330656 | 9,7787737 | 10,2212263| 0 
g Sine Com. Sine. | Tan. Com.| Tangent. Z 4 Sine Com. Sine. | Tan. Com. | Tangent. g 
a 59 Degrees. ha 59 Degrees ‘ 


682 [31°—32°.] 


LOGARITHMIC SINES, 


TANGENTS, Erc. [Comr. 58°—57°.] 


Sine Com. 


Tan. Comp. 


Sine. Tan. Comp. 


DIS om wOwOH OS 


SEERE reer 
CDONTIAMNR WW OS 


bo 
i 


Pe) 


opps 


o| 2 
5 


HED 


babe bebe babel 
EE 


g 
3 


9,9330656 
9,9329897 
9,9329137 
9,9328376 
9,9327616 
9,.9326854 
9,9326092 
9,9325330 
9,9324567 
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9,9322276 
9,9321511 
9,9320746 
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9,9319213 
9,9318447 
9,9317679 
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‘| 9,9316143 


9,9315374 
9,9314605 
9,9313835 


9,7819162 
9,7822013 
9,7824864 
9,7827713 
9,7830562 
9,7833410 
6,7836258 
9,7839104 
9,7841949 
9,7844794 
9,7847638 
9,7850481 
9,7853323 
9,7856164 
9,7859004 
9,7861844 
9,7864682 
9,7867520 
9,7870357 
9,7873193 


10,2212263 
10, 2209401 
10, 2206541 
10, 2203682 
10, 2200823 
10, 2197966 
10,2195109 
10, 2192253 
10, 2189398 
10, 2186544 
10, 2183691 
10, 2180838 
10,2177987 
10,2175136 
10,2172287 
10, 2169430 
10, 2166598 
10,2163742 
10, 2160896 
10, 2158051 
10, 2155206 
10, 2152362 
10,2149519 
10,2146677 
10, 2143836 
10,2140996 
10,2138156 
10,2135318 
10,2132480 
10, 2129643 
10,2126807 
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9,7180851 
9,7182912 
9,7184971 
9,7187030 
9,7189086 
9,7191142 
9,7193196 
9,7195249 
9,7197300 
9,7199350 
9,7201399 
9,7203447 
9,7205493 
9,7207538 
9,7209581 
9,7211623 
9,7213664 
9,7215704 
9,7217742 
9,7219779 
9,7221814 


10,2126807 
10, 2123972 
10,2121137 
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10,2112639 
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10,2106977 
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10,2101319 
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Sine Com. 


Tan. Comp. 
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9,9284205 
9,9283415 
9,9282625 
9,9281834 
9,9281043 
9,9280251 
9,9279459 
9,9278666 
9,9277873 
9,9277079 
9,9276285 
9,9275490 
9,9274695 
9,9273899 
9,9273103 
9,9272306 
9,9271509 
9,9270711 
9,9269913 
9,9269114 
9,9268314 


9,7957892 
9,7960703 
9,7963513 
9,7966322 
9,7969130 
9,7971938 
9,7974745 
9,7977551 
9,7980356 
9,7983160 
97985964 
9,7988767 
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10, 2039297 
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10, 2028062 
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10, 1927506 


9;7302165 
9,7304148 
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[83°—34°.j LOGARITHMIC SINES, TANGENTS, Erc. [Comr. 56°—55°.] 683 > 
: — Er oh : 
5 Sine. Sine Com. | Tangent. | Tan. Comp. |° # | P Sine. | Sine. Com.| Tangent. |Tan. Comp.| = 
0) 9,7361088 | 9,9235914 | 9,8125174 | 10,1874826 | 60 | 30| 9,7418895 | 9,9211066 | 9,8207829 | 10,1792171| 30 
1) 9,7363032 |. 99235093 9,8127939 | 10,1872061 | 59 31) 9,7420803 | 9,9210229 | 9,8210574 | 10,1789426 | 29 
2)\ 9,7364976 | 9,9234272 | 98130704 | 10,1869296 | 58 | 32| 9,7422710 | 9,9209393 | 9,8213317 | 10,1786683| 28 
3| 9,7366918 | 9,9233450 | 9,8133468 | 10, 1866532 | 57 | 33) 9,7424616 | 9,9208555 | 9,8216060 | 10,1783940 | 27 
4/ 9,7368859 | 9,9232628 | 9,8136231 | 10,1863769 | 56 | 34| 9,7426520 | 9,9207717 | 9,8218803 | 10,1781197 | 26 
5| 9,7370799 | 9,9231805 | 9,8138993 | 10,1861007 | 55 35) 9,7428423 | 9,9206878 | 9,8221545 | 10,1778455 | 25 
6| 9,7372737 | 9,9230982 | 9,8141755 | 10,1858245 | 54 36) 9,7430325 | 9,9206039 | 9,8224286 | 10,1775714| 24 
7 9,7374675 | 9,9230158 | 9,8144516 | 10,1855484 | 53 | 37 | 9,7432226 | 9,9205200 | 9,8227026 | 10,1772974 | 23 
8 9,7376611 | 9,9229334 | 9,8147277 | 10,1852723 | 52/38) 9,7434126 | 9,9204360 | 9,8229766 | 10,1770234 | 22 
9| 9,7378546 | 9,9228509 | 9,8150036 | 10,1849964 | 51/39) 9,7436024 | 9,9203519 | 9,8232505 | 10,1767495 | 21 
10} 9,7380479 | 9,9227684 | 9,8152795 | 10,1847205 | 50| 40| 9,7437921 | 9,9202678 | 9,8235244 | 10,1764756 | 20 
11| 9,7382412 | 9,9226858 | 9,8155554 | 10,1844446 | 49 | 41! 9,7439817 | 9,9201836 | 9,8237981 | 10,1762019 | 19 
12} 9,7384343 | 9,9226032 | 9,8158311 | 10,1841689 | 48| 42) 9,7441712 | 9,9200994 | 9,8240719 | 10,1759281 | 18 
13| 9,7386273 | 9,9225205 | 9,8161068 | 10,1838932 | 47 | 43} 9,7443606 | 9,9200151 | 9,8248455 | 10,1756545 | 17 
14| 9,7388201 | 9,9224377 | 9,8163824 | 10,1836176 | 46| 44| 9,7445498 | 9,9199308 | 9,8246191 | 10,1753809 | 16 
15 | 9,7390129 | 9,9223549 | 9,8166580 | 10,1833420 | 45 | 45| 9,7447390 | 9,9198464 | 9,8248926 | 10,1751074| 15 
16 | 9,7392055 | 9,9222721 | 9,8169335 | 10,1830665 | 44 46) 9,7449280 | 9,9197619 | 9,8251660 | 10,1748340 | 14 
17 | 9,7393980 | 9,9221891 | 9,8172089 10, 1827911 | 43 | 47| 9,7451169 | 9,9196775 | 9,8254394 | 10,1745606 | 13 
18| 9,7395904 | 9,9221062 | 9,8174842 10, 1825158 | 42| 48| 9,7453056 | 9,9195929 | 9,8257127 | 10,1742873 | 12 
19| 9,7397827 | 9,9220232 | 9,8177595 10, 1822405 41 | 49) 9,7454943 | 9,9195083 | 9,8259860 | 10,1740140 | 11 
20) 9,7399748 | 9,9219401 | 9,8180347 | 10,1819653 | 40 | 50| 9,7456828 | 9,9194237 | 9,8262592 | 10,1737408 | 10 
21| 9,7401668 | 9,9218570 | 9,8183098 | 10,1816902 | 39|51| 9,7458712 | 9,9193390 | 9,8265323 | 10,1734677| 9 
22) 9,7403587 | 9,9217738 | 9,8185849 | 10,1814151 | 38/52) 9,7460595 9,9192542 9,8268053 | 10,1731947| 8 
23 9,7405505 | 9,9216906 | 9,8188599 | 10,1811401 | 37/53) 9,7462477 9,9191694 9,8270783 | 10,1729217| 7 
24/ 9,7407421 | 9,9216073 | 9,8191348 | 10,1808652 | 36 | 54) 9,7464358 9,9190845 9,8273513 | 10,1726487| 6 
25 | 9,7409337 | 9,9215240 | 9,8194096 | 10,1805904 | 35 | 55/ 9,7466237 | 9,9189996 | 9,8276241 | 10,1723759| 5 
26 9,7411251 | 9,9214406 | 9,8196844 | 10,1803156 | 34 | 56| 9,7468115 | 9,9189146 | 9,8278969 | 10,1721031| 4 
27 | 9,7413164 | 9,9213572 | 9,8199592 | 10,1800408 33 | 57 9,7469992 | 9,9188296 | 9,8281696 | 10,1718304} 3 
28| 9,7415075 | 9,9212737 | 9,8202338 | 10,1797662 aah 9,7471868 | 9,9187445 | 9,8284423 | 10,1715577| 2 
29 | 9,7416986 | 9,9211902 | 9,8205084 | 10,1794916 | 31/59) 9,7473743 | 9,9186594 | 9,8287149 | 10,1712851| 1 
30 | 9,7418895 | 9,9211066 | 9,8207829 10, 1792171 | 30 | 60) 9,7475617 | 9,9185742 | 9,8289874 | 10,1710126} 0 
3 Sine Com. Sine. Tan. Com. | Tangert. 4 g Sine Com. | Sine. Tan. Com. Tangent. E 
56 Degrees. 56 Degrees, 
34 Degrees. 34 Degrees. 
= =| 5 5 
-) Sine. | Sine Com. | Tangent. | Tan. Comp. | * P| Sine. Sine Com. Tangent. | Tan. Comp. | * 
0, 9,7475617 | 9,9185742 | 9,8289874 | 10,1710126 | 60 | 30| 9,75312380 | 9,9159937 | 9,8371343 | 10,1628657 | 30 
1} 9,7477489 | 9,9184890 | 9,8292599 | 10,1707401 | 59 | 31| 9,7533118 | 9,9159069 | 9,8374049 | 10,1625951 | 29 
2 9,7479360 | 9,9184037 | 9,8295323 | 10,1704677 | 58 | 32) 9,7534954 | 9,9158200 | 9,8376755 | 10,1623245 | 28 
3 9,7481230 | 9,9183183 | 9,8298047 | 10,1701953 | 57 | 33| 9,7536790 | 9,9157330 | 9,8379460 | 10,1620540 | 27 
4 9,7483099 | 9,9182329 | 9,8300769 | 10,1699231 | 56 | 34| 9,7538624 | 9,9156460 | 9,8382164 | 10, 1617836 | 26 
5| 9,7484967 | 9,9181475 | 9,8303492 | 10,1696508 | 55 | 35| 9,7540457 | 9,9155589 | 9,8384867 | 10,1615133 | 25 
6| 9,7486833 | 9,9180620 | 9,8306213 | 10,1693787 | 54/36) 9,7542288 | 9,9154718 | 9,8387571 | 10,1612429 | 24 
7 | 9,7488698 | 9,9179764 | 9,8308934 | 10,1691066 | 53 | 37 | 9,7544119 | 9,9153846 | 9,8390273 | 10,1609727 | 23 
8| 9,7490562 | 9,9178908 | 9,8311654 | 10,1688346 | 52 | 38| 9,7545948 | 9,9152974 | 9,8392975 | 10,1607025 | 22 
9} 9,7492425 | 9,9178051 | 9,8314374 | 10,1685626 | 51) 39) 9,7547777 | 9,9152101 | 9,8395676 | 10, 1604324 | 21 
10| 9,7494287 | 9,9177194 | 9,8317093 | 10,1682907 | 50 | 40| 9,7549604 | 9,9151228 | 9,8398377 | 10,1601623 | 20 
11} 9,7496148 | 9,9176336 | 9,8319811 | 10,1680189 | 49 | 41) 9,7551431 | 9,9150354 | 9,8401077 | 10,1598923 | 19 
12) 9,7498007 | 9,9175478 | 9,8322529 | 10,1677471 | 48 | 42) 9,7553256 | 9,9149479 | 9,8403776 | 10,1596224 | 18 
13) 9,7499866 | 9,9174619 | 9,8325246 | 10,1674754 | 47 | 43) 9,7555080 | 9,9148604 | 9,8406475 | 10,1593525 | 17 
14} 9,7501723 | 9,9173760 | 9,8327963 | 10,1672037 | 46 | 44) 9,7556902 | 9,9147729 | 9,8409174 | 10,1590826 | 16 
15| 9,7503579 | 9,9172900 | 9,8330679 | 10,1669321 | 45 | 45| 9,7558724 | 9,9146852 | 9,8411871 | 10,1588129 | 15 
16| 9,7505434 | 9,9172040 | 9,8333394 | 10,1666606 | 44 | 46| 9,7560544 | 9,9145976 | 9,8414569 | 10, 1585431 | 14 
17| 9,7507287 | 9,9171179 | 9,8336109 | 10,1663891 | 43 | 47 | 9,7562364 | 9,9145099 | 9,8417265 | 10,15827365 | 13 
18| 9,7509140 | 9,9170317 | 9,8338823 | 10,1661177 | 42|48| 9,7564182 | 9,9144221 | 9,8419961 | 10,1580039 | 12 
19| 9,7510991 | 9,9169455 | 9,8341536 | 10,1658464 | 41 | 49| 9,7565999 | 9,9143342 | 9,8422657 | 10,1577343 | 11 
20) 9,7512842 | 9,9168593 | 9,8844249 | 10,1655751 | 40 | 50| 9,7567815 | 9,9142464 | 9,8425351 | 10,1574649 | 10 
21| 9,7514691 | 9,9167730 | 9,8346961 | 10,1653039 | 39 | 51) 9,7569630 | 9,9141584 | 9,8428046 | 10,1571954| 9 
22| 9,7516538 | 9,9166866 | 9,8349673 | 10,1650327 | 38 | 52) 9,7571444 | 9,9140704 | 9,8430739 10, 1569261} 8 
23| 9,7518385 | 9,9166002 | 9,8352384 | 10,1647616 | 37 | 53) 9,7575256 | 9,9139824 | 9,8433432 10, 1566568 | 7 
24) 9,7520231 | 9,9165137 | 9,8355094 | 10,1644906 | 36 | 54| 9,7575068 | 9,9138943 | 9,8436125 10,1563875 6 
25| 9,7522075 | 9,9164272 | 9,8357804 | 10,1642196 | 35 | 55| 9,7576878 | 9,9138061 | 9,8438817 | 10,1561183| 5 
26| 9,7523919 | 9,9163406 | 9,8360513 | 10,1639487 | 34| 56| 9,7578687 | 9,9137179 | 9,8441508 | 10,1558492| 4 
27 | 9,7525761 | 9,9162539 | 9,8363221 | 10,1636779 |33)| 57 | 9,7580495 | 9,9136296 | 9,8444199 | 10,1555801| 3 
28| 9,7527602 | 9,9161673 | 9,8365929 | 10,1634071 |32| 58| 9,7582302 | 9,9135413 | 9,8446889 | 10,1553111| 2 
29 | 9,7529442 | 9,9160805 | 9,8368636 | 10,1631364 | 31 | 59 9,7584108 9,9134530 | 9,8449579 | 10,1550421) 1 
80 | 9,7531280 | 9,9159937 | 9,8371343 | 10,1628657 | 30 | 60 9,7585913 9,9133645 | 9,8452268 | 10,1547732| 0 
g Sine Com. Sine. | Tan. Com.| Tangent. g Fy Sine Com. Sine. | Tan. Com.| Tangent. c 


est [35°—36°.] 


LOGARITHMIC SINES, TANGENTS, Erc. 


[Comr. 54°—53°.] 


' 
caostoomewro “NT 


35 Degrees. 


Sine. 


9,7585913 


9,7587717 
9,7589519 
9,7591321 


9, 7621775 
9, 7623556 
9,7625337 
9,7627116 
9, 7628894 
9,7630671 
9,7632447 
9,7634222 
9,7635996 
9,7637769 
9,7639540 


Sine Com. Tangent. | Tan. Comp. 


9,9133645 | 9,8452268 
9,9132760 | 9,8454956 
9,9131875 | 9,8457644 
9,9130989 | 9,8460332 
9,9130102 | 9,8463018 
9,9129215 | 9,8465705 
9,9128328 | 9,8468390 
9.912740 | 9,8471075 
9,9129551 | 9,8473760 
99125662 | 9,8476444 
99124772 | 9,8479127 
9,9123882 | 9,8481810 
99122991 | 9,8484492 
9,9122099 | 9,8487174 
9,9121207 | 9,8489855 
9,9120315 | 9,8492536 
99119422 | 9,8495216 
9,9118528 | 9,8497896 
99117634 | 9,8500575 
9,9116739 | 9,8503253 
9,9115844 | 9,8505931 
9,9114948 | 9,8508608 
9,9114051 | 9,8511285 
9,9113155 | 9,8513961 
9,9112257 | 9,8516637 
9,9111359 | 918519312 
9,9110460 | 9,8521987 
9,9109561 | 9,8524661 
9,9108661 | 9,8527335 
9,9107761 | 9,8530008 
9,9106860 | 9,8532680 


10,1547732 
10,1545044 
10,1542356 
10, 1539668 
10, 1536982 
10,1534295 
10, 1531610 
10, 1528925 
10, 1526240 
10,1523556 
10, 1520873 
10,1518190 
10, 1515508 
10,1512826 
10,1510145 
10,1507464 
10, 1504784 
10, 1502104 
10,1499425 
10,1496747 
10, 1494069 
10, 1491392 


10,1478013 
10,1475339 
10,1472665 
10, 1469992 


10,1467320 | 


37 


SESBERS 


E4 


35 Degrees, 


Sine. 


Sine. Com. 


es 


ESB 


RESSSSERSSESSRSSRSES 


9,7639540 
9, 7641311 
9,7643080 
9,7644849 
9,7646616 
9,7648382 
9,7650147 
9,7651911 
9,7653674 
9,7655436 
9,7657 197 
9,7658957 
9,7660715 
9,7662473 
9,7664229 
9,7665985 
9,7667739 
9,7669492 
9,7671244 
9,7672996 
9,7674746 
9,7676494 
9,7678242 


9, , 7692187 


9,9106860 
99105959 
9,9105057 
9,9104155 


PRERESRSSSESBESENRSS 


~ 
i] 


a| Sine Com. | 8s 


a | Tan. Com. | Tangent. 


54 Degrees. 


Sine Com. 


86 Degrees: 


ug || Min. | SRRNWWP WNL 


Sine. 


Sine Com. | Tangent. | Tan. Comp. 


BES 
ROC aON OCR OND H OS 


21 


Min. 


| SSBNSRESS 


9,7692187 


9,9079576 | 9,8612610 
9,9078658 | 9,8615267 
9,9077740 | 9,8617923 
9,9076820 | 9,8620578 
9,9075901 | 9,8623233 
9,9074980 | 9,8625887 
9,9074059 | 9,8628541 
9,9073138 | 9,8631195 


9, 9051787 | 9,8692089 


10,1387390 
10,1384733 
10, 1382077 
10,1379422 
10, 1376767 
10,1374113 
10,1371459 
10, 1368805 
10, 1366152 
10, 1363500 
10, 1360848 
10, 1358197 
10, 1355546 
10, 1352895 
10, 1350245 
10, 1347596 
10,1344947 
10, 1342298 
10,1339650 
10, 1337003 
10, 1334356 
10, 1331709 
10, 1329063 
10, 1326417 
10, 1323772 
10, 1321127 
10,1318483 
10, 1315840 
10, 1313196 
10,1310554 
10, 1307911 


36 Degrees. 


Sine. 


| Sine Com. 


Tangent. Tan. Comp. 


9,7743876 
9,7745583 
9,7747288 
9,7748993 
9,7750697 
9,7752399 
9,7754101 
9,7755801 
9,7757501 
9,7759199 
9,7760897 
9,7762593 
9,7764239 
9,7765983 
9,7767676 
9,7769369 
9,7771060 
9,7772750 
9,7774439 
9,7776128 
9,7777815 
9,7779501 
9, 7781186 
9,7782870 
9,7784553 
9,7786235 
9,7787916 
9,7789596 
9,7791275 
9,7792953 
9,7794630 


9, 8713210 


9,8718486 
9, 8721123 
9,8723760 
9,8726396 
9,8729032 
9,8731668 
9,8734302 
9,8736937 
9,8739571 
9,8742204 
9,8744838 
9,8747470 
9,8750102 


10, erties 


PESERSTSSSEREEUSNESS | ay | Min | Coumpoonae 


_ 
—] 


CR OKRTIANDS 


Sine Com. 


Sine. Tan. Com. 


Tangent. 


i 
| 


| 


Min. | SESBERSSESSEEEESSSESSARSEARSSSSS | -ugy || Mun 


Sine Com, 


Min. 


eeGC7Y—_—— 


LOGARITHMIC SINES, TANGENTS, Ere. 


[Comp 52°—51°.] 685 


FS 37 Degrees. . 3 Es 37 Degrees, 2 
F Sine. | Sine Com. | Tangent. | Tan.Comp. | * | 7 Sine. | Sine. Com.| Tangent. | Tan. Comp.| = 
0| 9,7794630 | 9,9023486 | 9,8771144 | 10,1228856 | 60)| 30| 9,7844471 | 9,8994667 | 9,8849805 | 10,1150195 | 30 
1| 9,7796306 | 9,9022534 | 9,8773772 | 10,1226228 | 59/31) 9,7846117 | 9,8993697 | 9,8852420 | 10,1147580 | 29 
2) 9,7797981 | 9,9022581 | 9,8776400 | 10,1223600 | 58 | 32) 9,7847762 | 9,8992727 | 9,8855035 | 10,1144965 | 28 
3| 9,7799655 .| 9,9020628 | 9,8779027 | 10,1220973 | 57 | 33} 9,7849406 | 9,8991756 | 9,8857650 | 10,1142350 | 27 
4| 9,7801328 | 9,9019674 | 9,8781654 | 10,1218346 | 56| 34) 9,7851049 | 9,8990784 | 9,8860264 | 10,1139736 | 26 
5} 9,7803000 | 9,9018719 | 9,8784281 10, 1215719 | 55 | 35) 9,7852691 | 9,8989812 | 9,8862878 | 10,1137122 | 25 
6| 9,7804671 | 9,9017764 | 9,8786907 10, 1213093 | 54) 36) 9,7854332 | 9,8988840 | 9,8865492 | 10,1134508 | 24 
7| 9, 9,9016808 | 9,8789533 10,1210467 53° 37 | 9,7855972 | 9,8987867 | 9,8868105 | 10,1131895 | 23 
8} 9,7808010 | 9,9015852 | 9,8792158 | 10,1207842 | 52) 38) 9,7857611 | 9, 9,8870718 | 10,1129282 | 22 
9| 9,7809677 | 9,9014895 | 9,8794782 | 10,1205218 | 51/39) 9,7859249 | 9,8985919 | 9,8873330 | 10,1126670 | 21 
10} 9,7811344 | 9,9013938 | 9,8797407 | 10,1202593 | 50) 40| 9,7860886 | 9,8984944 | 9,8875942 | 10,1124058 | 20 
11| 9,7813010 | 9,9012980 | 9,8800031 | 10,1199969 | 49 | 41| 9,7862522 | 9,8983968 | 9,8878554 | 10,1121446| 19 
12} 9,7814675 | 9,9012021 | 9,8802654 | 10,1197346 | 48| 42) 9,7864157 | 9,8982992 | 9,8881165 | 10,1118835 | 18 
13} 9,7816339 | 9,9011062 | 9,8805277 | 10,1194723 | 47 | 43) 9,7865791 | 9,8982015 | 9,8883775 | 10,1116225 | 17 
14| 9,7818002 | 9,9010102 | 9,8807900 | 10,1192100 | 46) 44) 9,7867424 | 9,8981038 | 9,8886386 | 10,1113614| 16 
15| 9,7819664 | 9,9009142 | 9,8810522 | 10,1189478 | 45/45) 9,7869056 | 9,8980060 | 9,8888996 | 10,1111004 | 15 
16| 9,7821324 | 9,9008181 | 9,8813144 | 10,1186856 | 44| 46| 9,7870687 | 9,8979082 | 9,8891605 | 10,1108395 | 14 
17 | 9,7822984 | 9,9007219 | 9,8815765 | 10,1184235 | 43|47| 9,7872317 | 9,8978103 | 9,8894214 | 10,1105786 | 13 
18| 9,7824643 | 9,9006257 | 9,8818386 | 10,1181614 | 42| 48) 9,7873946 | 9,8977123 | 9,8896823 | 10,1103177 | 12 
19| 9,7826301 | 9,9005294 | 9,8821007 | 10,1178993 | 41| 49) 9,7875574 | 9,8976143 | 9,8899432 | 10,1100568 | 11 
20| 9,7827958 | 9,9004331 | 9,8823627 | 10,1176373 | 40) 50| 9,7877202 | 9,8975162 | 9,8902040 | 10,1097960 | 10 
21| 9,7829614 | 9,9003367 | 9,8826246 | 10,1173754 | 39| 51] 9,7878828 | 9,8974181 | 9,8904647 | 10,1095353| 9 
22| 9,7831268 | 9,9002403 | 9,8828866 | 10,1171134 | 38 | 52) 9,7880453 | 9,8973199 | 9,8907254 | 10,1092746| 8 
23| 9,7832922 | 9,9001438 | 9,8831484 | 10,1168516 | 37| 53| 9,7882077 | 9,8972216 | 9,8909861 | 10,1090139| 7 
24) 9,7834575 | 9,9000472 | 9,8834103 | 10,1165897 | 36 | 54/ 9,7883701 | 9,8971233 | 9,8912468 | 10,1087532| 6 
25 | 9,7836227 | 9,8999506 | 9,8836721 | 10,1163279 | 35 | 55) 9,7885323 | 9,8970249 9,8915074 10,1084926| 5 
26! 9,7837878 | 9,8998539 | 9,8839338 | 10,1160662 | 34) 56| 9,7886944 | 9,8969265 9,8917679 10,108232L| 4 
27 | 9,7839528 | 9,8997572 | 9,8841956 | 10,1158044 | 33 | 57| 9,7888565 | 9,8968280 | 9,8920285 | 10,1079715| 3 
28 )| 9,7841177 | 9,8996604 | 9,8844572 | 10,1155428 | 32/53) 9,7890184 | 9,8967294 | 98922890 | 10,1077110| 2 
29 9,8995636 | 9,8847189 | 10,1152811 | 31/59) 9,7891802 | 9,8966308 | 9,8925494 | 10,1074506| 1 
30 | 9,7844471 | 9,8994667 | 9,8849805 | 10,1150195 | 30| 60) 9,7893420 | 9,8965321 | 9,8928098 | 10,1071902| 0 
3 Sine Com. | Tan. Com. Tangent. g g Sine Com. Sine. Tan. Com. | Tangent. | 5 

| 52 Degrees: 52 Degrees. a 

Degrees. 38 Degrees. 
E = s|5 
F Sine. Sine Com. | Tangent. | Tan. Comp. = Sine. Sine Com. | Tangent. | Tan. Comp. 5 
0, 9,7893420 | 9,8965321 | 9,8928098 10,1071902 60 | 30} 9,7941496 | 9,8935444 | 9,9006052 10, 0993948 30 
1} 9,7895036 | 9,8964334 | 9,8930702 | 10,1069298 | 59 | 31| 9,7943083 | 9,8934439 | 9,9008645 10, 09913565 | 29 
2) 9,7896652 | 9,8963346 | 9,8933306 | 10,1066694 | 58 | 32} 9,7944670 | 9,8933433 | 9,9011237 10,0988763 28 
3| 9,7898266 | 9,8962358 | 9,8935909 | 10,1064091 | 57 | 33| 9,7946256 | 9,8932426 | 9,9013830 | 10,0986170 | 27 
4} 9,7899880 | 9,8961369 | 9,8938511 | 10,1061489 | 56 | 34) 9,7947841 | 9,8931419 | 9,9016422 | 10,0983578 | 26 
5| 9,7901493 | 9,8960379 | 9,8941114 | 10,1058886 | 55 | 35| 9,7949425 | 9,8930412 | 9,9019013 | 10,0980987 | 25 
6| 9,7903104 | 9,8959389 | 9,8943715 | 10,1056285 | 54| 36) 9,7951008 | 9,8929404 | 9,9021604 | 10,0978396 | 24 
7| 9,7904715 | 9,8958398 | 9,8946317 | 10,1053683 | 53 | 37| 9,7952590 | 9,8928395 | 9,9024195 | 10,0975805 | 23 
8} 9, 9,8957406 | 9,8948918 | 10,1051082 | 52) 38) 9,7954171 | 9,8927385 | 9,9026786 | 10,0973214 | 22 
9} 9,7907933 | 9,8956414 | 9,8951519 | 10,1048481 | 51 | 39| 9,7955751 | 9,8926375 | 9,9029376 | 10,0970624 | 21 
10| 9,7909541 | 9,8955422 | 9,8954119 | 10,1045881 | 50| 40) 9,7957330 | 9,8925305 | 9,9031966 | 10,0968034 | 20 
11} 9,7911148 | 9,8954429 | 9,8956719 | 10,1043281 | 49| 41] 9,7958909 | 9,8924354 10,0965445 | 19 
12) 9,7912754 | 9,8953435 | 9,8959319 | 10,1040681 | 48 | 42| 9,7960486 | 9,8923342 | 9,9037144 | 10,0962856 | 18 
13} 9,7914359 | 9,8952440 | 9,8961918 | 10,1038082 | 47 | 43} 9,7962062 9,8922329 9,9039733 | 10,0960267 | 17 
14} 9,7915963 | 9,8951445 | 9,8964517 | 10,1035483 | 46 | 44) 9,7963638 9,8921316 | 9,9042321 | 10,0957679 | 16 
15| 9,7917566 | 9,8950450 | 9,8967116 | 10,1032884 | 45|45| 9,7965212 9,8920303 9,9044910 | 10,0955090 | 15 
16| 9,7919168 | 9,8949453 | 9,8969714 | 10,1030286 | 44| 46] 9,7966786 | 9,8919289 | 9,9047497 | 10,0952503 | 14 
17 | 9,7920769 | 9,8948457 | 9,8972312 | 10,1027688 | 43 | 47 | 9,7968359 | 9,8918274 | 9, 10,0949915 | 13 
18| 9,7922369 | 9,8947459 | 9,8974910 | 10,1025090 | 42| 48] 9,7969930 | 9,8917258 | 9,9052672 | 10,0947328 | 12 
19| 9,7923968 | 9,8946461 | 9,8977507 | 10,1022493 | 41| 49| 9,7971501 | 9,8916242 | 9,9055259 | 10,0944741 | 11 
20| 9,7925566 | 9, 9,8980104 | 10,1019896 | 40|50| 9,7973071 | 9,8915226 | 9,9057845 | 10,0942155 | 10 
21) 9,7927163 | 9,8944463 | 9,8982700 10, 1017300 | 39} 51| 9,7974640 | 9,8914208 | 9,9060431 | 10,0939569| 9 
22| 9,7928760 | 9,8943464 | 9,8985296 10, 1014704 | 38 | 52) 9,7976208 9,8913191 9,9063017 | 10,0936983 | 8 
23 | 9,7930355 | 9,8942463 | 9,8987892 10, 1012108 37 | 53) 9,7977775 9,8912172 9,9065603 | 10,0934397 | 7 
24) 9,7931949 | 9,8941462 | 9,8990487 | 10,1009513 | 36 | 54| 9,7979341 98911153 9,9068188 10, 0931812] 6 
25) 9, 9,8940461 | 9,8993082 | 10,1006918 | 35/55 | 9,7980906 | 9,8910133 | 9,9070773 10,0929227 5 
26| 9,7935135 | 9,8939458 | 9,8995677 | 10,1004323 | 34|56| 9,7982470 | 9,8909113 | 9,9073357 | 10,0926643| 4 
27 | 9,7936727 | 9,8938456 | 9,8998271 | 10,1001729 | 33 ' 57 | 9,7984034 | 9,8908092 | 9,9075941 10, 0924059 | 3 
28 | 9,7938317 | 9,8937452 | 9,9000865 | 10,0999135 |32/58| 9,7985596 | 9,8907071 | 9,9078525 10, 0921475| 2 
29} 9,7939907 | 9,8936448 | 9,9003459 | 10,0996541 |31)| 59) 9,7987158 | 9,8906049 | 9,9081109 10, 0918891} 1 
30) 9,7941496 | 9,8935444 | 9,9006052 | 10,0993948 | 30) 60} 9,7988718 | 9,8905026 | 9,9083692 10,0916308 0 
g Sine Com, Sine. Tan. Com. | Tangent. Z Fi Sine Com, Sine. | Tan. Com. | Tangent. c 
51 Degrees, he 61 Degrees, 


686 [39°—40°.] LOGARITHMIC SINES, TANGENTS, Ere. *  [Conrr. 50°—49°,] 


a! 4 


COMA mMEDHS | 


39 Degrees. 


F Sine. Sine. Com. | Tangent. | Tan. Comp. | = 


3 
5 


Sine. Sine Com. | Tangent. | Tan. Comp. 


9,7988718 | 9,8905026 | 9,9083692 | 10,0916308 | 60 / 30| 9,8035105 | 9,8874061 | 9,9161045 | 10,0838955 
9,7990278 | 9,8904003 | 9,9086275 | 10,0918725 | 59/31) 9,8036637 | 9,8873019 | 9,9163618 | 10,0836382 
9,7991836 | 9,8902979 | 9,9088858 | 10,0911142 | 58 32) 9,8038168 | 9,8871977 | 9,9166192 | 10,0833808 


9:7999616 | 9,8897850 | 9,9101766 | 10,0898234 | 53/37 | 9,8045811 | 918866756 | 9,9179055 | 10,0820945 
98001169 | 918896822 | 9,9104347 | 10,0895653 | 52/38 9,8047336 | 9,8865710 | 9,9181627 | 10,0818373 
98002721 | 9,8895794 | 9,9106927 | 10,0893073 | 51 39] 9,8048861 | 9,8864663 | 9,9184198 | 10,0815802 
98004272 | 9,8894765 | 9,9109507 | 10,0890493 | 50| 40| 9,8050385 | 9,8863616 | 9,9186769 | 10,0813231 
9,8005823 | 9,8893736 | 9,9112087 | 10,0887913 | 49| 41| 9,8051908 | 9,8862568 | 9,9189340 | 10,0810660 | 19 
9,8007372 | 9,8892706 | 919114666 | 10,0385334 | 48 | 42| 9,8053430 | 9,8861519 | 9,9191911 | 10,0808039 | 18 
98008921 | 9,8891675 | 9,9117245 | 10,0882755 | 47 | 43| 9,8054951 | 9,8860470 | 9,9194481 | 10,0805519 | 17 
98010468 | 9,8890644 | 9,9119824 | 10,0880176 | 46 | 44| 9,8056472 | 9'8859420 | 9,9197051 | 10,0802949 | 16 
9,8012015 | 9,8889612 | 9,9122403 | 10,0877597 | 45| 45| 9,8057991 | 918858370 | 9,9199621 | 10,0800379 | 15 
9,8013561 | 9,8888580 | 9,9124981 | 10,0875019 | 44/46) 9,8059510 | 9,8857319 | 9,9202191 | 10,0797809 | 14 
9,8015106 | 9,8887547 | 9,9127559 | 10,0872441 | 43| 47| 9,8061027 | 9,8856267 | 9,9204760 | 10,0795240 | 13 
9,8016649 | 9,8886513 | 9,9130137 | 10,0869863 | 42|48| 9,8062544 | 918855215 | 9,9207329 | 10,0792671 | 12 
9,8018192 | 9,8885479 | 9,9132714 | 10,0867286 | 41|49/ 9,8064060 | 9,8854162 | 9,9209898 | 10,0790102| 11 
9,8019735 | 9,8884444 | 9,9135291 | 10,0864709 | 40| 50| 9,8065575 | 918853109 | 9,9212466 | 10,0787534| 10 
9,8021276 | 9,8883408 | 9,9137868 | 10,0362132 | 39| 51] 9,8067089 | 9,8852055 | 9,9215034 | 10,0784966 
9,8022816 | 9,8882372 | 9,9140444 | 10,0859556 | 33/52) 9,8068602 | 9,8851000 | 9,9217602 | 10,0782398 
9,8024355 | 9,8881335 | 9,9143020 | 10,0356980 | 37|53] 9,8070114 | 9,8849945 | 9,9220170 | 10,0779830 
9,8025894 | 9,8880298 | 9,9145596 | 10,0854404 | 36 | 54| 9,8071626 | 9,8848889 | 9,9222737 | 10,0777263 
9,8027431 | 9,8879260 | 9,9148171 | 10,0851829 | 35 | 55| 9,8073136 | 918847832 | 9,9225304 | 10,0774696 
9,8028968 | 9,8878221 | 9,9150747 | 10,0849253 | 34/56! 98074646 | 9,8846775 | 9,9227871 | 10,0772129 
9,8030504 | 9,8877182 | 9,9153322 | 10,0846678 | 33| 57 | 9,8076154 | 918845717 | 9,9230437 | 10,0769563 
9,8032038 | 9,8876142 | 9,9155896 | 10,0844104 | 32/53] 9,8077662 | 9,8844659 | 9,9233004 | 10,0766996 
9,8033572 | 9,8875102 | 9,9158471 | 10,0841529 |31|59| 9,8079169 | 9,8843599 | 9/9235570 | 10,0764430 
9,8035105 | 9,8874061 | 9,9161045 | 10,0838955 |30 | 60| 9,8080675 | 9,8842540 | 9,9238135 | 10,0761865 


CRHORTIAN DS 


a| Sine Com. Sine. | Tan. Com. Tangent. 


Z Sine Com, Sine. Tan. Com. | Tangent. 
50 Degrees. 


40 Degrees, a ee, is | is 40 Degrees. 
PIE! Sine. Sine Com. Tangent. |Tan.Comp. 


Sine. Sine Com, | Tangent. | Tan. Samp. 


21 


30| 9,8125444 | 9,8810455 | 9,9314989 10,0685011 
31| 9,8126923 | 9,8809376 | 9,9317547 | 10,0682453 
32| 9,8128401 | 98808296 | 9,9320105  10,0679895 
33| 9,8129878 | 9,8807215 | 9,9322662 | 10,0677338 
34| 9,8131354 | 9,8806134 | 9,9325220 | 10,0674780 
35| 9,8132829 | 9,8805052 | 9,9327777 | 10,0672223 
36| 9,8134303 | 9,8803970 | 9,9330334 | 10,0669666 
9,8091192 | 9,8835104 | 9,9256088 | 10,0743912 | 53/37] 9,8135777 | 9,8802887 | 9,9332890 | 10,0667110 
9,8092691 | 9,8834039 | 9,9258652 | 10,0741348 |52|38| 9,8137250 | 9,8801803 | 9,9335446 | 10,0664554 


9,8080675 | 9,8842540 | 9,9238135 | 10, 0761865 60 
59 
58 
57 
56 
55 
54 
4 
5 
9,8094189 | 9,8832974 | 9,9261215 | 10,0738785 | 51/39) 9,8138721 | 9,8800719 | 9,9338003 | 10,0661997 
50 
49 
48 
47 
46 
45 
At 
43 
42 
41 


9,8082180 | 9,8841479 | 9,9240701 10, 0759299 
9,8083684 | 9,8840418 | 9,9243266 10, 0756734 
9,8085188 | 9,8839357 | 9,9245831 | 10,0754169 
9,8086690 | 9,8838294 | 9,9248396 | 10,0751604 
9,8088192 | 9,8837232 | 9,9250960 | 10,0749040 
9,8089692 | 9,8836168 | 9,9253524 | 10,0746476 


SESSERSNSSS | uyq | Min. 


9,8095686 | 9,8831908 | 9,9263778 | 10,0736222 9,8140192 | 9,8799634 | 9,9340559 | 10,0659441 
9,8097182 | 9,8830841 | 9,9266341 | 10,0733659 9,8141662 | 9,8798548 9, 9343114 | 10,0656886 | 19 
9,8098678 | 9,8829774 | 9,9268904 | 10,0731096 
9,8100172 | 9,8828706 | 9,9271466 | 10,0728534 
9,8101666 | 9,8827638 | 9,9274023 | 10,0725972 
9,8103159 | 9,8826568 | 9,9276590 | 10,0723410 
9,8104650 | 9,8825499 | 9,9279152 | 10,0720848 
9,8106141 | 9,8824428 | 9,9281713 | 10,0718287 
18| 9,8107631 | 9,8823357 | 9,9284274 | 10,0715726 
19| 9,8109121 | 9,8822285 | 9,9286835 | 10,0713165 
20| 9,8110609 | 9,8821213 | 9,9289396 | 10,0710604 | 40 
3 


SEBboa-aanaowno |] Tut | Min | SSRNERPRYS 


40 

41 

42| 9,8143131 | 9,8797462 9,9345670 10,0654330 | 18 
43 | 9,8144600 | 9,8796375 9, 9348225 10,0651775 | 17 
44| 9,8146067 | 9,8795287 | 9,9350780 | 10,0649220 | 16 
45| 9,8147534 | 9,8794199 | 9,9353335 | 10,0646665 | 15 
46| 9,8148999 | 9,8793110 | 9,9355889 | 10,0644111 | 14 
47 | 9,8150464 | 9,8792021 | 9,9358444 | 10,0641556 | 13 
48 | 9,8151928 | 9,8790930 | 9,9360998 | 10,0639002 | 12 
49 | 9,8153391 | 9,8789840 | 9,9363552 | 10,0636448 | 11 
50} 9,8154854 | 9,8788748 | 9,9366105 | 10,0633895 | 10 
51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


EVENSELNY 


Min. 


9,8112096 | 9,8820140 | 9,9291956 | 10,0708044 | 39 9,8156315 | 9,8787656 | 9,9368659 | 10,0631341| 9 
9,8113583 | 9,8819067 | 9,9294516 | 10,0705484 | 338 9,8157776 | 9,8786563 | 9,9371212 | 10,0628788| 8 
9,8115069 9, 8817992 | 9,9297076 | 10,0702924 | 37 9,8159235 | 9,8785470 | 9,9373765 | 10,0626235| 7 
9,8116554 9, 8816918 | 9,9299636 | 10,0700364 | 36 9,8160694 | 9,8784376 | 9,9376318 | 10,0623682| 6 
9,8118038 9,8815842 9,9302195 | 10,0697805 | 35 9,8162152 | 9,8783281 | 9,9378871 | 10,0621129| 5 
9,8119521 | 9,8814766 | 9,9304755 | 10,0695245 | 34 9,8163609 | 9,8782186 | 9,9381423 | 10,0618577| 4 
8121003 | 9,8813689 | 9,9307314 | 10,0692686 | 33 9,8165066 | 9,8781090 | 9,9383975 | 10,0616025| 3 
9,8122484 | 9,8812612 | 9,9309872 | 10,0690128 | 32 9,8166521 | 9,8779994 | 9,9386527 | 10,0613473| 2 
9,8123965 | 98811534 | 9,9312431 | 10,0687569 | 31 9,8167975 | 9,8778896 | 9,9389079 10, 0610921} 1 
9,8125444 | 9,8810445 | 9,9314989 | 10,0685011 | 30 9,8169429 | 9,8777799 9, 9391631 10, 0608369 | 0 
Sine Com. Sine. Tan. Com. | Tangent, | Fy Sine Com. Sine. Tan. inte, Tangent. g 
iE 


49 Degrees. 49 Degrees. 


| 


| 
| 
| 


[41°— 42°.] LOGARITHMIC SINES, TANGENTS, Erc. [Comp 48°—47°.] 687 
2 41 Degrees. |e 41 Degrees. - 
= Sine. | Sine Com. | Tangent. | Tan. Comp. | E Sine. Sine. Com.| Tangent. | Tan. Comp. B 
0) 9,8169429 | 9,8777799 | 9,9391631 | 10,0608369 | 60 | 30| 9,s212646 | 9,8744561 | 9,9468084 | 10,0531916 | 30 
1| 9,8170882 | 9,8776700 | 99394182 | 10,0605818 |59 | 31| 9,8214073 | 9,8743443 | 9,9470630 | 10,0529370 | 29 
2\ 9,8172334 | 9,8775601 | 9,9396733 | 10,0603267 |58 32| 9,8215500 | 9,8742325 | 9,9473175 | 10,0526825 | 28 
3| 9,8173785  9,8774501 | 9,9399284 | 10,0600716 |57|33| 9,8216926 | 9,8741205 | 9,9475720 | 10,0524280 | 27 
5| o'sirooas | 9'87r2900 | 99404889 | 10,0999615 |60|35| Ssatorrs | S'srasees | 8o4sosi0 | 100519100 | 25 
6 9,8178135 9,8771198 9,9400936 10, 0599064 oA 38 9,8221198 | 9,8737844 | 9,9483355 | 10,0516645 | 24 
; 8770096 | 9,9409486 | 10,0590514 9,8222621 | 9,8736722 | 9,9485899 | 10,0514101 | 23 
8 9,8181028 | 9,8768993 | 9,9412036 | 10,0587964 |52 38| 918224042 | 9,8735599 | 9,9488443 | 10,0511557 | 22 
9 9,8182474 | 9,8767889 | 9,9414585 | 10,0585415 |51 | 39| 9,8225463 | 9,8734476 | 9,9490987 | 10,0509013 | 21 
10| 9,8183919 | 9,8766785 | 9,9417135 | 10,0582865 | 50|40/ 98226883 | 918733352 | 9,9493531 | 10,0506469 | 20 
11| 9,8185364 | 9,8765680 | 9,9419684 | 10,0580316 | 49 | 41| 9,8228302 | 9,8732227 | 9,9496075 | 100503925 | 19 
12| 9,8186807 | 9.8764574 | 9,9422233 | 10,0577767 | 48 | 42| 9,8229721 | 9,8731102 | 9,9498619 | 10,0501381 | 18 
13| 9,8188250 | 9,8763468 | 9,9424782 | 10,0575218 | 47 | 43| 9,8231138 | 9,8729976 | 9,9501162 | 10,0498838 | 17 
14| 9,8189692 | 9,8762361 | 9,9427331 | 10,0572669 | 46| 44| 9,8232555 | 98728849 | 9,9503705 | 10,0496295 | 16 
15| 9,8191133 | 9,8761253 | 9,9429879 | 10,0570121 | 45/45| 9,8233971 | 9,8727722 | 9,9506248 | 10,0493752 | 15 
16| 9,8192573 | 9,8760145 | 9,9432428 | 10,0567572 | 44/46) 9,8235386 | 9,8726594 | 9,9508791 | 10,0491209 | 14 
17| 9,8194012 | 9,8759036 | 9,9434976 | 10,0565024 | 43 | 47| 918236800 | 9,8725466 | 9,9511334 | 10,0488666 | 13 
18 9,8195450 9,8757027 9,0497504 10,0562476 | 42) 48 | 9,8298218 | 9,8724337 | 9,0513876 | 10,0486124 |12 
96888 | 9, 9440072 | 10,0559928 8239626 | 9,8723207 | 9,9516419 | 10,0483581 | 11 
20 9,8198525 9,8705706 9,9442619 10, 0907381 40 |50 9,8241037 9,8722076 | 9,9518961 | 10,0481039 | 10 
8754594 | 9.9445 0554834 8242448 | 98720945 | 9,9521503 | 1010478497 | 9 
22 9,8201196 9,8753482 9.044714 10,0062286 ss 62 9,8243858 9,8719813 | 9,9524045 | 10,0475955 | 8 
8202630 | 9, 9450261 | 10,0549739 "8245267 | 9,8718681 | 9,9526587 | 10,0473413| 7 
24! 9,8204063 | 9,8751256 | 9,9452807 | 10,0547193 | 36|54| 9,8246676 | 9,8717548 | 9,9529128 | 10,0470872| 6 
Boece | eres | ees | eee (| Sees | Sere | eet (eet 
2 9,8208358 9.s747012 9,9400447 se ponies 88 8 9,8250806 9,8714144 | 9,9536752 | 10,0463248| 3 
82097. 9462993 | 10,0537 8252301 | 9,8713008 | 9,9539293 | 10,0460707| 2 
29| 9,8211217 | 9,8745679 | 9,9465539 | 10,0534461 | 31|59| 9,8253705 | 9,8711872 | 9,9541834 | 10,0458166| 1 
30) 9,8219646 | 9,8744561 | 9,9468084 | 10,0531916 30 | 60| 9,8255109 | 9,8710735 | 9,9544374 | 10,0455626| 0 
E Sine Com.| Sine. | Tan. Com. | Tangent. ls g | Sine Com. | Sine. | Tan. Com. | Tangent. | 5 
48 Degrees. = A 48 Degrees. a 
‘i 42 Degrees. = 2 42 legrees. 
E Sine. Sine Com. | Tangent. | Tan. Comp. PIF] sine, | Sine Com. | Tangent. | Tan. Comp. F 
0, 9,8255109 | 9,8710735 | 9,9544374 | 10,0455626 | 60 |30| 9,8296833 | 9,8676309 | 9,9620525 | 10,0379475 | 30 
1) 948296512 9,8709097 | 9,9946015 | 10,0459085 | 59 | 31 9,8298212 | 9,8075101 9,9025061 10, 0876859 29 
2\ 9,8257913 | 918708458 | 9,9549455 | 10,0450545 | 53 | 32| 98299589 | 9,867: 9 
3) 918259314 9,8707319 9,9551995 | 10,0448005 | 57 | 33} 9,8300966 9,8072858 9,9628133 10,037 1867 27 
4) 9,8260715 | 918706179 | 9,9554535 | 10,0445465 | 56/34! 9,8302342 | 9,8671673 | 9,9630669 
5| 9,8262114 | 918705039 | 919557075 | 10,0442925 | 55| 35| 9,8303717 9,807051 9,9039204 10,0366796 25 
6| 9,8263512 | 918703898 | 9,9559615 | 10,0440385 | 54|36| 9,8305091 | 9,8669351 | 9,9635740 | 10, 
7| 918264910 | 9,8702750 | 99562154 | 10,0437846 |53|37| 9,8306464 | 9,8668189 | 9,9638275 | 10,0361725 | 23 - 
_ 8| 918266307 | 9,8701613 | 9,9564694 | 10,0435306 | 52/38| 9,8307837 | 9,8667026 | 9,9640811 | 10,0359186 | 22 
9| 9,8267703 | 9,8700470 | 9,9567233 | 10,0432767 |51| 39] 9, 9,8665863 | 9,9643346 | 10,0356654 | 21 
10} 9, 9,8699326 | 9, 10,0430228 |50| 40| 9,8310580 | 9,8664699 | 9,9645881 | 10,0354119 | 20 
11| 9,8270493 | 9,8698182 | 9,9572311 | 10,0427689 | 49| 41| 9,8311950 | 9, 9,9648416 | 10,0351584 | 19 
12| 9,8271887 | 9,8697037 | 9,9574850 | 10,0425150 | 48 | 42| 9,8313320 | 9,8662369 | 9,9650951 | 10,0349049 | 18 
13| 98273279 | 9,8695891 | 9,9577389 | 10,0422611 | 47 | 43| 9,8314688 | 9,8661203 | 9,9653486 | 10,0346514 | 17 
14| 9,8274671 | 9,8604744 | 9,9579927 | 100420073 | 46 44| 9,8316056 | 9,8660036 | 9,9656020 | 10,0343980 | 16 
15| 9,8276063 | 9,8693597 | 9,9582465 | 10,0417535 |45|45| 9,8317423 | 9,8658868 | 9,9658555 | 10,0341445 | 15 
16| 9,8277453 | 9,8692449 | 9, 10,0414996 | 44| 46| 9,8318789 | 9,8657700 | 9,9661089 | 10,0338911 | 14 
| Recne | Seu | pees | anus (| Geen | ae | Sot (ee 
19| 9,8281619 | 9.8689002 | 9,9592618 | 10,0407382 | 41| 49| 9,8322883 | 9,8654192 | 9,9668692 | 10,0331308 | 11 
20| 9, 9,8687851 | 99595155 | 10,0404845 | 40|50| 9,8324246 | 9,8653021 | 9,9671225 | 10,0328775 | 10 
21| 9,8234393 | 9,8686700 | 9,9597693 | 10,0402307 | 39| 51| 9,8325609 | 9,8651849 | 9,9673759 | 10,0326241| 9 
22| 9'8235778 | 98685548 | 9,9600230 | 10,0399770 |38| 52| 9,2326970 | 9,8650677 | 9,9676293 | 10,0323707 | 8 
23| 9,8287163 | 98684396 | 919602767 | 100397233 |37 | 53| 9,8328331 | 9,8649504 | 9,9678827 | 10,0321173| 7 
24| 9,8288547 | 9,8683242 | 9, 10,0394695 |36|54| 9,8329691 | 9,8648331 | 9,9681360 | 100318640) 6 
| Sm | Saat | re | aes (|| Ses | Geet | See geet 
27| 9,8292694 | 918679779 | 9,9612915 | 10,0387085 | 33 | 57| 9,8333766 | 9,8644806 | 9,9688960 | 10,0311040| 3 
23| 9,8294075 | 98678623 | 99615452 | 10,0384548 | 32 | 58| 9,8335122 | 9,8643629 | 9,9691493 | 10,0308507 | 2 
29| 98295454 | 9,8677466 | 9,9617988 | 10,0382012 |31|59| 9,8336478 | 9,8642452 | 9,9694026 | 10,0305974| 1 
30| 9,8296833 | 9,8676309 | 9,9620525 | 10,0379475 |30/ 60| 9,8337833 | 9,8641275 | 9,9696559 | 10,0303441| 0 
; | Sine Com, Sine. Tan. Com. | Tangent. alg | Sine Com. Sine. | Tan. Com. | Tangent. g 
z 47 Degrees. a | . 47 Degrees. 


[43°—44°.} 


LOGARITHMIC SINES, TANGENTS, Ere. 


[Comr. 46°—45°.] 


SSRN SRERBESSRASRRSER Soma amumroc | “arp 


43 Degrees. 


z 
Z 


Sine. ol Sine Conn, | 1 Tangent. 


9,8641275 
9,8640006 
9,8638917 
9,8637737 
9,8636557 
9,8635376 
9,8634194 
9,8633011 
9/8631828 
98630644 
98629460 
9, 8628274 
9,8627088 
9,8625902 
9,8624714 
9,8623526 
9,8622333 
9,8621148 
9,8619958 
9,8618767 
9,8617576 
9,8616383 
9,8615190 
9,8613997 
9,8612803 
9,8611608 
9,8610412 
9,8609215 
9,8608018 
9,8606821 
9,8605622 


9,96096559 | 
9,9699091 | 
9,9701624 
9, 9704157 
9,9706689 | 
99709221 

9,9711754 
9,9714286 
9,9716818 
9,97 19350 
9,9721882 
9,9724413 
9,9726945 
9,9729477 
9,9732008 
9,9734539 
9,973707 1 
9,9739602 
9,9742133 
9,9744664 
9,9747195 
9,9749726 
9,9752257 
9,9754787 
9,9757318 
9,9759849 
9,9762379 
9,9764909 
9,9767440 
9,9769970 
9,9772500 


Tan. Com P- 


10,0309441 
10,0300909 
10,0298376 
10,0295843 
10,0293311 
10,0290779 
10, 0288246 
10,0285714 
10,0283182 
10,0280650 
10,0278118 
10,0275587 
10,0273055 
10,0270523 
10,0267992 
10,0265461 
10,0262929 
10,0260398 
10,0257867 
10,0255336 
10,0252805 
10,0250274 
10,0247743 
10,0245213 
10,0242682 
10,0240151 
10,0237621 
10,0235091 
10,0232560 
10,0230030 
10,0227500 


43 Degrees. 


Sine. | Sine. Com. | ‘Tangent. 


Tan. Comp. 


30| 9,8378122 
31 | 9,8379453 


58 32) 9,8380783 


33) 9,8382112 


56 | 34| 9,8383441 
55 | 35| 9,8384769 
54 36| 9,8386096 
53 | 87 | 9,8387422 
52/38] 9,8388747 
51/39} 9,8390072 
50 | 40| 9,8891396 
49 41] 9,8392719 


42| 9,8394041 
43 | 9,8395363 


9, 8417713 


9,8597213 
9,8596009 
9,8594804 
9,8593599 
9,8592393 
9,8591186 
9,8589978 
9,8588770 
9,858756L 
9,8586351 
9,8585141 
9,8583929 
9,8582718 
9,8581505 
9,8580202 
9,8579078 
9,8577863 
9,8576648 
9,8575432 
9,8574215 
9,8572998 
9,8571779 
9,8570561 


9,8569341 


9,9772500 
9,9775030 
9,9777560 
9,9780090 
9,9782620 
9,9785149 
9,9787679 
9,9790209 
9,9792738 
9, 9795268 

9,9797797 
9,9800326 
9, 9802856 


10,0227500 
10,0224970 
10,0222440 
10,0219910 
10,0217380 
10,0214851 
10,0212321 
10,0209791 
10,0207262 
10,0204732 
10,0202203 
10,0199674 
10,0197144 
10,0194615 
10,0192086 
10,0189557 
10,0187028 
10,0184499 
10,0181970 
10,0179441 
10,0176913 
10,0174384 
10,017 1855 
10,0169327 
10,0166798 
10,0164270 
10,0161741 
10,0159213 
10,0156685 
10,0154156 
10,0151628 


SERRPRESRBS | ay 


Cr DOR TON OO 


Tan. Com. 


Tangent. 


cwstscmenrno |] TWH 


y 


— 


fin. Paeeseeetece 


| Min. | SSSRASHRPSSASSRARES 
| 2 
: 


Bine Com. | Sine. 


| Tangent. 


Min. 


44 Degrees. 


Sine. 


Sine Com. 


Tangent. 


9,8417713 
9,8419021 
98420323 
9,8424634 
98422939 
9,8424244 
9,8425548 


9,8451470 
9,8452758 
9,8454045 
9,8455332 
9,8456618 


Sine Cima. | 


9,8569341 


9, 8582421 


9,9848372 
9,9850900 
9,9853428 
9,9855956 
9,9858484 
9,9861012 
9,9863540 
9,9866068 
99868596 
9,9871123 
9,9873651 
9,9876179 
9,9878706 
9,9881234 
9,9883761 
9,9886289 
99888816 
99891944 
9,9893871 
9,9896399 
9,9898926 
9,9901453 
9,9903981 
9,9906508 
9,9909035 
9,9911562 
9,9914089 
9,9916616 
9,9919143 
9,9921670 
9,9924197 


10,0151628 
10,0149100 
10,0146572 
10,0144044 
10,0141516 
10,0138988 
10,0136460 
10,0133932 
10,0131404 
10,0128877 
10,0126349 
10,0123821 
10,0121294 
10,0118766 
10,0116239 
10,0113711 
10,0111184 
10,0108656 
10,0106129 
10,0103601 
10,0101074 
10,0098547 
10,0096019 
10,0093492 
10,0090965 
10,00884338 
10,0085911 
10,0083384 
10,0080857 
10,0078330 
10,0075803 


am | Min. | SESSERESSSSERRREH 


47 9,8478365 


9,8532421 
98531179 
9,8529936 
9,8528693 
9,8527449 
9,8526204 
98524959 


98522466 
9,8521218 
9,8519970 
9,8518721 
9,8517471 
9,8516220 
9,8514969 
9,8513717 
9,8512465 
9,8511211 
9,8509957 
9,8508702 
9,8507446 
9,8506190 


9,8523713 |.9, 


9,9926724 


10, 0010107 
1 0, 0007580 
10,0005053 


“Un 


SESRERSNSSS 


cSRReeaaae 


CRN OrR OATS 


Sine. 


Tan. Com. 


Tangent, 


5 Degrees. 


Min, 


SECTION VIII. 


MECHANICAL 


PHILOSOPHY, 


CHAPTER L 
STATICS. 


MecuantcaL Puttosopyy is that branch of Natural 
Philosophy which investigates the laws that govern the 
action of force on matter. By the application of the 
purely mathematical sciences to a few general results, 
suggested by experiment and universal experience, we 
demonstrate these laws in their highest of generali- 
sation, and under all the various conditions, in which 
force can produce an effect on matter. 

Matter may exist in three states—the solid, liquid, 
| and aériform. Force is that which either produces, or 
tends to the motion of matter. Force may 

considered in relation to its effects on these 
three conditions of matter. 

When forces pet the ere en the 
body, or bodies to which they are applied, we 
have the three following distinct subjects :— ne 

1, Sratics,—the rest, or equilibrium of solid bodies 
wader fond influence of ales ss pe 

YDROSTATICS,—the rest, or equilibrium id 
bodies under the influence of Saeceir - 

3. Axrrostatics,—the rest, or equilibrium of a#riform 
bodies under the influence of forces. 

When motion is the result of the application of 
forces to these conditions of matter, we have then these 
three subjects :— 

1. Dywamrcs,—the motion of solid bodies produced by 
the influence of forces. 

2. Hypropynamics,—the motion of fluid bodies pro- 
duced by the influence of forces. 

3. AmropyNamics, or Pyeumatics,—the motion of 
aériform bodies produced by the influence of forces. 

That branch of mechanical philosophy which treats of 
the rest, or equilibrium of solid bodies, when under the 
action of any forces, is called Statics. Statics is de- 
rived from a Greek wi crarixy’, the science of weight. 

MATERIAL PARTI e smallest portion into 
which any solid body can be conceived to be divided by 
any means whatever, we call a Material Particle. This 
material particle is an abstract mental conception, alto- 

ther independent of any theories of the ultimate 

ivision of matter, and does not therefore correspond 
with the ‘‘atom” of the properties of matter. The 
material particle is a mere geometrical point, which we 
conceive destitute of every property save one—that of 
being set in motion, or brought to rest under the influ- 
ence of forces which are supposed to act u it. It is 
conceived to be destitute of form or sensible magnitude. 

RIGID BODY.—A rigid body is a collection or 
assemblage of a number of material particles, held to- 
gether in an invariable form, by forces of such intensity, 
that no conceivable force is supposed to be capable of 
altering the form of the body, or disturbing the position 
of any of its casa mgs 

This rigid y is also a mental abstraction, havin 
no representative in nature. No material solid, wi 
which we are acquainted, is ectly rigid, though the 
unknown Silencer forces, which hold the particles of 
most solid bodies together, are so great, that for many 

tical pu we may them, within certain 
imits, as eo The various solid bodies which occur 
in nature, though differing from one another by many 

VOL. lL. 


bodies 
which disti 


which natural solid bodies possess more 
assume our rigid body to possess per- 


FORCE.—When a force, acting in combination with 
others, holds a rigid body in equilibrium, the equilibrium 
of the body will not be disturbed if we transfer the point 
of application of the force to any other point whatever 
in the line in which the force is acting. 

Upon this one assumption, suggested by nature and 
experiment, together with the abstract idea of the nature 
of force as capable of producing motion, and the idea 
already defined of a rigid body, the os Pie science of 
Statics can be built up without any further reference to 
nature or experiment. We must bear in mind, however, 
when we apply the conclusions to which the science of 
Statics leads us, that these conclusions will only hold 
by for the a bodies of LF OS, Sf x as fei peer 

@ properties of perfect rigidity, and the ect 
aon of force, Within th limits we may apply our 
science to the action of forces on natural bodies with 


accuracy. 

STATICS AN ABSTRACT SCIENCE.—Statics is an 
abstract mathematical science, and many of its results 
cannot be directly confirmed by experiment. Thus, one of 
the simplest propositions, which we shall hereafter prove. 
is, that if two weights, P and Q (Fig. 1) be suspended 
from the extremities of a rigid rod, AB, resting on the 
sharp edge of a support at I’, the weights P and Q will 
balance one another, and the rod A B will be in a state 
of equilibrium, provided A F be as many inches in length, 
as Q is ounces in weight, and F B as many inches in 
length as P is ounces in weight. This proposition cannot 

Fig. 1. 
F A 


be proved by experiment, since it is only true on the 
supposition that AB is destitute of weight, mor no bar,. 
T c 
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whose weight is inappreciable, can be found sufficiently 
rigid to pon atti the aia P and Q, however small, and 

remain ectly straight under their pressure, and 
that of the at F. It is true that another 
proposition of tics would enable us to take into 
account the weight of the bar A B. 


If the bar A ig. 2) were uniform throughout in 
thickness and at ike bar would balance Yeself on 
the edge F, pro- F Fig. 2. 
vided a weight ¢, Boy ¢. 

Sp the weight 

the portion of ; 

the bar A F 


, * 
were suspended from the point b, Fb being equal the 
half of AF: and a weight, p, equal the weight of the 
portion of the bar FB, suspended from a, Fa being 
equal the half of BF. ; 

Supposing the difficulty of the weight of the bar thus 
obviated, there would still remain another difficulty in 
the way of a perfect experimental proof of our simple 
proposition. According to theory, the slightest addi- 
tional weight, added to either of the weights P or Q, 
ought to Sisteoy the equilibrium of the bar AB, and 
alter its perfectly horizontal position. But this supposes 
that the edge of. the support F will exercise no friction 
on the surface of the rod AB. By a proper choice of 
materials, for the rod and the support, and also of the 
angle of the edge of the support, this friction may be 
considerably diminished, but it can never be absolutely 
destroyed. If we could succeed in fulfilling all the con- 
ditions we have indicated as n for the experi- 
mental proof of the very simple een of our science, 
which we have enunciated, we should be able to construct 
a perfect balance. That these difficulties are real, and 
not merely imaginary, is proved by the fact that a 
balance, sufficiently sensitive and accurate to supply the 
wants of the modern analytical chemist, is a very expen- 
sive instrument, and requires great skill and accuracy, as 
well as scientific knowledge, for its construction. BY 

Though we cannot appeal to experiment for a rigid 
proof of our propositions, if we make the necessary 
allowances for the difference between the bodies on 
which our experiments are conducted, and the imagi 
bodies which our science supposes perfectly rigid, and 
so forth, careful experiments will serve not only to give 
us clearer views of our science, but also to confirm our 
confidence in our abstract reasonings, by the approximate 
coincidence of our experimental results with our 
theoretical conclusions. 

Thus, if in the experiment before alluded to, we make 
the necessary allowance for the weight of the bar, by 
applying the small weights p and q to the points a and 
b, our experiments will approximate to the theoretical 
proposition in proportion as the friction of F on the bar 
is diminished, and the bar A B is Lacey | straight and 
accurately divided at the points a and b (Fig. 2), 

REST OR EQUILIBRIUM.—Having defined a ma- 
terial particle and a rigid solid body, and their theoretical 
properties and condition, we must next consider what 
we mean by their rest or motion. We say that a body or 
a particle is in motion when we perceive the body or par- 
ticle to change its position, and that it is at rest when it 
does not change its position. This clearly implies, how- 
ever, that we have some means of measuring this altera- 
tion or change of position, by reference to other bodies 
which we conceive to be at rest. Hence it happens that 
what we suppose to be rest and motion, are generally 
only apparent rest and motion, and that there is no sub- 
ject on which our senses more frequently lead us to form 
erroneous conclusions than when we attempt to dis. 
criminate the real or absolute rest and motion of objects 
from their apparent rest or motion. When we see a body 


| change its position relatively to other bodies, we cannot 


tell whether the body which seems to move really does 
so or not, till we know whether the bodies relatively to 
which it appears to change its position, are themselves in 
a state of rest, or whether they are all moving together. 
It may so happen that the bodies may be moving, though 
we are pean 


ves unconscious of their motion ; and in this | 


case the body which apparently moves may be really at 
rest, Instances of this kind are of daily occurrence. A 
person on board ship, where his own body, as well as all 
the surrounding parts of the ship are apparently at rest, 
sees all the objects which the ship carried, as it 
were, past him with great velocity ; and were he not con- 
scions, from other considerations, that the ship on which 
he stands were really in motion, he would have some 
difficulty in conceiving that the apparent motion of the 


stationary objects the ship by, was not real instead 
of imaginary. This is strikingly illustrated by looking 
out of a railway carriage when moving quickly 3, the ob- 


jects, such as trees and houses, near the carriage, aro 
oaeeey carried by the window with great rapidity, 
while those at a greater distance seem to pass more slowly. 
If, while waiting at a station, a train pass slowly by, it is 
often very difficult to tell whether the train in which we 
are seated be at rest or in motion, unless we correct our 
impression by looking out of the opposite window, where 
we can com the position of the train with the fixed 
objects of the station. 

APPARENT REST OR MOTION OF HEAVENLY 
BODIES.—A popular knowledge of astronomy is now so 
common, that we have no difficulty in ing per- 
sons that the apparent motion of the sun and stars in 
the heavens is not real. Yet this is a fact which can onl 
be demonstrated by a long course of intricate reasoning, 
founded on an immense number of careful observations, 

me an ordinary rset sto of heaven, studded 
with stars, appears to revolve round an imaginary axi 
while the earth seems perfectly at rest ; each of the 
stars describes a circle, which brings it back to the posi- 
tion in which it was first observed in an invariable inter- 
val of about 23 hours 56 minutes. What are called the 
fixed stars seem all to move together with the vault of 
heaven, and never to change their relative positions 
with respect to one another. The planets and comets, as 
well as the sun and moon, have an ap t motion 
among the fixed stars, In the case of the planets, comets, 
and moon, this apparent motion is exceedingly complex. 
Sometimes a planet will appear to move forward with 
great rapidity among the stars of a constellation; then 
it will come, as it were, to a stand-still, remain some time 
at rest, and then move backward. Ancient astronomers 
were well acquainted with the phenomena of real and 
~~, motion ; yet after centuries of painful research 
and the invention of most complicated motions, to ac. 
count for the apparent paths of the planets on the vault 
of heaven without avail, it was reserved for the genius 
of Copernicus and Kepler toresolve these motions into 
simpler ones, on the simple hypothesis that all the 
planets move round the sun in orbits nearly elliptical, 
and are never at rest. 

cumin @ teaches us that avery object cally abi earth’s 
surface which appears to us at rest, is ject, 
along with the earth on which tis placed, to two 
motions ; one by which it is carried round the earth’s 
axis by its diurnal rotation, and another by which it de- 
scribes the earth’s orbit round the sun in a year. 

From these considerations it appears that there can be 
no absolute rest for any particle of matter by which we 
are surrounded ; that perpetual motion is the real con- 
dition of all material objects ; and that when we apply 
the reasonings and principles of the science of statics to 
nature, it is the apparent and not real rest of bodies to 
which we must have 

In the application of the principles and conclusions of 
statics to nature, we may consider the earth as absolutely 
fixed and at rest, and neglect its real motion without 
introducing any sensible error into our experiments. 
According to the law of inertia, all the bodies on the 
earth will partake of the earth’s motion, and we know of 
no force which will deprive them of this motion ; if, 
therefore, any forces produce the relative motion or rest 
of a terrestrial body, compared with bodies fixed with 
regard to the earth, that relative rest or motion will be 
the same whether the earth be really at rest or in motion. 
A familiar instance may make this assertion clear. If 
aship under the influence of steam and tide, be moving 


a 
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rapidly throagh smooth water, al! mechanical powers, 
such as blocks and pulleys, the windlass, and all the 
parts of the most complicated steam-engine will act 
under precisely the same circumstances, exert the same 
forces, be brought to a state of ral nie or motion 
compared with the ship asa fixed object, whether the 
ship be at rest or in motion. A game of billiards, which 
requires considerable practical skill in mechanical science, 
may be played in the cabin of a ship without the players 
being aware whether the ship is at rest or in motion. 
Though, with respect to the earth, the balls, which were 
apparently at rest while the ship was moving, would be 
in reality not at rest, but moving with the ship. 
URE OF FORCE—DYNAMOMETERS.— 

We regard all forces as equal which produce the same 
mechanical effects ; oom in ar we ewes r — as 

ual, which produce the same effects, when applied in a 
similar manner, in bringing a body into a slate ol equi- 
librium. Instruments, by means of which these effects are 
estimated, are called dynamometers, or force measurers. 

A very simple dynamometer consists of a thin flat bar 
of steel, A BC, bent into an angle at B, and properly 
tempered, so that if any force be applied at A and C, to 
bring the extre- Fig. 3. 
mities nearer to- c 


the forces applied to A and ©, the nearer these extre- 
mities of bar will be brought to one another. 
To measure this effect, a circular are of metal, 


ACD, is fixed perpendicularly to the surface of the 
steel bar at A, passing freely through an ing in the 
other extremity of the bar at C. Another are, CAE, 
is similarly fixed at C, passing through an opening at A. 
Rings are fixed at D and E for the convenient application 
of forces whose effects are to be estimated ; and one of the 
AD, is graduated by a number of equal divisions. 
If the extremity E (Fig. 4) of the dynamometer be 
fixed to a beam, and a weight, P, Fig. 4. 
hung from the ring at D, the gradu- = 
ated are will show vee eer 
of the weight P in bringing the dyna- 
mometer to a state of rest, with the 
extremities of the bent bar nearer to 
each other than they were before the 
application of the weight P. If, 
instead of applying a weight P, we a 
pull with our hand a string at- 
tached to D ig: ®), till we bring 
the graduated part of the arc at A to 
the same division to which the weight 
P brought it, we produce with our 
hand a similar statical effect to that 
roduced by the weight. We there- 
‘ore conclude that the forces exerted 
by the weight and by the hand are 
to one another, though they are evidently forces 
of a very different character, the 
force of weight being uced 
by the earth’s attraction for the 
particles of matter of which it is 
com , and the force exerted 
by the arm being derived from the 
contractions of the muscular fibres 
of the muscles of the arm, due to 
some force which we call the mus- 8 
cular force, of the nature of which 
we are perfectly ignorant. 
There are many other dynamo- 
meters besides that just descri 
such as one in which the statical 
effects of a force causing a spiral 
spring of wire contained in a metal 
oyli to be compressed, is mea- 


sured on a graduated rod, as in the accom ing fi 
(Fig. 6). The various kinds of balances apt see wee 
yards, which will be described hereafter, are all 
dynamometers. 

UNIT OF FORCE.—The experiment on the 
dynamometer, just described, would lead us to 
infer, what is found to be true in practice, that 
weight is the most convenient measure of force 
which we can adopt in statics. We say that a 
force of ten or twelve pounds is exerted on a 
body, if the force produce the same statical 
effect on the body which a weight of ten or 
twelve pounds applied in a similar way would 
produce, The unit of force generally adopted in 
this country is that called a pound weight. But 
here we ae be met with the inquiry, what is a 
pound weight? This is a very important ques- 
tion, and has been determined legislative 
enactment, after careful deliberation, and the 
report of a scientific commission appointed for 
the consideration of the difficult subject of 
standard weights and measures. 

POUNDS TROY AND AVOIRDUPOIS.— 
By the Act of Parliament (5th George IV., c. 74, passed 
in the year 1824, sections 4 and 5), it is enacted—“ That 
from and after the first day of May, 1825, the standard 
brass weight of one pound troy weight, made in the year 
of 1758, now in the custody of the clerk of the House of 
Commons, shall be, and the same is hereby declared to be, 
the original and genuine standard of measure of weight, 
and that such brass weight shall be, and is hereby de- 
clared to be, the original and genuine standard measure 
of weight, and that such brass weight shall be and is 
paps 4 denominated the Imperial Standard Troy Pound, 
and be, and is hereby declared to be, the unit or 
only standard measure of weight from which all other 
weights shall be derived, computed, and ascertained, and 
that one twelfth part of the said troy pound shall be an © 
ounce, and that one twentieth part of such ounce shall be 
a “ase Se a oa and that one Waban Beye part of such 
pennyweight shall be a grain ; so that 5,760 such grains 
shall be a troy pound, and that 7,000 such grains shall be, 
and they are hereby declared to be, a € seem avoirdupois, 
and that one sixteenth part of the said pound avoirdupois 
shall be an ounce avoirdupois, and that one sixteenth 
part of such ounce shall be a dram. 

** And whereas it is expedient that the said standard 
troy pound, if lost, destroyed, defaced, or otherwise 
injured, should be restored of the same weight by re- 
ference to some invariable natural standard ; and whereas 
it has been ascertained by the commissioners appointed 
by his Majesty to inquire into the subject of weights and 
measures, that a cubic inch of distilled water, weighed in 
air by brass weights at the temperature of 62 degrees of 
Fahrenheit’s thermometer, the barometer being at 80 
inches, is equal to 252 grains, and 456 thousandth parts 
of a grain, of which, as aforesaid, the Imperial Standard 
Troy Pound contains 5760: Be it therefore enacted, 
that if at any time hereafter the said Imperial Tro 
Pound shall be lost, or shall in any manner be destroyed, 
defaced, or otherwise injured, it shall and may be re- 
stored by making, under the direction of the Lord High 

r, or the Commissioners of His Majesty's 
Treasury of the United Kingdom of Great Britain and 
Treland, or any three of them for the time being, a new 
standard troy pound, bearing the same proportion to the 
weight of a cubic inch of distilled water, as the said 
standard pound, hereby established, bears to such cubic 
inch of water.” 

From this Act of Parliament it appears that the troy 
pound is a certain arbitrary piece of brass, which, weighed 
in air at a temperature of 62° Fahrenheit, the mercury 
in the barometer standing ata height of 30 inches, is 
equal to the weight of 22 cubic inches, and 815 thousand 

of a cubic inch of distilled water. Distilled water 
is therefore the natural standard to which the unit of 
weight is ultimately referred. This standard, however, 
is referred to a cubic inch, or a volume of water an inch 
in height, an inch in breadth, and an inch in depth. 
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NIT OF LENGTH.—The Act of Parliament just 
cited has also determined the standard unit of the 
measure of len, By the first section of that act, it 
is enacted—‘ from and after the Ist day of May, 
1825, the straight line, or distance between the centres 
of the two points in the gold studs in the straight brass 
rod, now in the custody of the clerk of the House of 
Commons, whereon the words and po eH ‘Standard 
yard, 1760,’ are engraved, shall be, and the same is hereby 
declared to be, the — and genuine standard of that 
measure of length or lineal extension called a yard, and 
that the same straight line or distance between the 
centres of the said two points in the said gold studs in 
the said brass rod, the brass being at the temperature of 
62 degrees by Fahrenheit’s thermometer, shall be and 
is hereby denominated the ‘Imperial Standard Yard,’ 
and be, and is hereby declared to be, the unit or 
only standard measure of extension, wherefrom or 
whereby all other measures of extension whatsoever, 
whether the same be lineal, superficial, or solid, shall be 
derived, computed, or ascertained ; and that all measures 
of length shall be taken in parts or multiples, or certain 
proportions of the said standard yard ; and that one- 
third part of the said standard yard shall be a foot, and 
the twelfth part of such foot shall be an inch, and that 
the pole or perch in length shall contain 5 such yards 
and a half, the furlong 220 such yards, and the mile 
1,760 such routs 

‘‘ And whereas the said standard yard, if lost, de- 
stroyed, defaced, or otherwise injured, should be re- 
stored of the same length by reference to some invariable 
natural standard ; and whereas it has been ascertained, 
by the commissioners appointed by his Majesty to in- 
quire into the subject of weights and measures, that the 
said yard hereby declared to be the Imperial Standard 
Yard, when compared witha pendulum vibrating seconds 
of mean time in the latitude of London, in a vacuum, at 
the level of the sea, is in the proportion of 36 to 39 
inches, and 1,398 ten thousandths part of an inch: Be 
it therefore enacted and declared, That if at any time 
hereafter the said imperial standard yard shall be in any 
manner destroyed, defaced, or otherwise injured, it 
shall and may be restored by making, under the 
direction of the Lord High Treasurer, or the Commis- 
sioners of His Majesty’s Treasury of the United 
Kingdom of Great Britain and Ireland, or any three of 
them, for the time being, a new standard bearing 
the same proportion to such pendulum as aforesaid, as 
the said imperial standard yard bears to such pendulum.” 

UNIT OF TIME.—Time is the ultimate natural 
standard to which all measures of length, weight, and 
capacity are referred in this kingdom. Time certainly 
is one of the most convenient, and perhaps the only 
natural standard to which we can have recourse, to fix 
with scientific accuracy our units of measurement. The 
value of time in this respect depends upon the fact 
deduced by astronomers, from i ms collected 
and registered for many centuries, that the mean length 
of day and night is invariable ; in other words, that the 
earth always completes its rotation on its axis in the 
same period of time. This portion of time is obtained 
by observing the period which elapses between the 

e of a fixed star over a certain oy mgd line in 

@ heavens, called the meridian of the of obser- 
vation, and its next ap ce on this line, and is 
called a sidereal day. e sidereal day is divided into 
twenty-four hours, each hour into sixty minutes, and 
each minute into sixty seconds. A clock is an instrument 
for measuring time, and is set in motion by a weight; 
its motion is regulated by the vibrations of Led je piovird 
and the number of its vibrations are registered by means 
of a series of wheels, and indicated on the graduated 
face of the clock by the motion of hands or pointers, 
The length of the pendulum is so regulated that its time 
of vibration may be as nearly as possible one second ; and 
these vibrations being registered by the clock, if the 
clock indicate that 24 hours, or 24 x 60 x 60, or 86,400 


seconds have elapsed between one transit of the star 
over the meridian and another, the clock is said to be 
correct, and will afford us an accurate measure of sidereal 
time. Such a clock is called a sidereal clock, and is one 
of the most valuable and useful instruments in an ob- 
servatory. Sidereal time is not, however, the time used 
for the ordinary transactions of life. The true solar day 
is the interval which elapses between one passage of the 
sun over the meridian and another, as shown by a dial 
or other means of astronomical observation ; this day is 
not invariable in length, but changes from day to day, 
being sometimes longer and sometimes shorter. ‘Toa 

this inconvenience, a mean solar day is chosen by the 
supposed revolution of a fictitious sun, which be 
invariable in a: and this time is divided into 24 
hours, and these hours into minutes and seconds, as in 
the case of the sidereal day. This mean solar day is the 
time used for the ordinary or civil reckoning of time. 
What is called the equation of time, is an astronomical 
calculation, which gives the difference between the time 
shown 7 the dial or the true solar time, and that in- 
dicated by the ordinary clocks, which show the mean 


second of a sidereal day. The pendulum vibratin 
seconds, from which, by Act of Parliament, the preserve: 
measure of length, if lost, is to be obtained, is to bea 
pendulum vibrating a second of mean solar time under 
the conditions specified in the act. So great, however, 
are the scientific and mechanical difficulties to be over- 
come in determining accurately the length of this second’s 
dulum, that though the agree was so injured 
y the fire when the houses of Parliament ings oe 
down in 1834, and the standard pound troy altogether 
lost, no attempt has been made to restore the lost 
standards. The last scientific commission seems to have 
considered the attempt to do so altogether hopeless. 
Fortunately, the Royal Astronomical Society had a very 
beautiful scale constructed about the year 1832, and 
three feet of this scale were compared many hundreds 
of times with the Parliamen standard ; and this scale 
must now be considered the scientific English standard, 
and the best evidence of the parliamentary standard 
which exists. There is also great doubt as to the ac- 
curacy of Captain Kater’s determination of the | 
of the second’s pendulum which is adopted by the Act 
of Parliament ; so that if the standard were to be re- 
stored according to that act, it would probably differ 
from the lost standard (Bailey’s Report on a Standard 
Scale, Astronom. Soc. Mem. vol. ix.) Two Acts of 
Parliament, 5 and 6 Wm. IV., c. 63, and 16 Vic., c. 29, 
June, 1853, have been enacted since the fire, on the 
subject of weights and measures ; but neither of them 
notice the loss of the standards, speaking of them as if 
they were still in existence, 

RENCH STANDARDS .—The French standards are 
derived from actual measurements of the earth’s surface. 
From these measurements the of a line drawn 
from the pole of the earth to the equator is deduced. 
The ten-millionth part of this line is called a metre; 
and this is the French standard of length. The deca- 
metre is 10 metres, the hecto-metre is 100 metres, the 
kilo-metre 1,000 metres, and the myria-metre is 10,000 ; 
while the deci-metre is the 10th part of a metre, the 
centi-metre the 100th part of a metre, and the milli- 
metre the 1,000th part of a metre—Greek prefixes being 
used for —_ multiples of hare a as tin for its 
parts. © gramme, which is the stan of weight, is 
derived from the standard of 1] and is motile, eg es 
weight of a cubic centi-metre of distilled water, weighed 
at the freezing point. The same prefixes are used 
before the gramme, which are added to the metre to 
express its multiples and parts. Thus a Eh omy is 
a 1,000 grammes, and a milli-gramme the 1, part 
of a gramme, 

The metre is equal to 3280899 English feet, and tho 
kilo-gramme is equal to 3°204597 pounds avoirdupois. _ 
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PRESSURE AND TENSION.—When a material 
body is in a state of equilibrium under the influence 
of forces, the forces applied to the body may either 
have a tendency to press the icles of the body or to 
crush it, in which case the forces are called pressures, 
or they may have a aggre 4 4 to separate the particles of 
the body or tear it, in which case they are denominated 
tensions. A weight placed on a body exerts a pressure 
on it. Two men pulling a rope, or weights suspended 
from a rope, exert a tension on the rope throughout its 
substance ; and if one of the rope be weaker than 
another, and the weight or force be sufficiently great, 
the rope will break or be torn asunder at that 
The tie-beams of a roof, which prevent the weight of 
the roof from thrusting the walls of a building out of 
the perpendicular, are under tension, while the walls 
support the pressure of the roof. Tt is of great im- 
portance, practically, to distinguish between pressure 
and tension; for some substances will bear a large 
amount of pressure without injury, but will be torn 
asunder by a far less amount of tension. 

FLEXIBLE CORDS.—In theoretical statics, as we 
conceive our solid bodies to be perfectly rigid, so we 
conceive the strings which support our weights to be 
perfectly fiexible, and at the same time perfectly in- 
extensible. It is needless to remark that no such cords 
or strings are to be found in nature; but these hypo- 
thetical bodies enable us to divest our problems of many 
difficulties, and to arrive at conclusions which may 
afterwards be used in practice with great accuracy, 
when experiment has enabled us to determine the want 
of flexibility in the material we use. For the same 
reason, friction, or the resistance which surfaces not 
perfectly smooth oppose to the motion of a body over 
them, is at first neglected in our problems, 

ACTION AND REACTION —It is an axiom of 
statics—that is, it is a self-evident truth, or one which 
admits of no other proof than universal experience— 
that whatever force one rigid body exerts upon another 
rigid body, the latter opposes that force by an equal 
force, which is called its reaction. Thus if & beam of 
wood, B (Fig. 7) standing 
upright on a floor, ©, 
sup on one of its 
extremities a 50lb. weigh 
A, the weight A wi 
exert a pressure of 50 lbs, 
acting downwards, on the 
beam, and the beam will 
convey this pressure to 
the floor. But the rigi- 
dity of the beam Mg a force to the weight, which 
prevents the weight from falling, or crushing the beam ; 
and thus a reaction equal to 50 lbs. is exerted upwards 
by the beam upon the weight. Again, the beam 
presses on the floor with its own weight, in addition to 
that of the 501b. weight; and if the floor be 
enough, and of a material sufficiently rigid to prevent B 
sinking into it, the floor will sustain the pressure of A 
and B, which acts downwards; but it will react up- 
wards on B with a force equal to the pressure B 


exerts w it. 

* EQUILIBRIUM OF A MATERIAL PARTICLE.— 
If a material particle be acted upon by two forces which 
are equal to one another, but acting in opposite direc- 
tions in the same straight line, they will neutralise one 
another, and the particle will be at rest. This is self- 
evident, and depends upon our fundamental idea of the 
equality of forces. Supposing, however, that the two 
forces do not act on the particle in the same straight 
line, but in the direction of straight lines inclined to 
one ancther at some angle, in what direction must a 
force be applied to the particle, and of what magnitude 
must it be, to neutralise the effect of these two forces, 
both in the case where the two forces are equal, and 
also where the portray ge ver om ereecy of the most 
important, and, indeed, the fundamen ition of 
statics. Before we can discover it we piv aligs some 
means of representing forces and their directions. 


GEOMETRICAL REPRESENTATION OF 
Fig. 8. FORCES .—I£ we represent the 

an material point by a geometrical 
point A (Fig. 8), we may draw 

a line, AP, to represent the 

direction in which a force, say 

of P pounds, is acting on the 

A particle,, and AQ to represent 

the direction in which a force of 
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4lbs. and another of 3lbs., are su 1 


pong to Sot. On: eee OA Sas 7 
or mdicular to one °é ras £ 


angles, 

another, we should at es them by the lines A B, 3 
inches in length, and AC, 4 inches in length, drawn 
perpendicularly to one another. (Fig. 8). 

t is not necessary to use an inch as the representative 
of a pound, or the unit of weight. Any other convenient 
measure, such as the eighth or tenth of an inch, may be 
used, if we keep to the same scale throughout, It is usual 
to indicate the direction in which the force acts by the 
addition of an arrow-head to the line which represents it, 


RESULTANT.—If£ two forces, P and Q (Fig. 10) 
Fig. 10. represented in magnitude and 
direction by the lines A P and 


AQ, act upon the point A, so 
as to cause it to move, it must 
begin to move in some direc- 
tion. Let AR represent that 
direction. Now we can con- 
ceive that some force, S, could 
be applied to A in the opposite 
direction to A R, in which A 
would begin to move, which 
would stop its motion and 
keep it at rest. Let AS represent this force in magni- 
tude and direction. Then the particle A would be kept 
at rest by the three forces, P, Q, and 8, acting in the 
directions A P, AQ, and AS. If, now, the line § A be 
produced to R, and A R be taken equal to AS, A R will 
represent in magnitude and direction a force, R, equal to 
8, which, if P and Q were removed, would counteract 
the effect of the force represented by ASon A. AR, 
therefore, represents, in magnitude and direction, a force 
which would have the same effect on A, when it acted 
upon it by itself, that the forces represented by A P and 
A Q would have, if they both acted on A. 

The force R, represented by A R, is called the resultant 
of the forces Pand Q, represented by A P and AQ; and 
P and Q are called the components of R. 

Thus, for example, if three perfectly smooth pegs, B, C, 
and D (Fig. 11), be inserted in a board standing in a ver- 
tical position, and three strings be attached to a point, 

Fig. 11. or simply knotted together at 
| A, and weights of 2Ib., 31b., 
‘and 41b. fixed to their ex- 
' tremities, as in the figure, the 

weights will balance each other; 


in 
fexib e, the whole 
2 rest in the position represented 
pido by the diagram. The point or 
| knot A will be kept at rest by 
the tensions of the weights— 
that is, by a force of 3lbs. 
acting in the direction of A B, 
2\bs. in the direction of A D, 
and 4l1bs. in that of AC. Let 
another peg, E, be inserted in 
5 the board, somewhere in the 
straight line CA produced, attach another string to A, 
and pass it over AE, with a weight of 41bs. at its other 


ill come to 


af ld 
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éxtremity, care being taken to support this latter weight 
so as not to allow it to act on A till we require it. If, 
now, the weights of 2Ib. and 31b. be supported so as to 
take off their tensions from A at the same instant that 
the second 41b. weight is allowed to exert its tension on 
Ain the direction AE, the equilibrium of the point A 
will not be disturbed, since the tensionof 41bs, acting in 
the direction A E, will exactly balance the tension of the 
4b. i in the direction AC. The tension of 4b. 
acting in direction A E, produces, therefore, the same 
effect on the point A that the joint tensions of 3 1b. acting 
in the direction A B, and of s@ yee errors AD, 

h ther have upon it. e y jon, acting in 
9 direetion AE, iy called the resultant of the 3 lb. 
tension in the direction A B, and the 2 1b, tension in that 
of AD. 

PROPOSITION I. 


PARALLELOGRAM OF FORCES.—The proposition 
which enables us to represent the resultant of any two 
forces which act upon a material particle in magnitude) 
and direction, when the itude and direction of the 


two forces are given, is called the parallelogram of forces, 
and is as follows :-— 

Fig, 12 Let P and Q be two forces 

acting y upon material point A. 


Let the line A B represent 
the force Pin magnitude and 
direction, and A C the for¢e Q 


> d in magnitudeand direction. 
: 3 Through B draw BD parallel 
to AC, and through C, CD elto AB. 


Let Dbe the point where the lines BD-and CD 
meet. ‘ ; 
Then, by construction, the figure A BD C is a parallel- | 


Join AD, AD is'the diagonal ofthe parallelogram. 

This diagonal AD willirepresent the resultant R of the! 
two forces P and Q acting inthe directions AB and A ©, | 
im magnitude and direction. 9. © E des 

The parallel of forces may therefore be thus 
enunciated... If two forcesiacting upon a material particle | 
be represented in magnitude and direction by two adjacent 
sides of a parallelogram, the diagonal of the para’ 
drawn through the point where these sides 
represent their resultant both in magnitude and direc- | 


tion. 

We shall first show that this proposition is true for the | 
direction of the resultant, and then that it is also true for | 
its magnitude, 

1st. To prove that the parallelogram of forces is true for 
the direction of the resultant. 

Figs 13. When the forces P and Q are equal, 
2. A the direction of the resultant will mani-— 
festly bisect the angle B.A © (Fig. 13), | 
Simaion Sideanpae 1 alleged why the 
resultant force R should incline more 
to one force, P, than to the other, Q. 
, Since A BOD is a parallelogram whose 
sides AC and AB are equal, its di nae 
AD, will bisect the angle BAC, and therefore AD wi 
represent the direction of the resultant when P. and Q are 


equal. 
Let us now assume the proposition to be true for two 
unequal forces P and Fig. 14, 


Q, and also for two 
unequal forces P and 
8 (Fig. 14), we can 
then prove that it 
— oy te for the 

rees PandQ+S8. << 

Draw a parallel- 4 

ogram AB D C, having one side A B proportional to the 
force P, and the adjacent side A C to that of Q ; produce 


AO to E, and make CE in the same pro ion to § that 
the other lines bear to P and Q. Complete the parallel- 
ogram E D. 


‘According to our assumption, the restltant of P and Q 


will act in the direction AD, and that of P and § in the 
Fig. 15. 


direction CF. Now 


any point to another, 
provided the latter be in the same straight line in which 
the force is acting, without disturbing the equilibrium. 
Hence the force § acting at C may be transferred to A 
(Fig. 15), and we shall then have a force Q +5 acting on 
A in the direction A C, a force P acting on Ain the di- 
conan AS See © Seen eee on C in the direction 


If the proposition be true for P and Q +58, their 
Fig. 16. 


resultant will act in 
the direction AF, 
and these forces 
may be transferred 
from Ato F, What 
we have therefore 
to show is, that the 
forces P and Q act- . 
ing at A, and P and iratie 
8 acting at C, may be so transferred, by the principle of 
transmission of force, without altering the conditions of 
equilibrium, that we may have the forces Q +S and P 
acting at F and P at C (Fig. 16). 
By our assumption, P and Q 
replaced by their 
resultant (Fig. 
17) acting in the 
diagonal AD of the 
© B, 


- 
ae 


acting at-A may be 
Fig. 17. : 


resultant T actin 
in the | diagon 
C F of the parallelogram E D. 

Now, according to the principle of the transmission of 
force, the force R may be erred from A to D in the 
direction AD, and the force T from C to F in the direc- 
tion C F, as represented in the accompanying diagram 
(Fig. 18). ' mer 

ig. 


have the forces Q+8 and P acting at F, and P 
without having altered the conditions of equilibri 
any of the points of the 
pe be true for two forces P 
and §, as the direction 
is also true for the forces P and Q +8. 
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Now, we have shown that it is true for two equal 
. Fig. 20. ct 4 


a 
ais? o a 


forces ; hence its true for P and P, and also for P and 
P, it must therefore be true for P and 
and 2P. Being true for P and 2 P, and 
P, it is true for P and P + 2 P, or for P and 3 P, and 
so on; it may be shown to be true for P and m P, where 
m represents any whole number. 

By similar reasoning the proposition may be extended 
to the forces n P and m P, where m and n represent any 
whole numbers whatever. 

Hence the proposition is true, as to the direction of the 
result, for any two forces which are commensurable ; or 
in other w for any two forces which have a common 


measure, or can be expressed in terms of acommon unit. 
The proposition can be extended to the case of in- 
commensurable forces, or forces which have no common 


measure, 

Let the lines AB and AC (Fig. 21) represent two in- 
Fig. 21. 

¢ 8 ¢ E A 


commensurable for- 
ces, in magnitude 
and direction, of 
which AC is the 
greater. Complete 
the 1 


ogram 
ABDC, by draw- 
res parallel to if 
AC, and CD paral- "7> 
lel toA B. If the ° 
resultant do not act in the direction of the diagonal A D 
of the parallel ABDG, let AE represent the 
direction in which it acts. 

Divide the line A C in two equal parts in the point F; 
similarly divide F C in two equal in G, and GC in 
H; continue this subdivision until a part, such as H C, 
is obtained, which is less than D E. 

wit | therefore, be divided into a number of equal 
parts, of which are equal to H C. 

Set off distances each equal to H C along the line CD, 
co! ing from the point ©; then one of these 
divisions, such as K, must fall between E and D, since 
AC and CD have no common measure, and HC is less 
than E D. 

From A B cut off AL=C K, and join K Land AK, 

AC and AL will therefore have a common measure 
H.C, and will consequently represent two commensurable 
forces; and A K, the diagonal of the —— m. 
ALK, will, by what we have previo (Aap , re- 
present the direction of their resultant. resultant 
AK, therefore, of the forces AL and AC, is further 
from AC than AE, the resultant of the forees A C and 
AB; but this cannot be true, since AB, being greater 
than AL, A E ought to be further from A CO, or nearer 
to AB than AK. Consequently, the rr a that 
the resultant of AC and A B acts in the direction of the 
line AE, leads to an absurdity ; and similarly it may be 
shown, that if it be supposed to act in any other direction 
than the line AD, the diagonal of the parallelogram 


ABD, we shall be led to a like absurd conclusion. 
Hence we infer, that if two forces, acting on a point, 
Fig. - 22, 


whether commensurable or incom- 
mensurable, be represented in mag- 
nitude aot gga two - 
jacent sides of a elogram, the 
‘i of the parallelogram will 
\. represent the direction in which 
©’ the resultant of these forces will 
act. We have next to show, that 

/ magnitude as well as the direction 
/ of the resultant. 


nt the 
8 Let AB, one side of the paral- 


this diagonal will also represe 


lelogram A B C D (Fig. 22), represent.a force P, in mag- 
nitude and direction, and the side A C, another force Q, 
in magnitude and direction, these two forces both acting 
on the point A. 

Let R represent the force which is the resultant of the 
forces P and Q; this force will act, according to what 
we have already proved, in the direction AD, A.D being 
the diagonal of the parallelogram A BC D. 

Produce AD to D’, and take A D’ in the same propor- 
tion to. R that AC bears.to.Q, or A B to P. 

Draw D/C’ parallel to A B, and B C’ parallel to AD’, 
meeting in 0’, and join A 0’, A BC’ D’ will be a parallelo- 
gram, AC’ its diagonal, and B C’ will be = AD’. 

Since R is the resultant of the forces P and Q, a force 
R acting on A in the direction A D’, in the same straight 
line, but in the opposite direction to that in which the 
resultant of P and Q acts, will keep the point A at rest, 
when acted on by the forces P and 

Hence the forces P Q and R, represented in magnitude 
and direction by AB, AC and AD’ acting on A, will 
keep it at rest. 

Any one of these three forces will be: equal.in magni- 
tude to the resultant of the other two, but it will act in 
an opposite direction to it in the same straight line. 

Now A C’, the mes IH of the AD'CB 
is the direction in which the resultant of the forces R, 
and P represented by A D’ and AB acts.., Therefore A C’ 
and A © must.be in the same straight line ; and since AC 
is parallel to B D, AC’ will also be parallel to B D ; and, 
since B C’ was drawn parallel to AD, A.C’ BD must be 
a\parallelogram, and BO’ will = A D. 
r te BC = _ peer rg Fn R- and since 4 

represents R in magni ill. represent 
both in magnitude and direction. , 

We are indebted to M. Duchayla, a French mathema- 
tician, for this véry simple and beautiful demonstration 
of the parallel of forces. It may be proved by. 
other methods, but they either require a knowledge of. 
the higher branches of mathematical analysis, or else 
assume the principles of Dynamics. 

Some writers first demonstrate the peepective of the 
lever, and from these deduce the parallelogram of forces. 


PROPOSITION It. 


To find the Resultant of any number of Forces acting on a 
Material Point in the same Plane. 


Let P, P,P, and P,, four forces acting on a point A 


in the same plane, be represented Fig. 23.7) 
in magnitude and direction by the wo Boman By 
lines AP,, AP, APs, and po rac 
AP,, (Fig. 23). PE pe 

Draw P; R, el to AP, / he 
and P, R, elto AP,, meet-' / ps 
ing in R, ; jon A Then / 


Ry. 
AR, the diagonal of the paral- / 
lelogram AP, R, P, will by 
Prop. I. represent the resultant 2 “~~>-~-.._ 
of the forces P, and P, acting on 
‘A in the directions A P, and AP,. 

Let R, be this force. Then R, alone acting on A in 
the direction A R, will produce on A the. same effect.as 
the two forces P, and P, acting together, in the directions 
AP, andAP,. 

Consequently the two forces P, and P, acting on A 
in the directions AP, and A P, may be replaced by a 
single force Ri, acting in the direction A R,. 

Again, draw R, R, parallel to A Py and Ps R, parallel 
to AR, meeting in R,; join AR,. Then by Prop. I., 
a force R, represented in magnitude and direction by 
AR, the diagonal of the logram A Ri Rg Ps, will 
have the same effect on A as the two forces R; and P, 
acting in the direction A Ry and A Ps, 

But R, acting on Ain the directions A R, produces 
on A thesame effect as P1 and P. acting in the directions 
AP, and AP,. ; 

Hence the force R, acting on A in the direction A R. 

roduces the same effect as the three forces P, Ps and 

, acting in the directions AP,, AP., and APs 


eae, 
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Lastly, draw P, Rs el to AR, and R, R; And A will be kept in equilibrium by the action of 
R acting i directions 


to AP,, meeting in R;. Join ARs. Then by 

rop. I. a force Ry represented in magnitude dnd 

direction by A R,, will have the same effect on A as the 

two forces R, and P, have, acting in the directions AR: 
and A P,. 

But R,, acting on A in direction AR. produces the 
same effect as P, P, and P, acting in the directions AP,, 
AP,, and APs. 

Consequently a force R, acting in the direction A Rs, 
uaheg on A the same effect as the four forces P,, Ps, 

», and P,, acting in the directions AP,, AP., APs, 
and AP,; or, in other words, A R; represents the re- 
sultant of these forces in magnitude and direction. 

The same method may be extended to any number of 
forces, and affords an easy geometrical construction for 
finding the single resultant of any number of forces 
acting upon a material particle. 

PROPOSITION III. 
Resolution of Forces. 

By means of the parallelogram of forces we can gene- 
rally replace a single force by two others acting in any 
directions we please in the same plane ; this is called re- 
solving a force, and the forces by which it is replaced are 
termed its resolved parts. 

Thus if a force P (Fig. 24) acting on a point A, be 
represented in magnitude and direction by the straight 

ine AP ; and AB, Fig. 24. 

AC drawn through c 
Abe the arbi 
directions in whic 
we wish to resolve 
the force P. 


Through P draw / 
PD parallel to AC / j 
meeting AB inD, / i 
and also PE parallel B DZ A 


to A D meeting A C 


in E. 

Then, by Prop. I., AE and AD will represent two 
forces in magnitude acting in the directions A C and A B, 
which produce on A the same effect as the simple force 
-P acting in the direction A P, and therefore may replace 
that force without altering the conditions of equilibrium. 

AE represents the resolved part of P along AC, and 
AD its resolved part in the direction A B. 

In resolving ese, generally found more con- 
venient to choose the direction A C perpendicular to A B. 

PROPOSITION IV, 
Triangle of Forces. 

If a material point be kept in equilibrium by the action of 
three forces acting upon it, in the same plane, the sides 
of any triangle drawn parallel to the directions of these 
three forces will be proportional to them 3 and conversely, 
three forces, acting on a material particle, will keep it at 
rest, Y these forces be proportional to the sides of a 
triangle’ formed by drawing lines parallel to their 
directions 


Let P and Q (Fig. 25), two forces acting on A, be 
represented in magnitude and direction by the lines A P 
and AQ. 

Through P draw 
PB el to AQ, 
and through Q,QB 

el to AP meet- 
ng in B; join AB. 
roduce AB to R, 
and make AR equal 
to AB. 

Then Prop. L, a 
force R acting on A, 
represented in mag- 
nitude and direction 
by AR, will counter- 
act the forces P and 


Q acting in the direc- 4 
tions A P and AQ. 


Fig. 25. 


wan enV 


Q 


< 
fo] 


the three forces P, Q, acting in the 
AP AG e \throngh i dew 
e an int E ; ugh E draw ED parallel to 

AP, and EP parallel to A ; 

In ED take any point D, and through D draw DF 
parallel to A Q, meeting EF in F. 

Then by construction the triangle EDF will be equi- 
angular to the triangles A P B or AQB. 

And, by Buc. B. VL, Prop. 4, ED : EF: FD:; 
AP;:AB:BP::P:R8:Q 


PROPOSITION V. 
Polygon of Forces. 


If a particle be acted on by any number of forces which are 
rep in magni or are ional to the 
pg fe re say it will be at rest, provided each force 
acts in a direction parallel to the side of the polygon to 
which it is prop 
Let ABCDEF (Fig. 26) be a pol 

A B, is cane her A) we force ‘a BC to 

to i to to 

and FA toP,.. x er 
Join AC, AD, and AE. ¢. 


Let AC=R,, AD=R,, rope 
Dall 
a 
er 


whose side 
P,, CD 


Then, by *Pro » EV. B. 
will represent the resultant ’ 
of the forces P; and Pg in 


magnitude. PY Kae 
R, the resultant of R, and x Bed yA 
P,, or of P,, Po, and P. 3 


‘Ard Re the resultant of Ry, and Py, or of P,, Py 


P,,, and Py. 
“but, by Prop. IV., since Rs, P,, and Py are sides of 
the resultant 
of P, and P.. 


the triangle AEF, Rg will represent 

Hence P, and P, will counteract the effect of the 
forces P,, P,, P., and P,, provided the conditions of 
Prop. IV. be fullfilled ; i.e., provided these forces act 
2s a particle, in directions parallel to the sides of the 
polygon. 

ince, in Prop. IV., any side of the ayy may be 

considered as the resultant of the other two, Py may be 
regarded as the resultant of Rs, and P,, or of Py, Py, 
Ps, Py, and Ps. Any one side, therefore, of the poly- 
gon may be taken as the resultant of all the others. 

In the same manner the proposition may be extended 
toa polygon of seven, eight, or more sides. 

The polygon of forces need not have all its sides in the 
same plane. 


and AE = R,. 


PROPOSITION VL 
Parallelopiped of Forces, 

If three forces, whose directions are not in the same plane, 
act upon a point, and if they be represented in i 
tude and direction by three adjacent edges of a peratides 
piped, which meet in the point on which the forces act, 
the resultant of the forces will be represented in magni~ 
tude and direction by the diagonal drawn from this 


point to the opposite solid angle of the parallelopiped. 
Let A be the point (Fig. 27), acted on by three forces, 
Fig. 27. 


represented in magnitude and 
direction by AP, AQ, and 
AR, which are not in the 
same plane. 

Then, Euc. B. xi. Prop. 2, 
AQ and AP are inthe same 
plane ; complete the parallelo- 

m PAQB in this plane, 
by drawing PB parallel to 
AQ, and QB parallel to AP. b 

Similarly in adi ) nom AR and AQ lio 
complete the parallelogram 4 

‘And in the plane in which AR and AP lie, complete 
the Mel ARDP. 

Also complete the parallelograms QOBS in the plane 


amariiclaindinalt 
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ar | 


QCB, and the parallelogram PBSD in the plane 


AS, and RS. AB will be the diagonal 
. eS Rye Ae of 
A 


PROPOSITION VIL 

sit ail pup beri oi yi li 

ee ear tae wise didn an EG 
phe 


i drawn, then the algebraical 
the two forces in the direction of each of the lines 
to the resolved part of their resultant in the 


Af 
&3 


iE 
Hl 


Az and Ay (Fig. 29) be the straight lines drawn 
e point A perpendicular to one another, 
drawn are rectangular axes, 


i 


acer 
ber 


AL 


rr 


Let AX,=X,, AX,=X,, AX,=X,, AY,,=¥,, 
AY, =Y,, ea ky oY ; : 
Produce the line Y,@Q to meet the line R X, in the 
point B. 
vol, L 


Since APRQ isa elogram, A P = RQ; and 
also because BQ is el to Ax, and AP to RQ, the 
RQB=angle P AX, 


the angles RBQ and PX, A are right angles by 
construction. 
the triangles R QB and P A X, have the side 
Pag on the angles- PAX, =RQB, and 
1 = 
Therefore, Euc., B. L, Prop. XXVIL, AX,=BQ, and 
PX =RB. : 
And X, + X,=AX, + AX, = BQ + AX, 
=X, X, + AX, =AX, =Xz, since BQ= X; Xy, 
because by construction of figure BQX,X, is a 


Y, + Y¥, =AY, AY, =PX, + BX, 
=-RB+BX, =RX, ~AY, = ¥;- 

Since AY, = PX,, AYg= BX,, and RX, =AY;, 
because AX, PY,, AX, BY», and AX, RYz, are 


parall by construction of figure. 
sn oes 1 Y, be the resolved parts of a force, 
> 


axes, Aw and Ay, X, Y, the 
resolved parts of Q, and X, Y; the resolved parts of R, 


the resultant of P and Q in the direction of the same 
X; =X, + X,, and Y; = Y, + Yz. > 
has been so drawn that the forces P 


And 


following that one of the axes may fall between 
the two forces; in this case it will be seen that the 
resolved part ea ape yo aap wae: rey ease 
fall on the opposite side of A, from the resolved forces 
SE oak Te nee ee 
The resolved which lie op one side of A are 
called positive, and Fig. 30. 
those on the opposite | 
side negative. Y 
Dommeapenliy «Sar: | 
romp P (ig. ES 
30) will be X, and Y, 

Y,, and 


&&, 
FP 
al 
as 
nt | 


FEE 

re 

ee 
E 
g 


: 
abe 


7 
i 

‘ 

; 
a 


= 
(3. 
Pa 
© 


be 
3 
= 
Pay) 


gle PAX, 
, also the angles at Band X, are right 


nee, in triangles AP X, and QBR (Eue., B. L, 
Prop. XXVL), RB=PX,, and BQ=A X). 
Mit X,-AN + AXABQ+OY,B YAN A 


Y,-Y,=A¥ -AY,=P X,-—X, B=RB-X;, B- 
RX,=A Y,=Y;,. 
And in this case X,=X, + Xq, and Y,=Y, —Yo. 
A similar construction and demonstration will apply 
to. -cverp.oihes pogition. ip ge Ma Pigs: axes 
pleced with res orces, and we ma: 
no, oat that ai ical sum of the reaslyen 


parts of any two forces acting upon a material point in 
the di of per Bg rectan axes, 4 
through that point, wi be equal to the resolved parts 
of their resultant, along the same axes. 


PROPOSITION IX. 

To find the conditions of equilibrium of any umber of 
f wed acting upon a material point, the directions of 
the forces being all in the same plane, but not in the 
same straight le. 

Let P,, Py,-P,, and Py (Pig. 31), be four forces 
acting upon A, represented fh magueene and direction 
by the lines A’P,, APs, APs, and AP,. 

Through A draw the rectangular axes A x and Ay, 

Through the points P,, Py, Ps, and P,, oy. P, Kis 

uo 
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P, Y,, Py Ys, and P, ¥,, 


P, X,, Py Xa, Py Xs, P,X, 
Fig. 


cular to Ay, and 
i toAg, 


7 : 
Then, Prop. IIL, AX,, AY,, =X, and Y,, are the 
resolved parts of P, in the direction of the axes Ax 


‘AX and AY, = X, and Y, those of P,, AX, and 

¥, those of P, and—AX, and 

4 and— Y, those of P, along the same axes. 
Let f, be the resultant of the forces P, and P,. 

P,, or of P,, 


resolved part of R, along the 
axis of Ax = X, + that of R, =X, + X, + Xz, 
and = X, + X, —X,y. ¥ 

of Ry along the axis Ay = 
= , + Y, + Yo, and that of R, 
+ X,—X,, the algebraical sum 
of the four forces along the axis 

os , 

+ Y,—Y,—Y,, the algebraical 
parts of these forces along the axis 


of the forces Py, Py, Ps, and P,, in magnitud 
n. 


This i will prod 
“sp produce on 
A the same effect as the forces P Pay 'g, and P,. 


Consequently, a force ted in magnitude and 
direction by AS, will keep the point A in equilibrium 
when acted on by the forces P,, P,, P,, and P,. 


Then, Prop. IL., AX and A ¥ are the resolved 
ot AS ching tab pioiaagelar extn: Now in the triangles 
AXR, and ASX, the angle XA Ry = angle SAX, 
he ee eo Oe 2 Bh 
Therefore AX = AX = X, andSX = XRg. 
AX R, Y¥ and AXSY are parallelograms. 
Consequently, 8X = AY, and XR, = AY, 
Therefore AY = AY = —Y. 
The resolved parts of A'S are therefore —X andY. 
But X =X, +X, + X,-X,, and-Y=Y,+Y, 


~—Y,— - 


Therefore X, + Xp + Xj —Xy—X= 0, and ¥, + 


ete i = 

2 ‘ 

Or if five forces represented in magnitude and direo- 
tion by AP,, AP,, APs, AP,, and AS a point 
in equilibrium, the algebraical sum of the ved parts 
of these forces along the rectangular axes through 


this point, will each be equal to zero, 
The same demonstration may be as ore: to any num- 


geometry. We 

subject to a more advanced portion of the section. 
ne student will observe that all the conditions of 
equilibrium, for a material point which we have con- 
sidered, are geometrical deductions from the parallelo- 
gram of forces, and involve no new mechanical principles; 
and that the sb aees en of forces depends w one 
mechanical principle, of the transmission a's tae 
from any one point to another rigidly connected with it, 
without altering its 


and in the direction of its action, 
effect. 

We subjoin two or three examples, to show the method 
of applying the principles we have determined. Me- 
chanical problems may be solved in two i- 
cally, i.¢., by accurately rs the geometrial 
by mathematical instruments and scales, and obtai a 
result, which can be measured by these instruments ; or 
trigonometrically, i.¢., by computing the relations of 
the figures according to the principles of nometry, 
and thus arriving by means of trigonoi ical tables at 
a more accurate result than the former will afford. 

We would recommend the student to use both of these 
methods, as he will by this means obtain a clearer view 
~ a subject than by accustoming himself only to one 
of them. 


Prostem I.—Two forces, represented by 12lbs. and 15lbs. 
are inclined to each other at an angle of 60°; required 
the magnitude of the resultant ; and its inclination to 
the greater. 


Fig. 33. 


1st, Graphical solution. 
ea ree £8. j 
© equal to 15 parts of any convenient scale, 
as the 8th or the 10th of an inch. - 

Draw AC inclined to AB at an angle of 60°. 

Take A C equal to 12 parts of the same scale, that AB 
is ox eS vy 

Through C draw CE parallel to AB, and through B, 
BE lel to A C, meeting in the point E. 

Join AE. 

Then, Prop. I., A E will represent the resultant of the 
forces represented by AC and AB in magnitude and 
direction ; and if A E be measured by the scale used in 
drawing AB and A , it will be found to be 23yy parts 
of that scale, and the angle EAB will measure very 
nearly 26° 20’, | 

The resulting force will therefore be represented by 
aie ey nedtis inclination to dhe ‘grentes Semve will ba 


might have been shortened by the use of 
rop. 1V., in which case we should have drawn AB = 
15 parts of the scal BE making an angle 180° — 60° or 
120° with AB, and BE =12 parts of the ccale, and 
lastly joined A and E. 

2nd. Trigonometrical solution, 
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AE?=AB?+ BE?—2 AB-BE cos. 120°. 
=AB?+BE?+2 ABBE cos. 60° 


: : 12 . 
And Log. sin. EAB = Log. 12 + Log, sin. 60° — 


Log. 23° 
= 1-0791812 + 9-9375306 — 1:3697723 
3g Ars i 6° 20° 1, 
= . sin. nearly. 
A EAB= 26° 20. 
the resultant of more than two forces is to be 
found, it will be more 
convenient to resolve 
the forces as in Prop. 
TX. We shall there- 
fore work out the 
above example by 
that method. 
Draw two straight 
lines, Aw and Ay at 
ight angles to each 


Fig. 34. 


Zo 


ee oe 

saxon wv draw « R icular to Az, and pro- 

duce y, P, to meet # Rin R 

Then AR represents the resultant of P, and P, in 
itude and direction, Ay, = A P, cos. 60° = 12 x ‘5 

eset Ayam Be X, =AP, sin. 60° =12x 866 = 

sist oem Gb cane i aden a 

6)? = (10°392)? + (21)%, = = 
548. 993664. é 


Therefore AR = ,/548.993664 = 23°430. 

: Ax' 21 : 0 
Again, cos. R Ax! =755 = 59:qg = 89628 = cos. 26 
20’ nearly. And therefore angle R Ax’ = 26° 20’. And 
this is 
force. 


e inclination of the resultant to the greater 
Fig. 35, 


Prostem Il.—Three forces which are to each other as 8, 
+ Sipe 5, act upon a point, and keep it at rest ; required 
angles at which these forces are inclined to each other. 

1st. Graphical solution. 
Draw a line A B = 4 parts of some scale, with A as a 
centre and radius A C = 3 parts of this scale, describe 


an arc. 
Also, with B as centre, and radius B C = 5 parts 
of the scale, describe another arc. 


Let C be the point where the two ares intersect. 

Join AC and BO. Through C draw C E parallel to 
AB and through B, BE parallel to A C, meeting in E, 
Join AE and produce AE to F, making AF = AE, 
Then the forces which are to each other as 3, 4 and 5, 
acting upon the point A, and keeping it at rest, will be 

resented in magnitude and direction by the lines AC, 
AB, and A F ; and the angles being measured by a pro- 
tractor, or any other means used for measuring angles, 
it will be found that the angle BA C = 90°, the angle 
BAF = 143° 8, and the angle CA F = 126° 52’, 
nearly. 

2nd. Trigonometrical solution. 


Since 3* + 42 = 9 +16 = 25 = 5% 
The forces re Fig. 36. 
sented by 3 and 4 a 


must be at right 
angles to each other, 
and their resultant 
5, will be the dia- 
gonal of the rec- 


Let a be the angle 3 s 
between the resuit- 
ant and the force 
represented by 3. 


Then tan. a = 4 = 1:33333 = tan. 53° 8’, nearly. ° 


Hence, by a reference to the diagram it will be readily 
seen that the angle between the forces 3 and 5 is 180° — 
a = 180° — 53° 8’ = 126° 52’, while that between the 
forces 4 and 5 is 90° + a = 90° + 53°8’ = 143°8’. 


Prostem IIT.—Three forces represented by the nwmbers 8, 
5, and 9, cunnot under circumstances produce equi- 
librium on a point. 


This is evidently true, since by Prop. IV., three forces 
can only produce equilibrium on a point, when a triangle 
can be described whose sides are respectively proportional 
to the magnitudes of the forces. Now, the sides of a 
triangle never can bear to each other the proportion of 
the numbers 3, 5, and 9, since in every triangle the sum 
of any two sides must always be greater than the third, 
and3$+5= get wy ne cs 

If we attempt to solve the problem graphically, we 
shall soon perceive its taspomsilaiiay, 


Fig. 87 
7 ie 
s 
5B 7 A 

Thus, if we draw a line A B = 9 parts of any scale, 
and with Aas a centre and radius A C = 5 parts of the 
scale, and with B as a centre and radius B D = 3 parts 
of the scale, we describe two circles ; they evidently will 
not cut each other in any point, and consequently we 
cannot construct a triangle whose sides are to each other 
as the numbers 3, 5, and 9. 

We add afew more problems for the practice of the 
student, taken from the Cambridge Examination Papers 
and other sources. 

Three forces acting in the same plane keep a point at 
rest ; the angles between the diyectiuns of the forces 
are 135°, 120°, and 105°; compare their magnitudes. — 

Four forces represented by 1, 2, 3 and 4, act in the same 
plane on a point. he directions of the first and 
third are at right angles to each other ; and so are the 
directions of the second and fourth ; and the second is 
inclined at an angle of 60° to the first, Find the mag- 
nitude and direction of the resultant. 
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suspended over its circumference ree strings 
knotted at the centre of . Neglect- 
ing the friction of the edge of the hoop, find the angles 


between the strings when there is an equilibrium. 
Three equal forces, each equivalent to 6 Ibs., act on a 
point ; the first two are inclined to each other at 
an angle of 75°, and the third is inclined at an angle 
15° to the first. Find the magnitude and direction 


two forces is 50 Ibs., and the angles 
which it makes with their directions is 20° and 30° ; 
find the component forces. 

A boat, fastened to a fixed point by a rope, is acted on 
at the same time by the wind and the current. Su 
pose that the wind was S.E., the direction of the 
current S., and the direction of the boat from the 
fixed point 8. 20° W., and also that the pressure on 
the point was 150 Ibs., it is required to find the forces 

Ha polity o weides slong bnew clined 

ulling a weight along the ground by a rope, incli 
‘o the , babs. at an a 45°, a power of 40 lbs. 
was exerted ; required the force with which the body 
was dragged horizontally. 

Four forces are in the same plane, which are to each 
other as 6, 8, 10, and 12, act upon a given point, and 
are inclined to a given line at the angles 20°, 40°, 80°, 
and 150° respectively ; find the magnitude and direction 
of a fifth foree which shall balance the others. 


er 
t the cannot be altered in shape, or its particles 
im any way displaced by any forces which can act upon 
it. This rigid body also the property, that if 
force be applied to it, its particles will transmit 


force is vate consequently, the effect of a force on a 


orce is sup to act. 
Unless it is otherwise stated, this hypothetical rigid body 


If two or more forces acting on a sighs bet are ap- 
plied to the same point of the body, the ot of 
for a material oint 


when applied to the material point, would counteract 

the — of — forces, a also keep the body in 
ibrium, w plied to the point in the body upon 

which the forces act” a sod 


PROPOSITION X, 


directions of the forces being in the same plane, but not 
Sa bok the, = sate St oe 
Let a force P (Fig. 38), represented in itude and 
direction by the line A P, act upon the point A of a 
body, and another force Q, represented by BQ, 
upon the point B of the same body. BQ and AP 


Along C B take CQ’=BQ, and along C A, O P’= AP. 
Draw Q’ RY’ parallel to © P’, and P’ HY’ parallel to CQ, 
meeting in R’, 


i F 
cin CR’, and produce CR’ to R, cutting AB 


Make DR=CR’. 
Then DR will re- 
present the resul- 
tant of the forces 
P and Q in magni- 
tude and direction, 

By the principle 
of the transmission 
of forces, the points 
posed to be rigidly 

to A 
connected wi 
ae a 

e point of a) 
pas of 
orce P may be 
transferred from 
A to ©, and the 
yd Q from B to 


Then the forces P and Q acting at © may be replaced 
by the ange force represented in magnitude and direc- 
tion by C R’, Prop. L., and this force may be transferred 
from C to D, and be represented in magnitude and 
tt by DR. 

is construction will enable us to represent, graphi- 
cally, the resultant of any two forces acting on a rigit 
body in the same plane, but in directions not ] 
eg ie tari et a will be convenient, 
‘or the pw ° tion, it conveni 
loweser, 0 dutaxttiine Eh peodholeled! ealdligihae ike 
point D to the forces P and Q, and their directions, 

Through D draw DE (Fig. 38), perpendicular to CA, 
and DF perpendicular to CB; also through P’ draw 
P’ G perpendicular to CD. 

Let a represent the angle A CD, and 8 the angle BOD. 

Then since by construction P’ R’ is parallel to CQ’, 
pry a el B. L., Prop. XXVIL), angle CR’ P’= 
an = , 

e angles at E, F, and G, are right angles by con- 
struction. 

Hence the figure will afford us two pairs of similar 
triangles. (See Fig. 39). 


fd Ae 


0, € 
Since in the triangles C D 
and P’CG are both=a, and those at E and G’ are right 
angles (as will probably be more readily perceived in 
the above fi than in the more complicated figure), 
it saeee that “ ey 5 eal, E and wb Be = 
equiangular triangles and similar to one ano’ 
therefore (Euc., B. VI, Prop. IV.), : 
CD:DE::CP’:GPr 
oD _ oP 
> DE~GP 
Similarly, since the angles F C D and GR’ P’ are both 


equal to 8, and the angles at F and G right angles, the 
triangles G FD and R’ G P’ are similar triangles, and 


DF: CD::GP: PR’ 
DP. GE. :; 
% OD ~ PR 


Multiplying equals together, we have 
CD DF_CPr GP 


OG P’ the angles DOE | 


fs 
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But CP’ R’Q’ . 38) is a parallelogram, and there- 
fore P’R’ = C > ae a 
Hondo aed, we Bd 
ReDE” OY Q 

or, The perpendicular 

"from the point D on the direction of the force Q 2 4 

from the point D on tue direction of the foree PQ 

Consequently, the perpendicular from the point D on 
the direction of the force Q multiplied by Q, equals the 
waa cw con from the point D on the direction of the 
‘orce P multiplied by P. 

MOMENT OF FORCES AND FULCRUM.—IE£ we 
suppose an axis, H D (Fig. 40), passing through the 

Fig. 40. plane in which the 

forces act, fixed _ 
perfect rigidity, an 
perpendicular to 
that plane at the 
point D, and then 
placed on a stand, 


as in the accom- 


j/ panying figure, so 
Livdinte pene 
to move with per- 
fect freedom about 
the axis H D, then, 
since the resultant 
of the een pee 
Q acting at 
© B passes through 
the point D, their 
by the reaction of the 
the axis HD. Neglecting the weight of the 
plane and the friction of the axis, the plane will be ina 
state of ew ibrium, under the influence of the two 


and B Q, together with the reaction of the stand acting 
point D in a direction opposite to 
the resultant of the forces P and Q. If the mgid body 
be reduced to the rigid line A B, AB is called a lever, 
and the point D its fulcrum. 
Since conditions of 


nan 


mated 


8 
. 
A 
& 
5 


uilibrium, or that the re- 
Q should pass through D, 
on Ad deo that, B én the dleetton of the fi 
perpendicular from D on irecti ‘orce 
Q multiplied by Q, equals the perpend 
direction of the force P, nvultiplied by P; it follows that 
the force P may be Fig. 41. 
by a force E 
S$ without altering 
these _conditi at 
provided that the i 
ndicular from @ 14) wwa will Tord > 
, DK on the di- o s 
rection K § of the force S multiplied by S, be equal to 
the dicular from D on the direction of the foree P 
multiplied by P . 40). 
The writers on Mechanics have applied the term 
moment or momentum to this product of the linear units 


in the length of the pe icular from a given point on 
Se crereens  areaey the units of force in the given 
‘orce. 


Thus, if the forces P, Q and S be represented in mag- 
nitude and direction by EP, FQ, and SK, and D i, 
DF and D K be the diculars on those directions, 
PE x DE, QF x , and SK x DK will be the 

ive momenta or moments of the forces P Q and S, 
about the point D. 

“These products are not only termed the moments of 
the forces with respect to the point D, but also the 
moments of the forces with respect to axis H D, perpen- 
dicular to the plane in which they act. 

The student must be careful not to confound these 
statical moments, or momenta, with the momenta of dy- 
namics ; the momentum of dynamics being the product 
of the mass of a body by its velocity. 

If the force P alone were to act on the plane at the 


int A, it would evidently twist the plane about the 
ed axis H D, and Q acting alone at B, would twist the 
—_ about H D in a direction opposite to that in which 
would do so. The tendency of P therefore to twist 
the plane about the axis H D, or point D, is counter- 
by the tendency of Q to twist the plane in the 
opposite direction, in the case where equilibrium 


We have seen, however, that the tendency of Q to 
twist the body about the axis H D, will be counteracted 
by any other force whose statical moment, with respect to 
HD or D, is equal that of the force P. 

Hence we may consider the statical moment of a force 
about a given point or axis, as a measure of its tendency 
to twist the plane to which it is applied, about that point 
or axis. 

POSITIVE AND NEGATIVE MOMENTS.—The 
moments of those forces whose tendency is to twist a 
body about the axis or fulcrum, in the direction in which 
the hands of a watch move, are termed positive ; those 
whose tendency is in the opposite direction, are called 
negative. 

t will readily be seen, that if the directions of the 
forces P and Q in Proposition X. had been parallel to 
one another, the demonstration there used could not be 
applied ; as, in that case, the directions of the forces 
could not be produced till they met. 


PROPOSITION XI. 


To find the magnitude and direction of the resultant of 
two forces acting on different points of a rigid body, the 
directions of forces being in the same plane, but 
parallel to each other. 
Leb D snd 9 (Pig AX, be Sei typ fasoots Snr tahoe 
two points in the plane. 


The foree P being represented in magnitude and 
direction by the line A P, and Q by the line BQ. 

Then A P and B Q are parallel to each other. 

Join AB. 

The conditions of equilibrium will not be altered if 
rs arbi foree S be applied to A in the direction 
AS, and to B in the opposite direction B S. 

Let these equal and opposite forces be represented in 

itude and direction by AS and BS. 
1 Ccnbebiesgci AS=BS. 

Complete the parallelogram S B QT and the parallel- 
ogram SA PR. 

Join A R and BT. 

Then A R=R represents the resultant of the forces P 
and S in magnitude and direction, and may be substi- 
tuted for these forces. 

Also B T=T represents the resultant of Q and S in 
ee and direction, and may be substituted for 
them. 

Produce A R and B T to meet in the point O. 
here C draw OD parallel to AP or BQ, meeting 

in D. 

The force R acting at A in direction AR may be 

transferred from R to Cin the line RAO, and repre- 


A 
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magnitude and direction by CR’, C R’ being 


ewe Mar Fae Sgn ee ee ly A and re- 
magnitude and direction by OT’, C’'T’ being 


Cc; meetin; 
1G of 


forces, § and §, acting in the 


line SCS, will destroy each other. 


Hence the resultant of the forces P and Q acting at A 
and B, will be a force P+ Q acting at D in a direction 
parallel to the dirsetions uf-P. and ©. ; 

To determine the position of the point D. 

Since P’ R’ is parallel to AD, the triangles CP’ R’, 
OD 4 sre oguiangais, ad Seretory, Bie, ee 

CD:AD::CP’:R'P, rrp RP’ 

Similarly because Q’T” is el to D B, the triangles 

CT’ Q’, CBD are equian , and 
BD :CD::TQ:CQ,or7 7 =, 


cD BD cP TY 
Hence p CD “RP CQ. \ 
But R' P= Q, thesplore > = Guy =G 


BD P BD+AD P+Q 
Aen a ee en aD Q 
But BD +AD=AD_ Henee=5 to, 


And A Degg AB, which determines the point D, 


Or, in other words, the distance of the fulerum from 
the point of application of one of the forces P, is equal 
to lather force Q multiplied by the distance between 
the two forces, and divided by the sum of the two forces. 

When AB is perpendicular to A P. or BQ, we have, 


BDF 


AD~Q 
Qx BD=P x AD; 


ae Be Sie cot 00 BS is the moment of Q with re- 
spect to }), and P x AD the moment of P. with respect 
to D. Hence in this case, as in the Jast proposition, the 
moments of P and Q with respect to D, are equal to each 


In the case we have just considered, we eo the 
two forces P and Q to be acting in the same tion ; 
when act in the opposite direc’ a construo- 
in will mre 43) represented by the accompany- 
dingram. | (Fig, 43). 
‘o A and B, as before, apply two equal and opposite 
forces represented in eiguiule and direction By AS 


and BS. 
Complete the APRSand BQTS. 
Join BT and AR, and produce them till they meet 


at C. 
C draw CD parallel to A P or B Q, meeting 
BA in D. 


‘The resultant of the forces S and Q acting at B will 
Fig. 43. 


“: &. 


be represented in wt 


magnitude and direc- 
tion by BT, and-this “7 
force may be trans- } 

ferred from B to C, 


CT’=B 


the forces P and § 
acting at A will also 
be represented by 
AR, and this may be 
pee 
. resen' 

CRmAR. “if 


Ps pt... 
Sfp aeeie Doe 


The force CT’ mayybe replaced by the f pre- 
sented by C Q’ and 0 and the foree C R’ by the ¢ 
represented by C Sand GP. f 

t CS=AS, and-AS=BS by con- 


CS=BS, and 
ee ei } 
ence two equal forces acting on C in opposite 
directions in the line SCS destroy each other, eat tl the 
forces P acting at mo oS acting at B, are replaced 
by the two forces CQ’ and C P’ acting on C in opposite 
directions. ieee = 

But 0 Q’=B Q=Q, and CP’*=A P=P. 

Hence these two forces op es represented by a single 
force P—Q acting at O in direction C P’, and this 
force may be transferred from © to D in the line © D. 

The resultant of the two parallel forces, P_ and 
reap bow ‘gern ere the points A and B, 
be a force P—Q acting at D in B A produced. 


To determine the position of the po'nt D, ; 

Since A P is parallel to DO, the angle ARS = 
ACD, and the angles at © and D are common to 
wr ibenboce these tie AR AcD niangular 

ore the triang) are i 

elf = AS res 

And AS :SR::AD:DO, or 222. 

Also because BQ is parallel to CD, the angle TBQ 
= angleB CD. 


Again, Tis paral to“BD, therefore the 


And the two triangles TQB, BDO are equiangular 
and similar, : 
BQ_DC 


And BQ: QT::DC + BD, of Op BD’ 


Multiplying the equal fractions together, we have 
AS BQ_AD DO 
SR QT DC BD 

But QT=BS =AS, andSR=AP 


Q AD Q AD 
Hence 7 p= pp P= BD . _ 
A 
Now BDA Bx WD, thartore cae 


And Q. AB+ Q. AD=P. AD, or Q. AB=(P-Q) 


AD. Q/AB 
. A 
Therefore AD = P—O 
This result might have been obtained from the pre- 
vious case by substituting — Q for Q, which would give 
P —Q for the resultant, but the expression for AD 


would be az, the negative sign signifying that the 


P—Q 
point D in this case would lie on a different side of A 


a 


’ 


COUPLES. ] 
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from what it would when the foree Q was positive, or 
when both forces acted in the same direction. 


In the last case, that is, when P and Q act in oppo- |- 


site directions, if P and Q 

are equal, we cannot repre- : 
sent their resultant by any © a. 
ingle force. fea Bs 


or if we pursue the’: \ Fr s 
| 
1 


Fig. 44. 


mode of _ construction s 5 
adopted before, we shall y 
find the line BT (Fig. 44), % 


in this case parallel to the +, E; 
line A R ; and consequently nA R 
these lines, if produced, will never meet. _ 

This admits of an easy proof, because BQ is parallel 


and equal to AP, and 8S and AS are equal to each 
other, and are in the same line. 

Therefore the parallelogram APRS is similar and 
oaesl to She Pegelebyres BOTS end the angle PAR 
= the angle TBQ. 

Also because A P is parallel to BQ, the angle PA B= 
angle QBA. 

And by addition, angle PAR + angle PAB = angle 
TBQ + angle QBA. 

Or the RAB = the TBA. y 
ui APdabe , B. L, P. XXVIL, RAmust be parallel 

Our method in this case fails to discover a point D 
anywhere inthe line AB. produced, to which a, single 
resultant can be ied. 

This is indi by the formule which we have 
already obtained of P—Q for the magnitude of the 


resultant, and ar for AD, the distance of its point 


of application from A, since when Q =P, they give us 
PP or 0 for the magnitude of the resultant, and 
ee os = the algebraical sign of infinity for 
AD; a result which shows that our problem in this 
case is impossible. / j 
COUPLE.—When two equal and opposite parallel 
forces act at different points of a-rigid in the same 
plane, their effect, as we haye seen, cannot be counter- 
acted «bess e force applied Fig. 45. 
to the y, and their tendency p 


will byidently he to.twist tlid/body | ° | 
in the direction of the plane in \ 
which they act. Thus P (Fig. 45) & * 


fete, hecdcten’ 1 echt and P acting on B in 
the direction BP will twist the body round in the 
direction B A P or ABP. 

The term couple is applied to such a system of forces. 

ARM OF A COUPLE.—The perpendicular distance 
between the directions in which 
the forces producing a couple act, AP 
is called the arm of that couple. 

Thus if the line AB (Fig. 46) is § 

perpendicular to AP and B P, 

which represent the directions in 

which the forces producing a couple act, AB is the arm 
of that couple. 

MO. T OF A COUPLE.—The product of the 
arm of a couple and one of the forces producing it, is 
called the moment of that couple. ; 

Thus if P be the force acting in the direction A P or 
BP, then P x AB is the moment of the couple pro- 
duced by the couple whose arm is AB. 1 

This moment is a measure of the tendency of the 
couple to twist the body on which it acts, and it is 
customary to indicate a couple by its moment. 

EQUILIBRIUM OF A UPLE.—Though no 
single force can be found which can counteract the 
effect of a couple on a rigid body, yet a couple may be 
found to neutralise the influence of another. us 
if a force Q (Fig. 47—1), equal and opposite to the force 
P represented by AQ be applied to A in the direction 
AQ of the line P A produ and a similar and equal 
force at B in the line BP produced to Q, then the force 


Fig. 46, 


Q at A being equal and opposite to that of P at A 
but in the same straight line, will neutralise it, ; 


Fig. 47—(1). Fig.47—(2).) 
a 


Similarly, the forces P and\Q acting at B will destroy 
each other, and the body will be in asstate of equili- 
brium under the influence of two les whose mo- 
fun fh gues agointier x AB, but which tend to 

‘the body in opposite tions. | (Fig. 47—2). 

_A couple whose tendency is to:twist the body in the 
direction‘in which the hande of a watch moye'is called a 
positive couple, such as Q xX A B. in the accompanying 
diagram (Fig: 47—2), while the couple which would cause 
the body to niove in the opposite direction, such as 
Px AB, is called’a negative couple. (Fig. 48). ‘ 

It is also convenient to Fig. 48, : 


designate a couple by its 
moments ; thus,\when we —_-<“ Pp 

speak of the couplé Px | 
AB, we mean the couple A a 
whose moment is P & AB, 

4 B representing its arm, oe 

and P oné of theequal forces OT 
acting at its extremity. 

It 1s: more convenient generally to represent: the . 
duct of P and AB, by the symbol. P-AB i of 
PXAB. 

AXIS OF A, COUPLE!—The aiis of a couple is a 
straight line, which is supposed to be drawn perpendicular 
to its plane, and proportional in length to its moment. 

Thus, if the arm of a couple be 4 inches in length, 
and the forces — its extremities be both 5 pounds, 
and the arm of ano! couple be 6 inches, and the forces 
at its extremities be both 8 pounds, the moments. of 
these couples will be represented by the numbers 20 and 
48; and a line 20 inches in length, perpendicular to the 


plane of the first, and another of 48 inches, perpendicular 
to that of the second, will represent their Wikpestive axes. 


PROPOSITION XII. 


The arm of a couple may be turned round any point in that 
arm, in the plane of the couple, without altering the con- 
diskoied laftoquildticinan 
Let A B represent the arm of the couple, P, and P3, 

the forces acting at Aand B. (Fig. 49). 

In A B take any point CO, turn A B round C into the 
new position A’ © B’. 

Now at the points A’ and B’ we may apply equal and 
S garrirs abet At g Fig. 49. 

» and t ¢, i 
cular to the line AB’, 
and each equal to the 
force P, or P., with- 
out disturbing the con- 
ditions of equilibrium 
of the body on which 
the éouple P-AB is 
supposed to act. 

odpew the _ line 

AP, to meet A’P, in 

the point D, and P,B 

to meet B’/P, in E 

Join OD and OB. 
Because in the triangles A’D C and ADC, the angles 

at A and A’ are right angles, the side D C common, and 

A’C=AC. 

Therefore A’ D=AD, and the angles at D and C are 
bisected by C D. 

Similarly, it may be shown that the angles at C and 
E are bisected by C E. 
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diy 
ee 
af 

z£ 

z 

= 


4 
a 

i 
H 
i 


fie 
jin 
StH 
cehseres 


J 


Py * 
R and EP /P,; DR and ER’ their will 
represent the resultants of the forces P, Py acting 


forces P, P,, P, and P 
$s are also the 


TEETES 
Meu 
etl 3 


tf 
p 
8 
5 
i 
L 


S eg 
Hence on the whole we have replaced the couple 
P- aeape'g the conple P - A’ B’, without altering the con- 


PROPOSITION XIIL 
The effect of a couple will not be altered if its arm be re- 
moved to any position parallel to itself, either in its own 
plane or else in one parallel to it. 

Firstly, let the arm A B of the couple P: A B be re- 
moved to the new po- 
sition A’ B’ . 52 
—1), A’ B’ being pa- 
rallel and equal to 
AB and in the same 


plane. in 

The conditions of 
equilibrium will not 
be altered if we apply 
3 two forces P, 
and P,, acting in o 
posite directions per- 


we may 
a! on? forces 

+ eac ual 
to the former, re 
perpendicular to A’ B’, 


Join A’B, AB’ mooting in OC. ‘Then since AB is 
Fig. 82—(3). 


parallel and equal to A’ BY, 
RBC, A'BIC. the angles 
at B’ and A’, an 


at 
also AB = A’ 


= B’Cand BC = A’C. 


forces 


ted above divided into two 


Now for the sake of clearness we may suppose the six 
represen groups, as in 
Nos. 2 and 3, cue (3) soeetias ing of the = AB! acted 


on by the opposite forces P, and Py, f 
one PD and the other (3) of the four equal 
and el forces; P, and P, ac at A and B’ in 
one direction, and P, and P, at A’ B in the oppo- 
site direction. email 
Now by Prop. XI., since AC = B’O and P, = P,, 
Fig. 52—(4). 
ee 
Fat AR E Ps 
ti PT teas, LL doeaarateert’ 5; 
mameuuaalt Pa est | 
! K 


He" 


P, and P, acting at A and B’ will 
single force CR, = 2 P 
parallel to AP, or B’P,. Si 

at A’ and B will be equivalent to C Ry = 2 
C in the direction. C R to AP 
the two equal forces C 


t 
h a 0kades 


on C in oppo- 


site directions in the same straight line will counteract 


each other. 


Hence the group of forces P,, P', P,, and P. 
neutralise cask, dana ane : fa e 


of the couple P-A’ B’ left, as represented 


group (4), 


On the whole, 


therefore, 


the couple Ff 2 ee A’B’ being 


equal to the arm A i : 
Secondly, let the arm A B to the 
to AB, ina plane parallel to the plane of 


A’ B’ P 


n th 
be removed 


the couple P -A B (4). 


Let 


EH [ represent the plane 


we have replaced P-A B b; 


the couple P -AB 


of : 
FG K La plane parallel to D E HI, the plane to which 


the arm A 


is sup 
For the sake of 


to be removed. 


the parallelopiped DEF G HIK L. 
as opposite faces of the parall oment nf 


en A’ B’ 
in the 
plane DEI H. 


Join AB’, BA’ meeting in O, 
preceding case, equal and opposite 


the new position 


jane 


arm, 


G KL, parallel and equal to AB in the 
the 


d apply, as in 
paca entuikeake 
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at A’ and B’, each equal and parallel to P, orP,. Then 
Eue., B. XI., Prop. IL, the triangles A BC, A’ B’ Care in 
Fig. 52—(5). 


librium will not be disturbed by the alteration we have 
made in the position of their arms. Hence, the parallel 


the same plane, and as in the preceding case AC = 
BC’ and A’ C = BC. (Fig. 52—5). 

eet nrgwe forces P, and P, pgs at A and B’ are 
equivalent to C R, = 2 P acting at C parallel to P, or 
forces P, and P, acting at B and A’ 


the position, in which one extremity of its arm 
correspond to the point D, and the arm itself be in the 
direction DE, all we have to do is to take any point O 
in A B, and through C draw F G parallel to D Then 
. XIL, P - A B may be transferred to the position 
G, and from that, by Prop. XIITI., to the position 
FG and DH being both equal to A B. 


PROPOSITION XIV, é 
i same or in planes parallel to 
Ce ei TeeN cr thete moments, be oaucl 
let P’AB (Fig. 53—1) be a positive ge and 
ie same 


(1), and its arm be the same line as A B. 
(3), AF being equaltoDE. Now, 
ite forces P and acting at A, are equivalent 


in the same 
Now, if these couples P-A B and Q'D E, are such as to 


neutralise each other or produce equilibrium, the equi- 
VO. 1. 


| 


Fig { 
B 
P P 
A 
Fig 3 
a 
7. 
A 
Figh 
= 
S P 


= 
forces P —Q, P and Q acting in the points A, B and F 
in the line A B F, must in this case produce equilibrium, 
and by Prop. XI. we shall have 


(P—Q) AB=QBF 
or PAB=QAB+QBF=Q(AB+BF) 


which shows that the moments of the two couples are 
equal. But a negative couple P A B would counteract 
the positive couple P-A B if their arms were in the same 
position. 

Hence, two negative couples will be equivalent to each 
other, if their moments be equal, provided only that 
they act in the same plane or in planes which are parallel 
to each other. > 

The same reasoning will apply to positive couples, 


PROPOSITION XV. 


To find the resultant couple of two couples, which do not 
act in the same plane on a rigid body. 


For the sake of clearness, we shall suppose the planes 
in which the two couples act, represented by the open 
pages of a book E F-G H K L, standing upon a table 
Oe 54—1), and inclined to each other at an angle 0. 

will be the intersection of the two pages or p es, 
which are both supposed to be perpendicular to the sur- 
face plane of the table. 

Let P-A B be the couple acting in the plane LEH K, 
Q:CD that acting in the plane EF GH. 

By the previous proposition the couple P-A B may be 
replaced by the couple Deg H acting in the same plane 
LEHK, provided P’’ EH = PAB, 


AB, 
In HK take HP’ = P’ ay 


Produce L E to P’ and make E P’=H P”. 


Then P’ EHP’ will represent in magnitude and 
direction the couple P’:E H, which replaces P-A B 
4x 


” 
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In a similar manner Q’ E HQ will represent in mag- | 
Fig. 5t—(1). 


This is an equation identically the same as that we 
should arrive at if we su HMONa 

parallatogeacn wboan Sianeli te 

Hence, if two sides of a parallelogram 

t the axes of two component couples, 


ped will give th 
of the axis of the resultant 
PROPOSITION XVI. 


the moment of 


“nitude and direction the couple Q’ E*H, which will re- 
| place Q°-DC provided Q’ H or Q'= Q: — 
Fig. 54—(2). 

H 


Completing the 
rallelogram P’ H QR 


in 

rection, which will N. 
replace the forces P’ 
and Q’. 

Since the plane of 
the table is at right 
angles to the Say 
EFGH,andLEHK,9 
and consequentlyEue., 
B. XI, Prop. XIX., to their intersection EH. There- 
fore H R in the plane of the table will be at right angles 
to 


foree R, represented by E R acting at right angles to E 

‘Hence, on the whole, we have replaced the couples 
P-AB and QCD, by a single couple R- E H, whose arm 
lies in the intersection of the planes in which the couples 
P-AB and Q-C D act. 

Let us now suppose the HQ RP’ 
which we have previously drawn on the plane of the 
table, to be drawn as in 3), on the 

Draw H M di 


= angle HP’, MHN will = 9, the angle 

= R, and NHO = P’ HR. 

‘HE, HO=R'HE, ond HN= 

and NO. 

and HN will be the axes of the 

RQ i seaside theref th 
‘isa e ™m ; ore, the 

re —20 and by Sileuacnetry. 

HP’P’R cs. HY R= 


cos 0 
‘+ cos, O 


2P 
both sides 


2 


H 
but HM =Q-HE, HO=R'HE, and HN=P HE 
by constraction. 

bstituting these values in the equation, we 


su 
pei ye pg cal ate 


EH. 
Similarly, P’ and Q’ acting at E will be replaced bya 


P 
three positive, and *P, 


nll 
Draw any arbitrary line OD, and 
apply at opposite extremities of it, 
two equal and opposite aeons such 
that Q, ‘CD=P, ‘A, B, or Qa =P, op" Then 


Prop. XIV., the couple P, «A, B, may be replaced b; 
the couple Q, CD. math etc : vi 


Similarly apply at C and D two a equal and 


opposite forces Q, such that Q. = Py *—Gp- 
7 oe P, “A, By may be replaced by the couple 


“Also the couple P, ‘A, B, may be replaced by the 


couple Q, ‘OD, provided Q. = Ps “Gy” 


If one of the couples as P, “A, B, act in the opposite 
direction to the others, it will be replaced by the couple 


Q, ‘CD, where Q, = Py Ag Be 
The force acting in the opposite direction to the 
forces Q,, Q, sd Qe 
Hence, on the whole, we have replaced the four 
couples Py ‘A, B,, Po ‘As Bs, Ps Ay Bo Fa “A, By 
acting in’an on on a body same plano 
pote earth acting at the extremities of the same 


arm. 
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~ This is evidently equal to a single couple whose arm hy 
is OD, with equal oppo forsee, Os ot Gat Gs B, By = 9-347 P, +P, +P, +P, Beds 
= oe ig ai Ps —_ = z 
actin, ak Pat Be irae en as Q.+P,=P,+P:+P, 
Then B, Q silt represent Qs the resultant of the 
rom Q and P, , or of the four parallel forces P,, P., 
: aR an in magnitude and direction. 


= 


A ore ai 


Hence we 2S ORI a.  amceell 


Se tb pw ‘CD= ay D+Q,0 D+ 


+P 
Bs ‘ab site Mon —P, A, BS Hd his cp ta seal 
ne raical sum of the moments of the component 
fea 
@ same reasoning may be extended from four to any 


number - — and, by Prop. XIIL., to couples acting 


in 
THEORY OF" OF COUPLES.—The propositions from 12 
to 16 contain the fundamental principles of what has 
been called the theory of couples. For this beautiful 
theory, which was introduced into the science of Me- 
chanics about f years since, we are indebted to the 
ed mathematician, M. Poinsot. After we 
have extended our 11th proposition from two to any 
number of parallel forces, we shall in return to the 
theory of couples, and determine, by its aid, the condi- 
Tanto uilibrium for any number of forces acting on 
ari 


PROPOSITION XVII. 

To find the magnitude and direction of the resultant of 
any number of parallel forces acting on a rigid body in 
the same plane. 

Let four Oo seve P,, Pe, Ps, and P, (Fig. al 
As, 


rea the 
A tera gms in seen een Aiveottia Ey 


Pp’ 
Ay Pay Ag Pay and Ay P 
Pages i! Ag; then iby Prop. XL, B, Q, =P, ies 


applied os a point B, in A, Sy such 


Ay By poeta Ae 


Fig. 56, 


FE -eehecinr he Speen to Ay P, or As 2p wt represent Q, 

resultant of the parallel forces and P, in ni- 

tude and direction. yee 
Then join B, A,, in B, A, take a point By such that 


- P, 
ie ae = parstlaso Ag Ee Nasal me ue 
B, «ot Fai represent Q, the resultant of P, and Q,, 
or of P,, P,, and P, in magnitude and direction. 
} Again, join B, A, in B, A,, take a point By such 


zi 


same reasoning may be extended to any number 


of el forces. 
+ is sometimes far more convenient to refer these 
various points, A,, As, As, Ay, B,, By, Bg, &c., to two 
"| fixed trary lines or axes drawn at right angles to 


each other, as in Props. VIII. and IX. 

Let O X and OY (Fig. 57), drawn through the point 
O at right angles to each other, be chosen as arbitrary 
rectangular axes, to which the points A,, Ay, &., B,, 
B,, «c., are to be referred. 


Fig. 57. 

» rm 
pao : 
sd gi: 2 


Ae 


ye Pata 

one A,, B,, and A, draw A; M,, B,N,, and 
2 perpendicu ar to O X. 

arch eh ines OM, and M, A,, which determine the 


position of the point "A, with respect to the axes OX 
and OY, ‘are called the rectangular ¢o- 
ordinates of the point A 
similarly, ON and N, B, are the 
co-ordinates of ‘Bs ; ‘and OM, 
oF Re those of the point A. 
, be represented by the sym- 
cr by w,, A, M, by y,, and 


hgh hh. draw.A, 2 pemilal to Oa 
cutting B,N, ‘in Sand A, M, in R. 

Then from the construction of the 
figure, it is evident that the angles at 8, 
k, M,, N, and M as angles: con- 
sequently A, S=M, N,, A,R=M, May 
and also A, M,, SN,, and R My are 
equal to each other. 

Now, by the previous part of i proposition, the 
point B,, was so taken in A, A, t 


Kile S 


Ai Bi _ eae: 

Ay B= pp As As oF ZA, P, +P, 
Again, because A, R is parallel to B, 8, theoreti’ Mas 
VL, P. IL 

A, B, _A,S_B,S, 

A, A, =A,R A,R 
But “1 S_M,N,_ON, —OM, ON, -% 
A,R M,M, OM,— OM, %g—Xy 
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a8 AD, P Ji any of the Secnenet tna pinite dicts eo 
since =~ = = oO! t mus taken wi negative. 3 
= A,R°A, A, PL +Py co-ordinates of the various points of application of tho 
ON, ~2, Rs. forces must also be taken with the ee signs, deter- 
un Sore 2-2,  P,+P, mined by their position with regard to the axes, 
— P =P —P. zy. 
Andon, rs 173— als ty—P, "1 “9 Yatton a 
Hence ON, (P, +P,) = P, x, + Ps 2 To find the magnitude and direction of the resultant force 
a\*a * 3 ang seelan nee 2 ee ne Se eee 
ON P,2,+P,z rigid body in te some piste: aad conditions under 
And les a5 ae . which there will be equilibrium. 
_ BS B,N,-8N,_ B,N,-A. M Let P,, Pa, Py, and P, (Fig. 58—1), be four forces 
Again, AR - AM.—RM, = A, M,—A,M, represented in magnitude and direction by A, P,, 
B, N,-y Fig. 68—(1). 
Oe. _— 
Ye" ¢ ~ | 
BS 4.8, P, See 2 C 
But ALR™A, aa Sf, +P, f- ; 
B, } —WY)- P, P 
rad Hadad Ven 2 PEt SS 
—— Ya P,+P, 4 (2 
And (B, N, —y,)(P, + Ps) = Psve—Pov- : 
Or B, N i+ )- 101 — Pa tr =P Ys Pa 
2¥- 
P 
And B, Nm Paget eats, ra ; 
If, now, from B, and A, we draw B, N, and i 
A, Mf, perpendicular to OX, and represent OM 
b and A : 
"Then, bya aie lode and demonstra- ( H 
tion to’ that used for the points A,, B, and B,, \ H 
we can show that ! 
B,_B,N,-B,N;_B,N,—B, Ny \o— a 
+A; B,N,-As My B,N,-y, SS MNS : 
B, By Pv A; P., As Ps; and A, PR H acting on arigid body. 


‘. 38 
But it has been down Sa 5 A, P,+P,4?, same plane. A,, A;, As, and 


P B,N,-—B,N. e in which the forces act, take an: 

Hence 5 p+ P, = B, Nov, x: OY, ab right magten $0°sa0h chee 
Or Py BN, — P, vg = BN, + Pe) + | et OM =a, AyMi= be the rectangular co- 

P, “B, X,-B,N, (P, +P, +P). ordinates of A,, Pefrted to te axes O X and 0 Y. 

But B,N,— 2+ Pa%, or BN, P, +P.)= | , OM m2, Ae Ma = yo, those of An; O Ms mae 

: - those of A,. 


P, y, + Ps yg, and substituting this value in the above | “Also let a;, az, as, and ay be the angles that A, P: 
equation, ahd transposing we have B, Na (P) +P2+] 4, p,, A, Ppa Ay P,, make me nes sarawn 


Ps)= Pi y+ Pe ye Ys through Ay, As, Ay, and A, parallel to OX. | 
Py +P. y +P, y Far the take of clearness we will first confine our 
OrB,N,= * Fie are Jem attention to the force P,, acting at the point A,. 
its +Ps Through O (2) draw Oa, at right angles to P; A, 
Tn a similar manner it may be shown that prodapet , 
ON.= P, 2, +P.a. +P; wy Also through O draw P,” P,”’ parallel to A, P.. 
: Pi, +Ps+Ps Fig. 58—(2), 
If, now, diculars B, N, and A, My, are sup- , 
posed to be drawn from B, and A, t0 OX, 


And OM, =2,, and M, A, = yj, we shall have by the 
carrying out the same method of demonstration 
BN, ata FP ee + Pog + Pave 
nem PL FP +P +P, 
Pat +P, +P, ty + Pyar, 
aa = eee ee. 
We might proceed from the case of four forces to five, 
from five to six, and so on; so that, assuming the 
symbols x and y to represent the rectangular co-ordi- 
nates of the point of application of the resultant of n 
parallel forces P,, P,, P,, &c., P, referred to the 
arbitrary axes OX and oY: we shall have 
P12 +P, ty + Paty + ho, + Pate 
ths +25 + de. +P, 
And gat LD +Ps Ve + Po vy + ke, + Paves : 
| PL +P, +P, + ko, +P, Make OP,” and OP,” both equal to A, P,. 
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Then without disturbing the equilibrium of the body, 
we ee roe? two equal and opposite forces P,, re- 
on in magnitude and direction by OP,” and 

P,”, acting at O, and also transfer the point of appli- 
cation of P, from A, to a. 

Hence, on the whole, the effect of the force P, 
acting at A,, is equivalent to a force P, acting at O 
in the direction O P,” parallel to A, P:, and two equal 
and opposite forces represented in magnitude and 
direction by OP,”’, a, P1’ acting at right angles to Oa, 
and forming a couple P, Oa,, or a couple whose mo- 
ment is P,; multiplied by the perpendicular from O on 
the line A, P, produced. 

In a similar manner the force P, (1) acting at A. may 
be replaced by a force P, acting at O, parallel in direc- 
tion to A, P, and a couple whose moment is P, multi- 
plied by the ndi 

The force 


And, lastly, P, acting at A, (1) may be replaced by a 
force P, acting at O parallel and a couple 
whose moment is P, multiplied by the ce ya 


couples whose arms will have a common extremity O, 


ed Beend Ac? cited tag Fgut 
2) 2 ‘4 ‘ _ 

"by Prop. XVL, these four’ couples will be equivalent 
single couple, whose moment is equal to the alge- 
sum of their moments. 

The secede rurciiens force acting at O shows the ten- 
dency of four forces P,, Py, Ps, and P,, acting at 
O to move O in some rectilinear direction, while the re- 
sultant couple gives their. tendency to twist the body in 
some direction round the point O. 

In order, therefore, that the rigid body should be in 

ibrium, when acted on by these forces, these re- 
salbetite must each be equal to nothing, since if the re- 
sultant force alone were equal to nothing, the resultant 
couple would twist the body round O, as a fixed point ; 
or if the moment of the Yesultant couple alone were 
equal to nothing, the body would move so as to keep O 
in a straight line. 

Hence the conditions of equilibriwm of four forces P,, 
P,, Py, and P,, acting on a rigid body in the same 
at the points Aj, Ay, Ag, and A, in the directions 

1 Ay, Pe As, Py Ag, and Py A, are two. 

First.—The resultant of four forces, respectively equal 
to P,, Py, Ps, and P,, acting on any point O of the 
body, in ‘directions respectively parallel to A, Py, Ay 
P,, A; P, and A, P,, must be equal to zero. 

Second.—The algebraical sum of the moments of the 
four couples, whose arms are the ndiculars drawn 
from O on A, P,, Ag Py, Ag Ps, and A, P, produced, 
and whose forces are respectively equal to b,, P53; Py, 
and P,, must likewise be equal to zero. 

This latter condition is technically called taking the 
moments about the point O. 

The reasoning above used for four forces may readily 
be extended to an Ree road di ener ot ide 
that the position of the point O is ectly arbitrary in 
the dca roy of problems. It is generally so chosen as 
to facilitate the solution, and to avoid unnecessary labour. 

Instead of pursuing the preceding method, it is fre- 

ently advisable to resolve each of the forces P,, P., 
and P, into two, acting in directions parallel to the 
(1), as in Props. VIII. and 


E 


7 


scary axes O X and O 
Confining, as before, our attention first to the force 
P,, acting at A, in the direction A; P,. 


Through A, (3) draw A, X, and A, Y; parallel to 


~~ 
/ 


OX and OY respectively; and through P,, P; X,, 
and P, Y; i to A, X,, and A, Y,. Again 
through A, draw A, N, © Shes ee to OY, and 
A, M, perpendicular to O 

The force P, acting at A, may be replaced by two 
forces X, and Y, at right angles to each other, repre- 
sented in magnitude and direction by A, X; and A, Yy 
(Prop. III.) 

Without disturbing the conditions of equilibrium, two 
equal and opposite forces represented in magnitude and 
direction by O X,’ and O X,”, each equal to Ai X,, 
ma bp apatied to (iin tha dein a 

d two equal and opposite forces O Y,’, O Y,”, each 
equal to A, Y: may be applied to O in the direction 


OY. 

Also’ (4) ths 
force X, may be 
transferred from 
Ay to N and 
the force Y, from 
A, to My. 

The forces now 
acting on the 
body as in (4), 
may be divided 
into two ps, 
one as in (5), 
sence 

V/4d rees any 
A acting at 0, and 
represented in magnitude and direction by O X,’ and 
O Y,’; and the other as in (6), of the couples whose 
moments are X Fig. 58—(5.) 


By 


multiplied by ON,; 
and Y, multiplied 

OM,. 

The tendency of 
the couple X,*ON, / 
is evidently to twist 
the body in the! . 
opposite direction 
to that in which the ° 
couple Y,*ON, has 
a tendency to twist 
it. Hence, if one 
be considered positive, the other must be negative. 
construction A, M, = y,, and A, N, =M,O=2,. 

Hence the resultant moment of these two couples, 
Prop. XVI., will be 

Y} “Hy —Xi'y.. 

On the whole, therefore, we have replaced the force 
P, acting at A, by the forces X, and Y, acting on O in 
the direction of the axes OX and OY, and a couple 
whose moment is equal to Y,‘«, — X, y,- 
Referring to (3), we see ‘that Ax k,'= Ax Ps cos, 
a,,andA,Y, = A, Py sin. a,, 


oe 


» 


| ¥, ac 


- equal to ¥Y, +¥, +Y¥, + Y, acting at O in 


<P 
— 
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= I, COB. Gy 
and = Y, =_ Pz, sin. ay. 

Likewise P, acting at A, may be replaced by X, and 
Y¥, acting at O in the directions O X and O and the 
couple hone moment is Y, #7, — Xj ys, where X, = 
P, cos. a, and Y,; = Py sin. as. 

y, P, acting at A, may be replaced by X, and 

ing at O in the directions OX und O Y and the 
couple whose moment is Y, «, — X, y,, where X, = P, 
cos. a, and Y, = P, sin. ay. 

On the whole, therefore, the four forces P,, Py, Ps, 
and P,, acting at A,, Ay, Ay, and Ay, in the directions 
A, P,.’A, Ps, Ay Py and A, Py, have been replaced 

four forees X., Xy, Xq, and X,, acting at O in the 

ion U X, whose resultant is a single force equal to 

X, + X, + Xs + Xy, acting at O in the direction 

OX; by four forces ¥,, ¥., Ys, and Yj, acting at O 

in the direction O Y, whose resultant is a single force 

e direc- 

tion OY; her with four couples, whose resultant 

couple, Prop. XVI., will be one whose moment is equal 
to . 


(¥, #, — X, v,) + (Wg w, — X, ys) 
+ (Vg 2p — Xp ys) + ye — Bs). 


The two forces (X, + X, +X, + X,) acting at O 
in the direction OX, and (Y, + Y, + Ys + Y,) acting 
at O in the direction OY, will have a single resultant, 
which may be found by Prop. L E 

In order that the body may be in a position of equili- 
brium when acted on by the forces P,, P,, Ps, and P,, 
applied at A,, As, As, and Ay, in the directions A, Pas 
A, Py, As P , and A, P,, this resultant must be zero, 
and so must the moment of the resultant sea 

In this case, excluding those conditions which belong 
to the couples, age to Prop. IX., we shall have 
two conditions for the forces acting at O in the direc- 
tions OX and OY. : 

X, +X, +%3+%,=0 
And Y, + Y. + Ys + Y¥,=0 

The moment of the resulting couple being also zero, 
gives us a third condition. 

(Yy 2, + Xv) + (Vo to — Xe va) + (Xs 23 — 
Xq xq) + (Vs ty — Xe) =. 

Where 1 =P, cos. ay, X,= Py cos. ag, Xp = Py 
cos. a3, X, = Py cos. a ¥, = P, sin. a,, ¥ =p, sin. 
a,, Y,= b, SiN. a, and Y, =P, sin. ay. 

The above reasoning may readily be extended from 
four to any number of forces. 

We have, for the sake of simplicity, drawn the direc- 
tions of the forces P,,-P,, P3, and P,, in such a manner 


| that their co-ordinates and resolved portions should be 


positive. In other cases we must remember that if the 
resolved of any force act in an opposite direction to 
| that we have drawn, it must be considered negative ;* 


| 


| 
| 


and if one or both of the co-ordinates of the points of 
application of the force be negative, we have only to use 

¢ negative sign. Substituting these signs carefully in 
the above formule, we may extend them so as to include 


in the same 


ible case of any number of forces acting on a 
rigid body. place. 
CENT 


OF GRAVITY.—By Prop. XVIL. we 
found that if any number of parallel forces represented 
i direction by P,, P,, Is, &e., Py (Fig. 


magni 
59), acting on a rigid — the same plane, at points 
ante, p. 706 


A, At, A, de, Aq be referred to Tectangrlee aii 

d iz 3 My Yo3 Ke, w the rectan- 
wular vo pedieples’ 08 A) dag mE Taal ‘to 
these ax the resultant foros will be egal to P,P? 
+ Ps’ + n’, acting in a direetion parallel to P,, P,, 
&e., and applied at a point whose co-ordinates x and y 
may be found by the formulm. 

Pees + P.2. + Ps xs + ke, + Pa oe 
Pr+Pa+Ps + ho, +P, 


7-mtty + Psy. + te, + Pa Yn ‘ 


Fig. 59, 


er 
Py [7 
Pi 
VV K 
a A 
7 7 
Pr ' 


Pit lit hs t+ &, +P, 
P. 


From these formule it is obvious that the position of 
the point of application of the resultant of the parallel 
forces is independent of their direction. Hence, if each 
of the forces ted in cage and direction 
A, P,, A. P., As Ps, and A, P,, be turned throug 
the same angle a, about the points A,, As, As, &e., An, 
into the position shown by the dotted lines, the point ot 
application of the resultant will not move. - 

or this reason this point is called the centre of the 
parallel forces. 

We have seen that the weight of a eng body is pro- 
duced by the earth’s attraction on each of the material 
particles of which it is composed, and that this attraction 
is the same for all kinds of matter. Hence, a cubic 
inch of iron weighs more than a cubic inch of wood ; not 
because the earth’s attraction is ter for icles 
oy bees for those of wood, but ame a cubic inch 
o ormer contains a ter num! gravitati 
particles than the latter. “ik = bid 

The attraction which the earth exerts on all masses 
near its surface, on account of its relative mass, 
is so great, that for all masses which are not very large, 
we may neglect the attraction which the particles 
these masses or those in their neighbourhood exert on 


one another. We can, on this account, rapidly deter- 
mine, with considerable accuracy, the direction of the 


earth’s attraction, or gravity. » 
Let a small weight of lead or brass P (Fig. 60), be 
fixed to one extremity of a thin flexible string A P, and 
Fig. 60. suspended from a fixed point A. The weight ¢ 
A‘ after oscillating for some little time, will, if 
undisturbed, rest in such a position that the string 
AP shall point to the earth’s centre. Such an’ 
instrument is called a plummet or a plumb-line, 
aud the line in which it rests, the vertieal, If two 


harp be sus’ 
erent parts of the earth’s surface, they cannot 


be exactly parallel, but must make a 
with each other, unless the one point lie in 
antipodes of the other, in which case the direc- 
tions will be in the same straight line. 
For all practical purposes, on 
comparative greatness of the earth’s radius, 
pi) may say that two plumb-lines of 
length, suspended within any apartment, 


ded from points situated at 


—— 
ob 
Zi 


a 


Se, 


CENTRE OF GRAVITY. ] 


MECHANICAL PHILOSOPHY.—STATICS. 711 


will be parallel to each other; since if in still water, at 
a distance of 200 yards from each other, we were to sink 
two plummets a mile and a-half in length, they would 
not deviate further than 3 inches from perfect parallelism. 
It is true that a mass of matter, such as a moun- 
tain, will slightly deflect, as according to the theory of 
gravitation it ought, the plumb-line from the true ver- 
tical ; but in cases this source of error may be 
lected. Again, the attraction of the earth will vary 
ing to the distance from its centre of the particle 
or body attracted ; but this variation may also be ne- 
glected for bodies which are small when compared with 
the magnitude of the, earth. 
wer Sohey ed cases, even such, for instance, as the 


largest 


the centre of gravity of any number of heavy particles 
whose weights and positions are known. 
From the properties of the centre of parallel forces we 
have already demonstrated, it follows that.the centre of 
wity of a heavy body is that point within or without the 


trated in that point. This enables us to extend Prop. 
XVII., to find the common centre of gravity of several 
bodies, whose weights and the position of whose respec- 


in, because el forces exerted by the 
ights of the material particles of a body will have the 


PROPOSITION XIX. 
Tf a heavy body be in equilibrium when suspended from a 
int, or when resting on a point in contact with another 

Soap: _ nae € LD a-tgs iembegt mapicatnrytiaad 

passing through the point of suspension or contact. 

Let (Fig. 60*,) 1, 2, and 3 represent a section of the 
heavy body, taken through the plane passing through its 
centre of gravity G, and its point of suspension or con~ 
tact A. 


In (1) we suppose the body supported by a pin A C, 


2. 3. 


Ll 5 
through a hole at A, about which it can move 
ang 2) it is suspended from a point at A, by 


string fixed at C; and in (3) itis supported by another 
body with which it is in contact at A. 

In all three cases let the vertical be represented by 
the plumb-line AB; the centre of gravity must lie in that 
line. If it do not, let it have some other position, as G. 

From our definition of the centre of gravity, the 
weight of the body will produce the same effect upon the 
body as if, being destitute of weight, a force equal to its 
weight, acting vertically downwards, were applied to its 
centre of gravity. 

Let G W = W represent this force, the weizht of the 
body, in magnitude and direction, and we then lave the 
case of a rigid body without weight in equilibrium when 
acted on by the force W acting at G, and the reaction or 


_| tension at the point A. 


Through A draw AD perpendicular to GW or G W 
rodiolon Then by the principle of the transmission of 
orce, W may be transferred from G to D, and W: AD 

will be the moment of a force tending to twist the body 
round the point A, which is counteracted by no other 
force. Consequently, equilibrium can only exist if W 
or AD be equal to nothing. But by the terms of the 
eect cannot be equal tonothing. Hence, there 
can only be equilibrium where A D is nothing, in which 
case G must lie in the line A B. 

In the same manner it can be shown that if a heavy 
body balance on a given straight line—as, for instance, 
the sharp edge of another body which is a straight line 
—its centre of gravity will lie in a straight line. 

If any homogeneous heavy body be of a form which 
is symmetrical with respect to a certain point or line, 
the centre of gravity will be in that point or line; for 
the very idea of symmetry requires, that if any point be 
taken in the body, there must be another point in that 
body equidistant from the point or line about which it is 
symmetrical. Hence, since the centre of td is the 
centre of the parallel forces produced by the weights of 
the material particles composing the body ; if it be homo- 
geneous, that is, composed of particles of the same weight, 


1 2. 3. 


and distributed uniformly through- 
out its substance, any one particle 
in the body will be balanced about 
the point or line around which its 
form is symmetrical, by another 
particie equal to it in weight, and 
equidistant from that point or 
line. 

The centre of gravity, therefore, 
of a sphere, will be the centre of 
the ere; that of a cube or ob- P 
lique parallelopiped (Fig. 61—1), 4 
seed rege where a ees eer intersect each other. The 
centre of gravi a right (2) or oblique (3) cylinder 
will be in the male of its fe ; and that A be (4) 
will be the centre of the ring. , 

The centre of gravity of a hollow sphere or cylinder 
will be the same as if it were solid, provided it be of the 
same thickness throughout. From this it follows that the 
centre of gravity of a body need not necessarily be a 
point within it. 

EXPERIMENTAL DETERMINATION OF THE 
CENTRE OF GRAVITY.—The preceding proposition 
affords a means, in ond instances, of determining the 
snr of the centre of gravity of a body experimen- 

'y- . 4 - 
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Fig. 62. 


win eee 
v t is 
at rest. e ‘or 


4 To find the beg of — of a -stick, which 
sn to 8 trical with respect to an axis 
sage tie etitre, and has a heavy head or 
we have only to balance it on the sharp edge of 
a body, as indicated in Fig. 63, and we know the 


Fig. 63, 


centre of gravity will lie in the point where the vertical 
plane passing through the edge intersects the axis of the 


In these experimental determinations of the centre of 
gravity it does not signify whether the body be homo- 
geneous or not: thus, the adjacent figures show the 
Fig. 64. 


method used by liers for estimating the centre of 
gravity of a human y or skeleton, in the positions 
there indicated. (Fig. 64). 


STABLE AND STABLE EQUILIBRIUM.— 
Theoretically we say that a heavy body under the action 
of gravity, may be in equilibrium in a certain position, 
though we may not be able practically or experimentally 
to demonstrate it, because the slightest disturbance of 
the position of the body may destroy the conditions of 
its equilibrium. Thus, theoretically, a cone will be in a 
ition of equilibrium whether it rest on a table 
ig 65—1) on its apex, or (2) on its base. In the 
ormer case, however, the we PI possible movement 
i the one side or the other will ve ere equilibrium. 
The « uilibrium which is theoretically but not practically 
~ . is called unstable, while that which is practicable 
called stable. An will rest on its side in a position 
of stable equilibrium, while the attempt to balance it on 


one of its extremities will only be successful by imitating _ 
Fig. 65. 


figure, of uniform thickness, will rest in every 
on an axis passing through its centre of gravity. 


PROPOSITION XX, 


i of a body will be stable or unstable 
cording as its centre of gravity is in the lowest or highest 


If a body be in a state of equilibrium, suspended 
an axis at A (Fig. 66—1), about which it is capable 


Fig. 66. 


2222.) 


Seeee-. 
*3Sr2 


ast s 
Ya 


t or left, as shown by the dotted 
centre of gravity, to tide: & 


oe 


~~ 
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hemispherical heavy metallic body, to a cylinder of 
elder-pith, cork, or any other light substance. The 
centre of gravity of the whole, will lie somewhere in the 
heavy hemisphere ; and if the cylinder be removed to 
any position, except it be laid almost absolutely on its 
side, it will speedily recover its upright position, as 
shown in the figure. Toys are constructed on this 
ra gy the seen, bane cut into the form of a 
soldier ; a regiment mimic troops being pressed 
nearly to the ground by passing a stick over tian seem 
immediately to spring up and recover their ition as 
if by magic. (Fig. 67). The toys called , Inade 
Fig. 67. of plaster of Paris, with a hemisphe- 

rical bottom loaded with iron or 
lead to bring the 
centre of gravity to 
the lowest position 
A B (3 


possible, also owe their amusing properties to the same 
art ae Screens have been invented which, by 
is contrivance, right themselves after bei 

. The ing illustrations show how a pointed 
stick may be easily on the tip of the finger 
by fixing two pen-knives in its side, thus convert- 
ing an unstable into stable equilibrium; and how 
three pen-knives, placed in the position A, B, C, and D, 
be kept in equilibrium on the point of a needle 
in the hand. In both cases the reap ste 
must fall below the point on which the bodies are f 
iy 68) with its foot fixed to a 


sphere B, through which pases 


Construct an inclined plane of two equal pieces of 
i wire AO and BC (Fig. 69—2), fixed at their 
extreinities to three upright pieces AE, B F, and C D, 

dicular to the horizontal stand DEF: 
BE equal to each other, and CD less 


EF be equal to or less 
than that between the two 
i of the cone, and 


the circular base of the double cone, upon 
cone near C with its circular base between 
the wires A C and B ©, it will roll up the inclined plane 


| applied at G in the direction G W. 


till its extremities are stopped by the upright supports 
eat aad te PP y prig' Pp 


That the centre of gravity really descends in this case 
will be readily seen by the diagram (3), which represents 
an an of the inclined plane through C D, 
perpe to EF, represented by the lines G’ O, OD, 
CD, G’ C (2). 

Fig. 69—(3), . ~ 


" é 
M, 
_lo 
Let the circles K L M, K’ L/ M’ (8) represent the two 
positions of the circular base of the cone at the com- 
mencement and end of its ascent up the inclined plane ; 
G and G’, the centres of these circles, will represent the 
ss ae oy. of its centre of gravity at these periods, and the 
ine G G’ the path of the centre of gravity during the 
ascent ; since the centre of gravity of the double cone 
is the centre of its circular base. By construction, the 
le G’ O D’ is a right angle. C’ and G’ draw 
CO’ N andG'R to OD, and the radius G M of 
the circle K L M perpendicular to C’ N. Then if M’ be 
the point where the circle K’ L’ M’ cuts G’ O, G R or 
N M will evidently represent the vertical descent of the 
centre of gravity of the cone, while the cone itself is 
ascending the plane. And since G’ N (3) is equal to the 
difference between the two supports A E and C D (2) of 
the inclined plane, in order that the cone may by 
the descent of its centre of gravity, this difference must 
be less than the radius G’ M’ (8) of the base of the 
cone. 


PROPOSITION XXI 
A body placed on a plane horizontal surface will stand or 
fall according as the vertical line drawn through its 
centre of grawity passes within or without its base. 
Let ABC (Fig. 70—1 and 2) represent sections of two 


bodies, by vertical planes ing through their centre of 
gravity G, having their AB placed in contact 
with a horizontal plane. 

Fig. 70. 


Cc 
ye 
} [ 
O hai B A 8B | 
Ww w 
1 2. 
In (1) the vertical G W passing through G falls within 
AB, and in (2) without A B. : ; 
The whole effect of the weight of the body is equiva- 


lent in both cases to a single force equal to that weight 
4y¥ 


re 
- 
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tly by the reaction 
iy will s In (2) this force 
a moment about the point B, which is not counter- 
of the ; and consequently 

ill turn round B till it falls in such a position 
will lie within the base on which it rests. This 
readily shown, experimentally, by taking two 
linders (Fig. 71—1 and 2) of such lengths that 
vertical h the centre of gravity of the 
on a table, shall fall within its circular 
other without. The former will stand and 


fied 
aie 
i 
; 
z. 
2 


At 
fe 


will fall when placed with their circular bases 
contact with the table. sake ; 
If the surface on which the body rests be inclined in- 
Fig. 71. 


stead of horizontal, the same effect will be produced, 
provided the body be prevented from sliding down the 
inclined plane by friction or some other force. 

Thus, aloaded waggon 
passing along an inclined 
road will not be over- 
}, turned so long as the 
vertical G A (Fig. 72) 
passing through the 
centre of gravity G of 
the load and waggon 
falls within the points 
where the wheels touch 
the road. As soon as 
the inclination of the 
road becomes so pew 
or the position of the 
centre of gravity of the 
load be such, that the ver- 
tical falls without these 

ints, the waggon will 
= S be overturned. 

The broader the base, and the lower the centre of 
gravity of the body, the firmer will be its stability. A 
waggon vey img a load of straw is more likely to be 
overturned than if it were laden with an equal weight of 
iron or some other heavy material ; because, in the first 
instance, the distance of the centre of gravity of the 
load and waggon from the ground is much higher than 
in the latter. ; ‘ 

The round tower which is the belfry of the cathedral 
at Pisa, is 190 feet high, and deviates from the perpen- 
dicular about 14 feet. At Bologna there is a square 
tower called Garisenda, 134 feet high, and deviating 9 
feet from the perpendicular. Both these buildings are 
su to owe their inclination from the depression 
of ground under their foundations; and they have 
not been overthrown, because the vertical, ing through 
their —_ of gravity, still falls big ee their org Ws 

Desaguliers, in Course of Experimental i 
sophy, has the following Stenadine observations on the 
position of the centre of gravity in animal bodies 
when at rest, or in motion, in various positions. ‘‘ When 
westand upright, with our feet as represented in Fig. 
73, the line of direction (i. ¢., the vertical passing through 
the centre of gravity) goes through the point C, and 
= between our feet to D, and we may move our 

eas from E to F or G, and our bodies forwards, 
backwards, or sideways, as far as I or H, without 
of falling, or stirring our feet, as long as the 


i 


— 


line of direction traverses no farther than IA or HB, 
and falls anywhere with- Fig. 73. 

in the space AB, which 
= er mh 
eet es a pretty 
base. But if we set one 
foot before the other, as 
in Fig. 74, a little push 
sideways will make the 
line of direction (which 
went through fall 
out of the to the 
right or left towards E 
or B; in which case a 
man must fall if he do 
re- 


teleteieie 


uponeitherleg, we 
must bring our D 
body so much over the foot, that 
gravity being directly over it, the 
tion may go th the sole of it; and in walk- 
ing, the line of direction must 
every place where each foot is 
(Fig. 75), while thee the ese 
‘ Ww centre of gravity goes 
the points G, { We &e. ; s that uae maa in wale 
. 74, ing straight forward, sets one i 
"sa the other the line of diretion 
a straight line upon e 
ne walks, but an indented line; that is, angles 
jec! the right and left, whilst the body of the 
B! goes on in a waddling motion. Side ee ten 
the walking of fat le, and all 
A straddle in their gait. The line of direction going 
E, describes 


fore one another ; 


walk sets one foot so exactly before the other as to carry 
on the bottom of his line of direction in a i i 


sticks, of about the height of a man, the one painted 
white and the other black, Lp 


L 2, 
Generally keep their 
Same plane as the rope. 


po’ 
76), by the motion of which they can alter 


2 
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of the common centre of gravity of their body and the | 


; as, for example, the centre of gravity of the rope- 
Seer GA being wi his line of “darecti 


on should go 


and pole is brought to CO, and the line of direction C D 
Those that are well skilled in 


33 it nite ony = for several of them to 
dance with a flag, with which they strike the air the same 
way that the centre of gravity goes when the line of 
direction does not go through the rope ; and by the re- 
action of the air the centre of gravity is brought back 
to its place. 
aS ancients ——s ard horses and other quad- 
ru in oping, lift up their two fore feet, and 
cone onl coer Rell Ape hey Mh opps Mer 
did imagine that in walking, as well as pacing 
and trotting, a horse has two feet off of the ground at 
one time; and accordingly, in their brass or marble 
statues, they have re ted their horses with two 
legs off of the ground di ly opposite—as the right 
before and the left behind, or left before and right 
behind. The modern statuaries have alsa fallen into 


i 


tained by the four legs, 
as four props or columns, 
resting on the points A, 
B, C, D, (Fig. 77), which 
make a rectangular quad- 
rilateral figure ; then the 
line of direction will fall 
perpendicularly on E, a 
point in or near the 
centre of quadri- 
lateral re, which will 
make e station or 
standing of the horse 
the most firm. The pro- 
ins by one of the hind feet—as, for 


gressive motion 
example, the left hind foot C, which, by strongly press- 


ing back the ground, moves forward the centre of 
tad deen consequently carries on the line of direc- 
tion E to G as itself moves from 0 toF. This 
done, the foot B is raised and carried forward as far as 
H, which motion of the foot is easy, because the line of 
direction first falls within the triangle AB D ; secondly, 
within the trapezium A B F D—that is, the body of 

horse is sustained by three or by four columns. Lastly, 


| the three feet A, D, F, remaining firm, and taking the 


line of direction at G, immediately the left fore foot B 
is carried forward to H; and by the impulse already 
made, the centre of gravity is also carried over I— 
namely, the central point of the rhomb AH FD. The 
motion of the two left feet being completed, the im- 
pulse and motion of the right hind foot.D begins, and 
then that of thé right fore foot, and- so on in the 
manner above described, as the animal moves forward. 

“Ducks, geese, and the greatest part of the water- 
fowl, whose legs are set wide asunder for the con- 
venience of their swimming, and turning quick in the 
water, have always a waddling motion upon land ; but a 
cock, a stork, an ostrich, and most other birds that are 
not web-footed, walk almost directly forward without 
waddling (especially when they walk slowly), having 
their legs so placed as to put one foot before the other 
with greater ease. Thus quadrupeds seldom or never 
waddle, because they have commonly three feet upon 
the ground at a time ; so that, however the base receiv- 
ing the line of direction alters from a quadrangular to a 
triangular figure, that part of it, in which the line of 
direction falls, is always in or near the same line. 

‘* When a man stands in a firm posture (Fig. 73) AB, 
the distance of his feet is the length of a quadrilateral 
figure, whose breadth is nearly the length of the feet, 
and D is the point under the centre of gravity C, 
where the line of direction falls. Let the lines A C and 
BC be drawn, then let these two lines and DC be con- 
ey pear gine EFG so as to make the triangles 
ECG and ACB equal and similar ; as long as the Tine 
FD (ora plane going through it) cuts the whole body 
of the man into two equal parts, the centre of gravity 
will be at C, and CD will be the line of direction. But 
if the body be inclined towards the left hand H, the 
centre of gravity will move from C to H, the line of 
direction will become HB, and the right foot being 
easily removed from A, may be carried on beyond B, by 
which means the man will go on towards the left. In 
like manner, by inclining towards I, the line of direc- 
tion will be removed to IA, and the man go to the 
right. When a man stands upon one foot it is with 
some difficulty. For example, the line of direction 
be CD (Fig. 75—1); by the motion of the blood and 
lungs, and other animal motions, the centre of gravity 
will be apt to vacillate or totter towards F or G on 
either side about the centre of motion D, where now the 
base is but small. If the line of direction come to B, 
the man must fall forwards, backwards if to E; and 
though A be under the heel of the foot, yet in the 
motion of the said line of direction from D to A, the 
body will be apt to go towards E, and so bring the line 
of direction beyond the base. This will more probably 
happen in the side motion of the body; so that the 
body will be in danger of falling, unless the right foot 
be put down tow that side where the body inclines. 
Birds stand upon one foot much more easily than men 
because their Tine of direction being much shorter, and 
the base of one foot a e rhomboidal figure made 
by the four claws, the line of direction cannot go out of 
that base, unless the centre of gravity rises, which is 
impossible without a violent motion.” 

When a porter carries a burden upon his shoulders, he 
must stoop, because, if he should stand upright, the 
common centre of gravity of the man and burden would 
be so far brought back, that the line of direction would 
fall behind the feet. 


PROPOSITION XXII 

A heavy body rests u, a horizontal plane, to find the 

pressures produced by its weight upon the points of con- 

tact by which it is supported, 

When a heavy body rests upon a horizontal plane, the 
pressures produced by its weight on the points on which 
it is in contact with the plane can be determined, if 
these points do not exceed three in number. When the 
points of contact are more than three, the pressure upon 
each is indeterminate. 
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If the body rest upon a single t, it is evident that 
Reedy Tih. ody | 


the pressure on this point is the weight of the 


the rests upon two points A and B, as in 
Fig. Ta whee the body rg. 


wity of the body rest- 


on the peeled et 
i bly is evident kept in equilibrium by its 
weight, and the equal and opposite reactions produced 
by the two s on the points A and B. 
The vertical passing through G must therefore pass 
through the line adjoining A and B. 
Let U be the point where the vertical cuts AB; the 
Fig. 79. weight of the body acting at 
P2 P, G may be transferred from 
t G too. 
c Then (Fig. 79) we have two 
B A i 


reactions, and P,, acting 
upwards, . dicular to 
the plane at A and B; and 
eight of the bod dc ee tad ae sal 
w of the body acti own’ an m- 
dicular to the plane. Si 
Hence, Prop. XL, P,4+P,=W, and P,-BC=P, ‘AC. 
Two equations are thus Obtained from which P and 
P, may readily be determined, when the position of the 
centre of gravity G of the body is known, - 
The reactions P, and P, will be equal and opposite to 
the pressures produced by the body at A and B. 
en the body rests upon three points A, B and C 
(Fig. ro Mg may still find the pressures produced by 
its weight on these points. 
Join the points A, B and G. In order that there may 
be equilibrium, the vertical peseng 
through G, the centre of gravity 
the body, must fall within the 
triangle ABC, (Prop. XX1I.) 
Let 0’ be the point where the 
vertical er through C cuts the 
e : 


le ABO, 
and W,‘AC=W,.CD. 
The force W, acting at D ma: in be resolved into 
i oar 4 at O, both perpen- 


Where W, + nats) 

P these equations the forces W,, W,, and W. 
which will be the pressures exerted by the heavy body 

on the points A, B and ©, may be readily determined. 
If the heavy body rest on the plane by four points of 
Fig. 61. support, as a table on its 
four legs, A, B, ©, D, 
(Fig. 81), the pressures upon 
these points will be inde- 
terminate if we consider the 

body perfectly rigid. 

‘or since it may be sup- 


A ported any three of the 

c points of contact, the pres- 

sure on the fourth may be either nothing or some finite 
of the weight of the body, method used 

two preceding cases to determine the pressures 

will fail in this. only condition we have is, that 
the sum of the on the points A, B, C and D 


pressures 
must be equal to the weight of the body ; and if we 


| consider them as weights acting perpendicularly to the 
pane on eh ee I Srey centre of gravity of 

ese weights will lie in the passing through 
the centre of gravity of the table. 


The same reasoning may be extended to the cases 
where the points of contact are more than four. 

Pe NS eee — of hg a 
rs) vity on position ilibrium of a heavy 
body, whl can only turn ioe fixed horizontal axis, 
is well illustrated by an ingenious contrivance called the 


elock. ! 
wd transphests GARIN tse Teed 6 tie pieroed through 


its centre at O (Fig. 82); in this is a fixed horizontal 
axis ; on this axis is placed the hour-hand of the clock, 
which can move freely round it to the right or left. 
The extremity of the hand opposite the pointer B is 
terminated by a hollow ring ; in this ring there is a heavy 
spherical A, capable of moving freely round it, 
is ball is made to move uniformly round the interior 
of the ring, by a watch-movement concealed in the hand, 
once in twelve hours, in the direction indicated by the 
arrow in Fig. 82. e weight of the ball A is so pro- 
Fig. 82. portioned to that of the hand 
<i with its concealed watch-work, 
that as A moves round the interior 
of the ring G, the common centre 
of gravity of the ball and hand 
} would describe a circle round the 
centre of the axis O, if the hand 
were fixed in one position. Since 


C, for over new position of A 
the hand will assume that position 
mae 1x) as Peg vertical 

tear < ne therefore, 
is carried round the rin cottocealy once in twelve hours, 
the pointer of the hand B moves, with the same unifor- 
mity round the dial in the opposite direction, and in- 
dicates the hour. 

The ball A, and the watch-moyement which causes it 
to turn round the ring, being both concealed, the hand 
seems to move by itse’ rg RP The remarkable 
property that the hour-hand being made to move b 
your finger backwards or forwards, when left to ald 
will, after a few oscillations, resume its position, 
peas to the correct hour, adds considerably, to the 

usion. 

Let D (Fig. 83) represent the centre of the ring round 

Fig. 83. which the spherical body circulates ; 
A., the centre of the — 


the hand moves; 
B, the centre of gravity of the 
hand and its concealed wateh-work, 
exclusive of the moyable spheri- 
cal body ; G,, the common centre 
of gravity of the hand and spheri- 
cal body. Also let W 

the weight of the hand works 


exclusive of the whose 


i, pet Ww and W’ be so Ghosen 


Let A, represent the position 
of the centre of the sp when. 
it lies in BCD produced ; G, the 
centre of gravity of the hand and 
sphere for this position, 

Join D A,, C G,, and B G, Ag. 

When the centre of the mov- 


a we have a weight W acting at and, 
another W’ at Ay, in Cirections parallel to each ieee 


: 


the hand can move freely round — 


able sphere is in the position A,,, 
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and since G, is the position of their resultant, we have 


p. XI. 
ar : W:'BG =W"A,G:; 
but by the construction of the instrument, 
G VG BO+CG A, C—0G 
B 1 Ar 1 B 1 1 "==; le 
eee = OH - BO cD 

Therefore CD-BC+CD*‘CG,=A,C'BO 
—BCO:CG,. 

Or CG,-(CD+BC) = (A, C—CD) BC: 

G, BD=A,D'BO. 

When the centre of the sphere is in the position A 
we have a weight W acting at B, and a weight W’ at A;, 
in directions. Hence (Prop. XL) he have 

W:-BG, = *Aa Go. 
But W-BC= W’'CD. 
BG,  A.G. 
Set EO er tL, 
Therefore (Euc., B. VL., P. I1.), the line C Gz is parallel 
bet yd and B C G, and BD A, are similar triangles ; 


Ja, Be BO 
ES “Ep €CGee gy Aad 
. A D- - 
But A,D=A,D. HenceeCG = a PEO, The 
Sere samen whieh We have belies Set sae ORK) 
ence for every position 
rt A. of the centre of the 
movable re out of the 
line BCD, we shall have 
Fig. 85, 


= 


sphere is in ern ye Ay, 
a position that C G, shall be 
in Fig, 84. When A, 

i centre of the sphere, 
G, will be vertical, and the hand will rest in the posi- 


teh - 
of the sphere to move from A, to A», the extremity of 
pay orp of the hand will move through a similar arc 
te direction round C as its centre. 
MA’ TICAL DETERMINATION OF THE 
OENTRE OF GRAVITY OF A HEAVY BODY.—The 


application of Prop. XVII. to find the centre of gravity 
of a body of uniform or variable density, in most 
instances requires the aid of the differential and integral 
calculus before we can arrive at a solution. As this 
would lead us beyond the limits proposed for the mathe- 
matical department of our work, we give some instances 
of the determination Fig. 86. 

of the centre of gravity ‘ A 

of a few geometrical 
forms and solids of uni- 
form density, depending 
upon the properties of the 
centre of gravity demon- 
strated in Prop. XIX. 


Examete I.—To find the 
centre of gravity of @ 
triangular plate of uni- 
form thickness and den- 
sity. 8 rs 
Let ABC (Fig. 86) be = “7 NS 

ee eccrine bounded by two 

parall ar an elograms - 
sMamiles:'40 bhomerSasenti. 7 Pn ne is C5 
wna mee Join AD. 
Through 6 any point in AB draw b dc parallel to BC 
and cutting A D in d. - 
Then the triai A bd, by construction, is similar to 
the triangle ABD; and the triangle Adc to the tri- 


angle ADC. 
Ad_sbd Ad_ de, 
Hence a VE,F«LV. AD BD’ and AD~ DC 
dc : 

Therefore 55 DC but BD=DC. 

Hence b d = dc; and so it may be 

shown that 17, line drawn through. 

7 any point in A el to B C will 
| be bisected by AD. 

Now we may conceive the trian- 

lar plate, whose thickness is uni- 
‘orm, to be made up of a number 
of extremely thin slices, eut perpen- 
dicular to the surface, and parallel 
Fh 

h of these slices, being sym- 
metrical, will balance about its 
centre, and therefore every one of 
them will balance about a line drawn 
parallel to AD, and passing through 
_ the centre of the thickness of the 
plate. 

The whole triangular plate will 
therefore balance about this line. 

Next bisect AB in E, join EC 
cutting C Din G. 

It may be shown, as before, that 
the triangular plate ABO will ba- 
lance about a line parallel to EC, 
passing through ‘the centre of the 
thickness of the plate. : 

Since the centre of gravity of the plate lies in both 
the lines passing through the centre of the thickness 

rallel to CE and AD, the intersection of these two 

ines must be the centre of gravity. 

Hencé a point in the middle of the thickness of the 
plate below G will be the centre of gravity of the plate, 
provided its thickness and density be uniform throughout. 

To find G, join DE. 

Then because A B is. bisected in E, and BCinD,_ . 

Therefore (Euc., B. VI., Props. Il. and IV.), ED is 
parallel to AC, and ED=4AC. 

Hence the angle ED G = angle GCA, the angle at G 
is common, and therefore the triangle EG D is similar 
to the triangle A G OC. ‘ 

DG_ AG 


Therefore (Euc., « P. phy DET AC 
AGD _,AG-AC 
ZO 9° qe aA 


OrDG= 
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And AD=AG4+DG=2DG4DG =3DG. 
Or DG =} AD. 


Exampre Il.—To find the aid Alas a plate of 
planes, whose upper and lower surfaces by port 


grams, 

Let the ABCD (Fig. 87) represent the 

upper of plate, A’ B’ O’ D’ the lower; the 
Fig. 87. 


AC meeting in E, B’ D and A’ C’ meet- 
ing in BE’. AC will bisect all lines drawn through the 
parallelogram parallel to BD, and BD will bisect all 


similar lines drawn parallel to A C. 


paral 
lane BD D’ B’, each of which will 
“s Abdel his deede thconph Abe contees of A.A 
and C 0’ 


Again, we may conceive the plate as com of a 
number of parallel plates lel to A A’ C’ C, which 
will each about a line drawn through the centre 


of DD) and BB’. 

G, the intersection of these lines, or the centre of 
E E, will therefore be the centre of gravity of the plate. 

To find the centre of gravity of the surface of any 
rectilineal figure, we have only to divide it into triangles, 
the centre of gravity of each triangle, suppose 
weights acting at each of these centres of:gravity propor- 
tional to the surface of the triangle at whose centre of 
gravity it is supposed to act, and then find the centre of 
gravity of these weights, which will be the centre of 
gravity of the figure. 

It will be found, on calculation, that the centre of 

ity of any triangular surface is the same as that of 

ree spheres, or any other body, whose weights are 
equal, placed with their centres of gravity in the angular 
points of the triangle. This also applies to a parallel- 
ogram, but not to all four-sided figures, 


z 


Let BOD (Fig. 88) be the base, and A the vertex of 
the pyramid. . : 
Bisect one of the sides of the base DC in E. Join 
AE, BE. 

Take EG,, one-third of BE, and EG.,, one-third of AE. 

Join AG, and BG, meeting in G;, G, will be the 
centre of gravity of the : 


Fig. 88 


hc draw cd 
to CD cutting AE in 
and be to BO, 
Join bd and be cutting 
AG, inf. 
Then the plane bed is 
evidently to the 


etch , and the line 
‘ 
ence 


In AC take ont bees 
e, 


tT 


angles AcbAEB, pu = Ae 


Therefore gif = py; but EG, =, BE 


Hence ef = § of be. 
Again, because ¢ d is parallel to CD, and CD is 
bisected in E, ¢d is also bisected by AE. 
Jf therefore is the centre of gravity of the triangle bed. 
Ppmted ayes Tiago ace may be shown that the centre 
F : 
to BCD must lie in the line AG, ; and 
conceive the pyramid made up of an infini 
such slices, the centre of gravity 


G, G. 
> AB 
Therefore =tand G,G,=}AG, 
Or G, Gs = } AG. 
Hence the centre of gravity of the pyramid is found 
to be'in the Line’ jaltitng Ake vertex ead 
acs the base, at a distance of a 


“i he Aare Af Panny & Sig 


G,G@, EG, 
“x; UE 


Hence 


‘Examete IV.—To 
Pyramid of uniform 


Let A be the vertex of the id, BOCDEFH its 
polygonal base (Fig. 89). Gi the centre of 
ret Go this base; join AG,, and in AG, take G, so 
that G,G@,=+4AG,. G, will be the centre of gravity 
of the pyramid. 

Join G, with each of the angular points of the base, 

Fig, 88 through G. draw the er 
* C) 


+ the centre of gravity of the 
whole pyramid must lie in this plane. A 
Again the plane be de fh is in ovals. sare ere 
to the base, and G, its centre of gravity therefore 
lie in the line AG,. In like manner it may be shown 


It follows, therefore, 


that the centre of gravity of every section of the pyra- 
mid parallel to the base will lie in AG, ; hence the 
centre of gravity of the whole pyramid must lie in A G,. 
We have shown, therefore, that the centre of rw 
of the whole yramid must be in the plane bc d e h, 
also in the tine AG,. Hence the centre of gravity 
must be their intersection Gy. F 
The centre of gravity of any pyramid of uniform 
density on a polygonal base, will lie in the line joming 
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THE LEVER. | 
its vertex and the ce’ gravity of the base, at a 
distance equal to of its length from the 
former, or one-fourth o h from the latter. 


The above her independent of the 
number of the sides of the polygon, and since we may 
conceive a curve to be made up of an infinite number of 
one lines, or a polygon bounded by an infinite 
n of small sides, the above solution enables us to 


determine the centre of gravity of a cone with a curvi- 
linear base. 

Hence the centre of gravity of a right or oblique cone 
on any curvilinear base is found by joining the centre 
of gravity of the base with the apex of the cone, and 
taking a point in this line, equal to one-fourth of its 
be measuring this point from the centre of gravity 

e base. 


CHAPTER IL. 
THE MECHANICAL POWERS. 


Axy instrument by means of which a force is communi- 
cated from one + to another, so as to keep at rest or 
Sect inoten & bodk acted on by another force, is called 
amachine. The sim of these instruments are cords, 
rods, and hard planes ; and these, by their combinations, 
form all complex machines, however various their forms 
and actions, 


In statics, we only consider machines when the forces 
peng wren them are in a state of equilibrium ; motion 
will. be produced 


branch of the subject 
be investigated in the following chapter. 

For tho sake of simplicity, and to enable us to apply 
the theoretical princi, we have already proved, we 
consider cords as being destitute of weight and perfectly 
flexible, rods and planes as perfectly rigid, inflexible, 
and without weight. When necessary, we can take the 


etermined.* 
MECHANICAL POWERS.—The a combina. 
They a sonny be ber Pi, the 

oa as seven in number :—1, the 
lever ; 2, the wheel and axle ; 3, the toothed wheel ; 4, 
the pulley ; 5, the inclined plane ; 6, the wedge ; 7, the 
screw. 


toothed wheel and pulley, may 
ificati of the lever, and the 
wedge and serew as particular cases of the inclined 


THE LEVER.—The simplest form of a lever is a 
= rod, supposed to inflexible and without 
Saeling set » Sees Dem Smee es in its length, 


and having two forces 


y; 
— at two oth points of the rod. 
fixed point on which it rests, and about which it 
can turn, is called the fulcrum ; one of the forces applied 
to it is called the power, and the other the weight. ‘The 
distances of the points of application of the power and 


weight, from the fulcrum, are the arms of the 
lever. 

There are three kinds of lovers, distinguished by the 
relative position of the power, weight, an fulerum. 


lever of the first 


and the weight W act in} 


F. Acrow-bar (Fig. 91), by means of which a man raises 
a heavy body W by 
placing one extremity 


In this case the coals 
form the weight, the 
bar of the grate the 
fulcrum, and the hand the power. 
The spade is a lever ; the ground against which it is 
Fig. 91, 


Fig. 90 
A FE B 

under W, and rest- 
ing it on any body A . 
C while he presses the . 
extremity B’, is an in- 
stance of a lever of P 
the first kind. 

A poker is another. 


pressed when the handle is depressed, in order to turn up 
the earth in front of it, being the fulcrum. 

Scissors and nters’ pincers are examples of double 
levers of the first kind. 

_Lever of the second kind.—In the lever of the second 
kind the power P (Fig. 92) and the weight W act in 
oo direc on the same side of the fulcrum F, 
weight being nearer to the fulcrum than the power. 

Fig. 92. A cutting-knife (Fig. 

4 93) and an oar are in- 
stances of levers of the 

y second kind. In the case 
of the oar, the arm of 

P the rower is the power, 
| the pressure of the oar 
on the side of the boat 

F is the weight, and the 

5 point of the blade of the 

oar, which is for a 
moment stationary in the 


water, forms thefulcrum. 

Nutcrackers give a 
good illustration 
a double 


of 


lever of 


the second kind. 


H 
al 
gees 


Fig. 94. 


; 


ey) 


FE 
| 
i 


is 
‘i 


: |_¥ 


: 
ight 


R2EB 
EE 
B 
es 

a 


: 
E 
E 


weight ; while the force exerted by the contraction of the 
muscle is the power. The treadle of a turning-lathe, or 
i s machine, where the foot of the operator 


A pair of tongs, and a pair of sheep-shears, afford 
famillar i febibapte ot double levers of the third kind. 
PROPOSITION XXIII. 
To find the Conditions of Equilibrium and the Presswre on 
Fulcrum when two Parallel Forces act in the same 
plane on a straight lever. 
cr isha ne fdiogd specmengrine baie: Lge ent 
on the straight lever A B whose fulcrum is F in each of 
the three kinds of levers. 
And let A P and WB (Fig. 96—1, 2, and 3) represent 
. 96. 


Fig. 
: A F 8 
In order that A 
there may be 
equilibrium, the . 
w 
: 1. 
af i 
A 8B 


F 
to their re- A 


fie A 
ie 
abe 
me 


FeSeE 
igs 
ae 
iF 

Da 


i 


lp 
= 
= 
ty 
8 
* 
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Lever of the third kind,—In the lever of the third kind er tae P BF. 
thapowel P (Fig, 94) and the weight W act as in the And also that P-AF = WBF or & = 74, in every 


case, 

at this haha pesos pad yer the first hoe 
e power ma ess or greater 

the weight 1 rH the second kind the power is always less ; 

and in the third kind always than the weight. 
In the preceding cases we have s the lever to 

be without weight ; we shall show how to take the weight 

of lever into consideration, in the cases of the balance 

and steelyard. 


PROPOSITION XXIV. 

To find the Conditions of Equilibrium of two Forces 
acting in the same plane on a Bent Lever, when the 
directions of the Forces are not Parallel. 

Let ACB (Fig. 97) be a bent lever consisting of a 
portion of a qine rigid body, sup to be destitute 
of weight. the fulcrum about which the lever turns, 
A and B the points of application of the two forces 


ne in magnitude and direction by AP and 


The effect of these forces will be to produce a 
pressure on C; and when there is ilibrium, this 
— must be destroyed by the reaction R of the 
wok C, represented in magnitude and direction 

Let a and B be the angles which A P and BW 
duced, make with a line CX drawn through C at t 
angles to the vertical C Y passing through C, and @ the 
angle C R makes with CX. ; 

and @ are two unknown quantities which we havo 

to determine : saroua C draw CE and CD perpen- 
dicular to A P and B oe 

We may regard our lever as a rigid body kept in 
equilibrium by the three forces P, W, and R. Resolv- 
ing these forces into forces el to CX and CY, X, 
and Y, being the resolved parts of P, X, and Yq, those 
of W, and and Y, those of R; and ing moments 
about ©, we have by Prop, XVIIL., the following con- 
ditions of equilibrium. 

(L) X, +X, — X, = 0, or R cos. 0-4 W cos. B 
— P cos.a = 0. 


BALANCES. | 
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(2). Y, —Y,—Y,=0, or R sin. O—W sin. B 
—Psin.a=0. 

And (3). P-CE—W-CD=0. 

From this last equation we obtain P‘C E = W-CD, or 

P _ CD _ Perpendicular on direction of W. 
W ~ CE ~ Perpendicular on direction of P. 

From equations (1) and (2) we can determine R and @, 
and consequently the magnitude and direction of the 
pressure on the fulcrum, which will be equal to R, and 
act in the direction opposite to C R. 

ing equation 
(1). R cos. 0 = P cos. a— W cos. B 
(2). R sin. 0 = P sin. a+ W sin. B 
Dividing one of these equations by the other, we have 


which determines @. 


Or, adding their squares, we have 
R? (cos.? 0 + sin.? 6) = P? (cos.? a + sin.? a) + W? 
(cos.2 8B + sin.* 8)— 2 P W (cos. a cos. 6—sin. a sin. f). 
Hence, by Trigonometry, 
R? = P? + W? — 2P W cos. (a +f), 
which determines the magnitude of R. 

If we had B instead of C as the point of 
lication of the fulcrum, and taken our moments 
ut B, we should have 

P __ Perpendicular on direction of R 
R ~ Perpendicular on direction of P 
Hence tlie condition of crepes in a lever of any 
kind, is that the power must be to the weight, inversely as 
the perpendiculars drawn from the fulerum on their direc- 
tions 


The bent lever evidently includes the straight one, 
as in the latter case A, B, and C are in the same straight 


line. 
THE BENT-LEVER BALANCE.—The bent-lever 
balance 98) is a machine which, within certain 


limits, enables us to weigh substances without the use 
Fig. 98. 


of weights ; it consists of a 
bent lever whose two arms 
are AC and BO, movable 
about afulerum C, The ful- 
crum C is fixed to a stand 
which carries a graduated 
arc; over this arc the extre- 
mity B of the lever moves 
as C B turns round the ful- 
crum ©, From the other 
extremity A, a scale-pan E ; 
is so suspended as to have 
its centre in all positions of the le 
passing through A. d 

A weight D, is fixed to the arm CD so as to bring 
the centre of gravity of the whole lever and scale-pan to 


Fig. 99, 


Mc , a a 
in the vertical 


some point below the fulcrum C: the magnitude of this 
vou & 


weight is so arranged that the extremity B of the 
lever shall point to zero on the graduated are, when 
the scale-pan is empty, and the lever is in a state of 
equilibrium. 

To graduate the arc, weights of 1, 2, 3, &c., pounds 
or ounces, or whatever denomination of weight the in- 
strument is intended to indicate, are placed successively 
in the scale-pan ; and the correspending points of the 
“ ee which B rests, are marked on the scale as 1, 2, 

ly eC, 

This balance is of great use for determining quickly 
the weights of bodies where extreme nicety is not 
essential. 

_ To explain the graduation of this balance mathema- 


tically, 

Let C (Fig. 99) be the fulcrum of the lever, AC and 
BC its arms; let Gin BC be the centre of gravity of 
the whole lever, exclusive of the scale-pan and wire by 
which it is suspended. Let W represent this weight, 
and let CA=aandCG=b, Also let S represent the 
weight of the scale-pan and wire by which it is sus- 
pended, P that of a body placed in the scale-pan. 

+ Let @ be the angle CB makes with a line DCE 
drawn through C perpendicular to CF, the vertical 
pessing through ©; 6 the angle AC makes with 


Also let a=BC A be the angle the arms of the lever 
make with each other, and let d=180—a, and let D and 
E}«*t ~ points where the vertical lines passing through. 
Aa«'!.> ‘ut the line DCE. 

Then Prop. XXIV. (P+S)-CD=W ‘CE, 

or (P-++8) a cos. B=W -b cos. 0. 

but B = 90 — 04+a = 90—(0— a); hence cos. B= 
sin. (0—<). 

Therefore (P+-S)a sin, (Q—a)=Wb cos. 0, 

or (P+S)a {sin. 0 cos. d—cos. @ sin a} = Wb cos. 0, 


, 


and tan, Ope Aces 
or tan. 9 = (PpS)acos. 4 yt tan. a. 


Hence if we wish to graduate the are for pounds, 
we must take P successively equal to 0, 1, 2, 3, d&e., 
pounds, in which case tan. 0 will be successively equal to 

- ’ Wb , 
Ba. cos. 2+ "4 GF ija. cos. at % 
Wd ‘ Wb 

Spin oc at 8! 4 Epos. co, at aS OM 
where W and S represent the weight of the lever and 
scale-pan in pounds. 

dk COMMON BALANCE.—This instrument is 

pularly called the scales, or a pair of scales, and is per- 
tase more frequently used than any other for determin- 
ing the weights of substances or one It consists of a 
lever supported on an axis or fulerum equally distant 

Fig. 100. f 


SE. 


We 


on 


from its ‘wa extremities ; under each of these rN 
“4% 


= pe, . = . _—a 
: 


fncecady ootagieadaaes 
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a dish is ed, in one of which the substance to be | Through C draw p g parallel to p’ g’, and cutting A P 
weighed is p and in the other the weights by which Fig. 102. t 

its value is i 


The lever is so constructed as to be capable of moving 
on its axis in a vertical plane ; and when a given weight 
is placed in one dish, and a substance equal in weight to 
it in the other, after vibrating some little time, it as- 
sumes a horizontal position. hen a slight excess of 
weight is added to either dish, the lever again vibrates 
and assumes such a position of rest, that the extremity 
above the dish containing an excess of weight over the 
other, lies below the horizontal line. The lever is called 
the beam ; and the two dishes, scale-pans. 

There are three requisites in a balance :— 

First.—When equal weights are placed in the scale- 
pans, the two extremities of the beam should rest in a 
perfectly horizontal line. This is called its horizontality. 

Second.—On the slightest addition of weight to either 
seale, the beam should lose its horizontal position. This 
is called its sensibility, and is measured by the smallest 
weight which causes the beam to depart from its hori- 


sontality. 
Third. —After any disturbance the beam should as-. 


sume a state of rest as speedily as possible : this is called 
its stability. 

We shall now proceed to consider the mathematical 
conditions which must be satisfied, in order to obtain 
these requisites ; for this p we must first confine 
our attention to the construction of the beam. 

Let AB (Fig. 101) represent the beam, G its centre 
of gravity, and C the point on which its axis or fulcrum 
is supported. inline 


Ke aah and produce C G to meet A B in the point 


To secure the horizontality of the beam, the points C 
and G must not coincide, for if they did, from the pro- 
—s of the centre of gravity, we should have in- 

ifferent equilibrium, and the beam, either by itself or 
when loaded at its extremities with equal weights, 
would rest in every position in which the line AB might 


be eee. 

hen C does not coincide with G, by Prop. XIX., 
and the beam is at rest, C G will assume a vertical 
ee hence in order that AB may be horizontal, 

D must be perpendicular to AB. In order that this 
horizontal position may be that of equilibrum when 
equal weights are suspended from A and B, we must 
also have AD = BD, 

The axis O is generally a prismatic piece of metal, 
which pierces aud also is firmly fixed at right angles to 
the beam. ‘This prism rests on one of its edges, tech- 
nically called the knife-edge, on a plane or curved surface, 
so placed as a support on each side of the beam, that 
the edge or line of support about which the beam oscil- 
lates is horizontal and perpendicular to the plane in 
which it oscillates. The axis might be a cylinder or 
cone working in a socket, but the knife-edge is generally 
cca in order to avoid friction as much as pos- 
sible. 

The conditions of horizontality given above require, 
therefore, that the plane passing through the line of 
support and the centre of gravity of ihe beni shall be 
at right avgles to, and also bisect, the line ing 
through its extremities, or the points from which the 
scale-pans are suspended. 

To determine the other two conditions, retaining the 
same letters as before, let two unequal weights P and Q 
Fig eeneernented in magnitude and direction by 

and BQ, be suspended from A and B. 

_ Let 0 be the angle AB makes with the horizontal line 

wn through the point D, and let pg cut AP 


dra 
fn 5 and BQing 


lo 


? 
Since C D is at right angles to A B, and @ is the 
AB makes with the onieeital line p’ ¢, i win aoe 
make wounes o 97 the tee ja 
Also use p q is parallel to 
a ste parallel fo each othe, p 0 = 


‘Taking the moments of the three forces P, 


librium, ; 
W:Cw ‘Cq=P-0 
But Og= Cw wim bu twig 
=Cw+wD+)Dq¢ 


= CGsin. 0+ GDsin. 06+ D Boos. @ 
= bsin. 0+ (c—b) sin. 0+ a cos. 0 
= csin, 0+ acos. 0. 

Again Cp = pw—Cw =p’w'’—COw 
=p D—w' D—OCw 
= acos. 0—(c—b) sin.. 0 — b sin. 0 
= acos. 0—c sin, @. 

Also C w = d sin. 0. 

Substituting these values of Cq, Cp, and Cw in the 
uation W- w-+Q:Cq= P-Cp, we have 
*bsin.6 + Q (csin. 0 +acos, 0) = P (acos. @—csin. 0). 
Dividing both sides by cos. @ 

W°dtan. 6+ Q (ctan. 0+ a) = P(a—ctan. @) ; 
Or (Wb+Qc+Pc) tan. 0= (P—Q)a; 
re tan. 0 = a : 

P—Q~ WdF+0FQe 

Now the sensibility of the balance for a given difference 
of P and Q will be greater, the greater the angle 0; also 
for a given value of @, the sensibility will be greater the 
smaller the difference between P and Q, Since tan. 0 is 


tan. 6. 
greater, the greater the angle 0, it follows that ro is 


a measure of the sensibility of the balance. 
Hence the greatest cern 2) be attained when 


b+ RHQ an 
a 


. 


a - 

Wit PTH Qe® as great, or 
as e. 

making this calculation we have neglected the 
friction of the edge of the fulcrum on its supports, 
which will have a Seioney. to diminish the sensibili oe 

In instruments where great accuracy is required, su 

as chemical, philosophical, and balan 

friction is diminished as much as possi 


iction, it appears from the above expression for 
the sensibility of tie balance, thad 46 will be Braabere 


et ewe and the less W, b, and ¢ are. 
e must, therefore, make the as it and as 
long as we possibly can, and the distances of G and D from 


as small as may be consistent with other conditions. 


Z 


will be 
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The scale-pans and the cords, or apparatus by which 
they are suspended, must also be made as light as can 
be, compatible with the uses of the balance, as they in- 
crease the values of P and Q, whose sum is an element 
which diminishes the sensibility. 

When equal weights act on A and B, the extremities 
of the beam, its stability is measured by its tendency to 
resume a state of rest, after its equilibrium has been 
disturbed. This tendency will depend upon the mag- 
nitude of the sum of the moments of the forces, about 
the point C, for any given position of the beam ; 1.e., for 
apy particular value of @. 

e sum of the moments of the three forces P, Q, and 
W about C, when A B is inclined at an angle @ to the 
horizontal, or C D at the same angle to the vertical, 


W-Cw+Q'Cq—P'‘Cp; 
or W bsin. 0+ Q (csin. 0+ acos. 0)—P(a cos. @—csin.). 
When P and Q are equal, this expression becomes 
W bsin. 0+ Pesin. 0-+Pesin.0; 
or (W °b-+2P °c) sin. @. 


When @ is zero; sin. @ is also zero, and this expression 
becomes the samé, or the sum of the moments is zero, 
which it must be, in order that there’should be equili- 
brium. But for any other finite value of 0, the magni- 
tude of the stability will be greater, as W:b+4+2P ‘cis 
greater ; that is, as W, P, band c are greater. 

These conditions are contrary to those required for 

ibility, which for any given value of a, demand that 
W, P, band ¢ shall be as small as possible. 

Hence, while the arm of the balance remains of the 
same length, any increase of sensibility is made at the 
expense of its stability ; but the quantities b, c, W and 
P remaining the same, we may increase the sensibility 
without injury to the stability by increasing a, or the 
length of the arm of the balance. 

minute differences of weight are not matters of 
importance, and quickness of determination essential, as 
in weighing substances rapidly, which are not of great 
value in proportion to their weight, stability is of more 
importance than sensibility. The reverse, however, is 
the case where the substance is of great value in pro- 
a its weight, or where extreme accuracy is 


uired. 
i all that has been said, it must be remembered that 
the weight P includes that of the a5 6 together 
with the apparatus by which it is suspended. 

The scale-pan must be so suspended, that its centre of 

vity, as well as that of the weight or substance placed 
in it, may be exactly in the vertical line passing through 
the extremity of the beam, from which it is suspended. 
From the mathematical expressions given above for sen- 
ret | and stability, both depending upon P, it follows 
that the same balance will have different degrees of these 
qualities according as it is used for determining greater 
or less weights. quantities of substances which are 
used in phi hical or chemical balances being generally 
very small, a ce which is very sensible when no 
weight is placed in the scales, will be of almost equal 
sensibility oe every weight with which it is intended to 
be used. 

A needle is usually fixed to the beam in the direction 
of the line CG, which points vertically upwards or 
downwards when the beam is in a horizontal position. 
A uated are or scale attached to the support of the 

ance to indicate the ares described by the extremity 
of this needle, as the beam oscillates, is a very convenient 
addition. When G is very near ©, the oscillations will 
be very slow ; in this case, the equality of the weights 
in the scale-pans may be ascertained by means of the 
index-needle, before the balance comes to a state of rest. 
When the weights are equal, the extremity of the needle 
will describe equal arcs on both sides of the vertical line; 
when they are unequal, the scale which preponderates 
will be indicated by a greater are being described on that 


side than the other. This method renders stability of 
much less importance than sensibility. 

Where great accuracy is required, the disuse of this 
long index-needle, almost in contact with the graduated 
are, and the substitution in its place of a graduated are 
attached to one end of the beam has been recommended. 
This arc is viewed through a fixed compound microscope, 
having a horizontal wire in the focus of the eye-piece ; 
or by a mirror attached to the beam, in which the re- 
flected image of a scale is viewed through a telescope. 

In very accurate instruments the scale-pans are sus- 
pended from steel knife-edges, resting on agate planes 
fixed to the extremities of the beam. The balance should 
be constructed as much as possible of brass, as steel and 
iron are apt to acquire magnetic properties. Palladium 
has been used for the construction of the beam, and 
platinum is to be preferred for the scale-pans. When 
glass scale-pans are used, care must be taken not to 
excite their electrical properties ; a difference of half a 
grain may be produ by merely ee one of the 
glass scales with a dry silk handkerchief. In construct- 
ing the beam, care must be taken by making it hollow, 
or if solid, by cutting out portions of it, to secure the 
greatest degree of lightness with the greatest length of 
arr: which is compatible with its rigidity, or the re- 
ten?» n of its form, under all the weights to which it is 
inter..-od to be subjected. 

Ali yery sensitive balances have a contrivance by which 
the knife-edges, which support the beam and scale-pans 
are lifted from the planes on which they play, whenever 
the instrument is not in use. The knife-edges are thus 
preserved from becoming blunt, or wearing the agate 
planes, and the beam is freed as much as possible from 
every strain, which would tend to alter its shape. 

In addition to all these precautions, the balance should 
be enclosed in a glass case, for its preservation from dust 
and injury : to prevent error from the action of currents 
of air, a window at the side affords the means of intro- 
ducing weights and the substance to be weighed, without 
removing the case, A cup containing quick-lime, or 
some other powerful absorbent of moisture, should also 
be kept within the case. 

Ramsden constructed a balance for the Royal Society 
of such extreme sensibility, that when weighted with 10 
pounds, it turned with about the thousandth part of a 

n. 
From the above description, it is manifest, that the 
construction of a perfect balance may be regarded as 
impossible, though one may be nearer than another to 
perfection. Borda invented a very simple method, by 
means of which very accurate results may be obtained 
by a balance sufficiently sensitive and well-constructed 
on its knife-edges, though the points of suspension of 
the scale-pans may not be equidistant from its fulerum. 


Fig. 103. 


His ingenious device is to we the article whose 
weight is to be determined by weignts or any other sub- 
stance, such as sand,-placed in the other scale : when 
equilibrium has been thus obtained, the article is re- 


ee . _ 


+ 
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uilibrium has 
restored. These latter ts determine 
the article ; and thus any error arising from 


: 


103) with unequal arms AC and BC resting on a 
rum with a knife-edge ae which plays. 8 a pivot 
through a su or sus y a ring. 
The substance P baa pol 5 AP rey: ema son is sus- 
pended from. the point A by a hook, while a constant 
weight Q, called the counterpoise, is toa pag.D. 
which can be sli os the longer arm CB. The 
edge of the arm © is so graduated that the point D at 
which the counterpoise Q mapensed from it balances P, 
determines the weight of the latter in pounds and ounces, 
any other convenient denomination of weight for 
_ ee wei may have been graduated. 
e 


5 


edge of the arm BO, gives the weight of P for the new 
position of the fulcrum. The same instrument has thus 


To we the Foman peg ot eng tag gaa wn 
yard may be regarded as a heavy lever with uneq' 
arms resting on a fulerum C (Fig. 104). 

Let W be the weight of the lever and the hook or 
scale- by which P is suspended, G the position of 
their joint centre of gravi nO 


poise, er with the ring and chain by which it is 
i Pig. 104 
sideredas a lover P r A 


w 


and vertical for- P 
ces, P, Wand Q, at the points A,-G, and D, represented 
_ magnitude and direction by the lines A P, G W, and 


Q. 
When these forces uce equilibri taking mo- 
mnt about te pat Gwe hae EI 
"i P: G=W -GO+Q-OD, 
ence, transposing, we have 
Q°cD=P-Ac-w-Go 
CD=]—AC-— GC. 
x‘ es ae) 
Now let D,, D., D,, D,, dc. (Fig. 105), represent the 
distances from C at which weights of one, two, three, 


Fig. 105. 
Py Ps _Pe Py 


four, &c., pounds, or any other unit of weight for which 
the steelyard is to be graduated, suspended from A are 
de are tet balanced by the counterpoise. 

ubstituting, therefore, for P the numbers 1, 2, 3, 4, 
&c, and D,, Dg, Ds, D,, &e., for D in the above equa- 
tion, we have 


c_8 A 
& 


WwW 
Tu A C take a point B such that B C=QGe, and make 


BD, =“ where Q represents the weight of the 
counterpoise, in the same unit which is chosen for the 
the points at which the counterpoise Q will balance 
weights of 1, 2, 3, 4, &c., pounds suspended from A. 


or 


w 
CD, =BD,—Be=*f—Fac, 

CD,=BD,—B C=2BD,—BC=24° Nee, 
CD, =BD,—BC=3BD, -Be=34°_ Wee, 
-C D, = BD, —BC=4BD,—BC=44°_ Wee, 


When the instrument is so constructed that the centre 
of gravity G of the steelyard and scale, or hook, lies in 
the vertical line passing through C, the quantity B C or 
WwW 
Q G CO becomes zero, and the points of graduation are 
taken at equal intervals from C. 

THE DANISH STEELYARD OR BALANCE.— 
This instrument differs from the Roman steelyard in 
these respects, that the counterpoise is fixed at one of 
the extremities, while the fulerum is movable. The 
edge of the steelyard is uated, and the point at 
which the fulcrum is p) to cause the fixed counter- 
poise to balance the substance whose weight is to be 
determined, marks its value. 


Fig. 106. Peete ar: the 

D G € 4A ish Steelyard. 
| a —Let P, W. 0, 

and the ight 

". lines P A, G W, 

a and D Q (Fig. 106), 


represent the same 

forces in this case, asin that of the Roman steelyard ; 
in this instance, however, it is C and not D which is the 
movable point. : ‘ 

Then taking moments of the forces as before, about 
the point O, we have 

P-AC=W:':GC+Q°DC 

SW NOT Gee ae 
By transposition (P + +Q)AC=W-AG 


+2 ee W-AG+Q:AD 
rAO="P+W+Q 
Let C,, Cy, Cy, Cy, &e., represent the points at which 
1, 2, 3, 4, &e. pounds will be balanced by the connter- 
ise when the fulcrum is 
ence substituting C,, Cy, Cy, O,, for C, and 1, 
&c., for P in the preceding expression, we have 
a Gi W-:AG+Q:°AD 
1+W+G 
W:-AG+Q-:AD 
—I+W+G 
W:'AG+Q:AD 
3+W+G 
Nine W:AG+Q'AD 
4 a+W+G 
The reciprocals of these quantities are in arithmetical 


progression, and therefore the distances of the points 
©,, Cy, Cs, ©,, &e., from A will form an harmonieal 


progression. 

THE BALANCE OF QUINTENZ.—This balance, 
named after its inventor Quintenz, is frequently em- 
er on railways for determining the weight of lu 
and affords a good example of a combination of poi 
It is represented in Fig. 108. Fig. 107 is added for the 
purpose of showing its mechanism more clearly, A 
platform A B on which the body Q, which we wish to be 
weighed, is placed, is fixed firmly to an upright piece of 


4, 


AOQ,= 


AO, = 


laced under these ere} 
t et J 


ay es 
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framework BC. BC again is attached rigidly to an ob- 
Fig. 107. 


ique DC fixed in D, as shown in Fig. 107, so that 
pied ai ) ck or inflexible 
bod: 


keadeckdge fulcrum, resting on the bar or lever F G, and 
| at D by a rod H K, which is firmly fixed to D, and sus- 
pen f a hook at K from the lever L MN. 
Fig. 108. 


The whole weight, therefore, of Se the framework 
B i and K. 


CD rests on the points E 
i by a fulcrum at one ex- 


ere} F, while the other extremity G is nded by 
arod LG, hanging at L from the extremity of the lever 
LM 


N. 

Lastly, the lever L MN is supported by a fulerum M, 
which is fixed to the framework of the machine ; the ex- 
tremity N of this lever has a scale-pan suspended from 
it, in which weights may be placed. ah a 

The points E, L, and K are so chosen that MK=FE. 


To avoid the consideration of the weights of the 
various parts of this machine, we will suppose that the 
weight of the scale-pan and the songth of the arm MN 
of the lever L.MN have been so chosen, as to produce 
an equilibrium of all the parts of the machine, and to 
keep L M N in a perfectl Tlaektal position, when no 
weight is placed on the platform A B. ; 

'o determine the weight P, which must be placed in 


Let the weights P and Q be represented in macnitude 
and direction by N P and $Q (Miz. 1 .) ‘ gata 

The weight of the substance placed on the platform 
AB being equal to a single force SQ passing through 
the vertical which passes through its centre of gravity, 


-| will be balanced by the reaction of the pressure R, 


which it produces on the fulerum E, represented in mag- 
nitude and direction by ER,, and the reaction R, of 
the tension it produces on the rod H K. 


The pressure R,-of the fulcrum E on the lever F Gis ° 


kept in equilibrium by the reaction of the pressure it 
exerts on the fulcrum F, and the reaction Ry, of the 
tension it produces on the rod G L. 
_ Finally, the lever L MN, resting on the fulcrum M, 
is acted on by three vertical forces P, Ry and Rg, acting 
on the points N, K and L. 3 

For the equilibrium of the rigid body ABCH we 


have as a condition 
- Q= R, +R. 
For the lever F EG taking moments about E we have 
R,-EF=R, -FG. 
FG 
OrR, =Bs‘ py 


Lastly, for the lever L M N taking moments 
about M we have 


P-MN=| Ry MK +R, “LO 


. . M. 
Or P MK ~B2 +R; MK 


LM F 
But ak Ee by the construction of the 


machine, oa 
R, +R, =Q. 
P MK 
And 9- MN 


If MN be taken ten times as long as M K, we have 


MN = 10M K and Q =10P;; and in this case a weight | 


the tenth part of Q, when placed in the scale-pan, will 
produce equilibrium. 

Instead of placing weights in the scale-pan P (Fig. 
108), the arm of the lever MN may be graduated, and 
used as a Roman steelyard. 

Before placing a body on the platform A B (Fig. 108) 
whose weight is to be determined, it is necessary to 
observe whether the arm of the lever MN is in a per- 
fectly horizontal position. This is indicated by a hori- 
zontal pin b fixed to the framework of the instrument, 
being in the same line with a similar pin fixed to the 
arm of thelever. To bring these points into this position, 
small weights are added to or taken from a little cup a, 
placed. under the point from which the scale-pan is 
suspended, : 

ROBERVAL’S BALANCE.—Many of the balances 


used in shops are constructed on the principle of this 
machine, which is interesting for its paradoxical 
character. It is apparently a lever, on the arms of 
which if two weights balance each other, they will still 


the scale- suspended from N to balance a substance 
of a ahien weight placed on the platform AB, we will 
Fig. 109. 
‘tee K M 
es A 
; NS 
ARy ‘ YRe 
| ARs APRz. 
pide P| 
La cob eae 6 \ 
a 
WR: ; 


arms they may be suspended. The accompanying 
P diagram will give an idea of the construction of this 
machine. 

It consists of four bars, AB, CD, AC, and 
BD (Fig. 110); AB being equal to CD, and AC 
to BD. These four bars are united together by 
four pivots, A, B, C, and D; they also rest upon 
two pivots or axes E and F fixed to an upright bar 
EF, resting on a firm base G H. ‘ 

The holes for the pivots E and F are so placed in 
AB and CD that B FE is equal to DF. 

Lastly, two bars KL and MN are fixed firml 


| continue to do so from whatever points in those 


75 | 


examine the conditions of equilibrium for the several | at right angles to AC and BD, so that KL and A 
parts of the machine. : j form one rigid piece and M N and BD another, 


= 


oe 
= pe Ps 
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Also let the distances AE oot C2 eee 
a, EB and FD by b. Since KCL and A avo nigiy 
connected, the pressure of P on § will be y 

the bars KL and AC to the ek wa 


where it will produce two and P,, — 
tude and direction, 


Let P,, the unknown pressure on A, be 
" sented in’ Hae sand Atrecticn by AP, ; and P, 
that onC by CP,, - 


The six pivots A, B, C, D, E, and F, are so constructed 
extagen. fe en about them, with as little 
friction as possible, in the vertical plane while no lateral 


and opposite reaction R*, represented in 

tude and direction by C 2 — 
Again, because the bars BD and MN are rigidly 

. = ! bis connected, ee Q on T will be trans- 

mitted, and produce two pressures, P, and P,, at B 

motion is permitted. From this construction it is | and D, which will be counteracted by equal and oppo- 
evident that whatever position the framework A BC D | site reactions R, and R,. : 

mee assume, when weights are suspended from the arms | | The bars K L and AC are kept in equilibrium by the 
K L and MN, the four bars AB, CD, AC, and BD, | three forces P, R,, and Rg, acting at S, A and C in the 
will always form a parallelogram, and the arms K L and directions 5 P, A Ry. and C Ry. 
MN retain a horizontal position. _ Resolving the forces represented by AR, and on 

It is a peculiar property of this machine, that if two | into the vertical and horizontal forces X,, Y,, 

| weights P and Q balance each other when suspended Xe Y,, represented by AX,, AY,, CYo, and CX, 

| from two points S and T in KL and MN, 4 will also | ( xe 112). ; 

| ewer from whatever points in K L and M N they are e shall have by Prop. XVIII. 
suspended. ie oy 

; 'o show the properties on which this peculiar statical Poa, tives Ramte : : 

| paradox ana we shall neglect the weights of the | The couple X,-AC, whose tendency is to twist the 

| Yarious parts of the machine ; or, which will come to rod AC, is ares destroyed by the reaction of the 

_ the same thing, sup the weights of its various parts | pivots at A and ©, and the forces Y, and Y, will be 
so chosen that it shall be in equilibrium for every position | equal and opposite to two forces which will exert a pres- _ 

in which the framework ABCD can be placed, when | sure on the extremities A and C of the levers A B and 


| no weights are suspended from the arms KLandMN. CD. : 
Fig. 111, In a simildr manner, by resolving the forces R, 


wn The forces Yg and Y, being equal and opposite to 


Finally, we have the lever A B resting on the ful- 
crum E, kept in equilibrium by the forces Y, and 


Y, (Fig. 113). 


Fig. 13. 


) ¢-— Fi 
We berg neglect the friction of the six pivots A, B, C, D, 


F. 
| _ Let two weights P and Q, represented in magnitude and 
. Fig. 112, 


Hence Y, *a=Y3"b. 
Also for the lever C D we have 
Yg- ‘a= Ys °b. 
Hence (Y,+Y, ‘)a=(Y3+Y¥,)b; 
But Y,+Y.=P, and Yy+Y,=Q; 
Therefore P -a=Q°*b. 


| Provided therefore that the pivots are strong enough 
to resist the lateral strains acting on them, the condition 
of equilibrium for the machine is, that P multiplied by 


a@ shall ual to Q multiplied by b: a result entirely 
ienapendank of the quantities c and d, or of the dis- 
tances SJ. and MT. 


c a 
direction by S P and TQ (Fig. 111), be nded from 
the arms K L and M Nat the points S and T, and let us 
| suppose that they balance each other 
| 


— 
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In constructing balances on this principle, a and 6 are 
taken equal to each other, in which case E and F bisect 
AB and CD, and P and Q are equal. ? 

WHEEL AND AXLE.—The second mechanical power 


is the wheel and axle ; this machine, in its simplest form, 
consists of a circular wheel A B (Fig. 114) firmly fixed 
at right angles to a cylinder CD EF, so that both re- 
volve together round a common axis G H. 

Fig. 114. 


The forces P and W 
are aces to be ap- 
plied by weights sus- 

from one ex- 
tremity of the cord 
vane “round the 
wheel or, cylinder, to 
which the other extre- 
mity is attached. The 
forces, by this contriv- 
ance, always act at 
right angles to the cir- 
cumferences of the 
wheel and cylinder. 

The are sup- 

to be perfectly 

ible, inextensible, 
and destitute of weight. 
Their friction on the 
surface of the wheel 
and axle, as well as 
the magnitude of their diameters, is also neglected. 

Fig. 115 represents a section of the wheel and cylinder 
perpendicular to their common axis. 

Let 4 AB be the radius 
of the wheel, and AC 
that of the cylinder or 
axle. Since the forces 


Fig. 115. 


produce equilibrium, w 
taking moments about A, we have 
P*AB= WAC or =u, 
that is 
The force acting on the surface of the wheel 
The force acting on the surface of the axle 
radius of axle 
radius of wheel 


This machine is only a modification of the lever ; for 
referring to Fig. 115, we may consider it in its position of 
equilibrium as a bent lever, whose arms are A B and A C, 
and whose fulcrum is A. 


When it is in motion, we may regard the wheel and 
axle as made up of a ‘number of spokes ; these spokes 
some successively into action as levers, and thus the ad- 


vantage of an endless leverage is produced, and the 
power and weight each act constantly in a straight line, 
instead of describing circular arcs as in the common 
lever 

Instead of the wheel, one or more bars are sometimes 
fixed at right angles to the axle, and these are often so 
disposed as to allow several men to act at once on the 
machine. When the axis of the axle is horizontal, a bar 
fixed at right angles to the extremity of the bar, form- 
ing what is called a winch, affords a convenient means 
for applying the force. 

When the axis is horizontal, as in Fig. 116, the 
machine is called a windlass ; when vertical, as in Fig. 
117, a capstan. 


TOOTHED WHEELS.—The third mechanical power 
is the toothed wheel ; it is extensively used in the con- 
struction of cranes, clock and watch-work, and almost 
every variety of machinery. 

Toothed wheels consist of thin cylinders, having their 
circumferences indented or covered with projections 
called teeth or cogs, set at equal distances from each other. 

If two such wheels have their axes placed in sucha 
position that the surfaces of the wheels may be in the 
same plane, and the edges of their teeth touch each other, 
as in Fig. 118, and one of the wheels be made to revolve 


Fig. 118. 


gw i 
round its axis, its teeth will act in succession on the 
teeth of the other, and cause it to revolve round its axis 
in an opposite direction. 

To determine the conditions of equilibrium for this 
machine, we will suppose A and A’ (Fig. 118) to be the 
axes about which the wheels revolve, and the weights P 
and W, which produce equilibrium, to be attached to the 
extremities of cords wrapped round, and having their 
other extremities fastened to, cylinders fixed perpen- 
onlay to the wheels, and having a common axis with 

em. 

Let AB and A’ B’ be the radii of these cylinders. 

The weight P will communicate a tension to the ro 
B P, which will produce a pressure on the cylinder AB; 
this pressure will be communicated from the cylinder to 
the point C, where the tooth of the wheel C E is in con- 
tact oe tooth of ee wheel CE’. In a similar 
Manner, the pressure produced by W on the cylinder 
A’ B’ will be communicated to the kas point. Bi 

These two pressures at C will act perpendicularly to 


[roornep wuneta. 


saps pr pd they will 
be equal and opposite to each other. these pressures 
be represented by R, and their magnitudes and direction 
by CRand CR. 

From A and A’ draw AD and AD’ at right angles to 
CR, and join A A’ cutting C Rin F. The wheel AE is 
kept in equilibrium by the force P acting in the direction 
BP, and R jn the directions CR; and the wheel C E’ 
by the force W in the direction B’W and R in the 
direction C R’. 

Hence taking moments about A, we have P * A B=R’:A D 
And taking moments about A’, we have W*A’B’= R:A’D/ 
PAB AD P 


Dividing one equation by the other Wal AD" w 
AD AB’ 


“AD AB 
In the two triangles ADF, A’D’F, the angles at D 


and D’ are right angles, and the angle DF A=angle 
DF A’; hence the triangles are similar, and therefore 


and substituting this value we have 
P AF AB 
W AF AB 
If we make A B=A’D’, the effect of the combination 
will depend upon the teeth of the wheels and their radii 
only, and then . tht 


OnE Wo AF 


When the teeth are small in comparison with the radii 
of the wheels, AF and A’F will be nearly equal to these 
radii. And since the intervals between the teeth must 
be equal, in order that the wheels may work through a 
whole revolution, the number of teeth in each wheel will 
be proportional to their respective circumferences. 
Hence in this case 

P radius of wheel CE circumference of C E 
W radius of wheel CE’ circumference of CE’ 
number of teeth in CE . 


= number of teeth in © E’ 


The edges of the teeth which come in contact with 
each other are sometimes formed of curves, which are 
portions of the curve called the involute of acircle. In 
this case, the point C retains the same position through- 
out the whole revolution of the wheel. The discussion 
of this property, as well as the best form of the teeth, 
requires a greater knowledge of the higher branches of 
geometry than can be assumed in an elementary work. 

When the number of teeth ina wheel is small, the 
wheel is called a pinion, and the teeth leaves. 

The axles about which the wheels revolve may be 


placed at right angles to ‘each other, as in Figs. 119 and 
Fig. 119, 


120, or inclined at any angle to each other, as in Fig, 121. 


“728 MECHANICAL PHILOSOPHY.—STATIOS. 
the surfaces in contact, and when there is equilibrium In Figs. 119 and 121 the pinions are placed on the 
they will destroy each other ; Fig, 121. Fig. 122. 


/ 


: / 
/, oo - 
Ye 


\ 


surfaces of frustrums of cones, whose axes coincide with 
those of the wheels ; the wheels are then called berelled 
wheels. When the teeth es from the edges of the 
wheel, it is called a spur w ed ; when they project from 
the surface of the wheel, as in Fig. 120, it is called a crown 


wheel. ; 
The teeth in which those of 


Fig. 123. ; 
one of the wheels work, be 


placed along the edge a 

straight bar instead of the sur- 

face of a cylinder, as in Figs. 

122 and 123; the bar being so con- 

fined as to allow it only to move 

in the direction of its length. 
Fig, 124, 


Ann 


The arrangement in Fig. 122, where the wheel is made 
Fig. 125. * called 


to revolve by a winch, is 
a jack, and is often employed for 
raising heavy weights a small height. 

Wheels are sometimes turned by 
simple contact with each other, as in 
Fig. 125; and when they are ata dis- 
tance from one another, as in Fig. 
124, they may be made to act on eac! 
other by a band, strap, or chain 
passing over and in close contact with 
a portion of the surfaces of both. In these cases the 
minute protuberances of the surfaces, and the friction 
they exert on each other, prevent the surfaces from 
sliding, and act as minute teeth. A band which sli) 
may frequently be made to act by chalking or rosi 
its surface, 

THE PULLEY.—The fourth mechanical ponte 
the pulley. In its simplest form it consists Of a solid 


‘ome 


= 


PULLEYS. | 
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circular wheel BC, Fig. 126, having a smooth groove cut 
in its cireumference. This wheel revolves freely round 
an axis or pivot passing through its centre at right angles 
tu its su and having its extremities fixed to a 


wooden or metallic frame FG. This frame may be either 
Fig. 126. 


fixed or movable. 
The wheelis called 
the sheaf, shiver, 
orrundle ; axis 
the eon ; and 


applied to one ex- 
tremity of a cord 
passingfreely over § 
the grooved cir- * 
cumference of the 
sheaf, which moves 
with it round its 
axis, thus dimin- 
eo friction of the cord ; and the weight W, which 
is to be overcome, is attached to the other extremity of 
the cord 
Several 


ulleys may be combined ther, formin 
what is called a system, The cords hick ” over the 
sheaves are sup to be perfectly flexible and inex- 
tensible ; the friction of the cords, as well as that of the 
axis, and when not specially mentioned, the weights of 
the blocks and sheaves, are not considered in our 
calculations. 


The single pulley, 
=5 with its bl fixed, af- 
fords no mechanical ad- 
vantage of the power 
over the weight, for the power P 
iy, yt exerted on the extremity 
T 


cord, communicates a tension 
rtional to P throughout its 
length to its extremity D, at which 
W acts. When there is equilibrium, 
these forces P and W must be both 
equal to the tension T of the cord 
at the points A and D, or the ten- 
sion of the cord will produce a 
force equal and opposite to P at A, 
and equal and Spocive to W at D. 
_ Hence P=W=T. 

The single fixed pulley affords a 
convenient means for altering the direction of the appli- 
cation of a force to a machine. Thus a weight which 
acts vertically downwards, may be made to exert an 

force in any direction we require, by a proper posi- 
—- the pulley and the support to which its block is 
fix 
Single Movable Pulley.—Let a weight P be attached 
to one extremity of a cord passing over the fixed pulley 
FE (Wig. 127) round the movable pulley C B, and having 
its other extremity fastened toa fixed beam at A, the 
block of the pulley F E being fixed to the beam at G in 
such a manner that E Cand A B shall be parallel. The 
weight W is attached to the block Dof the pulley CB. 
Neglecting the weight of the pulley C B, P will commu- 
nicate a tension deeoageon the cord, and this tension 
will produce a force P acting in the direction CE at E, 
and another force P acting in the direction BA at B 

. 127 

4 Pod ie there is equilibrium, we shall have 


W =P+P=2?P. 
When the weight of the ae is taken into account, 
this weight must be added to When the cords are 
not parallel, resolving the forces P acting at C, and P 
ing at B, into vertical and horizontal forces, as shown 
in Fi 128, and equating the horizontal and vertical 
forces acting on BC, we have 
P sin. 6 = P sin. 0, henced = 0 


Fig. 128. 


and W = P cos. 0+ P cos 
db =P cos. 0+ P cos. 0 =2P 
cos. 0. 

beberyy cae half the 
angle uw makes 
with EC Ltn te: 

In the first system of pul- 
leys, each pulley hangs te a 
separate cord, as shown in 
Fig. 129, so that the cords 
may be parallel. 

Let Wi, We, Ws, be 
weights of the pulleys, ¢,, 
t., ts the tension of the 


cords. 
ee = 2t,, t) + Wy = 2te, t2 + Wy = 2t,, and 
ari 
Hence P = » + 
w w WwW 
+ 38 SS 33 = 35 
If there had been four pulleys we should have had 


W 


ty 
2 


Wag VE 


Neglecting the weights of the pulleys, w,, Ws, &., 
for three pulleys we shall have P = 3? for four P = bis 


and generally for m pulleys P= Me 


When the cords are not parallel, ws may see, from the 
case of the single pulley, that each tension, #1, to, ts, 
&c., must be multiplied by the cosine of the angle whi 
its cord makes with aline drawn parallel to the direction 
in which W acts. ; 

A 


: : JL Vor. 1. 
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This multiplication will necessarily diminish the ten- 
sion, as the cosine will always be a 
fraction less than unity. 

In the second system of pulleys, the 
cord to which P is attached passes 
over all the pulleys, as shown in Fig. 
130. The pulleys are divided into 
two groups, the upper working in a 
common block which is fixed, and 
the lower in acommon movable block. 
The other extremity of the cord to 
which P is attached, after passing over 
all the sheaves, is fixed to the upper 
block. W is attached to the lower 
block. 

The weight or force P will commu- 
nicate the same tension ¢, throughout 
the rope. 

It is evident, therefore, that if we 
consider the ro as parallel, and 
neglect the weight of the lower block 
ad its sheaves when there is equili- 
brium, we shall have 

W=6P 
and generally we shall have W=nP 
where n is the number of the portions 
into which the cord is divided by the 


two blocks. 

When the weights of the sheaves 
and blocks are taken into considera- 
tion, itis evident that the weight of 
the lower block and its sheaves must 
be added to W. 

If the positions of the cords be 
not parallel, each portion must have its tension multi- 

Fig. 131, plied by the cosine of the 
Q angle to which it is inclined 
PA = oma ry wi as in 
e system of pulle 
! In Fig. 131 we have = a 
| 
Ls) 
A 


Fig. 130, 


sented a very powerful ar- 
rangement, arly the pul- 
leys in each block arran 
as shown in the figure. The 
sheaves of the upper row in 
the upper block, as well as 
those of the lower row of 
the lower block, are all of 
“the same diameter; those 
of the lower row of the 
upper, and upper row of the 
lower, are equal to each other 
in diameter, though less than 
the former. The cord is 
omitted for the sake of clear- 
ness, but one extremity is 
fixed to the hook A below 
the lower block; it then 
asses in succession under 
each of the sheaves in the 
lower block, and over those 
in the upper in the order 
shown by the numbers at- 
tached to the sheaves in 
the figure : the power is ap- 
plied to the extremity of 
} 3) cord which Pag over 

ne pulley marked Wy 9. 

As there are twenty ions of the cord between the 
two blocks, in this case W=20P. 

This arrangement permits the portions of the cords to 
be nearly parallel, and has the additional advantage that 
the power P acts immediately over the weight W, so that 
the lielism of the cords will not be deranged, as it 
would otherwise be liable to be ; it has, however, serious 
practical defects. 

If the weight W be raised by the power P a given 
height, say for instance one foot, each portion of the 
cord between the two blocks must be raised the same 


Sane 


w 


height, which will necessarily cause 
From the arrangement of the 
foot of the cord will pass over 
over W., three feet over ws, &c., 
Now since the sheaves wy, Wy, Ws, 
same diameter, and revolve each round 
and twice as much cord passes over W, as 
as much over Wy a8 w,, and so on; it follows that wy 
will revolve twice as w, three times as fast, as wy, 
“Tia inequality of motion lends to great inequality x 
is in i motion to i i 
the wear of Mkietioes pacie of te Meanan we 
attempt to remedy this defect by fixing the sheaves in 
the same row to a common ae, bate ot ee 
necessarily scrape or slide over the grooves of-the sheaves 
instead o' RE OE ee ee 
increase of friction. To these def Mr. 
contrived the pulley known by his nam 
in each block were cut out of one piece of wood 
being formed of a series of pexallat soci chron gana 
each increasing in diameter. The diameters of the 
grooves were made to bear to each other the same pro- 
portions as the portions of rope which were to pass over 
them—those for the lower block being as the odd num- 
bers 1, 3, 5, 7, &c., and those in the upper as the even 
numbers 2, 4, 6, &e. R 
Fig. 132. By this 
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We, Wa, W, 
present the weights 


Then B= P, 

One tet oe Pade oe 

= Wo = Wo- 

ty = 25 + wy = P+ By wy wy. 
Therefore W = t, + ty +t, +t. 

=(1f 242! 4°28) B41 424 2%) 
mm FOF ash P + @ - 1), +.@? 1) 
Ww, +(2 — 1) wy. . 


The same reasoning may be extended to any number 
of pallage se ONE webb . : 


W = (2*— 1)P+(2" - 
+@ Wa 


When the weights of the eys are w. 
w Frain <A i sr, and W = (roe) Be be? 
When the strings are not 

tensions must be multiplied by the cosine of the 
they make with the direction of W, as in the 


~Dw, +2" -*-1) wate 
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THE INCLINED PLANE,—The inclined plane is 
the fifth mechanical power. It consists of a plane sur- 
face A B, which is su to be perfect in hardness 
and smoothness, and inclined at some angle a to the 
horizontal line. A heavy body, whose Sa oe 
133—1), resting on the p! and supported by a force 
P acting in some direction DE constitutes the weight 
in this machine. 


Fig. 133—(1). 


Let f be the angle D E makes with B A, and BC be 
drawn at right angles to AC: a is called the inclination 


te length, Fig. 133—(2). 
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of 
Let P, and W 
ao A ec w 
nitude and direction y DR, DP, and D W (2). 


Resolving these forces caer and perpendicular to 
the palace of the plane A B, as shown in Fig. 2, we 
have the following conditions of equilibrium :— 

cos. 6 

sin. a 


WwW 
W sin. a = P cos. B, or p = 
The magnitude of R may be found from the equa- 


R-+ P sin. B = W cos. a; 
sin. @ sin. B 


or R = W cos. a —P sin. B = W cos. a—W a. 


oe ee) nn Set, 
‘ cos. B cos. B 
When P acts along the inclined plane in the direction 
DB, p = 0, and 
WwW 1 _AB _ length of the plane , 
—~ sm.a BC ~ heightof the plane’ 
Cc 
also, R = W cos. a = W 4, 


base of the plane — 
length of the plane 


Correctly speaking, the angles, dc., of (2) do not pro- 


perly belong to the inclined plane of (1), unless the 
centre of gravity of the body D touches the plane A B, 
but to an imaginary plane passing through the point A 
and the centre of gravity of D. 

THE WEDGE.—tThe sixth mechanical power is the 
wedge, which may be regarded 
as two equal and similar inclined 
planes ABC, BDC (Fig. 134), 
with their bases fixed together. 
Tt is used for cleaving substances, 
in which case the edge C is in- 
troduced into a cleft, and the 
surface A D struck by a hammer 
or ease sO as a — the 
we to enlarge the cleft an 
split the substance. 

Considered as a statical ma- 
chine, the pre is a weight ap- 
plied to A D sufficient to balance Hi} 
the pressures exerted by the AANA 
substance into which the wedge 
is thrust on the sides AC and DC of the wedge, con- 
sidering these surfaces as perfectly smooth. 

The consideration of this machine is now omitted in 
many treatises, since ‘‘in the theory of the wedge, there 
are introduced so many conditions, which are perfectly 
pep ricele in practice, so many gratuitous assumptions - 
and suppositions so inconsistent with practical truth, 
that the whole doctrine has little or no value. Nothing 
can more plainly demonstrate the inutility of the theory 
of the w , than that, in this theory, the power is sup- 
posed to be a pressure exerted on the back of the wedge, 
which is supposed to be capable of balancing the effect 
of the resistance in producing the recoil of the wedge. 
In all cases where the wedge is practically used, the 
friction of its faces with the resisting substance is suffi- 
cient to prevent the recoil ; so that, strictly speaking, 
no force whatever is necessary to sustain the machine in 
equilibrium ; and to move it, pressure is never resorted - 
to—inasmuch as the slightest percussion is far more 
effective. The only general theoretical principle re= 
specting the wedge, which obtains always in practice is, 
: re power is increased by diminishing the angle 

THE SCREW.—The seventh mechanical power is 
the screw, and may be regarded as a modification of the 
inclined plane. If we take a triangular piece of aper 


Fig. 134. 


ABC (Fig. 135), the angle at C being a right angle, in 
Fig, 135 
B 
D pom Bi 
duro 
sa 
E c A 


A 


AC take a point A’, and through A’ draw A’ B’ parallel 
to AB. Then let the portion A A’ B’ B be blackened, 
and wrap the triangle A B C round a cylinder DE, Let 
now a groove be cut perpendicular to the surface of the 
cylinder, and following the direction of the dark spiral 
band, formed by the triangle ABO. The projecting 
portion between the groove is called the thread of the 
screw, and is evidently an inclined plane passing round 
the cylinder. The cylinder in which the groove is cut is 
called the screw. A hollow cylinder is now cut through 
a beam AB, and a spiral cavity, cut in the surface of 
the hollow cylinder, corresponding in magnitude to the 
thread of the screw, so that one may be regarded as the 
cast or mould of the other. This is called the nut of the 
screw. 
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If A B (Fig. 136) be firmly fixed to the upright Hence, adding these equations, we have 
AC, BD, pad ikead Gaiite 40" ‘Slekae ane sie: 
sorew EF can be made to pass (WwW, +W ti eR + 
through the nut by causing it to =R +R, + + ke. +R.) cos. a 
Sovaite round tie axis BY by alP,; +P, +P te thy 
means of the arms EH or EG, =b(R, +R, +R, + + R,) sin. a 
and as it moves through the nut “i 
its axis will always be vertical, and dividing these equations, we have 
and its extremity F will press 

Saieay As bo sonia by W, +W,+W, +0. +W, _ cosa 
bars A C and BD in the AP, +Po+Ps3+&e.+P,) deina 

frame A DC B, as to have only a 

vertical motion. The pressure or ©. © 4 
of the screw will thus be com- aPobsin-a 
municated by K L to any sub- 
stance placed between K L and C D. Ww a 27a 

To obtain the conditions of equilibrium of the screw, and ts" Cin a De bie 
we neglect the weight of the screw itself, and the friction 
of the surface of the thread on that of the nut. Ww 

To simplify, as much as possible, the problem, we first gM hon 


suppose portion of the thread which, by the action 
of a force P, at — angles to the extremity G of the 
lever G E (Fig, 136), communicates a pressure R, to the 
surface of the nut with which it is in contact, reduced to 
a : point Q 
up 


ition will give the 
communicate to the 


Fig. 137. 


M— 


Let a be the length of the arm @ E, } the radius of 

a of the screw, a the angle of the plane 

Resolving R, vertically and horizontally, we have the 
following condition of equilibrium :— 
W, = R, cos. a; 

and taking moments about the axis of the screw, 
a’P, =bR, sin. a. 

Now we may conceive the portion of the thread of the 

screw divided into a number of portions Q, Qe, &c., 

kept in equilibrium by forces P,, P., &c., P,, W,, 

R,, R,, &e., Ry 


e, &c., W,, and producing reactions 
on the surface of the x. 
P, + P, + &. +P, will be the whole power P 
appli the extremity of the arm G E, and + W, 
ec. + W,, will be the whole vertical pressure W which 


- 
the screw will produce, 
Then, as before, we shall have 
W,, = R, cos. a and aP, = bR,, sin. a 
Wenkione aP; = bR; sin. a 
&e. = &e. &e. = d&e, 
W, = BR, cos. a aP, = OR, im a 


circumference of circle described by the extremity G of arm G E 
vertical distance between two threads of the screw 


For if N G (Fig. 137) be the vertical distance between 
two threads of the screw, MO will be equal to 27b and 
N O = MO tan. a= 276 tan. a, 

FRICTION.—In our previous investigations we have 
supposed all our surfaces in contact with each other to 


be perfectly smooth. (This perfect smoothness can never | 


be attained in practice ; the roughness, or want of 
smoothness, of two surfaces in contact with each other, 
opposes a resistance to their motion, over or along each 
other, which is called friction. From certain experiments 
it appears that friction may be due, in some measure, to 
the nature of the surfaces in contact with each other, 
and influenced by the molecular forces which the particles 
in contact may have with each other. 

Experiments made with a number of different sub- 
stances have led to the following laws :— 

That the force of friction is proportional to the pres- 
sure acting on the surfaces in contact, so long as the 
materials of the surfaces in contact remain same, 
and act at right angles to the direction of the pressure. 

That for the same pressure, the friction is the same, 
whatever may be the magnitude of the surfaces in 
contact, 

These laws are not strictly true, but are subject to 
considerable variation in certain extreme cases, as when 
the pressures are very great, and the surfaces in contact 


very small. 
The friction of moving surfaces is also much less than 


that of the same surfaces in a state just bordering on |. 


motion. 

For the state just bordering on motion, the friction of 
two smoothly planed pieces of wood, the grain being in 
the same direction, is half the pressure ; for the same, 
the grain being in opposite directions, is one-fourth the 

ressure, The friction of two metallic surfaces is one- 
ourth the pressure; and of one surface metallic, and 
the other wood, one-fifth the pressure. 

This friction may be greatly diminished by the use of 
lubricants, such as oil, tallow, black-lead, &c. 

If. the points in contact be mere lines, as in the ease 
of the knife edge of the fulcrum of a lever, this friction 
may be considerably reduced. Thus, the friction of 
wooden surfaces is diminished in this case from one- 
fourth to one-twelfth the pressure, exerted by the sur- 
faces in contact. 

Having thus explained the peng eos of Statics, we 
shall proceed to investigate those of Dynamics. 
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See Sige 723. 
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wn the foregoing pages the student has had a full ex- 
OT tine prs ite he of various mechanical arrange- 
ments, technically termed ‘‘powers.” It has been 
thought desirable, however, to give further illustrations 
of the most commonly used machines ; and accordingly 
such will be found in the annexed plate, respecting 
which the following observations may be made. 

Figs. 1, 2, 3, represent the three orders of levers in 
their proper succession; the numerals on each lever 
and on the weights, and powers of application of force, 
will materially assist the student in understanding Pro- 
positions XXII. and XXTV., as they show the position 
in which two unequal weights must be placed to neutralise 
each other’s effect. The same observations apply to 
Fig. 4, which illustrates the bent lévur. Figs. 5 and 6 
are equally extended illustrations of the balance already 
deat under the head of Levers. Figs. 7 to 10 illustrate 
various arrangements of the pulley; and Figs. 11, 12, 
and 13, refer to the affinity between the inclined plane 
and the screw. The following is a special description of 


each figure. 
Fig. 1.—A lever of the first order. A, C, the lever; 
D, the fulcrum ; W, the weight; P, the “‘ power;” A, 
B, distance of weight from fulcrum; B, C, distance of 
“power” from fulcrum. In this cut, a ‘‘ power” of one 
pound balances a weight of twelve ds. 
Fig. 2.—A lever of the second order. A, B, the lever ; 


ADDENDA. 


Fig. iioeihe bent agra A, B, the lever; ©, the 
axis ; a pulley over which runs a cord, E, supporting 
the power P, which thus balances the eae wv 

Fig. 5 is an application of the form of lever as a 
balance, described at page 721. 


Fig. 6.—The Roman balance. A, B, is the lever; 0, | 


the fulcrum ; a, k, an arm and ring by means of which 
the lever is suspended. The article to be weighed is 
suspended from the arm e by the hook f. If the lever 
be inverted, it is then suspended by ), d, as already ex- 
plained at page 724. 

Fig. 7 is a simple pulley, A; over it is stretched the 
cord B B, to which the ‘‘ power” and weight P W, in 
this case equal, are attach In Fig. 8, the power P is 
represented by a hand drawing upward the weight W, 
suspended to the pulley A, B. In Fig. 9, the power P 
balances the weight W, after the cord has been suc- 
cessively passed over pulleys A, B, ©. The cord, how- 
ever, is not continuous.* Fig, 10 is a further illustration 
of the geen of pulleys described at page 730. A, D, 
and B, C, are two sets of pulleys, the lesser pair being 
smaller than the former. They are suspended at X; the 
cord stretches necessarily from the power P in the direc- 
tion e, k, o, u, terminating at s, and balances the weight W. 

Fig. 11 illustrates the inclined plane, of which A, B, 
is the base; O, D, the inclination; E, a descending 
weight ; and F, G, the altitude. The theory of the 


C, a cord (runs over pulley D), to which is attached the | inclined plane has been explained at 731. 
power, P, cing the weight, W ; E is the fulcrum. Fig. 12 shows an inclined Een, B, C, which if 
Fig. 3.—A lever of the third order. Here the letters | wrapped round a cylinder, as in Fig. 13, produces a screw 
| have the same signification as in Fig. 2, except that F is | whose threads are respectively a, b, c, C is the end 
| the point at whi the power is applied. of the plane, forming pace of the thread,—Ep. ] 
As 
CHAPTER III. 

/ DYNAMICS, 


} 
| Isrropvcrioy.—Every body, or material particle, is 
| necessarily in a state of either rest or motion. A body 
| strictly at rest is regarded as acted upon either by no 
force at all, or else by forces which oppose and neutralise 
one another. Investigations respecting forces which, 
acting upon a body or upon a system of bodies, thus 
keep. the whole at rest, belong to the first division of 
Mechanical Philosophy—Statics. In this branch of the 
subject, we investigate the result of the several applied 
| forces, which is pressure or tension, but no movement. In 
the second division, now to be treated of, the result of 
| the applied forces, motion, falls under review : there may 
| be pressure as well, but it is the motion or change of 
| place of the body acted upon, that is the exclusive sub- 
| ject of Dynamics. . : 
|* Of physical causes we know little or nothing: we 
observe motion or pressure, and we infer force—that is, 
| some cause for the phenomena : but it is with the effects 
| or phenomena alone that our observations and reasonings 
| are concerned. 

Ignorant, however, as we are of the essence of force, 
we cannot be under any doubt that it is the same in 
kind, when operating in the production of motion, as 
when operating in the production of pressure; for 
whenever, ia the latter case, the resistance or obstacle is 
removed, motion necessarily ensues. But there is one 
consideration inseparably connected with that of motion, 
which has no place in statics: it is the consideration of 
time, an element which necessarily enters into the yery 
| idea of motion. : 
| Nor can we conceive of a force which transmits its 
| influence to a distant body—as the force of magnetism, 

or the force of gravity—as doing so independently of 
| time. It is inconceivable that some interval does not 
_ elapse, however mute, between the cause and the 
effect: the transmission of a force through space must 
A few years ago, the following question was 


toke time. 


| motion implies space 


Ly esc to the author of the present treatise :—A beam 
or uniformly strong—that is, resisting fracture in 
every part alike—is immovably fixed at one extremity, 
from which it hangs vertically ; to the other, or lower 
extremity, is then attached a weight indefinitely great : 
where will the beam break? The condition is, that the 
beam has no tendency to break at one place more than 
at another, and yet the weight suspended to it is to be 
immeasurably great. The answer is, that time bein g 
required to transmit the force through the particles o' 
the beam, the fracture takes place at the lowest part, 
the falling weight bringing with it only the lamina of 
material in immediate contact with it. 

As the dynamical effect of force is motion, and as 
npl through, and the time of 
passage, it is clear that, as in all physical inquiries, 
measuring causes by their effects, the measure of force 
must in some way be compounded of space and time. 

The simplest kind of motion is uniform motion, or 
that in which the moving body passes through equal 
spaces in equal intervals of time ; and the simplest path 
the moving body can describe, is a straight path. We 
can fully examine motion of this kind without any refer- 
ence to force at all; we can take the motion as we find 
it, without any inquiry as to its origination ; and ascer- 
tain all we wish to know respecting it. In fact, a body 
so moving is not, during the motion, acted upon by any 
force at all. Conceive an isolated body at rest, all other 
bodies and forces in nature being removed : it is plain 
that that body will remain at rest, for there is nothin 
to disturb its condition. In like manner, conceive suc 
isolated body to be moving uniformly in a straight line: 
it must continue to move uniformly, for there is nothing 
to disturb its condition : to suppose a force to act upon 
it at any point of its path, and yet for the uniform 
onward motion to remain the same, would be to suppose 

© See Fig. 129, ante, p. 729, 


s 


Ts 


would be interfered with. 

It is this simplest kind of motion ‘that we shall first 
consider, and shall then proceed to that which is due, 
not to es oe — force pamnete 
acting u movin, y. @ proper me’ 
maaan this force will shortly be explained. 

UNIFORM RECTILINEAR MOTION,—In applied, 
as well as in pure mathematics, certain fundamental 
oe sted ayreenage must at the outset be assented to. 

Dynamics there are three wach postulates : they are 
known as the three laws of motion.* The first of these 
Se copeniel jpaniied if at rest, and unacted b 
A i icle, if a’ un: upon by 
any external force, will remain at rest, A material 
icle, if in motion, and unacted agen By any external 
will continue its motion unifo » and in a 
straight line. This law is only a formal enunciation of 
the inertia of matter, by which is meant, its incapability 
of altering, of itself, the state into which it is put by 
any external cause, whether that be a state of rest or a 
state of motion. 

It is plain that the motion spoken of, being neither 
unchecked nor expedited, nor its direction any way in- 
terfered with, must be uniform in its rate, and rectilinear 
in its course—the course originally im 

The rate of a body’s uniform motion is estimated by 
the extent passed over in some determinate tiles of 
time—a second, a minute, an hour, &c. In i 
investigations, the second is generally taken for the unit 
of time; and what in popular language is called rate of 
motion, is here called velocity ; hence if a body move 
uniformly over ten feet every second of time, we say 
that it moves with a velocity of ten feet, or that its 
velocity is ten feet ‘‘ per second” being understood. 

ing the symbol v for velocity, we should therefore 
have v = 10 feet. As a second is taken for the unit of 
time, so a foot is taken for the unit of length. It is 
common, however, to call the length of track described 
by a moving body, the space passed through, and to 
represent this length by s ; but it will be borne in mind 
that by s, length only is meant. 

The symbol employed for number of seconds is t: it is 
to be carefully rved that ¢ does not stand for the 
concrete quantity time, but only for the number of 
seconds in that time ; so that viz., feet, is the only 
concrete quantity represented by the symbols », s, ¢ 
which are to one another as follows ; namely _ 

s s 
o=> s=vt, t= = 

So that any two of the three quantities concerned 
being known, the third may be immediately found. If, 
however, ¢ be not reckoned-from the commencement of 
the uniform motion, but only after a certain space s’ has 
been over by the moving body, then s being the 
whole length of path from the commencement, the three 
equations will be ‘ 

oni s=s' + vt, tate 

Any one of these equations is sufficient for the entire 
of the motion of a body impelled by a single im- 
pulse, or influenced originally by any cause producing 

5 pee motion. A a es Ly me 
t may, perhaps, as well to ere, that we 
m4 1¢ path of a particle and of a body indiscrimi- 
y- In most works on Dynamics, all mention of 
body is avoided in this part of dynamics, and the motion 
of a single particle only considered. But this exclusion 
of body as an assemblage of particles is, we think, as 
injudi as it is . There seems, it is true, 
more mathematical precision of language in speaking of 

* The three laws of motion are formally enunciated at the end of thit 


the line (s) traced out by a moving particle, than of what 
is described by a ; but it be only under- 
| stood that by the path of a body we mean the line traced 
out by its centre of gravity, and all for v- 


ing the mass of volume, and reducing it to an indi 


idea—will be removed. Throughout the t portion 
of dynamics, our investigations are entirely ind t 
of mass or volume ; and, consequently, to make asi 

physical particle the subject of those investigations, to 
the studied and systematic exclusion of body, is to 

plex and mislead the learner—in fact, to convey $0 Sb 
the notion that what he is learning is applicable only to 
geometrical abstractions—to physical nonentities, and 


not to the actual material su! around us. 
We shall now give an example of the application of 
the formule just established. 
Fig. 138, 


A B @ Lr c 
t_t+—G—-G— 
Two bcdies (a, 6, Fig. 138) animated by the uniform 
velocities, v, v’, set out simultaneously from the points 
AB, and move in the direction of the straight line A B 


continued ; required the time of their coming together. 
Suppose a overtakes 4 at the point OC, then 


AC=ot, BC =v; 
that is, calling AC, s, and AB, s’, 
s=vt, s—s’=vt. 


is 5 8 
-. vt—-s=vt.. t= 5 


So that the abstract number denoting the units of 
time—that is, the number of seconds—will be found by 
dividing the space between the points of starting by the 
difference of the s denoting the velocities. 

If uniform motion be the result of an impulse com- 
municated to a body originally at rest, we may reason- 
ably conclude that the velocity produced will be propor- 
tional to the intensity of the impulsive energy. For if 
a body receive a certain velocity in consequence of a cer- 
tain impulse, it ought to acquire double that velocity if 
at any point of its path that impulse be re; in the 
same direction ; but if the second impulse, like the first, 
take place at the starting-point, it must unite with the 
first impulse, so that the uence of a double inten- 
sity of impulse, will be a double velocity in the body 
impelled ; and in like manner a triple intensity will pro- 
duce a ie velocity ; and so on. 

Bf separciny RECTILINEAR eupicese ot 
moving body does not pass over equal spaces 
times, the motion is not uniform, but variable. 
rate at which the body moves, or its velocity at any in- 
stant, is the space it would describe in a second of time, 
measuring from that instant, provided all force were 
then withdrawn, and the body left to itself. Its motion 
during this second—as no force acts upon it—would of 
course be uniform. f 

Hence velocity in general is measured as follows :— 

If the motion be uniform, the velocity is measured by 


the actually passed over in a second. If the mo- 
tion be variable, the velocity at any instant is measured 
by the space that would he over in a second, if all 


force were withdrawn at that instant, and the body left 
to proceed with the motion it then has. © 
CCELERATING FORCE.—A body may so move 
as to acquire equal accessions of velocity in equal times 
—that is, it may move so that its velocity at any time ¢ 


being v, we may have +3, rig 
at thetimes#, ¢+1, #42, ¢ t 
the velocities », ote 0+ 2v’, vo + 30’ sia &e, 
Or the velocity may, in like manner, be retarded, v 
being negative, Under such circumstances the oe 
is said to be uniformly conleraiel, ae 
The cause of the uniform eration or retardation 
of a body’s velocity, we call force ; and measuring causes 
by their effects, we take amount of this constant 
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acceleration or retardation, as the measure or representa- 
tive of a constant force, continuously acting on the 
moving body. 

The symbol for this force is f, which, viewed only in 
its effects, denotes merely the velocity generated (or de- 
stroyed) in a second of time. In the illustration above, 
for instance, f=v’. 

It is of importance that the student do not attach any 
other meaning to this symbol f, than that here assigned 
to it. The nature of the occult influence called dynamical 
foree—or, as it is more ig eo named, accelerative 
force—nobody can explain. the present inquiry, we 
have to do only with its effect ; and this we see is merely 
augmentation (or diminution) of velocity ; and there- 
fore, like velocity itself, it is expressed by that is, 
if oe it is not the force that is accelerated, 

t velocity, 7 

If the force be constant or uniform, the acceleration 
of the velocity is also constant or uniform, as supposed 
above ; but if the force be variable, the acceleration of 
the velocity is also variable. The only office of accelera- 
tive force is to produce accelerative velocity; and it is 
only by this latter phenomenon that we become cognizant 
of its activity, and can estimate its intensity. 

Although, as remarked at the outset, we are altogether 
unacquainted with the essence of the thing called force, 
yet we may have abundant means of ascertaining whether 
, 4 yale are ware pooh variable ; ae it must Lapel 

ly borne in mind that, in i a constant 
or of a variable force, we Gee aes solely to the 
constant effect, or the variable effect. The force itself, 
whatever it may be, may in reality remain entirely un- 
changed ; and yet, if it affect a body differently at dif- 
ferent distances from its supposed seat of motion, we 
should call it a variable force. For example, there is a 
force familiar to everybody called ity; and there 
can be no doubt that this force, like the magnitude of the 
earth itself, remains unchanged : yet as we find that the 
ae ane the surface a body be taken, the less it 

ill weigh, and the less will its velocity be accelerated, 
we say—exclusively in reference to these variable effects 
—that gravity is a variable force. It may be observed, 
however, that as this variation of weight and accelera- 
sastaoo, al Gao oninary applicetions of dynansio to 

in © ordi applications of dynamics to 
terrestrial matters, ie may without error be re- 
garded as a aeaienk lames. 

It is of im that the student have correct con- 


ceptions of sense in which the terms velocity and 
force are employed in these inquiries, and also that 
he should clearly perceive that space is the only concrete 
uantity concerned in the present portion of d: ics, 
he two propositions following, contain the whole theory 
of the seoilliaier sation of a'boa} under the influence 
of a constant accelerating force. 

1. If a constant erating force f act on a body 
now at rest, during the time t, producing in it at the end 
of that time a velocity v, then v = ft. For since f ex- 

the velocity generated in each second, it follows 
that Se Cee the velocity v will amount to ft, 
0 = ft. 

2. If s be the space through which the body is moved 
from rest by the constant accelerating force f, in the 
ag jovag ear be divided into n equal 

up e time t to ivi into n equal parts ; 
then ease adual velocities are generated in equal times, 


the velocity generated in the time ~ is the nth part of 
that generated in the time ¢ ; that is, by last proposition, 
it is £. Consequently, 

t 2 3S¢ nt 


at the end of the times >> Pata npr eee 
Pa ee St ft 3ft .. Mt 
the velocities will be *) » ares s or ft..(A) 


and at the commencement of the-same i tervals, th 
velocities will be + = 
of %, .. QDR 


Shin tab tee 
n 
If the several velocities (A) were uniform during the 
several equal intervals of time, then the whole space S 
described would be 


fe Ss Be Be Sher t t 
elat letra a n 

And if, in like manner, the several velocities (B) were 
uniform during those intervals, the whole space S$’ de- 
scribed would be 

r tft ¢ n 
pips ae n ts 
_ Now, it is obvious that the space s actually described, 
is intermediate between the two spaces 8, 8’; being less 
than the former, and greater than the latter. ‘And this 
is evidently true, however short the severa! equal intervals ; 
that is, however large the number n may be. 

But the shorter the intervals be made, the closer do 
the values S and S’ approach to each other, and there- 
fore to the intermediate value s, till at length, when the 
intervals are diminished down to zero, by n i 
infinite, all three values S, s, S’ unite and become 
identical. 

The determination of s is therefore reduced to the 
following algebraical problem ; namely—to determine 
the value of 8 or of S’ when n becomes infinite. 

Now the general expression for the value of § is 


(142434... +n) 
n(n+1) fe 1) fe 
pris Tena Soot Ula er 


2 n? 
hae like manner, the general expression for the value 
’ is 


+H. f4. : + Ca UF, 


fe 
O+142+...+4(n—1)} 75 


_nm—) fe_ 1 se 
2 ne ~ Ten) 2 


When » is infinite, since in that case = 0, each of 


these expressions becomes : consequently s = 4ft?, 
It appears then, from mashes propositions, nate a 
body at rest be acted upon by a constant and uniform 
accelerating force f, during ¢ seconds, the velocity ac- 
quired and the space described will be expressed by the 


ti 
pe o=ftands=4f.... (1) 


From these two important equations we may proceed 
to deduce some inferences. 

1. The space described in any time, reckoning from 
the commencement of the motion, is half the space that 
would be described in the same time, if the body were to 
move from rest with a uniform velocity equal to the last 

uired velocity. 

or since by ws = i(ft) t, and v= ft .". s = 4vt; but 
vt is the space described in ¢ seconds with the uniform 
moe v: hence the space s, actually described under 
the influence of a uniform accelerating force, is half the 
space that would be described in the same time, if the 
body were to commence with the final velocity, and move 
sadcataly 

2. The spaces described in equal successive portions of 
time, from the commencement of the motion, are to one 
another as the odd numbers 1, 3, 5, 7, &e. 

For let ¢ in (1) be ely | 1, 2, 3, 4, &c., then 
the spaces from beginning are $f. 1, $f. 4, $f. 9, ey. 16, 


&c. ; therefore the spaces for the successive portions of 


time given subtracting these spaces from the be- 
ginning, each from the following, are $f .1, $f. 3, 4.5, 
2f.7, &c.; so that the spaces descri from the be- 


ginning are as the squares of the times; and the spaces 


= 
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described in the successive equal portions of time are as 
the numbers 1, 3, 5 &e. 

3. By means of two equations (1), any one of the 
four quantities f, ¢, v, s, may be elimina and an 
equation deduced, involving only the other three ; so 
that any one of the four things—force, time, velocity, 
and space—may be in terms of any two of the 
others: thus, as the simplest braic substitutions 
show, we have the following equivalent expressions : 


Expressions for v, ft, »/ 2/s, = 
” » 4% $f, det, s 


v 2s 2s 
” » 4 ve fo 
eo 2s ,v 
” » Sh ed wig 


4 A uniform accelerating force is measured by twice 
the space described from rest in one second. 


For putting ¢ = 1, we have f = a= 2s; so that if we 


through which a body, acted 
by a uniform accelerating force, moves from a state 
of rest, in one second, we can correctly determine the 
uniform effect of that force on the body: it rill be 
double the space thus passed through. In other words, 
this double space will be the constant increment of the 
velocity at each succeeding second ; that is, the constant 
acceleration of the velocity. 
It is found by experiment, that the attraction of the 


can only measure the 


| earth upon bodies near its surface—that is, the force of 


vity—causes a body to fall from rest a distance of 
6-1 feet in the first second of time. dogg moma O the 
force of terrestrial gravity—which force is us ?, re- 
presented by g— is g = 32:2 feet: that is, this force, 
continuously soliciting a falling body, will accelerate its 
velocity 32-2 feet every second. : 
It may not be amiss to repeat here, before proceeding 
to practical illustrations, that where there is uniform 
velocity, in a mevight line, there is no force. We should 
be compelled to it this, as a necessary consequence of 
our valuation of force in dynamics :—where there is no 
acceleration of velocity, there can be no force urging the 
body onwards in its path. 
student must all along remember, that when we 
speak of a force acting on a body, we always refer to the 
mechanical condition of the body at the icular instant 
that has brought it to where we find it, The impulse 
that, acting on a body at rest, puts it in a state of 
uniform motion, acts only during the instant of passing 
from rest to rectilinear motion : it expires, as it were, in 
the act ; so that at whatever point in the path described, 
the moving body comes under our examination, we are 
compelled to say that no force—not even the force of 
as gn acting upon it then. 


e shall now give a few examples connected with 


accel force. 
EXAMPLES OF ACCELERATING FORCE.—1. A 


body moves from rest with a uniformly accelerated 
velocity, and after the lapse of 3 minutes 5 seconds, is 
found ze have passed over 400 feet ; required the accele- 
rating force. 

Here the time, namely, t secs. = 3 mins. 5 secs. = 185 
secs., and the space described, namely, s = 400 feet, are 
en to determine f. From the formula s = } ft* we 


ve 
2. 800 32 
f= @" ist “ 33 = 0234 feet. 


or accelerating force is such as to 
increase the velocity °0234 feet e second, 

2. How far will a heavy body fall in four seconds ? 

Using g for f, we have s = 4 gt*, where g = 32-2, and 
te 4, ~.5 = 161 x 4 = 257°6. Hence the distance 
is 2576 feet. 

3. In what time will a heavy body descend 400 feet ? 


1500 feet per second: how 


s= gt. 400=1610.".¢ =/ it = Sscconds. 


4. If a body be projected vertically upwards with a 


velocity of 400 feet per second, how will it ascend ? 
fall, it would he + lady af 400 fost dessin 

, it would acquire a velocity upon 
the earth ; therefore since ; 

vw. 400? 
—h><.'= 8g 

5. Through what height must a body fall so that the 

velocity acquired may be equal to that height ? 


=35 but s—0.'.1= 42 1.05 — 2y— Ob foot 


6. Through what height must a body fall to acquire a 
velocity of 100 ee 1—Ans. 439-7 5 feet. 
7. A body is projected upwards with a velocity of 
igh will it ascend }—Ans. 
34938 feet. 


8. What time will elapse, after projecting the body in 
the last ee before it ee the earth /— 


ee ‘che tou the rectilinear 
n the foregoing inquiries respecting ili 

motion of bodies under the influence of an accelerating 
force, we have supposed the force to 1nove the body from 
rest. We are now to consider the case in which the 
force begins to act upon a body already moving in the 


direction of that force, or receiving an impulse in that. 


direction. Suppose a body to begin its motion with a 
velocity v’, and, from the commencement, to be acted 
upon by a uniform accelerating force f; then, as before, 
v 


passed through in that time, the acquired velocity will 
evidently be made up of the original velocity v’ and the 
velocity ft communicated by the force f; for this force 
adds to the velocity f feet every second, or ft feet in 
t vee that in ¢ seconds the acquired velocity is 
v= 7. 

Again, in virtue of the initial velocity v alone, the 
body would pass over the vt in t seconds ; and in 
the same time f alone would cause it to pass over the 
space $f; hence the combination of these is the whole 
1 cag ansar aah that is, it is s=v't+43/@; so that 
the formule for finding the velocity and the space 
described are 

vav+fis=vit+ 3 fe... (2). 

If the initial velocity o’ op that communicated 
1 Bead ae en with a sign opposite to that 
of f. 


noe these two equations ¢ may be easily eliminated, 
and a third equation obtained involving only the remain- 
ing quantities ; thus, squaring the first, we have 

ota of Qoft+ fe = v2 (vt + 3 fe). 
Hence, by the second equation, 
=o? + fs . . + (3) 
As before, when gravity is the force, f is replaced by g. 
Ex. 1. A body is projected verticall Spun witha 


velocity of 480 feet per second; at what height will it 
i 2 “an pure eecee? pe 
ere v’, the velocity of projection, being 480 is 

velocity continued uniform for 3 seconds aa ey it 
to the height of 1440 feet ; but gravity so counteracts its 
upward motion as to draw it Back through a space of 
4g = 4x 32.2 x 3? = 1449 feet: hence the height 
to which the body is suffered to ascend is only 1440 — 
ets = 1295:1 feet; that is, s = vt — 3 gt? = 12951 
ect. 

2. From an elevated position a body is projected ver- 
tically upwards with a velocity of 80 feet: required its 
place at the end of 6 seconds, 


s=vt—} gt = 80 x 6—432:2 x 62 = 480 
— 5796 = — 99-6. 


Hence, the place of the body is 99°6 feot below the 
place of projection. 


@ 6.8 os 


g the velocity acquired in t seconds, and s the space - 


—— ._= 
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3. With what velocity must a body be projected down- 
wards from the top of a tower 150 feet high, to arrive at 
the bottom in two seconds? 


sav bigt..v =l— gt 


= 164 x 2 = 428 feet. 


4. If a body be projected vertically downwards with a 
velocity of 20 feet, how far will it descend in 5 seconds ? 
—Ans. 505°5 feet. ‘ 

5. A body is mevigcted upwards with a velocity of 100 
feet : what will be its velocity when it has ascended 100 
feet? (See Form 3.)—Ans. 51°6 feet. 

6. In the ing example, find at what time the 
body is 100 from the earth, as well in its descent 


as in its ascent.—Ans. 1:2 sec. and 4°7 secs. after pro- 


MOTIONS OF BODIES DOWN INCLINED 
PLAN ES.—tThe fall of a body down an inclined plane 
is another instance of rectilinear motion under the in- 
fiuence of gravity. When a material substance is placed 
on an inclined plane, the force of gravity produces a 

Fig. 139. 


certain vertical pressure 
P (Fig. 139): if we re- 
solve this pressure in 
two directions, the one 
along the plane and the 
other ndicular to 
it, the former com- 
ponent will be P sin. i, 
taking i for the incli- 
ea wy of the plane to the horizon as oe to prevent the 

'y from. moving do’ this is the force or pressure 
that must be counterbalanced. 

As, therefore, P represents the pressure-force of 
gravity on the body in a vertical direction, and P sin. + 
the re in the direction of the plane, and as, when 
motion takes the place of these stati¢al pressures, the 


et force vity is proportional to them, we 
shall have for the pelhaciioe down the plane, 


P:Psin.i::g:g sin. i. 

Hence the body is urged down the inclined plane by 

the constant force, 
gegnn¢ . . (1) 

And, therefore, substituting this value of g’ for f in the 

formule at 736, those formule will then comprise 

the entire theory of motion down an inclined plane. 

If / represent the length of the plane, and h its height, 
then sin. + =: consequently the accelerating force down 
the plane is 

fag ee ® 


And, therefore, the velocity acquired in descending down 

the whole length J, that is, in descending through the 

space s=/, by the action of this force, must be (page 736) 
w= V/2g/l=J/2gh .. +s (2) 

This expression we see involves only the height h of 
the plane, and is independent of its length 1: hence the 
velocity acquired in descending down all planes of the 
same height is the same, equal to the velocity 
—S falling vertically through that height. 

it the velocities of two bodies, one falling through 
the dicular height, and one falling down the 
len the plane, are respectively 
v=gtand ’=gi sini . . . « (4) 


where tand ¢’ are the respective times occupied in falling: 
these expressions are therefore equal; that is, 
gt=gt’ sin. i." s+ 

So that the time of falling through the height is to the 
time of falling down the p! as the sine of the plane’s 
inclination to unity. 

If we wish to know what extent of length down the 

VOL. I. 


plane a body. will through, while another falls 

through the whole height, then, referring to the expression 

for the space (page 736), we have 

Vertical fall,h=4 gé?; inclined fall in time ¢, s=} sin. 1.43; 
~.his::1: sin. i, or s=h sin. i. 

If, therefore, from B we draw the perpendicular B D, 
the length A D will be that fallen through by one body 
moving down the plane AC, while another body falls 
through the height A B, because = 


AD=AB cos. A=AB sin. C. 


If we draw the vertical DB’, and B B’ perpendicular to 
Fig. 140, 
- A 


ee 


B c 
B 


DB, then, by this theorem, the time of falig down the 
oblique line D B would equal the time of falling down 
the vertical D B’, for DB=D B’ cos. D; but DB’=A B, 
since A B is a parallelogram, therefore the time of falling 
down the vertical A B is the same as the time of falling 
down either of the oblique Fig. 141. 

lines AD, D B at right 
angles “to one another: 
hence oe, remarkable 
property of the circle, 
namely: If from the ex- 
tremities A, B, (Fig. 141) 
of the vertical diameter 
AB, chords be drawn, as 
in the annexed diagram, 
a body would fall down 
either of them in the same 
time that it would fall 
through the vertical dia- 
meter A B. 

The following are a few examples on the motion of 
bodies down inclined planes :— 

1. If the length of an inclined plane be 60 feet, and 
its inclination to the horizon 30°, what velocity would a 
body acquire in falling down it for two seconds ? 

By the formula (4), since sin. 30°=4, we have v=gt 
sin. i= 32:2 x 2X += 32:2 feet per sec. Hence the 
velocity is the same as would be acquired by a vertical 
fall in one second. = : 

2. How long would a body be in falling down an in- 
clined plane whose length is 100 feet, and inclination 60°? 

Substituting the acceleration g sin. ¢ for f, and / for s, 
in the expression for ¢; at page 736, and remembering 
that sin. 60°=} ,/ 3, we have 


21 200 400 
tay gsm i V 322x4 Ema 322x /38 
=24 seconds. 


~ B22 X 0/8) 

3. A body is projected up an inclined plane whose 
height is 4th of its length, with a velocity of 50 feet. 
Find its place and velocity after six seconds have elapsed. 


In this case the force g (equation 2) retards the motion 
of the body, and must therefore be considered as nega- 
tive ; hence, from equation (2) page 736, we have 

s=vt—ig 3 

=50 xX 6—16-1 x } xX 36=6 (60 —16'1)=203°4 feet, 


Alsov =o —y+ Ft 


= 50 — 32-2 = 17°8 feet, the velocity required, 
B 
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4. If a body be projected up an inclined plane whose 
length is ten times its height, with a velocity of 30 feet, 
in what time will the velocity be destroyed, and the body 

in to roll down? d 
time is obviously the same as would be required 
to uce a velocity of 30 feet in a body falling from 
down the same plane: hence, substituting the 


acceleration g * for f in the expression for ¢ (page 736), 


oo vl 30x 10 300 
x 
Ome 83 x1 ~ Ga ~ OS seconds 

In the foregoing investigations, the student will 
observe that pv ge Meee gare for the friction of 
bodies rolling down inclined planes ; nor, whether bodies 
fall vertically, or obliquely as in this article, is the 
resistance of the air taken into account. These hin- 
drances to free motion can be estimated only by practical 
and experimental researches, under various circum- 
stances and conditions. The resistance of the air 
cannot be provided against, as is obvious ; but in pieces 
of delicate machinery, many ingenious contrivances are 
resorted to, to diminish friction, and to render the 
departure from rigid mathematical theory as trifling as 
possible. The subject of friction will come under con- 
sideration in the section on Apritep Mrcuanics. 

THE PARALLELOGRAM OF VELOCITIES.—The 
forces considered in ics are influences of the same 
kind as those considered in Statics ; they merely exhibit 
their effects in a different manner. at in Statics 
one aap pressure, would in Dynamicsthat is, if the 

ing pressed were removed—produce motion: the 
effects in both cases being proportional to the causes :— 
a double pressure from the same body, like a double 
acceleration of velocity, implies a double force. 

It may, however, be proper here to anticipate a dif- 
ficulty which the student may ibly feel: he may 

ps reason thus :—‘‘ A weight of ten pounds pro- 

mees a pressure ten times that of one pound, yet the 

one age weight, if let fall, is accelerated just as much 

as the ten-pound weight ; whereas, from what is here 

said, it would seem that the heavier weight ought to be 

accelerated ten times as much as the lighter, seeing that 
od grr is ten times as great.” 

ut this apparent difficulty can arise only from a 
wrong conception of what is stated above: we are not 
comparing the pressure of different bodies under the 
same force acting 4 op all their particles, but the pres- 
sure of the same body under different acting forces: for 
example, if the same body were acted upon, now by the 
force of gravity, and hereafter if the same body, or an 
equal » were acted upon by a force only that of 
gravity, then, as stated above, the effect in the former 
SS en that effect be pressure or acceleration, 
we be double the like effect in the latter case. If it 
were otherwise, than the statical measure of force (pres- 
sure) and the dynamical measure (acceleration of velo- 
city) could not each of them be a correct measure or 
expression of the intensity of what we call force. 

t has heen fully proved in 
Srarics (page 694), that if two 
forces P and Q act at A, and 
AB, AC t their direc- 
tions and intensities respec- 


Fig. 142, 


The statical effect remains the same however lon 
the forces or pressures act, for time is no element of 
consideration in Statics. But the dynamical effect is 
that at the instant the body acted on by the forces is at 
A, the continuous action of the forces, afterwards, not 
entering into consideration. 

The parallelogram of velocities is independent of the 
parallelogram of forces. It wili be remembered that the 
whey of & body at any point of its path, is the space 
it pass over in a unit of time, provided its rate or 


speed at that point were uniformly continued during the 
unit of time. 

Suppose the body, when at A, were animated with a 
velocity that would alone it uniformly along A B 
to B, and with another velocity that would alone carry 
it uniformly along A C to C in the same time: these 
velocities may be considered as communicated by two 
simultaneous impulses in the directions A B, A CG: the 
thing to be shown is, that the body would be carried 
arma along A D, and would arrive at D in the ti 
spoken o! 

For while the body is moying uniformly from A to B, 
conceive that the line A B, with the moving body on i 
i ied parallel to itself, and with the second uniform 
velocity, up to C D: by the gf series Bat te 4 
arrived at C D in the same time the body will have 
arrived at the extremity of the moving line: conse- 
quently, at the end of that time the body will be found 
at D, And that it will have arrived there with a uni- 
form motion along the diagonal A D, will appear from 
considering, that if any point of its path were out of 
that di the uniform relation of the component 
velocities, namely A B : A C, would there be 

That the diagonal is described with a uniform velocity 
—or that equal portions of it are passed over in equal 
portions of the time, is plain, because the uniformly 
moving line AB over equal portions of the diago- 
nal in equal portions of the time. — : 

Since, in preceding figure, trigonometry gives for 
AD the expression 

AD? = AB*+ BD*—2AB-BD oos. ABD, 
and since — cos. ABD = + cos, B A C, if the directions 
of the component velocities v, v’ make an angle a with 
each other, then the resultant velocity V will be 
V2 = vt + v2 + Qvv’ cos. a 

From attending to the former of the preceding 
examination, it will be seen that, aint i the 
motion that would carry A to B, and however 
the motion that would carry it to C, in the same time, 
the resultant of the two motions would necessarily carry 
it to D in that time, although not by the path A D, 
except the two component motions, during simultaneous 
portions of the time, are always as A BtoAC. This 
truth will be of considerable importance in the next 
article on Bsr S 

ON TH OTION OF PROJECTILES.—If a body 
be projected obliquely upward or downward, the attrac- 
tive force of gravity will cause it to take a curvilinear 
path, If the velocity of projection be considerable, and 
the body projected present much surface to the atmo- 
sphere, the resistance of the air will greatly modify the 
form of the curved path, and the range of the projectile ; 
and it is no easy matter to determine one or the other. 
But if the body be supposed to move free from such 
obstruction (as in vacuum), all the circumstances con- 
nected with the flight of a projectile can be readily 
ascertained, as also, with a close de of approxima- 
tion, even in actual practice, if the velocity of projection 
be but small. 

es atmospheric resistance to be removed, the 
path of the projectile will always be the conic section 
called a panel (see Practica Geometry, page 610), 
as we now to show. . 

PATH OF PROJECTILE A PARABOLA.—Let 
A B (Fig. 143) be the direction in which a body is 
j from the point A, with a velocity v. If no f + 
motion were impressed upon the body, it would move 
uniformly AB with the original velocity v, and in 
t seconds would arrive at B, supposing AB=vt. But 
as gravity acts on the body from the commencement, 
eo aa are a seconds, on draw the body 

own, along AC, to OC, supposing A C= (page 

Consequently, completing the Slice Othe 
body in ¢ seconds is found at P, as proved at the close 
of last article. Now 

CP=AB=vt, and AC=}gt? 


OP? Qt, ae 
ROR gar AC s 4.32 (1) 
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This is what is called the equation to a parabola, AB 
Fig. 143, 


G 


parallel to C P being a tangent to the curve at the point 
A, and AC being parallel to the axis. The equation is 
usually written thus: y?=ax, where y is the ordinate 
CP of any P, and abscissa AC, of that point, 
while a is any constant multiplier of the abscissa. The 
equation when A is at the vertex of the curve, is inves- 
ted at 610 of the Pracrican Gzometry. It 
follows, t! ore, that the projectile in its flight alwa 
traces out a parabola: the constant multiplier in its 


equation is 2° It is known, from the theory of the 


sc rsa that this constant multiplier is also 4 SA, 
being the focus of the curve : it is further known, and 
is proved at the page just referred to, that the distance 
A SI pe aretircheh porter ab ayes heaea ag 
equal to the distance of the same point from the directrix. 
Let this distance be called h, then 


48h = Pa dh.-.0t=2 gh wlohe tee 


But this value expresses the square of the velocity 
which a body would aes from the force of gravity 
g, by falling from rest, from the height h ; consequently, 

ie sm og of projection is equal to that which the 
body would acquire by falling from the directrix of the 
parabola, which it traces, down to the point of projec- 
tio 


n. 

VELOCITY AT ANY POINT OF THE PATH.—It 
has just been shown that A being the point of projec- 
tion, and v the velocity of projection, that velocity will 
be v= ,/(2g‘SA), But any point P of the path may be 
regarded as the point of projection, and the correspond- 
ing velocity as me. hg of projection; so rg the 
expression (2) applies equally to any point in curve 
traced, h being the distance of that point below the 
directrix, and v the velocity at the same point. Hence, 
the velocity of the projectile at any point of its course is 
the same as the velocity it would acquire by falling ver- 
tically from the directrix down to that point. And it 
further follows, that at equal heights, in ascending and 

ae ere will have equal velocity. 
Pere h ict to yoy Sec Til coool oe 
eight to which the jectile will ascend, we 
must of course know the walontis ok projection, and the 
direction of that velocity. It will also be convenient to 
lace this velocity by two ay dor yelocities equi- 
ent to it in effect :—the one a horizontal velocity, and 
the other a vertical velocity Dog page 738). Ifa be the 
angle of projection, that is. angle of elevation of the 
initial direction above the horizontal line, then the velo- 
city v of projection, will be equivalent to the horizontal 


velocity v. cos. a, combined with the vertical velocity 
v. sin. a. 

Now, it is plain that gravity, which acts only in a 
vertical direction, cannot in any way disturb the hori- 
zontal velocity v. cos. a, so that this velocity is the same 
at erery Polot of the path. But the vertical velocity v. 
sin. a, having the whole influence of gravity to check 
and oppose it, will be utterly destroyed and reduced to 
0, when gravity has acted sufficiently long to impress on 
the body (supposing it left free to obey its solicitations) 
a downward velocity, equal to the upward velocity v. 
sin. a. The spaces through which a 'y must fall to 
acquire this velocity, or the height to which it must 
ascend to lose this velocity, is 

‘veloci v sin? a 

Hence, the greatest height to which the projectile dis- 

in a given direction can ascend, will be found 

by multiplying the height (h) through which a body must 

fall, to acquire the velocity (v) of projection by the 
square of the sine of the angle (a) of elevation. 

With the same projectile, velocity v, the highest point 
to which the projectile can ascend under different eleva- 
tions, will of course be that due to the elevation of 90° ; 
and we see accordingly, that the multiplier sin,? a is 

for this value of a, than for any other. 

TIME OF FLIGHT.—The time occupied in the flight 
of the projectile, that is, the time from discharging it 
till it falls to the horizontal plane ing through the 
point of departure, will of course be double the time 
in which the vertical velocity is destroyed, as the body 
must fall to the horizontal plane with the same vertical 
velocity with which it left it. The time in which, by 
gravity, the velocity v sin. a would be generated, is 


a velocity _ % sin 


= h sin.? a (by equa. 2) 


g g 
1.2 = 22S" the time of flight. 


g 
The time of flight, therefore, as might be ex: is 
the greater (with the same yelocity of projection), the 
nearer the direction of projection approaches to the ver- 
tical ; since sin. a increase if a increase and does not ex- 


ceed 90°. 

RANGE OF THE PROJECTILE.—The range is the 
distance on the horizontal plane, through the point of 
departure, at which the projectile falls. It has just 


been seen that the time of flight is es 


the horizontal velocity v. cos. a is uniform all this time, 
we have only to find the space due to the velocity ». 


» and since 


cos. g in the time 2 rae , that is, we have 


Range=v cos. a X 22 sin a OX Ben 008 sin 2a 


Hence, with the same velocity » of projection, the 
range increases as sin. 2a increases, and this it does as a 
increases from a=0 up to a=45°: therefore, with the 
same velocity of projection, the range at an elevation of 
45° will be ter than at any other elevation whatever, 
And since the sine of an angle is the same as the sine of 
its supplement, that is, since sin. 2a is the same as sin. 
(180—2a), it follows that the elevation 90°—a gives the 
same range as the elevation a: hence the ranges of pro- 
jectiles, at any elevations above 45°, are the same as the 
ranges at elevations as much below 45°. 

e length of the maximum range, that is, when a= 


45°, is shown above to be 5 » being the initial velocity, 


and this, as proved above (equation 2), is the same 
as 2h: so that the length of the maximum range is equal 
to twice the height due to the velocity of projection. 

If the range of a shot with a known elevation of the 
piece be ascertained, it will be easy to determine what 
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the range would be with the same charge of powder at 
any other elevation, For calling the maximum range, 
or that due to the elevation a=45°, R, and the range 
due to any other elevation (d) 7’, we have, from the 

ust deduced, r'=R sin. 24; so that b help of 
the maximum any other range, with the same 
charge, Say bs shally fou’. Or if we know any range 
fr, ing to the elevation a, then to determine 
the range r’, corresponding to another elevation a, we 


The following are the principal results in the foregoing 
theory of projectiles in a non-resisting medium :— 


Time of flight, t=2° sin e=2 nin. af = 
Range, roe sin, 2a=2h sin. 2a, 


v 
Greatest range, R= > = 2h, 


Greatest height, H=h sin. a. 

Where g is 32°2 feet, a the le of elevation, » the 
velocity jection, and h the height: from which a 
be Bem from rest to acquire that velocity. 

ese results, however, ought to be regard 
purely theoretical. In practice, the resistance of the air 
is so great in x Deen, as to render them almost 
useless ; the ma’ ical doctrine of projectiles, through 
a resisting atmosphere, is full of difficulties ; and as the 
laws of resistance are as yet but insufficjently established, 
ical men must be anidet chiefly by the results of 
actual experiments. e experiments in gunnery, by 
Dr. Hutton, as given in his Mathematical Tracts, 
may be consulted with advan + 
IRCULAR MOTION—CENTRIFUGAL FORCE, 
—If a body move uniformly in the circumference of a 
circle, the force to which that motion is due, must reside 
in the centre of that circle. This is only a parti- 
cular case of the following more general proposition : 
namely, that if a body describe any curve, in virtue of a 
force continually diverting it from its wonted rectilinear 
path, that force must reside in a point such that, con- 
ceiving a line to join that point with the moving body. 
this line, moving with the body, must sweep over equal 
sectional areas in equal times. 

This may be readily proved by first wragiee = T= 
direct proposition, namely—that if a body describe a 
curve about any centre of force, and a line be supposed 
to unite that centre with the body, equal areas will be 
described in equal times. 

Let an attractive force at S (Fig. 144), act upon a 
body at the distance SB ; and to simplify the inquiry, 


as but 


imagine at first, that instead of acting continuously, the | 


Fig. 144. force exerts itself only at short regular 
intervals ; that, in fact, it consists of 
equal successive impulses. 
eee ae 
seri u any one 
interval between ny amaiae a ad 
At B the impulse is repeated, and the 
course of the body is diverted into the 
new path B CO, which is described. during 
the next interval ; at the end of which 
another impulse, in the direction. CS, 
bends its path again, and so on. In the 
two intervals here considered, the tri- 
angular areas SAB, SBO, will have 
been described ; and it will be easy to 
5 show that these areas, thus described in 
equal times, are equal. For if, when 
the body was at B, no fresh impulse had been given to 
rein ol Wolo td iota of eal shay applied oe the 
so materially lessened —Ev, ” - a aad 


The impulse from §, if it had acted alone on the body 
when at B, would have brought it to some point N in BS, 
in the prescribed interval of time; and its uniform 


same ee 
iangle B C § is equal tothe triangle ABS. It follo 
therefore, that in the equal times, equal triangular 
spaces have been described. 
In the same manner as it has now been shown, that 
the triangular area S A B, Fig. 145. 
deseri in the first in- B 
terval of time, is equal to 
that SBC described in 
the second equal interval, 
so may it be shown that D 
the triangular area de- 
scribed in the third in- 


triangular areas, in the 

margin (Fig. 145), being 

allequal, itfollows, uniting 

a ok erase 

area, that areas are 

thus described in equal 8 
times. 


As this is true, however small the individual intervals 
of time between the impulses may be, it is true when 
these intervals are insensibly or when the suc- 
cessive impulses follow in one continuous force, and the 
lines AB, BC, &c., unite in one continuous curve. 
Hence, when a body is constrained to move in a curve, 
by the continuous action of a central force, equal areas 
are described about the centre of force in equal times. 

Conversely, if equal areas are described about a point 
in equal times, the centre of force governing the motion 
of the body must be at that point. 

Sup) the two equal areas $8 A B, S BO, to be de- 
scribed about S in equal times . 144): then if the 
force acting on B were not in the ponbereay erin 
parallel to the direction of the force, would not be pa- 
rallel to BS; that is, two triangles $ BO, 8 BM on the 
same ey BS Varig ce wotuks (as ab 
are w is impossible (Euc. . 

It follows from this, that, if a body under the influence 
of a continuous force, move uniformly in the circum- 
ference of a circle, the force must be at the centre of 
that circle, because equal sectional areas are described 
in equal ti since equal arcs are. 

The force by which a body moving in a curve is drawn 
at any instant towards the centre of attraction 8, is called 
the centripetal force at the distance the body is at’that 
instant : the opposing force with which the body tends 
to fly off from centre, and proceed in a rectilinear 
path, is called the meninges force. In circular motion 
these forces are everywhere exactly equal ; for neither, 
at any point of the circular path, prevails over the other, 
the distance from the centre of force S being bard i 
the same. Let the are AB (Fig. 146) be described in 


one second of time: draw BE to AS; 
then in one second, the body, igi at A, will have 
fallen from its wonted straight path ‘AML a di = 


AE towards the attractive force at S: hence, 2 A E ex- 
presses the intensity of that force (page 736) on 
A. Join BA’; then since the are AB ditfers i 

from its chord (for the time of describing it may be re- 
garded as minute as we please), we may regard A BA’ as 


— 


" 
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ight-an: trian, i the Bisi 
Deikentele Ftaenetoee' Cian ON Dppe' irene es ogo 2 
Fig. 146, 


M tt) A 


AE:ABPE::AB:AA’ 
j AB? AB? . AB? 
“- AB ="5n) ~ 248," “AS” 
Now 2AE represents the accelerating force at 8, or, 
taken in an opposite direction, it re nts the centri- 
fugal force f, and A B represents velocity v in the 


curve ; consequently the centrifugal foree f=", where 7 
= radius. 

If as usual x be made to stand for the number 
314159, &c., the whole circumference of the circle will 
be 271; therefore, ing the whole time of describi 
the circumference—that is, the periodic time—t, an 
remembering that the uniform velocity v is equal to the 
whole space divided by the whole time, we have 


The centrifugal force in a circle varies as the radius 
divided by the square of the time of describing it : thus, 


for another circle, we should have F = ~jp9- ? 


at the respective centres of circles of radii r, R, and in 
which the periodic times are t, T. If R=r, that is, if 


the circles are equal, the centrifugal forces F, f are in-, 


versely as the squares of the times T, 


there is no solid matter inte: ; x 
ing body and the central force; there is nothing to et 
vent its falling to the centre at any point of its orbit; 
it is kept always at the same distance from the centre, 
simpl Nsieaes the force pulling it towards that centre is 
pet balanced by that driving it from it; the centri- 
fngal force is just sufficient to deprive the body of all 
weight or pressure towards the centre. With the earth 
it is different : if a perforation be bored in the earth, 
beneath a body on its surface, the body will fall down it; 
because the centrifugal force, driving it from the centre, 
is less than the attracting, or centripetal, force pulling it 
the other way. 


CENTRIFUGAL FORCE AT THE EARTH’S SUR- | 
FACE.—The earth, by its diurnal rotation, carries round, 
with a uniform velocity, every point on its surface in 
86164 seconds. At the equator, the radius R is about 
20922000 feet ; therefore the centrifugal force F at the 
equator is . 

F 4a7R_ 4x X 20922000 
="qe X"—~ 96164 

As this force opposes the force of gravity, it follows 
that if the earth had no rotation on its axis—that is, if 
no centrifugal force existed—gravity at the equator, in- 
stead of being what it really is, namely, g=32-088 feet, 
would be G=g+-111245, and thus the weight of a body 


‘111 
there would: be # Saag Part more than it actually is, 


The ratio of G to F being 
32°119: -1112 or 289 : 1 nearly ; 


; G 
“Pas oe ee eter es @ 


Now every parallel to the equator being carried round 
in the same time T, as the equator ii by represent- 
ing the eon 8 force in the parallel whose latitude is 
1, and radius r, by f; we shall have 

ier r G 
FoR IAP Rag e+ @ 

Since, as is evident, r=R cos l. ; 

The foree of gravity is not diminished by the whole 
of the centrifugal force, except at the equator ; because 
in any parallel P A bP’ (Fig. 147) this force acts, not, in 
the direction P’ p wholly opposed to the force of gravity, 
but in the direction P’ p’. If, therefore, we decom: 
the force P’ pin the perpendicular directions P’ p, PY q, 
tho fowrecr: emmponanh,| bang. Giceotly : (BEAteE Wt det 
force of gravity, and the latter component being a force 
acting tangentially, and therefore urging the particle P 
towards the equator, we shall have 

Fig. 147, 


abe aee Weer 
L 
re) Q me 


< 


soon opposing gravity, P’ p=P’ p’ cos. p P p’=f 


Hence (2) the expression for the diminution of gravity, 
in consequence of centrifugal force, at latitude I, is 


Diminution of equatorial gravity G in lat. = cos. *, 


Consequently the amount of diminution varies as the 
square of the cosine of the latitude, : 

The other component P’ q of the centrifugal force at 
P, being mtial, tends to drive the particles of the 
revolving body from the region of the poles to that of the 
equator, and to cause the body to assume the figure of 
an oblate peor which is the figure that the earth has 
assumed: the expression for the tangential force is 


Tangential force, P/ g=f sin. ag sin, 1 cos. 1 


= ‘111245 feet, 


~o 


Pre 


a hee 
57g sin. 27, 


which therefore varies as the sine of twice the latitude. 
The foree thus tending to accumulate matter about the 
equatorial regions, is obviously greatest at lat. 45°, for 
there 2 1/=1, 
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From the foregoing principles we may deter- | therefore ex to meet with great westerly currents in 
mine the time in which the earth must perform its diur- the open core north andl South at lo maueiee anne 
nal rotation, co = ma rags gal — at the | conformable to experience. 
uator e to oree of gravity 
there; that is, in order that a body at the equator may MOVING FORCES. 
have no weight. In the f ing remarks we have confined our 
Let T’ represent the time of rotation co m attention exclusively to motion, unconnected with 
to which the centrifugal force would be equal to that of | considerations in reference to the quantity of matter 
gravity G; then the time at present being T, since the | moved. And although we have re ly used the 
Mittal Srasii in ths easne’cindls are intexiely os the term body, yet we have paid no regard to bulk or 
squares of the times of describing that circle (page 741), | weight. forces with which we have been i 
we have equation (1) have, indeed, throughout been supposed to be analogous 
G:&.:7:7™ to the force of gravity, which gives the same velocity, in 
yg hata eo Bd the same ci to a single particle of matter as 
, , to the largest volume. Wie peecoee now to enter upon a 
‘ T= 939717" few inquiries in which it will be necessary to take into 


Hence, if the diurnal rotation of the earth were per- 
formed in the 17th part of the time really occupied— 
that is, if it were to turn round seventeen times as 
rapidly—bodies at the equator would lose all their weight ; 
and would, therefore, if placed at a small distance above 
the surface, remain suspended without any support. If 
the rotation were more rapid than this, no body could 
remain on the surface: everything would be repelled 
from it by the centrifugal force. 

Tt has demonstrated, however, that a spheroid, if 
fluid, and of the same density as the earth, could not 
remain in equilibrium if it were to rotate in a shorter 
time than 2h. 25m. 36s. (See Airy’s Tracts, second 
edition, p. 150). 

From what has now been shown, it will be observed 
that the superior accumulation of matter about the 
equatorial regions of the earth arises from two circum- 
stances,,or rather it is a twofold effect of the same cause. 
The centrifugal force generated by the diurnal rotation, 
acting in planes perpendicular to the axis, and on all the 
particles in each plane, and on the remoter particles of 
the plane more intensely than on the nearer, necessarily 
occasions the surface of the earth about the equator to 
recede more from the axis of rotation than the surface 


eq 

ever, less and less as els e from 
that’ of 45° Hea 

On account of the solid materials of which a ion of 
i icles of which resist 
effects of centrifu 
eral of phil sem ih ~ ana 
general opinion philosop that present soli 
Spesta of tion earth wane once in a Said or gant aid stake 
—in fact, in a state of fusion ; and that the outer crust 


are gradually left more and more behind in their lateral 
approach to the equator, where the diurnal velocity is 
greatest. As this velocity is towards the east, we may 


account, quantity of matter ; and as preliminary to these, 
some stomata must be given of the sense in which 
certain terms, hereafter to be employed, are to be under- 
stood. 

Every m has a tolerably clear notion of weight: 
if two substances, howerer Aitieting ie bale or vol 
have the same weight at the same place, we infer 
they contain the same quantities of matter ; this is briefly 
expressed by saying that they are equal in mass. Yet 
mass and weight are not to be regarded as expressing 
the same thing ; if any mass, or quantity of matter, were 
weighed at the pole, and then the same mass wei at 
the equator, these weights would be different ; th 
of course the tran tion of the matter, from the 
to the equator, could not produce any change in its con- 
stitution. 

A solid body may be considered as made up of particles 
or atoms, the te of which constitute its volume : 
these particles may 4 od sancary so to say) more closely in 
one body than in another of the same volume ; so that 
the former may contain a greater quantity of matter 
than the latter ; that is, a greater number of icles. 
Referring to this more compact constitution of the body, 
we say that it is more dense than the other body. 
Density, thereforé, bas reference to the quantity of 
matter in a given bulk ; and if of two bodies of equal 
bulk, one be found to weigh, at the same place, m times 
as much as the other, the former is said to have m times 
the density of the other ; it contains m times the quantity 
poh ager and is therefore m times the mass of the 
other. 

The proper way, therefore, to represent the mass of 
any volume V, with a view to a correct comparison with 
other volumes, is this: Mass = Density x Volume; 
or, in symbols, M= DV. And it is to be observed 
that density is employed only comparatively, not ab- 
solutely ; as when we say that lead has about eleven 
times the density of water, we mean that about eleven 
times as much matter is packed into a given volume of 
lead, as into an equal volume of water ; so that the mass 
of a cubic inch of lead is eleven times the mass of a 
cubic inch of aria, my Pp 

As already observ e mass of a body is pope 
to its weight at the same place ; bar de pe effect of 
tie weight or rather its d ical measure, is Mg, 
where M is the mass, and g the force of gravity acting on 
it. And, in like manner, if a force f us to, but 
different in intensity from gravity, were to act on the 
mass M, the dynamical measure of the effect would be 
Mf, which is called the moving force ; so that in the 
equation F = Mf, M is the mass, or quantity of matter 
moved ; f is the accelerating force acting onit, and F is 
the moving force, the dynamical measure of the effect. 
In statics this would be pressure or tension. 

The product of the mass, by the velocity with which it 
moves, is called the momentum of the body; as the 


| velocity increases, therefore, so does the momentum. 


In uniform velocity, the momentum is constant: in 
uniformity accelerated yelocity, additional momentum is 
nerated every second; the increments of momentum 
Sone constant, like the increments of velo, In the 
preceding expression for F, namely, F = Mf, f is 
other than the constant increment o velocity’ generated 


< e-egmaana 


MOMENTUM. | 
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in one second ; consequently the momentum generated 
in one second, expresses, in fact, the moving force F ; 
just as the velocity generated in one second represents 
the accelerating force f. 

This latter force, as sufficiently seen in the preceding 
remarks, is all we have to attend to in investigating the 
motion of any single body subjected to its influence. As 
it acts upon all the particles of the body alike, the con- 
sideration of the number of these particles, or the mass 
of the body, would be superfluous. But when, instead 
of a single isolated body, we have to examine into the 
motions of a system of bodies, connected together by any 
ties, as cords, rods, &c., or mutually acting upon one 
another in any way; then, as it is easy to perceive, the 
quantity of matter in each body becomes an important 
item of consideration. 

From what has now been said, the student will be 
prepared to give his assent to the following expressions, 
where V represents volume, and D density :— 

The mass M=DV; 


The moving force F = Mf .*. f = a the accelerating 


force ; 
The momentum = Mv. 

But in order that he may attach an intelligible mean- 
ing to these symbols and relations, and may not mistake 
their proper signification, we shall here exemplify their 
interpretation in a particular case. 

Suppose the volume of a body, that is, its magnitude, 
to be 10 cubic feet, and that in each cubic foot there is 
three times the quantity of matter that there is in a 
cubic foot of some standard substance—say pure water. 
Then, representing the density of water by unity or 1, 
the quantity of matter in the body before us, that is, 
the mass M will be 
M=DV =8 x 10 = the mass of 30 cubic feet of pure 
: water 5 
that is to say, there is as much matter in the proposed 
10 cubic feet as there is in 30 cubic feet of pure water. 

If this mass move with a uniform velocity of 12 feet 

second, the momentum of it, or the force of the 
fiow with which it would strike an obstacle, would be 


Mv = the momentum of 30 cubic feet of pure water, 
or of 30 cubic feet of asubstance of the same 
density as water, moving at the same rate,—viz., 
12 feet per second. 

If the velocity of the moving mass, instead of being 
uniform, is constantly accelerated, the constant accele- 
ration being f = 6 feet pex second, then there is an ac- 
celeration or accumulation of momentum ; and as, when 
uniform, the momentum is M », so the constant accumu- 
lation of it, called the moving force, is 

Mf = the moving force (or constant accumulation of 
momentum) of 30 cubic feet of a substance of 
the same density as water accelerated 6 feet per 
second. 

When the velocity of the moving body is uniform, 
there is no moving force ; that is, there is no accumulation 
of momentum, because there is no accumulation of 
velocity. If motion be not the result of the force f 
acting on the body, the effect must be pressure or 


weight. 
The pi ing explanation of the sense in which the 
symbols are to be und may be varied a little as 


follows:—Let the quantity of matter in a cubic foot of 
pure water be taken for the unit of mass, and the density 
of pure water for the unit of density. 

+ the momentum of a cubic foot of pure water, or 
of a substance of equal density, moving with a uniform 
velocity of one foot per second, be taken for the unit of 
momentum. Let the accumulation of momentum, or 
the constant quantity of momentum generated in one 
second in a cubic foot of pure water, or in the same 
yolume of a substance of equal density, moving with an 
accelerating velocity of one foot per second, be taken for 
the unit of moving force. Then V representing the 
number of cubic feet in the volume of any body B, M the 


| number of units of mass, v the number of feet per second 


in the velocity, and f the number of feet per second of 
acceleration, we shall have 


M = DV, the number of units of mass in the body B ; 
Mv, the number of units of momentum ; 
Mf, the number of units of moving force. 


We shall now proceed to some applications of the 
theory of moving forces. 

PLICATIONS OF MOVING FORCES.—1. Two 
heavy bodies whose masses are M M’, are Fig. 148. 
connected together by a string which passes 
over a fixed pulley: required the circum- (-) 
stances of the motion. 

Let M be the greater of the two masses ; 
then M— M’ is the mass which, acted upon 
by gravity, causes M to descend and M’ to 
ascend. The moving force F, therefore, to 
which the motion is due, is F = (M—M’)g; 
and, therefore, the accelerating force f, whi 
as above, is equal to F divided by the entire 
mass moved, is 

M—W™’ 
f=uyMWs 

And since the velocity generated in t 
seconds is ft, and the space passed over $ft? 
(page 736), we shall have, for the velocity 
of M downwards, or of M’ upwards in Q 
t seconds, s 

M—W™’ M—WM’ 
*= Mam % and for space, 8 = $y py 

‘These expressions determine the velocity with which 
M descends at the end of ¢ seconds, and the space 
through which it will have fallen in that time. 

"TENSION OF THE STRING.—If£ the string were 
fastened to the pulley, so as to prevent motion, M, acted 
upon by the accelerating force of gravity g, would exert 
upon it a pressure or tension Mg; but this is diminished 
in consequence of a part of the accelerating force, namely 
f, acting upon M, and wholly expended in producing 
motion : hence the pressure or tension suffered by the 
string is only the difference between the two pressures, 


gr M—WMW’ 2M M’ 
T=MO—Sf)=MO—gpw9 -Mawe 


@, 


This, therefore, is the expression for the tension of 
the string. With regard to the other mass, M’ not only 
is the accelerating force of gravity g, acting downwards 
upon M’, wholly exerted in stretching the string, but the 
upward accelerating force f in addition : hence the pres- 
sure or tension due to M’ is 

2M MW’ 


T=MO+)=MO+ spy 9 = BEA 


the same as before ; as of course it ought to be. 

PRESSURE ON THE AXIS OF THE PULLEY.— | 
What is tension as respects the string, becomes, of 
course, pressure when acting on the pulley. As the 
tension of the string is on each side the same, namely, 
T, as determined above, therefore the pressure on the 
pulley is twice this—namely : 


M’ 
Pressure on axis of pulle = ae ws 


It is scarcely necessary to remind the student, that 
any mass multiplied by g, in other words, the movi 
force due to gravity, is mere weight when ex 
statically. 

Thus, calling the weights of the masses M and M’, W 
and W’ respectively, we shall find that the foregoing 


; 4 2W Ww’ 
expression for.T is the same as T = 7-97 


For the expression at first given may evidently be 
written thus, namely :— 
p= 2 Mg My. 
My+M% 
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Suppose, for instance, the weights hanging to the| And consequently the accelerating force f, which is 

dubie were’ id. Wate bess eepechindigs thon, tke cal to'F drided by the oa the masses moved, is 

M sin i » M’ sin #’ 

tension of the string would be 7% 2%? jpg. — 5§ Ibs. ; f= 

that is, a weight of 5§ Ibs. would, if suspended to a fixed | _ This therefore is the expression for the accelerating 

ae. aati =. Ue coe tension as SS tetially produced force bara Jf Ween ¥ xe Ae A, and which, 

in the moving string. In like manner, the axis of the aia Se > " i 

pulley sustams a preesuro equal to 11g lbs. As the | _ And since the veloci in t seconds is ft, and 

Masses are to the weights, we may, in a | the space over L/P, the velocity acquired by W 

similar way, get a numerical ex or the accelera- | downwards, or by W’ upwards, in ¢ seconds, is 

tive force f—that is, by substituting the weights for Msini ow M’ sin?’ A 

the masses in the above value of f. Thus, taking the °=— Ma wi 


weights as here assumed, we have 
Acceleration, f = oe $2-2= 5°36 feet per second, 


the accelerating force that gives motion to the system 
being jth of the accelerative force of gravity. 4 

As already noticed, the moving force Mg, which com- 
bines quantity of matter with the force acting upon it, 
is pressure or weight when motion is not the result of the 
action of the force on the mass. The symbol g, therefore, 
| which stands for acceleration in Dynamics, should stand 
for pressure or weight in Statics, as in the expression for 
T given above ; namely, 

T= 2Mg°M’g_ 2W W’ 
Mg +Myo W+W 

The learner, therefore, will not fall into the mistake of 
regarding such, an expression as W = Mg equivalent to 
the statement, tha hae. is equal to mass multiplied 
by 32-2 feet.” This would, of course, be absurd. The 
symbol g here stands for ‘‘the weight impressed by 

vity on the unit of mass,” whatever that unit may 
(ep Be be. . The unit of mass being assumed or 
fixed upon by common consent, then, in the above ex- 
ion, M is the nwmber of these units in the body re- 
erred to, and g the weight of one of them. 

The unit of mass is usually taken equivalent to a 
cubic foot of distilled water, at the temperature 60° of 
Fahrenheit’s thermometer. The weight of this unit is 
1000 ounces avoirdupois ; and the weight W of any body 
whatever, containing in it M times the quantity of mat- 
ter contained in one cubic foot of distilled water, will 
always be W = M x 1000 ounces; and the same would 
obviously be the case if the unit of mass were anythi 
else, g representing always the weight of that unit. 

Whenever, in any mechanical inquiry, the investigation 
involves the mixed consideration of motion and statical 
pressure, although the motion and the pressure may be 
equally due to the same thing, and the same symbol 
(g for instance) be employed indifferently for the one or 
other of these different effects, yet as the effect is all 
that _we intend the symbol to represent, it is plain that 
its signification in the one case must be different from 
its signification in the other. And it is of importance 
that the student always bear this in remembrance : he 
will find some further reference to the matter under the 


head of Hyprosrarics. 
2. Two weights W, W’ (Fig. 149), connected by a string 
, are placed upon the two 


passing over a small pulley 
inclined planes CA, CB: it is required to determine 


the circumstances of their motion. 
Pig. 149. Cc 


A 


Let, as before, M, M’ represent the two masses. The 
moving foree of W, in the direction W A, is Mg sin, i; 
and the moving force of W’ in the direction W’B is 
M’g sin. 7 : these oppose one another ; so that the moving 
force F, to which the motion is due, is the difference of 
them ; namely :— 


F = (Msin.i uM’ sin. i) g. 


and the space described is 
Msiniw M’ sin?’ 

2(M+ M’) e. 

If the two planes were vertical, the problem would 
become identical with the last; we should then have 
cin. } and sin. ¢ 20h eer een eee 
expressions for v, s would be those already deduced. 

f only one of the planes were vertical, the problem 
would be converted into this—namely, to determine the 
circumstances of the motion when one body W, hanging 
vertically, draws another body W’ up an inclined 2. 
In this case, sin. i = 1; and we have only to put this in 
the preceding expressions, in order to obtain the neces- 

particulars of the motion, 
ps Oo if one of the planes were vertical and the other 
the problem would be to determine the 
motion when W, ing vertically, draws W’ along a 
horizontal plane. In this case, sin. i = 1, and sin. i’ = 0; 
so that the accelerating force would be 


horizon’ 


M 
f= M+ ™’ g- 

TENSION OF THE STRING.—For the tension of 
the string, under the original conditions, we have, if W 
be the descending weight, 

. . Msin. i—M’ sin.” 
T=M (g sin. i— 7 gry er 9) 


We abi, hice sat 
=M+M (sin. i+ sin. vg 
which becomes the same as the expression for T in the 
last problem, when sin. i and sin. i’ are each of them 1. 
By substituting W for Mg, and W’ for M’g, in each of 
the foregoing formule, numerical expressions will be 
obtained, as in the former problem. 

3. Two weights W, W’ are attached, the latter to a 
wheel, and the former to its axle: to determine their 
motions. 

Let M be the mass of W acting at the axle, and M’ 
the mass of W’, acting at the rim of the wheel: let 
also R be the radius of the wheel, and r that of the 
axle. ‘ 

Then the moving forees M’g, Mg acting at the dis- 
tances R, r from the centre of motion, if free, would 
have the respective effects M’g*R, and Mg-r, which, 
connected as they are, oppose each other. And iff’, 
f be the actual accelerations of W’, W, the moving forces, 
at the distances R, r from the centre of motion, are ac- 
tually M’f R, and Mf‘r; so that 

M’g'*R—Mg'r=Mf‘R+Mfrr.... (d) 

The accelerations f’, f must be to each other as th 
radii R, r, the velocities themselves being always in this 
constant ratio, since the wheel and axle both turn in the 


R 
same time; therefore f’= * f, therefore 


@r -R—M) 9 = at 4+Mys 
‘ M’ Rr—Mr? 
“S" WR MAY 
the accelerating force of the ascending weight W. 
And since f= ~ J, we have 


IMPACT OR COLLISION. ] 


MECHANICAL PHILOSOPHY.—DYNAMICS. 


745 


WW R?—MRr 
“WwW R+Me 2 
for the accelerating force of the descending weight W’. 


The velocity, in ¢ seconds, of the former, is 
MW’ Rr— MM?” 
t= St= wert Mri? 
4, MW’ Rr— Mr? 
and the space, s= > fP=ty7 pp Me™ 
And for the latter we have 
_ Mw R?—MRr 
weer % 
W’ R?—MRr 
‘=i wre ™ 

The student will perceive that the first member of the 
equation (1), expressing the difference between the 
moving forces that would act if the weights were free, is 
the whole amount of moying force in actual operation ; 
which whole amount is obviously expressed by the second 
member of the equation. 

IMPACT OR IMPULSE.—In this article we propose 
to consider the circumstances of the motions of bodies 
gaat Jean aor pmalren ee gape 

and impinging one an x 

Let any specified uantity of matter be considered as 
the-unit of mass: if it be projected by any given im- 
pulse, it will move with a constant velocity proportional 
to the intensity of that impulse; this velocity may 
therefore be to represent the magnitude of the 
impulsion. If we take two such units of mass, and two 


And it is plain that if M such 
mass, which receives an i 


Consequently, when any body whose mass is M moves 
from the effect of an impulse, the correct expression for 
the intensity of that impulse must be Mv =the mass 
rag the velocity, and which, as before stated 

, is the momentum of the mass: hence the mo- 
mentum measures the intensity of the impulse. 

COLLISION OF BODIES: DIRECT IMPACT.— 
When two bodies moving by impulsion, in the same 
straight line come into collision, the shock is called direct 
impact. Suppose the bodies which thus impinge to be 
entirely inelastic, or of such materials that they are 
blended by the impact into one mass, our object will be, 
from knowing the intensity of each separate impulse— 
that is, the momentum of each body—to determine the 
momentum of the blended mass ; and thence the cir- 
cumstances of its motion. The following example will 
illustrate how the necessary particulars are to be ascer- 

Example.—Two inelastic bodies, whose masses are 
M, M’, move in the same weceight line, with velocities 
Taam sta were ke ir united masses after 


‘fhe momentum of M is Mv, and that of M’, M’v’, the 
combination of these—namely, Mv-+ M’v’, is the mo- 
mentum of the united mass M -+ M’. 

But if v be the velocity of this mass, its momentum 
must be (M+ M’)e, : hence, to determine the velocity 
v, after collision, we have the equation 

(M + M0, = Mv + Mv’. 
4 
rain MEME... 
the velocity required. 

This result is on the supposition that the bodies are 
—s in the same direction, or that one of them, M’, 
ov es the other ; but if they are moving in opposite 

VoL. L 


directions so that the two meet, then the expression for 


v, will be 
3 Mov» Mr’, (2) 
ori SS a 


Tf Mv exceed M’v’, then, after the collision, the mass 
will moye in the direction in which M was proceeding ; 
but if M’v’ exceed Mz, it will move in the direction in 
which M’ was proceeding, as is obvious. 

If Mv = M’v’, then the collision, at meeting, will de- 
stroy the motion of each, and bring both bodies toa 
stand-still, since v, will then be 0. 

If one of the masses M’ be at rest, then since v, = 0, 
the velocity after impact will be 


Mv 3 
mew 

Tn all cases, the momentum after impact must be the 
sum of the momenta before impact, regarding those 
which act in opposite directions as having opposite signs ; 
so that the momentum lost by one body, by the collision, 
is exactly equal to the miomentum.gained by the other. 
In the case (3) above, the momentum of the whole mass, 
after impact, being ion +. M’)v, = Mo, and the mo- 
mentum gained by M’, which was at rest, being M’v,, 
this must be the momentum lost by M. This loss of 
momentum in M shows that the mass M’ opposes a re- 
sistance to the communication of motion, and M’v, ex- 
presses the value of that resistance, which, as the mass 
was at rest, can be due.only to the inertia of the body. 

Let us now suppose that the bodies, instead of. being. 
perfectly inelastic, are perfectly elastic ; and that, as in 
the former case, they move so as to impinge at some: 
point in the common line described by their centres of 
gravity. 

Elastic bodies are such as yield to the force of impact, 
and undergo a compression, and therefore a change of 
figure : the elasticity is that inherent force which the 
body exerts to recover its original form. 

the restoring force terre ay body —s pete 
its original figure be equal to the impressing force at 
point of impact, so that the original form of the body is: 
perfectly restored, and in the same length of time that 
it took to alter that form, the elasticity is said to be 


perfect. 

In the case of perfect elasticity, whatever vélocity one 
body loses during the action of the compressing force, it 
afterwards loses just as much more during the action of 
_ restoring force A and whatever, ae. the — 

i uring the compression, i ins as muc 
eon a the restitution,...For, at the end of the 
time occupied in the compression, there is the same com- 
munication of momentum, is the case of inelastic 
bodies ; at that instant the: bodies, then in the closest 
union, must have equal yelocities. The force of resti- 
tution, exactly equal to that of compression, then acts ; 
and another effect, the opposite to that of collision, takes 
place : the collision brings the bodies together ; the force 
of elasticity drives them asunder. 

No bodies in nature are perfectly elastic, or completely 
inelastic. The most elastic substance‘at present known 
is glass. Newton, by a Fig. 150, 
contrivance similar to that A 
represented in Fig. 150, de- V7] 
termineéda very close approx- 
imation to the defect from 
perfect elasticity of several 
substances. If two balls of 
the same substance, and in 
every other respect equal, 
were suspended from A by 
slender threads, and eac 
let fall from equal distances, 5 t 
measured from the vertical, [S a fF 
on the graduated are BO, >“ oy a 
they would, after collision ——— 
at o, each return to the — I 
point in the are from which it started, if the elasticity 
were perfect. With ivory balls, the elasticity bore to 

50 
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perfect elasticity the ratio of 8 to 9; with glass ‘balls, 
the ratio was 15 to 16. From. recent experiments, of a 
different kind, Mr. Eaton Hodgkinson has determined 
the ratios to be, for ivory *81, and for glass ‘94; the 
latter ratio differing but very little from that deduced by 
Newton. he fractional-or decimal part that the. elas- 
ticity is of perfect elasticity in any substance, . is called 
the modulus of elasticity of that substance. 

ag pew perfectly elastic bodies, whose masses 
are ‘moving with velocities », v’, strike with direct 
im : it is required to determine their velocities after- 
wards, While the compression continues, ‘the bodies 
move as one mass ; and therefore with the velocity 


Me+ Mv’ 1 
=e OD 
So that M will lose the velocity v—v,, and_M’ will 
lose the velocity v’—v, ; and these express the velocities 
communicated, but in opposite directions, by the force 
of restitution. Hence the velocities, after impact, will 
be 


of the mass M, e—2(v—v,)..:. @ 
and of the mass M’, o’—2(v’—v1)....@ 
Or, substituting for v, its value (1), we have 


velocity of M, 0-2 Mow as & 


velocity of M’, v2 ean ... 0) 


If each mass'be multiplied by the velocity it has-after 
impact, the sum of the products will be Mv + M’v’; 
which is also the sum of the momenta before impact : 
hence the sum of the momenta after impact is the same 
as the sum of the momenta before im If we sub- 
tract (3) from (2), the remainder will be v’—v: hence 
the difference of the velocities is the same both before 
and after impact. 

If M=M’, that is, if the bodies are perfectly equal in 
— well as perfectly elastic, the expressions (4) and 
(5) show that, after impact, the bodies will ex 
their velocities, M’ moving with the velocity v, and 
with the velocity. v’. Hence, if one of the bodies be 
perfectly at rest, the other which strikes it will impart 
to it its entire velocity, and will itself rest in its place. 

If the elasticity be imperfect, the foregoing formule 
will require modification. Let e be the modulus of 
elasticity of the impinging bodies ; that is, let the force 
of restitution after compression be only the eth of 
that of compression : then the additional velocity. lost 
M from the action of this force, instead of being eq’ 
to that lost directly—namely, o—v,, will. be only e 
(v—v,); and the additional velocity lost. by MW, only e 
(v’—v,); so that the velocities after the impact will be 

of the mass M, v— (1+ e) (v—v,) 
=o—(1+ yu one) (oe) 

M+WM™M’ 
and of the mass M’, o’ — (1+) (v —») 

=e, 4) eee 
' M+M™” 

The momenta after impact will be, for M, the first 
of these expressions multiplied by M; and for M’, the 
second multiplied by M’: the original momenta are for 
the former, Mv, and for the latter M’v’. Hence, the 
momentum lost by one of the bodies, by the impact, is 
gained by the other : for, as the above expressions show, 
this momentum is 


for M, a+) eer 


and for M’, (1+ ¢) MM’ (—») 
rM’, (l+e¢) M+ 
which are the same in value, but opposite in signs. 


When the bodies are perfectly elastic, it has been 
seen above, as an immediate consequence of equations 


(2) and (3), that the sum of the momenta before im- 
pact is the same as-the sum of the momenta after im- 


that is, calling the velocities after impact 


must have 
MV +M’V’=Mo+ Me’. 
V—V'av'—v. 
.. M(V —v)=M'(r'— V), 
and V+vev"+V" 

Now, if we multiply these two last results together, 

we shall have the prs 2: Bi 
M (V?— v*)=M’(v?— V”). 

Consequently M V?-+ M’V?=Mv?+ Mv, 

We may therefore conclude that when the’ bodies are 
perfectly elastic, the sum of the products of each body 
into the square of its velocity,.is the same both before 


and after impact. 
A particular name is given to the product of a mass 


Also 


into the of the velocity with which it-moves—it 
is called the vis viva, or the living force ; so that in the 
collision of perfectly elastic bodies there is no loss.of vis 


1. A ball whose elastici nha here hard 
whose ity is the awed cigs of 


ae IF. a billiard-table, for ex 
oy atten pres 
-of the ball aftertheim; 
Let A B (Fig. 151) be the 
straight described by 
the centre of the ball be- 
D ‘ ~angle ABD’, a; then, v 
being the ity along 
ABO, let it be represented by BC. The components 
of this-velocity—the one dicular to the plane, and 
the other, lto it—are BD, BE. The tg Sa 
BE is not modified by the-impact; but BD, by the 


force of restitution, is converted into B D’: hence, com- 
pounding the velocities B E, BD’, the path, and velocity 
D,, after impact, will be denoted by B 0’. 


The velocity B D’ is e X B D’=ev cos, a, 
The velocity BE is-» sin. .a ; 
because the velocity parallel to the plane is unaltered by 
the impact, 
.. 0, 2=(ev cos. a)? + (vsin. ¢)*=v*(e? cos.* a + sin.? a) 


=v? (e? cos.2 a + 1— cos,” a) =v? {1 — 
(1—e?) cos*a} . . . me)) 


For the direction B 0’, after impact, we have 
ee o.ase (9) 


Ifthe elasticity be perfect, thatis, if e=1,then, from 
@) and (2),-0, =v ;-and d=a : hence, in:the case of per- 
ect elasticity, the ball will rebound with the velocity 
with which it struck ; and the path it takes will make an 

le of reflection equal to the angle of incidence. 

But if the elasticity be Se ran that is, if e be less 
wage ger iter, v, Will be less than v ; and, from 
(2), cot. d will be less than cot. a; and consequentl a 
will be greater than a: hence, in the case of im 
elasticity, the velocity after impact will be less than the 
velocity before impact ; but the direction after im) 
will make a greater angle with the perpendicular 


athe following ite (Fig. 152) ts two 
2. The wing di ig. represen: j 
bodies, A and B, impinging upon each other at the point 0; 
CD, representing in itude and direction velo- 
city of the former, and C’D’, in magnitude and direction, 


, BD’ evcos.a 
cot. d=Ho= ae . 
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the velocity of the.latter.. Let mn be the line perpen- 
dicular to their surfaces at 0. Fig. 152. 
By the resolution of velo- 
cities, A may be regarded 
as animated bytwovelocities, D’ 
of which one, C E, is parallel , 
to mm, and. the other, CF, 
dicular to the same }” 
gis agree a 
as anima’ y 
the velocity O’ E’, parallel to 2—-F 
nm, and the velocity C’ F’. 
icular to nm. 
A and B, at the instant i 
of contact, were animated F 
solel the velocities C F; ZL, 
RL Sa Oe 

ide one past the other, and would-experience no im’ 
or shock: the. shock they suffer Fe therefore due 
solely to the velocities CE, OC’ E’; and even then, that 
any shock may take place, the former velocity must 
exceed the latter. , 

The intensity of the impact is the same, therefore, as 
if the two velocities C E, C’ BH’, alone existed ; and the 
two bodies will move as in the case of direct-impact, only 
that these, motions will be combined: with the unchanged 
velocities C F, C’ F’: we shall therefore only have to 
compound the velocity of A in the direction nm, after 
the direct impact en of, with the velocity OF, per- 

icular to nm, in order to obtain the itude and 
irection of A after the shock ; and in a similar way are 
ae and direction of the velocity of B to be 

Norz.—It must be noticed by the student, that what 
has here been taught respecting the collision of bodies, 
eoncerns only their rectilinear motions—their actual ad- 
bea ie space. Unless the line of direction in which 


two es strike, pass through the centre of gravity of 
rotation, as well as translation in space, will Ha Bi 
ably be the result : the motion of tion is all that 


is onight to be determined in discussions on the collision 
af bodies ; and it can be. proved that this progressive 
motion is not in the slightest degree modified by the 
rotation of the impelled body. More advanced prin- 
ciples haye om, Ac pears following general pro- 
position, viz.—When a body is acted upon any im- 
pulsive forces, of which the resultant does not pass 
through the centre of gravity, the body will have in con- 
sequence a double motion :—1, the centre of gravity will 
move as if the forces were immediately applied to it; 
and 2, the body will rotate as if this centre were abso- 
lutely fixed. But-want of space compels us to bring the 
subject to a close : our object has been merely to present 
to the young student a hear and ages pe vera develop- 
ment of the fundamental principles of Dynamics, and 
not to e's 4 him forward into those higher and more im- 
posing pplications of those principles, which necessarily 

mand a knowledge of much more recondite mathe- 
matical theories. 

The student who has carefully mastered, what is here 
delivered, will, we hope, find his study of the more ad- 
vanced dynamical researches somewhat facilitated by the 
previous perusal of this elementary tract. Before con- 
cluding it, however, it is proper to give a formal enunci- 
ation of what have been called Newton’s Three Laws of 
Motion : these, as already observed at page 734, are cer- 
tain dynamical axioms, or — assuming prin- 
eiples of too fundamental a ¢ r to admit of being 
rigorously established either by abstract reasoning or by 
experimental proof. In the foregoing pages we have, 
in general, tacitly taken these for granted, in several 
special topics of inquiry : we have preferred this course, 
to the usual custom of stating the threelaws of motion 
in all their generality at the outset of the subj be- 
cause we think that their meaning and applicabi ty - 
not be clearly understood and perceived, till some famili- 
arity with the language of Dynamics, and with a few of 
its more elementary problems, has been acquired. 


THE THREE LAWS OF MOTION.—There are. 


various forms of expression in which Newton’s three 
laws are delivered by different writers on Dynamics : the 
following enunciation of them will perhaps be found as 
intelligible as any. 

First Law.—A body once at rest, will remain at rest, 
unless acted upon by some external force ; and if moving 
in any direction, will continue to move in that direction, 
unless acted on by some external force. 

Second Law.—When a force acts upon a body in mo- 
tion, the-effect of this action is the same, in magnitude 
and direction, as if it acted on the body at rest. 

Third Law.—This was stated by Newton as follows :— 
“ Action and reaction are equal and contrary ;” that is 
to say, A cannot act mechanically upon B, without A 
itself being reacted upon equally, but in an opposite 
direction. 

The conjoined effect of velocity, and the moving mass, 
is momentum, as defined at 743; and this momen- 
tum is the dynamical evidence of the ‘‘action” referred 
to in the law, which therefore merely affirms, that what- 
ever momentum.a body communicates in any direction, 
that momentum it loses in that direction; or, which is 
the-same thing, it receives an equal momentum in a con- 


trary: on. 

A great deal of abstract argument, and of mechanical 
contrivance and experiment, have been employed to de- 
monstrate the truth of these positions ; we have neither 
space nor inclination to enumerate them: some things 
must be taken for granted, as fundamental or primitive 
principles, in every department of science. Reflection 
and common sense, exercised in the examination of such 
first principles, will usually produce a stronger amount 
of conviction of their truth than persuasive arguments or 
approximative experiments. Their verisimilitude, which 
renders it hard even to imagine a contravention of them, 
must be accepted instead of rigid proof : and when it is 
known that the results of the-remotest investigations, all 


primarily resting on the:truth of these assumptions, are _ 


in every instance. verified by actual experience, the 
original prima facie probability of their correctness be- 
comes elevated into absolute certainty. 

We: may remark, in conclusion, that the fundamental 
principles of Dynamics, and tle strict mathematical 
theories and deductions founded on them, find their 
aoe verification only in the movements of the heavenly 

ies. T 


considerations operating as hindrances and drawbacks to | 
Machines of | 


human contrivance perform their functions through the ~ 


the rigid application of those theories. 


errestrial mechanics is encumbered with many . 


intervention of rods and bars, wheels and pinions ; and , 
thus the consideration of friction, an obstacle that some-_ 


times ely modifies the purely mathematical results, 
becomes imperatively necessary in practical mechanies. 


But the machinery of the heavens, without any physical | 


ties to hold it together, goes on in obedience to an Al- 
mighty Immaterial agency; and thus the phenomena 


exhibited are in the completest harmony with the accu- | 


rate deductions of mathematical science. 

The modifying influence of friction, in the ordinary 
mechanical arrangements, will be examined into in the 
treatise on APPLIED MECHANICS. 


The following particulars will often be found of service , 


in dynamical inquiries :— 


Force of gravity in the latitude of London, 51° 31/8”~ 


N, 321908 feet. 

Force of gravity in the latitude of Parisy 48° 50’ 14” N, 
32-1820 feet. ~ ~ 

Force of gravity. near the Equator, latitude 0° 134’ §; 
32-0881 feet. . 

Force of gravity at Spitzbergen, latitude 79° 49’ 58” N, 
38 ‘2526. ; 

Length of the pendulum beating seconds in the. lati- 
tude of London, 39°139 inches. Rat 

Equatorial diameter of the earth, 7925:465 geogra- 
phical miles. ° er aH igsthS 
Polar diameter of the earth, 7898°972 geographical 
miles. rarer! 

A French metre=39°'3708 English inches, 

A French gramme=15"434 grains. 
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CHAPTER IV. 
HYDROSTATICS, 


Hyprostatres is the science which treats of fluids, when 
maintaining a state of rest or equilibrium under the 
action of mechanical forces or pressures. Fluids are dis- 
tinguished from solid bodies by obvious and remarkable 
eigen amg ag in consequence of these differences, 
statics and dynamics of the latter become only 
partially applicable to the former ; so that the statics of 
water, the dynamics of water, uire a distinct 
and se consideration. These two divisions of the 
science of mechanics, thus applied exclusively to 

water, and such-like fluids, are called respectively Hydro- 
statics and Hydrodynamics. 


To define a fluid would be to describe exactly what it 
is—its internal constitution, as well as the phenomena 
peculiar to that constitution, which it presents to our 
senses. But this is beyond our power : we know that, 
in common with all material existences connected with 
this earth, it has weight ; but that, unlike solid bodies, 
it is without that entire cohesion of parts by which a 
solid preserves its shape in whatever position it be 

laced, and in virtue of which it is moved, as a whole, 
to a Sites applied only to a part. 

It is this comparative absence of cohesion from among 
the constituent particles of a fluid, that renders those 
particles so freely movable among themselves, that 
causes them so readily to yield to any rp creme and 
to obey the slightest effort to separate and detach them, 
as also to admit of the of solid bodies through 
them. It is the want of cohesion, too, that causes a fluid 
to change the figure it is made to assume, when sup- 
ported in a vessel, as soon as any of that support is 
removed. A fluid presses laterally as well as vertically ; 
and, in consequence of the lateral pressure, tends to 
spread itself horizontally when left unconstrained. 

In all these particulars it differs entirely from a solid 
body : in this all the particles mutually cohere, and, in 
the absence of violence, maintain their relative positions. 
In a fluid, on the contrary, they are entirely free to inter- 
change situations, and to move among themselves. 

In this general statement of the ristie differ- 
ences between a solid and a fluid, it is to be borne in 
mind that we refer only to fluids such as we find them on 


this earth—fiuids upon by the force of gravitation, 
and therefore having weight. we conceive a vessel of 
water to be s 


nded in space, and gravity and every 
other force to removed, then the finid. having no 
weight, there would be no pressure on the vessel in any 
direction ; so that the water would preserve the shape of 
the vessel even though the latter were removed. In the 
absence of all force, there would be nothing to disturb 
the original arrangement of the component parts of the 
fluid mass. : 

TWO KINDS OF FLUIDS.—Fluids are divided 
into compressible fluids and incompressible fluids: the 
former are those which by pressure may be forced to 
eontract into smaller space—such a fluid is the air we 
breathe, and every kind of The incompressible 
fluids are those which cannot by pressure be reduced to 
smaller bulk. Whether, in strictness, any such fiuid 
actually exists, is more than we can say; because, how- 
ever it might resist compression from the mechanical 
forces at our command, it would be presumptuous to 
conclude that compression was impossible. is, there 
is reason to believe, is not the case with any fluid : water 
was former] thought to be incompressible ; but, by great 
mechanical force, it bas in a slight d been actually 
reduced to smaller compass. Still this, and the other 
common liquids, are so little compressible, that no prac- 
tical error can arise from treating them as incompressible 
fluids. * 
semen espet eeten er Sot bet mee irate 

pe ocean, Tgoes it com- 


Water, and liqui 
inelastic, as they 
sense) in any 


FLUID 


worth notices. 
TICITY.—The 


and their subsequent expansion to the original yolume 
when the pressure is withdrawn. It is in this sense that 
the elasticity of fluids is to be understood. But taking 


et on * hard substan aii 
bound, and di itself in spray ; and so likewise 
Ht do ti gobest pun oliel itself. A flat stone, or an 
oyster-shell, thrown very obliquely on the surface of a 
pool of water will also rebo ; and even a cannon-ball 
will do the same ; but in none of these instances is the 
fluid compressed into smaller bulk. ‘ 

TRAN ION OF PRESSURE.—The funda- 
mental property of water and all other fluids is, that a 
pressure applied to any part of their surface is transmitted 
equally in all directions throughout the entire volume of 
the fluid : this is called the principle of equal pressure, 
and may be proved in various ways: for instance, if a 
vessel be perforated all round at any depth, and glass 
tubes, however bent, be inserted in the a and 
then water or any other liquid be poured into the vessel, 
we find that when the level of the perforations is reached, 
the water presses into the tubes ; and however high we 
raise the level of the water in the vessel, to the same 
level it always rises in each tube—thus showing, that on 
the same extent of surface at the same depth, there must 
be the same pressure. 

Again ; let a vessel of any shape be filled with water, 
(Fig. 153), and to any two equal perforations in its sides, 

pore amount of 

pressure be applied to the piston 


let pistons A, B, be fitted; let the 
Fig. 153. 


’ 
ponies must 
th pistons to keep the fluid 
in its gare or to prevent one 

of the pistons from being forced outwards, 

And if the vessel were covered with such pistons, the 
same pressure would be transmitted to each of the others 
that is applied to any one of them. 

This very remarkable property of fluids is perfectly 

neral, having place whatever be the contour or e 

orm of the vessel; if, for instance, the form be that 
in Fig. 154—namely, ABCEF, then the downward 
pressure at B, arising from the weight of the water in 
the tube A B, produces an equal opens pressure nt 
every portion of surface, equal to the base of the tu 

between B and GC, and between B and F. Also the 
pressure of the fluid upon the base DE of the vessel 


| 
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is the same as it would be if the vessel were enlarged 
tothe form H E, and the com- Fig. 154. 
partments HB, GB filled up 
with the fluid, the sides or par- 5 aes aap 
titions B ©, B F being removed; 

for before the removal of these 
sides, the upward pressure on 
BC is the same as the down- 
ward pressure on it, from the ¢ 
weight of the fluid afterwards 
introduced into HB; the two 
pressures therefore neutralise 
one another, and thus there 
is no additional pressure sus- 
tained by the bottom of the p 
vessel DE: in like manner is 
there no additional pressure from the additional fluid 
in the compartment G B. 

Thisis a property of fluids so extraordinary, that it has 
been called the Hydrostatic Parador ; namely, that the 
quantity, and therefore the weight of the fluid, may be 
indefinitely increased, and no increase of pressure be sus- 
tained by the bottom of the vessel, the pressure on the 
bottom being due entirely to the height of the fluid, and 
quite independent of its other dimensions. 

Suppose in any vessel O B (Fig. 155), a solid body M, 

Fig. 155. as a mass of were sus- 
pended ; then if a fluid be 
poured in to fill up the 
empty space about M, the 

p Pressure on the bottom of 
the vessel will be the same 
as if the mass M were re- 
moved, and its place su 
plied by additional fluid : 
the pressures on the sides, 
too, of the vessel must re- 
main unaltered, whether 
-j the mass M be of lead or of 
A the fluid; for the mass, 
. < f whatever it be, so that it 
be incompressible by the surrounding fluid, cannot in 
any way modify the pressures exerted on the bottom and 

Fig. 156. sides of the vessel when 

filled wholly with the fluid. 
DIt may be observed here, 
that not only is the pressure 
on the bottom of the vessel 
the same when the fluid in 
it is only the border of fluid 
surrounding M, as when, 
M es removed, it is 
nite full ; but the weight of 
the entire vessel and con- 
tents is the same in both 
cases, though M be firmly 
A 6 supported by the beam E— 
for only so much of M is 
thus sup as is equal to the excess of its weight 
above the weight of the fluid which fills yee space 
occupied by M upon the removal of that y- The 
pressure of a fluid on the base of a vessel is no indication 
or measure of the weight of the fluid: the pressure on 
the base A B is the same whether the vessel filled with 
the fluid be CAB D, or EA BF (Fig. 156), though the 
weights are of course different. 
It thus happens, that by enlarging the base of a vessel, 
narrowing the upper part, or by narrowing the 
upper part only, we may cause the pressure of the con- 
tained fluid on the base to exceed its weight,jn any given 
ratio: for instanee, if the vessel be of the form of a 
cone, standing on its base, the pressure on the base will 
be three times the weight of the fluid itself. For the 
pressure on the base will be the same as if that base sup- 
a cylinder of fluid instead of a cone of the same 
ight ; and we know that the content of the cylinder is 
three times the content of the inscribed cone. 
Paradoxical as the statement may seem, that the pres- 


ae 


sure on the base is three times the whole weight of the 


fluid, the fact may be readily explained on the principle 
of the equal transmission of fluid-pressure. If the hol- 
low cone be of heavy metal, and of sufficient weight to 
be completely water-tight when merely placed on the 
base, then, however great this weight of metal, if only 
the cone be sufficiently high, and water be poured into it 
through an orifice at the top, the upward pressure of the 
fluid will act with greater and greater intensity against 
the interior surface, till at length the cone will be seen 
to rise, forced upwards by the superior pressure, and the 
water will escape. This will be the subject of a problem 
hereafter. Equal pressures upward and downward have 
no effect on the weight. 

HYDROSTATIC PARADOX.—But what is more 
reac: called the hydrostatic paradox is this :— 
AB, CD (Fig. 157) are two stout boards connected to- 
gether, like the boards of a pair of bellows, by a water- 
tight leathern band: if water be introduced into the 
enclosure through the pipe P or otherwise, the upward 
pressure of the fluid will separate the boards ; and upon 
stopping the further supply of water, the fluid will stand 
at the same level both in the tube and in the receptacle 
CB; so that the small portion of water in the tube up 
to Q, balances or keeps in equilibrium the large body of 
water CB. If now a heavy weight be placed on the 
board C D—a weight equal to that of a mass of water 
that would fill up the space ED above the board—then 
the additional small portion of water filling the tube up 
to R would keep that weight supported. 


Fig. 157. 


ray erro 
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Tf, instead of water, the cavity CB be inflated with 
air, by a person standing on CD, and blowing into the 
tube P Q with his mouth, the same effect will take place ; 
the person may thus easily raise himself higher and 
higher, and may therefore literally be said to be ‘‘ blow: 
ing himself up.” Such a contrivance is called the 
hydrostatie bellows. 

All the phenomena hitherto enumerated are necessary 
consequences of the transmission of fluid-pressure in all 
directions. In the illustration just given, the down- 
ward pressure of the slender column of water PQ is 
transmitted as an upward pressure upon every area 
equal to the section Q of the-entire surface C D ; and 
thus the downward pressure of the body of water E D, 
or of the equivalent weight W, is counterbalanced. 

BRAMAH’S HYDROSTATIC PRESS.—The hydro- 
static bellows is little more than a philosophical toy for 
illustrating, in a popular and striking manner, that pecu- 
liar and important property of fluids by which pressure 
on a small surface is communicated perpen Fs) 
every portion, equal in area, of a large surface. ith- 
out tbe aid of Pb or pulleys, or wheels, or other such 
mechanical contrivances for accumulating and concen- 
trating force, this fundamental property of water enables 
us to command as great a pressing force as we please at 
the expense of as little applied power as we please. . 
One of the most interesting and useful exemplifications 
of this is furnished by Bramah’s hydrostatic press, a 
machine the principle ‘of which will be sufliciently, 
understood from the following diagram (Fig. 158), 
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(4)? : 12? : : applied pressure : : resulting pressure=576 
times the applied pressure ; 

so that a pressure of 1 cwt. applied to the piston A, will 
produce a pressure of 576 cwt., or nearly 29 tons upon 

iston 5 It is plain that, by means of a lever, ap- 
plied to the hice A, the downward pressure may be 
increased to any required amount ; and, in fact, by in- 
creasing the disparity in the diameters of the cylinders, 
and using only a moderate leverage on A, the transmit- 
ted pressure may be made as great as the metal cylinders 
can sustain. Something of this kind, no doubt, takes 
place in nature ; water finds its way down the chinks and 
crevices of rocks and mountains, settling in whatever 
cavity within there may be to receive it. is cavity in 
time becomes filled, and a number of slender and irregular 
columns of water reaching from the reservoir to the sur- 
face, the upward and lateral pressure of the reservoir 
becomes at length greater than the rocky receptacle can 
sustain, a rupture takes place at the weakest part, and 
devastation is spread around, On a small scale, this 
effect is actually produced artificially in mining ; where 
weet renee is sometimes thus introduced for the pur- 

of blasting rocks. 

It may not be altogether unworthy of notice here, that 
the Creator has ided a remarkable preventive for 
these destructive effects of fluid-pressure when exerted 
through a high column. The sap of trees, extending 
from the roots to the height of 80 or 100 feet, if it gravi- 
tated like the column of water in a Bramah’s press, would 
rupture the trunks of the largest trees ; but when fluid 
is introduced into narrow tubes, an upward force, 
called capillary attraction, acts on the fluid in opposition 
to its downward pressure ; and it is this force which sus- 
tains the “i in trees, and neutralises the downward 
pressure of the fluid. 

rains toeae Yah ce TERMS.—In the treatise on 
Dynamics (page 74 e meaning of the term mass was 
explained, and the distinction shown between it and 
weight. The weight or pressure produced by a mass M 
under the influence of gravity, may be denoted thus ; 
ese f W=Myg. But in applying this notation, care 
should be taken to sony consistency of meaning be- 
tween the two mem of the equation. M eee be 
regarded as so many units of mass, just as, in Dynamics, t 
is oe so many units of time: the unit of mass 
may be arbitrarily chosen ; and whatever it be, 

one nnit of mass x g= weight of the unit; 
so that here g is not to be regarded as the symbol for the 
accelerating force of gravity, but for the weight-force— 
the force which gives to the mass M its weight or pres- 
sure ; and ae M as an abstract number, namely, 
the number of units of mass, we have 
1 X g=weight of the unit of mass; 


that is, in the present inquiry, g stands for the following 
effect—namely, the weight impressed gravity on the 
i This pectontiy iatolligitie 


measure of co olen he eee with 
the acceleration prod by it we have here no concern ; 
eet Me in the it gic yey bre subject, it is 
sai et mass, and g the accelerating force 
of gravity, and we shall have W'=Myg,” the lan is 
calculated to mislead the student into the supposi 
that the mass of a body is the 32nd part of its weight, 
which is of course an absurdity. The term ‘‘ 

force” should never be ere in any statical inquiry, 
as it is unintelligible without reference to motion : 
effect of the influence so called is, in statics, continued 
but stationary pressure or weight, and nothing else. 

In order to estimate the mass or quantity of matter in 
any body, it is necessary—as in all other cases of mea- 
surement—to have reference to, some conventional stan- 
dard, as the unit of measure : eee yy ts. general 
consent, the mass-unit is the quantity of matter con- 
tained in the volume unit (a cubic foot, or cubic inch) of 
distilled water at a certain temperature. uently, 
g stands for the weight of a cubic foot or inch, as ma‘ 
agreed upon, of distilled water :; as the cubic foot w 
just 1000 Canons, tal is the unit to be preferred ; so 
the expression nie ber gn. that if we take the num- 
ber of cubic feet in a body of distilled water containing 
the same quantity of matter as (and therefore of the 
weight of) W, then 1000 oz. multiplied by that number 
will give W, the multiplying nwmber being all that is 
represented by M. , 

a body contain D times as much matter as a body 
of distilled water of equal volume, the former is said to 
have D times the density of water ; so that the density of 
water being taken = 1, that is, being taken for the unit 
of density, D will denote the density of the body : hence, 
if V be volume, or rather the nwmber of cubic feet in 
the body, DV will be the number of cubic feet in its 
equivalent, as to quantity of matter, of water; and 


therefore 
W=Mg=DVg .... @) 


Also if a body weigh S times as much as a body of dis- 
tilled water of equal volume, the specific gravity of the 
former is said to be 8S. By the specific gravity, there- 
fore, of any substance, is simply meant the ratio of the 
weight of any volume of it, to the weight of an equal 
bi ar of distilled sans? - 

oth the density and specific gravity of any substance 
are expressed by the same abstract number: thus the 
density of mercury, as com with distilled water, is 
14 ; its specific gravity also is 14; but the density refers 
entirely to the mass, the specific gravity ta the wei 
As there is 14 times as much matter in a cubic of 
mercury as in a cubic foot of distilled water, the density 
of the former is 14 times that of the latter ; and since, as 
a consequence of this superior density, a cubic foot of 
mercury is 14 times as heavy as a cubic foot of distilled 
water, the pe Parity, of mercury is 14 also, 

Hence, W and V denoting weight and yolume as be- 
fore, we have 

W =S Vg (g = one thousand ounces) . . « « (2) 


INTERPRETATION OF SYMBOLS.—From the 
explanations now given, it will be pores that the 
symbols to be hereafter employed have the following 
significations ; namely :— 

M = the number of cubic feet in a body of water con- 
taining the same quantity of matter (and there- 
foreof the same cy m4 as the body proposed. 

V = the number of cubic feet in the body proposed. 

D = the number by which a yolume of water must be 
multiplied, to give the same quantity of matter 
as is a in an equal volume of the pro- 


8 = the conker By which a volume of water must be 
multiplied to give the same weight as an 
volume of the proposed body. Hence, D 8 
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are the same abstract numbers; but the former 
refers to quantity of matter, and the latter to 
weight. 

g = 1000 oz. avoirdupois: the weight or pressure 
communicated by gravity to a cubic foot of dis- 
tilled water, at a temperature of 60° Fahrenheit. 


All these symbols, except the pressure or weight g 
uced by gravity, are abstract numbers : the symbol 
is of course the concrete quantity weight, as in common 
language. And weight—including under this term both 
re and tension—is the only concrete magnitude 
with which we have to do in Statics. 
FLUID PRESSURES.—1. When a fluid is at rest, 
its ae Aye is eqns 
t ig. 159) be any two points in the u sur- 
face of a fluid at rest, and = Fig. 159, oe 
the vertical lines PA, QB p @ 
be drawn, AB being a 
horizontal line of particles 
of the fluid. Then as AB 
is in equilibrio, the pres- 
sures on the extremities 4 B 
A, B in the horizontal di- ' 
rection must be equal; but the pressure on A, in the 
direction A B, is the same as the vertical pressure of the 
ee pest A: and the pressure on B, in the 
direction of B A, is the same as the vertical pressure of 
the column of particles QB. But these pressures are 
equal ; therefore the column of icles P A is equal to 
the column of particles QB; that is, the points P, Q 
srvageery distant from the horizontal line A B, and are 
‘ore themselves in a horizontal line; and in the 
same way is it shown that any two points on the upper 
surface are in a horizontal line, and therefore that the 
entire surface is a horizontal plane. It is evident, too, 
that if A B be the upper surface of a fluid sustaining a 
lighter fluid that does not mix with it, the separating 
surface A B will be horizontal ; for, from what is shown 
above, every point of A B is pressed alike. 
It must be observed, that what are called vertical 
lines, are lines dicular to the surface of the earth ; 
and the upper s of a fluid, here shown to 


edo 
to these verticals, will therefore be as 
parallel to that of the earth—a spherical surface ; but it 
poet uigamel Sa call but a small portion of such a large 
surface, a plane. 
It is upon this property of fluids that the value of 
Fig. 160, 


levelling instruments de- 
pends; that is, instru- 
ments which serve to 
=| show whether or not any 
-}two points are at the 
— J same horizontal level. 
The common level consists 
open at the ends, which 


of a bent tube (see e 

are turned up. The tube is nearly filled with a fluid, 
generally mercury, which supports two floats bearin; 
sights, with a slender wire across, the wires besa des eq 


Fig. 160), 


distances from the floats. When held in the hand, the 
two surfaces bearing the floats are necessarily horizontal, 
however the tube itself may be inclined; and conse- 
quently the two wires are always on the same horizontal 
plane; also, whatever other objects, seen through the 
sights, may be on the same level as the wires, must like- 
wise be in the same horizontal plane, or on the same 


icular to a surface immersed 
in a fluid, is equal to the weight of a column of the fluid 
whose base is the area A of the surface, and whose alti- 
tude is the perpendicular depth of the centre of gravity 
of the surface. 


For let the vertical length of any linear column of 
particles pressing on the surface be a, and the point of 
the surface pressed be P,. Regarding this point as a 
small area, we haye for the pressure or weight of the 
column, SgP.a1, § pe teed specific gravity of the fluid. 
In like manner, for another vertical column of length a., 
pressing on another point P,, we have SgPsa2; and so 


2. The pressure 


on. Hence, the whole pressure perpendicular to th 
surface is 7 é f 


Sg (Pia + Poa2+Piraz+ . ..~ ») 


But if G@ be the ag of the centre of gravity of the 

assemblage of points P,, P., Ps, &c., that is, of the pro- 

posed surface A, then by Statics, 

Pia,+ Poa.+ Psagt+.. .-=(Pi + P2+Ps+.-...)G 
.’. Pressure perp. to the surface=SAG . g 


where AG is the volume V of a column of fluid of base 
equal to the area A and height G; so that W=SVg. 
Hence, if a given area A, immersed in a fluid, revolve 
round its centre of gravity, the pressure perpendicular 
to its surface must be the same in every position. Also 
if the area be a rectangle, the pressure upon it, when it 
forms the bottom of a vessel, will be double the pressure 
upon it when it forms one of the vertical sides ; so that 
the pressure upon the four sides of a cubical vessel filled 
with liquid, is equal to twice the pressure on the base, 
that is, to twice the weight of the uid. 

Tf the sides of a vessel filled with fluid are all vertical, 
the entire pressure on the sides is equal to the weight of 
a column of the fluid whose base is the rectangle formed 
by developing the sides into a plane, and whose height 
is half that of the fluid. 

By means of the preceding proposition, it is easy to 
find the amount of pressure sustained by a rectangular 
dam, or by a pair of flood-gates. If we multiply the 
area of the dam, or flood-gate, by half the depth of the 
water, we shall have the volume of water the weight of 
which will be the pressure. For example: let the water 
be 8 feet deep, and the breadth of the flood-gate 6 feet ; 
then the area of the surface pressed is 48 feet : hence, 
48 x4=192 cubic feet of water= 12000 pounds=5,; tons. 

Since the centre of gravity of a straight line is at its 
middle point, if two straight lines a1, a, be placed 
vertically in a fluid, the upper extremities of each 
being on the surface, then pressure on a, : pressure on 

a 
day 33a? sity” 
that is, the pressures are as the squares of the lengths. 
But if the lines are inclined to the surface of the fluid 
at the angles a;, az respectively, the perpendicular 
depths of the centre of gravity are 


4a; sin. a, and 4a, sin. ag 
The pressures are therefore as 
a, X $a, sin. ay : dz X Fae sin. ag, 
@, sin. a, : Ga” sin. ag ; 


Gg: 


or as 


that is, as the squares of the lines into the sines of the 
angles of inclination, or as the squares of the lines them- 
selves if the inclinations are equal. 
Tf a triangle be immersed at any inclination in a fluid, 
with its vertex downwards Fig. 161. 
and its base horizontal, and 4 | 
. 
| 
t 


two lines DE, FG (Fig. 161), 
the one as distant from the 
base as the other is from 
the vertex, will be equal. 

For draw OM bisecting 
AB, and therefore bisecting 
the parallels DE, FG inm 
and n. 

Now the pressures on 
DE, FF are as DE. Mm: S 
FG.Mn; that is, as DE.Cn:FG.Cm. But Cn: 
Cm ::FG:DE; hence the pressures are as DE. FG: 
FG.DE; that is, they are equal. 

If the triangle be reversed, C being at the surface of 
the fluid, the student may easily prove that the pressures 
on any two parallels are as the squares of those parallels, 
or as the squares of their depths. 

3. If one of the sides of a vessel filled with fluid be a 


at the surface of the fluid, 
then the pressures on any 
| 


ai I 


— 


and Fn=}F C: then m andn 


de 
oA Cie 2D A, and of 


EC, 4D The pressures, 
Binks, oa Ges ene 
are as E F 
DAx 4DA:DEx 4D 
x DAT Dae ™ A s 


But the pressure on A C is divided into n equal pres- 
sures, and the pressure on A C into n— 1 equal pressures: 


DA?: DE? ::n:n—L 
a n—1 
“.DE JY +. Ds 


“. EA=DA—DE= Bt finer 
EA=DA DA 1—\// 

If, for instance, the rectangle is to be divided into two 
rectangles, so that the —— on each may be the same 
—that is, half the whole pressure—then since n=2, D E 
1 
= = DA 
1, aes 4D A,/2, 

It appears from this proposition, that in eonstructing 
a fi 


ressure of water mga 
the material equally strong throughout ; 


the decrease 
el may 
Prostzm.—To determine the ure rr} the in- 
ternal surface of a hollow sphere with fluid. 
The centre of gravity of the surface pressed, is at the 
tre of the sphere, so that the distance of the centre 
gravity from the surface of the fluid is the radius r, 
The area of the surface of the sphere is 47r*, where 
stands for 3°1416: hence, the pressure is the same as 
that of a cylindrical column of the fluid of base 4rr? and 
altitude r. 
If 8 be the specific gravity, the weight of this column 
of the fluid is 47r°Sg ; but the volume of the sphere 


is H sr’, and therefore the weight of the contained fluid 


ist mrSg. Hence the pressure on the internal surface 
of the sphere is three tines the weight of the contained 


If a cone have its base equal to the surface of the 
F agp and its altitude equal tothe radius of the sphere, 
pressure on the base of the cone will be the same as 
that on the surface of the sphere, when both are filled 
with the same fluid (page 749). 
Provtrm—To determine the pressure on the hori- 
zontal base of a vessel containing different fluids. 


are the centres at gstech of the 
two triangles. depths of 
these centres are to one another 
as Em : Cn; that is, as}: ¥, or 
as 1:2; and as the areas of the 
A 8 two triangles are equal, there- 
fore the pressures upon them are as 1 : 2. 
4. Prostem.—tTo divide the preceding rectangle, by 
lines parallel to the base, into n Fig. 163. 
rectan so that the pressure po co 
on may be the same. - 
Let EB (Fig. 163) be the 
lowest rectangle; th since 
the centre of gravity of a rec- 
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rectangle, and if this rectangle be divided by a diagonal | Let EF, GH, JK (Fig. 164), be the surfaces of the 
Fag on two triangles, then the pressure Fig. 164, hiterent fluids; these 
¢ on one triangle will be double » Surfaces are all horizontal 
that on the other. (p. 751). Let p, pr, Pes 

For let A BCD (Fig. 162) be 2, be the 
the rectan; and AC a dia- of the several 
Let AE bisect D O, and layers of pride eh 
2F, AB; and take Em=jE A, = AM, 08, 1) Say 

a 


1) c be, 
DO. pSg, DC. pS » DO. prSig, CD. paBag 


and consequently the whole pressure on the base 


DC (pS + pS; + pa8S, + psS8s)g 

that is, the pressure on the base is found thus : multiply 
the area of the base by the sum of the peoduess obese 
perpendicular thickness of each fluid into its specific 
gariy : tener cubic feet, in the result, will be 

number of 1,000 ounces of pressure. 

If the depths of the several layers of fluid are all equal, 
then the pressure on the base will be 


DC.p(S+8, +82 +83) 9 

so that if we multiply the area of the base by the per- 
pendicular height of one of the layers of the fluid, and 
peal as othe the sum of the specific gravities, the 

t will be the number of 1,000 ounces of pressure. 
Example.—aA cylindrical vessel is filled with 
Sy eo height, Nhs ence tool, is then filled with 
water. Supposing ific gravity of m to be 
1d saheied tie tremmttre ‘cat toe odin ak Oe con- 


et abe the height of t 

a be the height of the cylinder, and r the radius 
of its base: then the area of the base of the cylinder 
will be wr* ; and since S = 14, and 8, = 1, we shall have 
for the pressure on the : 


rt, 4a (14 + 1) 1000 on, = 1) wr2a x 1000 07, 


The pressure on the concave surface of the lower half 
of the vessel is the same as if the water in the upper 
half were removed, and a column of mercury | as 
high substituted in its stead, ing the height of the 
entire column of mercury (} + ;)a. Hence, the area 
of Re erin’ ete the spacers * . 
an ep’ the centre of gravity of it ja = ¥a, 
we have for the pressure on that surface 

2Qrrha. Za. 14g = 4rra* x 1000 oz. (= g) 

Woe ‘peewate tn. the Spper ball ot) he: Se 
2rrha. lag = jrra?g : therefore the whole pressure on 
te eee inne is 4rra°g + }rra*g = Yara* X 
1000 oz. (= q). 

Or the pressure on the concave surface may be found 
thus :—remembering the fundamental principle, that a 
pressure exerted on the surface of a fluid is transmitted 
in all directions ; 

Pressure on lower half of cylinder by the mercury 


alone, 
2rrha. fa Xx 14g 
Pressure of the water on the surface of the mercury, 


2mrha . da X 1g 
Pressure of the water on the upper half of the 


ei 2rrha. ta x 1g 


Sum of the pressures, 
17 WW 
4 7709 = GZ rra® X 1000 oz. (= 9). 

In a similar manner may the united pressures of layers, 
equal or unequal, of different fluids be always ascer- 
tained : the bottom la: bictararged ay heat) ceca , 
this is increased by the weight of the whole superin- 
cumbent mass : the second layer in like manner exercises 


ee 
qj X “ 
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its own pressure, increased by the weight of the mass. 
above it ; and so on. 

Prostem.—aA hollow cone rests in a vessel with its 
base on a smooth horizontal plane, and water is 
poured in at the top of the cone. How high will the 
water rise before it lifts the cone off its support and 
escapes? (See Fig. 165). 

As the water rises in the cone, it exercises an upward 
pressure on its slant sides, which increases as the per- 
pendicular height of the fluid increases ; and as soon as 
this upward pressure becomes equal to the downward 
pressure or weight of the conical shell, the equilibrium 
is just maintained, and no more water ; that is, no more 
upward can be sustained by the cone, which 
will therefore be lifted up, and give egress to the water : 
we have therefore to find the height of water, the 
upward pressure of which is just equal to the weight of 
the cone. 

The upward pressure, thus just balanced by the weight 
of the cone, would be yg og balanced if a cylinder on 
the same base, and of the same altitude as the water, 


were to surround the cone, and the vacant space to be 
Fig. 165. 
A 


filled with the fluid. Thus if 
BE (Fig. 165) were the height 
of the water, and if a cylinder 
" HD were to surround the cone 
and the space H F C to be filled 
with water, the downward pres- 
We eae ese sopiaes “the 
ce W rep) the 
t of the cone, so that the 
equilibrium would remain un- 
disturbed if the cone were 
withdrawn ;-we have therefore 
to determine the height BE of the cylinder, so that the 
weight of water contained between it and the cone may 
equal to the weight of the cone. 
Let AB=a, BC=b, AE=z: then the volume of 
the cone A C D is 4xb*a; and the volume of the cone 
AFG, being to that of AC D as 2’ to a’, is jrb?a x 


a 
a hence the volume of water in the frustum FD is 


Fg 
volume of water in F D = jxb*a (1— =) 


o 

weight of the same = tnb’a (L— Bg. - - ) 
the specific gravity of the fluid being 1. 

Also, if the cone were removed, the volume of water 
in the cylinder HD would be * 

volume of water in cylinder = xb? : = 

weight of the same = xl? (a—a)g... (2) 

Hence, subtracting (1) from (2), we have for the 
weight of water between the cylinder and cone—that is, 
-for the upward pressure of the water in the cone on its 
sides, 


upward pressure on cone = ab%y { (a—2) — 4a —%) } 


If, therefore, the weight of the cone be w, we shall have 
to solve the cubic equation 


arbag { @—z) —10—% } vga 


8a%w 
or a? —= Sake > 2a? rae 


a (p-0(2) +2955, 


The upward pressure of the fluid compels an equal 
pe rlownwards on the base ; the aller § in the earity 
 soron the cone and cylinder is just sufficient to balance 
the upward pressure, or to replace the resistance of the 
sides, the pressure on the base remaining undisturbed ; 
and it is thus that the base of the cone supports not 
only the water in it, but also an athount of pressure 
equal to the weight of the additional water between the 
cone and cylinder. 
Vou. I, 


In any vessel containing fluid, where all the vertical 
pressures are downwards—that is, where the sides do 
not any of them incline inwards—the sum of the vertical 
pressures must be equal to the weight of the fluid. For 
every vertical line of particles presses downwards with _ 
the weight of those particles ; so that the whole vertical 
pressure is the whole weight of the fluid. 

The is, therefore, the same as it would be if 
the fluid were to become solid, and the sides of the vessel 
to be removed ; and the effect is the same asif the entire 
pressure or weight were concentrated in the centre of 


vity. 

The horizontal pressure at any depth, is of course the 
same all round the vessel at that depth, the pressure of 
every horizontal line of particles being equal to the 
pressure of a vertical line of particles reaching from the 
surface to the horizontal line. The downward vertical 
pressure on the bottom of a vessel can exceed the 
weight of the fluid contained in the vessel, only when 
one or more of its sides, or a portion of a side, inclines 
inwards, occasioning an upward pressure, which reacts 
downwards on the base, the excess of the pressure on 
which, above the weight of the fluid, is just equal to 
this additional pressure ; and the vertical pressure on 
the bottom can fall short of the weight of the fluid in 
the vessel, only when a side, or portion of a side, in- 
clines outward, occasioning a downward pressure on 
that side. The whole downward pressure on the sides, 
together with that on the base, makes up the weight of 
the fluid. : 

Take, for example, the case of a common decanter : 
the pressure at any point C (Fig. 166) is in the direc- 


tion of the straight line perpendicular to the surface. 
Fig. 166. 


This may be decomposed into two 
pressures, of which one C E is hori- 
zontal, and the other C F vertical : this 
last pressure being directed upwards in 
the howe, if the point C had near 
to the bottom, it would have been di- 
rected downward, on account of the 
curvature there being in a contrary di 
rection. If we conceive the pressure at ¢ 
every point of the interior surface of 
the decanter to be 5 aterm 29 in like 
manner into a horizontal and vertical pressure, there 
will be a series of horizontal pressures like C E, and a 
series of vertical pressures like OC F. The horizontal 
components mutually destroy one another; otherwise 
the decanter would tend to move horizontally, which is 
not the case. Of the vertical components, some are up- 
ward pressures and the others downward pressures ; they 
may, therefore, be replaced by a single vertical force, 
which will act upward or downward, according as the 
component vertical forces upward or downward prevail.* 
If this simple resultant pressure act upward, the pressure 
on the bottom of the decanter will exceed the weight of 
the liquid, because the downward pressure on the bottom, 
minus this upward pressure, must be equal to the weight ; 
on the contrary, if the resultant be a downward pressure, 
then Bocuiiits the downward pressure on the bottom, plus 
this other downward pressure, is equal to the weight, 
the pressure on the bottom will be less than the 
weight. 

are —To determine the resultant of all the 

ressures of a fluid upon the surface of a body immersed 
in it, 

Instead of the immersed body C (Fig. 167), conceive 
the fluid it displaces to become solidified : the surround- 
ing pressures will keep the solidified fluid at rest, just as 
if it were in its original state. But for these pressures, 
the mass would fall downwards in virtue of its weight: 
the resultant of the pressures, therefore, just balances 
the weight, and acts in a direction opposite to that of 
gravity ; that is, vertically upwards through the centre 
of gravity of the mass. And as the surrounding fluid 
exerts the same pressures, whatever be the body whose 
surface is pressed, it follows that the resultant of the 
pressures on the surface of any solid body, is equal in 

* See Statics; ante, p. 726. 5 
D 
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intensity to the weight of Seok te by it, and 
is directed vertically upwards the centre of 
gravity of the fluid : 

When the solid floats at rest, the weight of the fluid 
displaced is al to the weight of the solid ; and the 
centre of gravity of the solid and that of the displaced 
fluid are in the same vertical line. 

For the of the fluid on the portion of surface 
immersed, and the weight of the solid, are the only forces 
acting : hence, as the body is at rest, the resultant of 
the pressures on it must be equal and opposite to the 
downward pressure, or weight, of the body, and act in 
the same vertical straight line. But since, as just shown, 
the resultant of the ures (equal to the weight of the 
displaced fluid) is directed upwards through the centre 
of gravity of the fluid displaced, and the weight of the 
solid is directed downwards through the centre of gravity 
of the solid, it follows that the resultant of the pressures, 
that is, the weight of the fluid displaced, is equal to the 
weight of the solid, and that the centres of gravity of 

are in the og Be Bea tory If, instead tn ray ested 
on the surface, the body ept from sinking by a force, 
acting along a string, just ire to keep the body at 


rest, the conditions of equilibrium may be foun 
follows :— 
Let G be the centre of gravity of the body suspended 


Fig. 167. 


in the fluid by the string 
FA: let EC, GB be ver- 
ticals through the centre of 
vity of the displaced 
uid and through rs nad 
of gravity of the ly. 
Let also 


W = weight of the body, 
and W’ = weight of 
fluid displaced ; 

T = tension of the string ; 

V= volume of the fluid 
displaced ; 

4 and D=density of the fluid. 

The body is kept at rest by the forces W’ = D Vg, 
acting in the direction EC; W, acting in the direction 

GB; and T, acting in the direction FA. These three 

forces must therefore be all in one plane; and T must 

be =W—W’. Through G draw EG perpendicular to 

E C, FA; then as the body is at rest, the moments of 

the forces W, W’ to turn the body about K in opposite 

directions, are equal (Statics, p. 716). 


“.W.GK=W’ .EK=D Vg. EK. 


! Hence the weight acting over the pulley A upon the 
nf at F, just sufficient to keep the body from sinking, 
is —W’; and in order that it may be ke t from turn- 
ing, there must be the condition W.Gk=-W.EK. 
Should the body be lighter than the fluid, and tend to 
float instead of to sink, then the force on F to prevent 
its rising will of course be W’ — W ; the other condition 
to prevent turning remaining the same. 
As noticed at 749, if the vessel be full before 
plungin _ the y into the fluid, the quantity of the 
uid which the immersion of the body causes to run 
over will occasion no diminution of the weight of the 
vessel and contents, nor yet any modification of the 
— on the bottom and sides : for the body merely 
is the place of the bulk of fluid which its immersion 
drives out of the vessel. The circumstances as to the 
weight and pressures are the same as if the fluid, that 
ori y ocoupied the now filled by the bod . 
1 become solidified while at rest in the vessel. The 
weight P in the above diagram, and which measures the 
tension of the string, measures the excess of weight in 
the body above the weight of the water it displaces, 
THE CENTRE OF PRESSURE.—The pressures of 
~ fluid against the aay Leash a plane surface may 
48 a system of parallel forces, acting - 
dicular to the plane: the resultant of these ferun t is 
therefore ndicular to the plane ; and the magnitude 
or intensity of the resultant has already been shown 
(page 751) to be equal toa column of the fluid whose 


base is the surface pressed, 


the level of the fluid. The centre of pressure is that 
point of the surface to which, if a single force equal and 
opposite to the resultant of the pressures were applied, 
the plane would be kept at rest, 

Prostem.—To find the centre of of a fluid 


pressure 
a triangle whose base is horizontal and at the surface 
the fluid. 
Let A BC (Fig. 168) be the triangle, and draw C 
G be two 


bisect the base AB; also let D 
parallel to AB, and drawn 
so that the distances Mm, 
nC may be equal. These 
lines being horizontal are 
uniformly pressed through- 
out, so that the centre of 
pressure on each is at its 
middle point; and, as already 
proved at page 751, the 
pressure on one, is the same 
as the pressure on the other. 
Consequently we may regard 
the extremities m, n of the 
line m n as pressed by equal 
forces : the resultant of these 


is therefore equal to the sum of both applied to the 
middle point P, which point is evidently the middle 
point of C M. 


Whatever two lines be taken equidistant from M and 
C, the point of application P of the resultant remains the 
same; and as the whole pressure on the triangle may be 
—— as made up of all these linear pressures, it 
follows that the resultant pressure must 
P, which is therefore the centre of pressure on 
triangle. 

ProsteM.—To find the centre of pressure of a fluid 
on a parallelogram, one of whose sides coincides with the 
sa votre ie "a 

t A ‘ig. 169) be the parallelogram, and draw 
EF bisecting the opposite sides DC, AB. The centre 
of ponds is necessarily in EF, as the on 
each side of it are equal. Draw EA, EB, as also 
horizontal lines H J, K L, &. Then the pressure on 
Fig. 169. one of these lines, as H J, 

is to the pressure on A 


r 


were all removed, and a pressure equal to that originally 
onAB be applied to that line, and also a pressure to 


every line pg, mn, &c., in the trian the pressures 
being sleeps proiceiataal to the le of these paral. 
lels, the 1 in which the triangle is 
inscribed, will still be at rest. But resultant of all 


the pressures, thus uniformly diffused over the triangle, 
must pass through the centre of gravity of the triangle. 
Hence the centre of gravity of the triangle is the centre 
of pressure of the fluid on the parallelogram; and con- 
sequently the centre of pressure on the para yp: 
one of whose sides is at the surface of the fluid, is on the 
bisecting line E F, and at a depth equal to two-thirds 
the depth of the opposite or lowest side of the paral- 
lelogram. Again ; suppose the upper side of the paral- 
lelogram to be below the surface of the fluid, but 

to it ; let HJ, for instance, be the upper side of the paral- 
lelogram, and DC the surface of the fluid. Then, as 
shown above, the pressure on the parallelogram H C may 
be replaced by a pressure uniformly diffused over the 
triangle Emm; and the pressure on the 

AC, by the extension of the pressure on E mn uniformly 
ee canes AB rey mae the pressure on the 
parallelogram AJ ma replaced by a pressure 
uniformly spread over the trapezium A m nB Con- 
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uently the centre of pressure of the parallel 
AJ is the centre of gravity of the trapezium Amn B. 

As, in the first case, when the upper side of the paral- 
lelogram is at the surface of the fluid, the centre of the 
pressure is always on the same line E F, and at the 
same depth, however close the middle point E is to the 
extremities D, C—that is, kowever slender the parallelo- 
gram may be—it follows, that the centre of pressure of a 
straight line E F, having one extremity at the surface of 
the fluid, is at grds the length of K F below E. The 
centre of pressure being the point about which all the 
pressing forces balance, it is, evidently, the point most in 
need of support, or where the opposing force should be 
more especially applied, to resist the pressure of the fluid 
on the surface, thus to prevent rupture, The staves 
of vats and casks, which may be as so many 
rectangles, should be each more especially strengthened 
at one-third of their lengths from the bottom. 

SPECIFIC GRAVITIES OF BODIES. — When 
bodies are compared together, having the same specific 
gravity, any volume of one must of course have the 
same weight as an equal volume of each of the others; 
so that the weights of such bodies are to one another as 
their volumes. The volume of any i body may 
be ascertained by the bulk of water it displaces by bein, 
immersed (though more conveniently from its weight an 
specific gravity) ; or, for the purpose of veraogce § dif- 
ferent volumes, we may merely observe the height to 
which the water rises in the two cases in a cylindrical 
vessel, upon the immersion of the bodies. The following 
is an example. 

Ezample.—A mass of gold immersed in a cylinder 
containing water, caused the surface to rise a inches; 
a mass of silver of the same weight caused it to rise b 
inches ; and a mass still of the same weight, but com- 
ee a se, silver, caused it to rise ¢ inches. 

was the proportion of gold and silver in the com- 
pound mass ? 

Let « be the volume of the gold, and y that of the 
silver: then as the volumes immersed are as the eleva- 
tions of the surface caused by the immersions, we have 


¢:a::24+y: <(«+-y) the volume of the mass of gold. 


b F 
e:bi:aty:7(e+y) ” ” ” silver, 
The weights of these masses being equal, let W be the 
weight of each; then the weights Delay as the volumes 
when the specific gravities are the same, 
a e Wz ® . 
—(e+y):a0:: W: Ps * gy the weight of gold in 


Pet yiy:: Wi aye the weight of silver 
in the compound. 

-c¢ We ae Wy _ 

ao aty  b’a+y 


w'. ben + acy = ab (@ + y) 
“. (be — ab) & = (ab — ac)y 
J“. @ryi:a(b—c): be—a) 

It is probable that in some such way as this Archi- 
medes solved the problem proposed to him by Hiero, 
King of Syracuse, who having ordered a crown of gold 
to be that the crown furnished to hi 
was a mixture of gold and silver, and wished the truth 
be ascertained without injuring the workmanship. 

As the weight of one volume is to that of another of 
different specific gravity as the product of volume and 
specific gravity of the former is to the product of volume 
and specific ae of the eyed Meacigr ie if 8, 8’ 
represent the specific gravi go silver respec- 

i Pe dak a Cait be she omy; t0 the 
other as Sx to S’y; therefore, by the foregoing pro- 


wt. of the gold (x) : wt. of the silver (y 
::a@(b—c) 8:6 (c—a) Q, 
PR ken A 
T?? 5 (e—a) y: 
par eet » weight of the compound is 
a(b—c : 
(hea: att} x wt. of the silver = W 
.". the weight of the silver in the compound is 
_(20—0) 8 } 
We { bea) TS 

ProsiEM.—Having given the volumes and specific 
gravities, or the weights and specific gravities of several 
bodies, to find the specific evy of the compound, 

1. Let the volumes V,, V2, Vz, &c., be given with 
the specific gravities 8,, S., S;, de. ; and let S be the 
specific gravity of the compound ; then since W=SVy, 
we have for the weight of V, + V, + V, +e. 


(S,V; +8,V.+8,V5 + &e.)g 


=S(V, 2 eave g 
-g abivi t 8s 2 +83V3 + de. 
M VitVo+Vs + &e. 


2. Let the weights W,, W., Ws, &c., with the specific 
gravities 8,, S., S3, &c. be given, S being the freee 


gravity of the compound as before: then since V = 4» 


we have for the volume of W, + W, + Ws + &e. 


Ww, We W; 
Pall OS SA ST 
B.gt Sag Sag 


_W,+W.+W5+ &o, 


8g 
eo (W, +W.+W3+kke.) §, 8, S; &e. 
7M “W, 5S, 8, ke. +W, 8, S; ko. + Wz 8; 8, ke. 
If m equal volumes are mixed, the specific gravity of 
the compound is 
$= $,+8,+83+d&e. 
m 


If m equal weights are mixed, the specific gravity of 
the compound is 
be mS, 8,8,.....-. Sys 
8, 5S, ..- Say +8, 83...8,,-ébe. 


When there are only two bodies to be compounded, 
8,+58, 
2 


then for equal volumes, $ = ; and for equal 


weights, z =e , the former value being an arithmetic, 
aoe 

and the latter an harmonic mean, between the specific 
gravities of the two substances. 

Prostem.—To cg eae the volume of any substance, 
however irregular, of known specific gravity, 

Let Bi be ite specie gravity, and W to. weatian 
ounces ; then, since 


W=SVjy..V= 


mone cubic feet. 

In a similar way may the capacity of an irregular 
vessel be ascertained. Let the weight of the water that 
will fill the vessel be w ounces, then the capacity or 


volume of the vessel will be ioao cubic feet. If the 


result is to be in cubie inches instead of in cubic feet, 
the divisor 1000 must be replaced by the multiplier 1‘728, 


because pid = 1-728 : so that w being the number of 
the avoirdupois ounces in the weight, the volume or 
capacity will be V=1-728 © cubic inches. 


Should w be the number of troy, instead of the num- 
ber of avoirdupois ounces, then since 


1 oz, troy : 1 oz. avoirdupois : ; 480 : 437-5 


¢ _ yy © a a — 
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.. Loz. avoirdupois = on troy = “911458 oz. troy 


P 1728 w 
“Y= oi1a58's 

The divisor ‘52746 is the troy weight in oz. of a cubic 
inch of water, as is obvious :—it isthe value of w when 
VelandS=1. The troy weight of a cubic inch of 
water in grains is 253°1808 grains. 

It is in general easier to ascertain the weight of a 
minute body than to measure accurately its dimensions ; 
and thus the following is the method usuall recommended 
for finding the diameter of a small sphere of known 

i a, ee ascertained weight in grains troy. 

d be the diameter and w the weight in grains troy of 
the and S the specific gravity of the substance of 
whick it is formed ; then the volume of a sphere whose 
diameter is 1 inch being 523598 inches, we have for the 
troy weight of an equal sphere of water ; ; 

Ls 323598 :; 253-1808 grains ; 132°5648 grains, 
the weight of a sphere of water of 1 inch in diameter. 

Now the volumes, and therefore the weights, of spheres 
of the same substance being as the cubes of their dia- 
meters, we have * 

18 : d3 ; ; 132°5648 grains ; 132°5648d$ grains, 
the weight of the small sphere of water of diam eter d ; 
therefore the weight w of the proposed sphere is 


w= 132 564809, S grains .". d= 19612 > 


the number of grains being put forw, 

When a body is wholly immersed in a fluid, the weight 
lost is tothe whole weight as the specific gravity (S) of 
the fluid to the specific gravity (5’) of the solid. 

The weight lost is the weight of the eee fluid 
(page 754) ; and, from the general relation =SVyg, the 
weight of bodies of the same volume are as their specific 
gravities ; therefore, 

wt. of displaced fluid : wt. of solid ::S : 8’ 
that is, wt. lost : whole wt. ::5:8’... (1) 

If the same body be immersed in another fluid whose 

specific gravity is S,, then 

wt. lost : whole wt. ::S, : 8’... (2) 

The second and fourth terms being the same in the pro- 
portions (1) (2), it follows that the weights lost in the two 
fluids are as the specific gravities of those fluids ; and 
hence may be ascertained the specific gravity of any fluid 
(obtainable in sufficient C pragpe 4 for the experiment), 
when the specific gravity of any other fluid is known. 

Also, the true weight of a body may be readily deter- 
mined, from knowing what it weighs in each of two fluids 
of known specific gravities ; forlet W be the true weight 
and w, w’ the weights in two fluids whose specific gravities 
are 8, S’: then the weights lost are W—w and W—w’ 
respectively. 

oW—w: W—w' :: 8:5. 
”. SW — Sv =8 W—S8w, 
.. (8’—S8)W = <= ov 
w— 
*W= yous’ true weight of 


ye otal, Selene 
cubic inches = Borse's “be inches. 


the body. 

And thus, from having the true weight of the body, 
and the weight lost in one of the fluids, we may, by the 
ewe 1) above, find also the specific gravity of the 

y: 


By the true or absolute weight of a body is to be 
understood the ro of it in a vacuum, that is, free 
from the presence of even the air: the absolute weight, 
therefore, is equal to the weight of the body in air 
increased by the absolute weight of a volume of air equal 
to that of the body ; but ton boda of small volume this 
minute increase is inappreciable. 

Example 1.—A piece of uniform substance, whose true 
weight is 64 mar is found to weigh only 48 grains 
when immersed in distilled water: required the specific 
gravity (S) of the substance. 

The weight lost is 64— 48 = 16 grains, 


.". 16:64 :: 1 (specific gravity of water) :4. 
Henoe the specifi gravity of the body is S= 4. 
2. A body weighs i 
another ; but the true t of the body is Hg 


uired the relative specific gravities of the two fluids, 
The weights lost are 110 grains and 172 grains, and, 
as before, these are as the specilic gravities of tho 


ee 8 110 110 
ee 97177 or S=i79 8’. 

If one of the fluids be air in which the body is weighed, 
and the other water of specific gravi then —— 
the specific gravity S of the air, we the 
weight W of the body, thut is, for its weight in vacuo, 

Wa Pr = wt (w—w) 8 + (Ww) + be. 


= w+(w—w’) S very nearly, 
because $ being a small fraction, S*is an equally small 
fraction of it. 
The scales used in weighing bodies for the of 
ascertaining ifie gravities are called the i 
balance (Fig. 169%). | The Fig. 169° 


Lage 6 w 
in the air, is suspended by 
a fine thread from one of 
the scale-pans, and im- 
pom rate distilled Beret 
as in the margin ; and when 
the weights in the other 
seale-pan bring the scale- 
beam into a horizontal po- 
sition, the weight of the 
body in the fluid will be 
determined, 

But in what has preceded, the solid is supposed to be 
heavier than an equal volume of the fluid in which it is 
immersed ; when it is lighter than the fluid, the method 


of mooseding is this :-— 
Take a body sufficiently heavy to sink the lighter body 
with it, when both are united and imme together in 
the fluid, Find the weight, in the fluid, of the heavier 
body by itself ; then the weight, in the fluid, of the 
united mass: this latter weight will obviously be less 
than the former ; as the lighter body displaces more than 
its own weight of water, the difference will show how 
much more. Call this difference between the two weights _ 
w’, and the true weight of the lighter body w, then the 
weight of the fluid displaced by the lighter body will be 

Consequently, w+ w’ : w:: 8 (specific gravity 


w+w’. 
of fluid) ; 8’ (specific gravity of the solid). 
, Ul = wo 
- $ s w aa w 

The weight w’, by which the weight of the displaced 
fluid ex that of the body, expresses the buoyancy of 
the body, or the upward pressure upon it, in virtue of 
which it would begin to ascend if left to itself. 


specific gravities of the solid and the fluids are known. 
Let V’ be the yolume immersed in the lower or heavier 

fluid, and V the volume immersed in the upper or lighter 

fluid ; then from the condition W = VSg we necessarily 


have 
V8 + V's’ =(V+ V)S’, 


where 8’, S are the specific gravities of the two fluids, 
and 8” the specific gravity of the solid. 
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Vv s—s 
“.VS—8)=V (S'S) “= gage 


- Hence, adding 1 to each side, 
V+W ss 
y S—s” 
If the solid float on one fluid, then in these results 
S =0, that is, the upper portion V of the body is in 
vV_Yv—Ss’ V+v Y 
vacuo ; therefore y= —g7 Alto VET =e. 


Consequently, if a body float on a fluid in vacuo, and 
then the air or any other lighter fluid be admitted, the 
body will rise, and leave a less portion of it immersed in 
the original fluid. Also, if a body float on a fluid, the 
part immersed V’ is to the whole body V + V’ as the 
Peer eects ce 0 Lody to the specie gravity’ S' of 


'y if the body float upon a second fluid of 


specific gravity S,, and if V, be the part of the body 
Ft i then we have the two proportions 


the ratio. 


ences Vs pes Be Ye 
and V. viviiseis | .VS'=Vi 8, 
Ww: Vi ::8,:9? 


THE HYDROMETER,—There are several modifi- 
Fig. 170. cations of this useful instrument; in 
. its siinplest form, the hydrometer con- 
sists of two hollow spheres, usually of 
lass—a larger, and then smaller one 
Sivan’: foie Siehondr hace anceery 
. Into the lower sphere 
+ is introduced, in order 


EF: 
FE 
ait 
z 
E 
a) 
Es 
A 


a 
ue 


aay 
z 

Fe 
Ee 
P| 
Ey 
2 
= | 
3 


point A ; let it then be 
that will cause the 

stem to sink to B ; then, by the above- 
position, the specific gravity of L is to 
itude of the 


' 


3 if s volume of A G 
Ps evn ee ies of BC 


volume of (D O—D A) 
™yolume of (D O—DB) 


whole yolume of the instrument—that is, the 
volume of water it would displace if wholly immersed in 
it—is regarded as consisting of 4,000 parts, and the stem 
is divided so that each division is one of those parts. 
Suppose the stem to contain 50 of the parts, numbered 
from D downwards, and that it sinks to 30 in one liquid 
L,, and to 20 in another liquid L, : then 

Specific gravity of L, _ 4000 — 20 3980 

Specific gravity of L, 4000 —30~ 3970 
And in this way are the specific \gravities of different 

com: 

ICHOLSON’S HYDROMETER.—This differs from 

the common hydrometer chiefly in having a dish at each 
end, and in ing for measuring the specific gravities 


of solids as well as fluids. The stem in this instru- 
i wire of hardened steel; and the 


adjustment is such that when a given weight—1000 
yam for instance—is placed in the upper dish A (Fig. 
71), the instrument will sink, in distilled water at 
Fig. 171. the temperature of 60° Fah., to the point P in 
8 ne middle of the stem, It is used as fol- 
OWS :— 


To Oompare the Specific Gravities of Two 
Liquids L, L/.—Let WW be the weight of the 
hydrometer, w the weight which must be placed 
in the dish A to sink the instrument to the point 
P in the liquid L, w, the weight which must be 
placed in A to sink the instrument to P in the 
liquid L’; then 


weight of the volume of L displaced=W + w 
weight of same volume of L/ displaced= W+ w, 


specific gravity of L W-+w 
specific gravity of L’” W+ w, 


To find the Specific Gravity of a Solid.—Let w be the 
weight which, placed in the dish A, causes the instrument 
to sink to Pinthe water. Place the solid to be examined, 
or a fragment of it, in A, and let w’ be the weight to be 
added to sink the instrument to P. Then remove the 
solid to the lower dish B, and let w” be the additional 
weight to be added to the upper dish to sink the instru- 
ment to P. 

It is plain that the weight of the solid in air, 

in A=w—w’ 
and that its weight in water, in B=w— w” 
Hence the weight of water as eS by the solid 


+ specific gravity of the solid w—w’ ‘ 
* * specific gravity of water w’—w’ ——., 


vity of the solid, the specific gravity of water being 1. 

Or, without placing any additional weight, in the 
upper dish, observe to what depth the solid alone sinks 
the instrument in water ; then remove the solid to the 
lower dish, and some additional weight w will be neces- 
sary to sink the instrument to the same depth; so that, 


calling the weight of the solid W, we shall have 
specific gravity of the solid © ’ 


The weight W of the solid under examination is readily 
ascertained by finding what weight supplying its place 
, the upper dish will sink the instrument to the same 

th. 

t is evident that the instrument becomes more sen- 
sitive the slenderer the wire stem be made, If an 
additional small weight—a grain for instance—be ap +4 
in the dish A, an additional grain weight of the liquid 
must be displaced by the sinking of a suitable additional 
length of the stem; so that the finer this stem is, the 
greater must the additional length be. The diameter of 
the stem is in general jyth of an inch ; and the instru- 
ment will rise or fall nearly one inch by the abstraction 
or addition of ;!;th of a grain. For the weight of a cubic 
inch of water is 253'1808 grains troy ; and therefore the 


yolume of ;!;th of a grain is BLS of a cubic inch, 


Now the area of a transverse section of the wire stem 


is 1, x -7854— ;-0 7, and if the volume duo to ygth 


P 1 os 4 
of a grain, namely 3551508” be divided by this area, 
the quotient will be about pins of an inch, for the length 
of wire that will rise or fall in water when the weight 
differs by j;thof a grain. Ina liquid lighter than water 
the length will of course be greater, 

The hydrometer is the instrument used by officers of 
the Excise to ascertain the strength of spirituous Ge ior 
or in what degree they are above or below proof. Proof- 
spirits consist of half alcohol, or pure spirit, and half 
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a rl ng placed Pg i Sa wroef epee 
eter sinks to int mark upon 
be below proot, or have 


so far as proof; and if it be above proof, it will sink 
further, and the surface of the liquor will stand above 


Bat in all determinations of specific gravity, account 
must be taken of the temperature of the substance at 
the time of the experiment : all bodies expand by heat, 
and therefore become specifically lighter. Spirits more 

jally are susceptible of this increase of volume by 
increase of temperature : a cubic inch of brandy, for in- 


tem, to reduce the specific gravity to what it: 
aoa ha as the temperature of 60°. 


We shall now give a few examples in practical 
illustration of the preceding articles on specific gra- 
vity. The following examples will be useful in connec- 
tion with Applied Mechanics. 

Examples.—1, Ifa piece of stone weigh 10 1b. in air, 
and only 6} Ib. in water, required the specific gravity of 
the stone.—Ans, 3-077. 

2. A piece of elm weighs 151b. in air, and a 
piece of copper weighing 18 Ib. in air, and 16 |b. 
in water, is affixed to it; the compound weighs 6 |b. 
in water : required the specific gravity of the elm.— 
Ans. 6. 

3. A piece of cast-iron, of ific gravity 7°425, 

ighed 40 ounces in air, and 35°61 ounces in a 
fluid : required the specific gravity of the fluid.— 
Ans. 1. 


4. Required the number of cubic inches in a block of 
stone of specific gravity 2°52, which weighs 1 cwt.—Ans. 
12284 nearly. ghee 

5. A composition of 1 cwt. consists of tin of specific 
gravity 7°32, and of copper of specific gravity 9; the 

ific gravity of the composition is 8°784: required 
uantities of tin and copper in the mixture.—Ans. 
100 lb. of copper and 12 Ib. of tin. 

6. The dimensions of one of the marble stones in the 
walls of Balbeck are, length 63 feet, and breadth and 
thickness each 12 feet ; the specific gravity of the stone is 
2-7: required the weight of the block.—Ans. 683% tons 
near] 


iy: 

7. A solid, weighing 260 grains in air, weighs 147 
grains in one fluid, and 120 in another: what is the 
ratio of the specific gravity of the fluids —Ans. As 103 
to 130. 

8. A cubical ice’ is 100 feet above the level of the 
sea, the sides of it OMS. and ot iven bens ific 

vity of sea-water and of the ice : re- 
oral the number of cubic feet in the mass.—Ans. 
$36302452 cubic feet. 

9. The weight of a common hydrometer is equal to 
that of a volume v of water; the part to which the 
stem is attached weighs a volume wv of water; the 
radius of the stem is r; and the specific gravity of a 
liquid, in which the instrument is immersed, is s: 


| required the length 1 of stem immersed when in equi- 


librio. 
v-0 
ars 


EQUILIBRIUM OF A FLOATING BODY.—In 
order that a body may float on a liquid and remain at 
rest, two conditions are necessary : 

1. The weight of the body must be less than the 

t of a volume of the fluid of the same bulk as 
the body ; it must be equal to the weight of the volume 
dis by that portion of the bulk which is immersed 
in 


Ans. | = 


2. The or oe: me S body, and the centre of 
vity of the partial immersion 
ash th be situated in the mame yertioal: alesse tia 


to secure the 


are secured, 

Suppose, for instance, a body 
floating at rest on the water, as in 
Fig. 172, the centres of gravity 
of the body and of the displaced 
fluid being in the same ical line, 
to be disturbed from ak persemcm 
in Fig. 173. The fluid displaced 


disturbed ; namely, the force due to 
the weight of the body acting down- 
wards through G, and the force due 
to the pressure of the dis fluid 
acting upwards throu ° 
When a body thusslightly disturbed 
tends, as in this case, to return to its 
original position of equilibrium, that 
position is said to be one of stable 
equilibrium, in reference to the dis- 
turbance in question. If the disturb- ~ 
ance were to act vertically on the body through its 
centre of gravity, and therefore tending either to depress 
the body lower in the fluid or to raise it further out; in 
the former case the additional upward press’ and in 
the latter the additional downward weight, would bring 
the body into its original state of rest, the equilibrium 
being always stable in reference to disturbance in a ver- 
tical direction, 
Unstable 


Hi: 
PT ha: 


by being turned about its centre of gravity, the line 
through that centre, originally vertical, mes slightly 
oblique ; the downward pressure or weight is then in the . 
direction of a new vertical line through the same centre ; 
the upward ghosts too, in consequence of the change 
of figure and position of the dis fluid causing a 
change in the centre of gravity of that fluid, is also in 
a new vertical line. The point, where this new vertical 
meets the slightly oblique line through the centre of 
gravity of the ly, is the metacentre ; and the 
vertical itself is called the line of support. We have 
already seen that it is necessary for the line of support 
to pass through the centre of gravity of the body when 
the body is at rest (p. 753). 

The position of the metacentre, 
centre of gravity of the egg Helos slightly disturbed, 
determines whether or not the disturbance will be counter- 


re-establish the oblique axis referred to, in i 
vertical ition. For the centre of gravity is, 


as it 
were, a fixed point, round which the body turns; and 
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the upward force at the meta- 

centre, above this centre, acting 

with a leverage, and unopposed, 

must restore to the axis its ver- 

ticality. But if the metacentre 

be below the centre of gravity of 

the body, then the upward pres- 

sure has a contrary effect, and 

the oblique axis, on which it 

‘av acts, is turned still more out of 
the vertical direction. 

c For instance, G (Fig. 174) 

g — the centre of gravity of 

the floating body, if G A’ be the 

axis distur’ rom its original 

vertical position G A, by any force which no longer acts, 

peat ae the ey = Paes — the line of 

sup gm, passing throug! centre of gravity g of 

the displaced fluid, Saiete G A’, it is plain that the pro- 

Fig. 175. gress of the disturbance is ar- 

A rested, and GA’ restored to its 

i vertical position. If, on the 

other hand, the metacentre be 

situated, in reference to the 

centre of gravity G of the body, 

as in Fig. 175,—that is, below G, 

t then the upward pressure upon it 

assists the deviation from the 


Fig. 174. 
A 


. vertical ; and thus G A’ goes on 
al inclining more and more. 
It is thus obvious, that when 
g the metacentre is above the centre 
of gravity of the disturbed body, 
the disturbance will be rectified, and the equilibrium 
which has been disturbed is stable. 


But when the metacentre is below the centre of gravity, 
the disturbance becomes aggravated ; and the equilibrium 
thus disturbed is unstable. It is — pt pom line of 
su gm may pass through G, centre of gravity of 
ins the in this case, Ge bod comeien at rest in its 
new position, for the conditions of equilibrium are then 
as rigorously fulfilled as at first : the equilibrium in such 
circumstances is said to be indifferent ; it is also some- 
times called neutral equilibrium. This kind of equi- 
librium evidently has a place in a flouting sphere and 
cylinder, and also in a body, of whatever on 6 floating 
in a fluid of equal specific gravity as itself—that is, if it 
be allowed to call the equilibrium in this case floating, 
no ap of the body being above the surface of the fluid. 

trom what has now been said, it is obvious how im- 
portant it is, saa mnonen nat Eeeng of shipe, to 
make the centre of gravity of the whole body so low 
that the metacentre may always be above that point, 
even for a considerable disturbance. The centre of 
gravity is sometimes elevated above its original position, 
in a gale of wind, by the shifting of the cargo: if the 
elevation be sufficient to bring it above the metacentre, 
the vessel must capsize. 


to the surface of the 
" : it is required to determine whether the equi- 
librium is stable or unstable in reference to a slight 
transverse disturbance. 
As the transverse vertical sections are all equal squares, 
will be sufficient to consider merely the middle section 
D (Fig. 176). 
e of gravity of this is at G, the middle of the 
GH =} AB; andif g H=}AB, then g 
gravity of the disp fluid ; for 
body floats half in and half out of the water, as 
hypothesis it is only half the weight of its bulk of 
F is the plane of flotation, and H K the ver- 
centre of gravity G. 
body be turned round its centre of 
a small angle (Fig. 177), FGf = @, 
the line of flotation to be ef, and the former 
axis to become the oblique line H K ; we have 


bo 


sity 
slit 
isttl 

5 g 


to find g’, the centre of gravity of the displaced tluid 
ef C B in this new position of the 
Fig. 176. 


body, and thence the 


point O where the vertical g’O cuts the axis H K: this 
point O is the metacentre. 


Fig. 177. 


A 


fe 


SS =—= 


—— 
a = 


Let m, m be the centres of gravity of the portions 


E Ge, F Gf, and let h be the centre of gravity of the 
portion e G'F © B. 

Then by Sratics, hg: mg::EGe:eGFCB and 
hg :ng :: FGf: eGFCB. 

But EGe = F Gf; consequently, hg: mg :: hg’ : ng’ 


therefore gq’ is parallel to mn 
- 9f _ 1g _ EGe 
“*mn gm = eGFCB’ 


“ EFOB— EGe 
Now, as the angle of disturbance @ is considered as 


very small, the portion E Ge must be insignificant in 
comparison with E F CB: hence 
EGe 
= Pcs bale Nay eG 
wo = EFC 0) 


Moreover, on account of the smallness of 0, sin. @ and 
@ may be regarded as equal; and we shall then have for 
the three quantities mn, EGe, EF CB, the values 
mn=2Gm= toe GE being the distance of the 
vertex G fyom the base, or from the middle of the base, 
the base being small in consequence of the minuteness 


of 0. 
EGe = GE? x 0, EFCB = 2GE? 
“. 0), gf =§GExX70=4GEX0=3;GE 
X angle gOg’ 


But Oy xX angle gO = 49... § GE = Op that is 


.. OH = (4 +4) GH = §GH.”. GO =4GH 
Hence, the equilibrium is unstable, and therefore the 
beam will roll partly over, though displaced through only 
a very small angle. When such a position is reached 
that the diagonal A C becomes vertical, the body will 


destroys 


at, the centre of gravity G of the body, and the centre 
of gravity g of the displaced fluid, are again in the same 
vertical; but the inertia of the rolling mass will cause 
the axis CO A to incline a little beyond the vertical posi- 
tion ; the centre of gravity g of the displacement will 
thus move a little towards the richt, as in the former 
case ; and g being now nearer to G, the vertical form g’ 
will meet the slightly inclined axis above G, so that the 
new position of equilibrium into which the body finally 
settles will be stable. 
In reference to the foregoing investigation, it may be 
here to remark, that the student is not to infer 
t the resulting determination of the metacentre is 
merely a close approximation to its true position from 
our having regarded @ as deprived of appreciable value. 
The metacentre has been defined to be a point where cer- 
tain two lines intersect : these two lines approach nearer 
and nearer to coincidence as @ diminishes. Now if 6, 
from any finite value, continually diminish, the point of 
intersection referred to, will move along the axis, and 
will cease to move and become stationary only when @ 
becomes zero ; that is, when the two intersecting lines 
actually coincide. It is this extreme limit of the inter- 
sections that is, in strictness, the metacentre. It is 
rigidly and accurately determined, from any general in- 
vestigation in which @ is assumed to be a small value, 
only in the extreme case of that hypothesis ; that is, 
only when @ has diminished down to zero. It will be 
seen, by re-examining the operations above, that the 
final result strictly follows when @ becomes zero; or 
when O is the extreme limit of the intersections of the 
line of support with the axis HK, The metacentre, in 
reference to a displacement in a given direction, is thus 
@ fixed point on the vertical, through the centre of 
vity ; and has nothing to do with extent of dis- 
we. When the body is at rest, the vertical 
through the centre of gravity of the body, and that 
through the centre of gravity of the fluid displaced, be- 
come one and the same line ; if the equilibrium be dis- 
turbed, these verticals separate, andthe point about which, 
in this tion, th in to is the metacentre. 
FLUIDS CO CATING ROUGH BENT 
TUBES.—In 
page 751, we 


— of the Levelling Instrument at 
ve regarded it as a vessel of fluid ; 


Fig. 179. 


and from the propo- 
sition which sug- 
a reference to 


the two surfaces of 
the bent tube were 
horizontal or level ; 
but the following 
direct proof that the 
surfaces of the fluid 


it, have inferred that” 


2 
ee 
es 

ef 


Let A B (Fig. 179) be two poin 
of the fluid, and on the horizontal line 
i on ont the bent repute ci cenes 
ing portions e bent tube ; these two i 
of any relative bulk whatever. 

In order that the two points A and B may be 
pra acces ro must be equal, 
the same as upon every point 
AB. Now the pressure on A is ma ng Dy 
the vertical column of particles CA: the 
on account of the obliquity of the arm BM, is not so 
easily a It way = obtained as som ates 
ressure on B is equal to the pressure on D, 

y the wei 4 of dhe, ectusen at cenbelar atk The 
pressure on D is the same as that on E; but the 
sure on E is equal to the pressure on F’, augmen 
the weight of the column of particles F a somelreeney 
the pressure on B is equa! to the pressure on 
mented by the weight of the two columns of particles 
DB, FE. ing in this way, and observing that 
Se , we see that the pressure 
on B is equal to the weight of the five columns of par- 
ticles DB, FE, HG, KI, ML. And since the pres- 
sures on A and B are equal, it follows that the five ver- 
tical lines D B, FE, HG, KI, ML, are together equal 
to the vertical line CA. Consequently every Lies 
the surfaces at C and M is at the same vertical distance 
from the horizontal plane ing through the two points 
A, B : these surfaces are therefore horizontal. 

In order that the foregoing phenomenon may always be 
exhibited, it is of course necessary that the fluid intro- 
duced into the tube be of uniform density, or that equal 
vertical columns of it press with equal weights. When 
two distinct fluids, which do not intermix, ina 
bent tube, or in any two vessels having a channel of free 
communication with each other, the proportion becomes 


it 
seh 


= 
Pa 
Y 


if 
Fe, 


modified, as follows :-— ; 

If two fluids which do not intermix are in equilibrio 
in a bent tube, the heights of their surfaces above the 
horizontal plane, where the one fluid rests upon the 
other, are inversely as their special gravities, 

Fig. 180. 


Let A BO be the bent tube, with a fluid AH of spe- 
cific gravity S resting upon another fluid H BC of specific 
gravity 8’, the horizontal plane of their separation being 
a 


H. 

the peegetcs ot tie Ball 8 Ee ea lane 
His Hx AE x Sg; the pressure of the fluid CJ, u 
ward on the same plane, is Hx C Fx 84g; and 
73 H sustains only the upward pressure communicated 
y CJ, since, HJ being horizontal, if CJ were re- 
moved, there would be no upward pressure on H. 
Hence, as the fluids are at rest, the pressures on H 
must be equal. 


* HxAEXS8=Hx Cyxee 
«. AE xS=CFx S84 TOPS 


that is, the heights of the surfaces A, O, above the hori- 
soutal ‘plied of ae tion H J, are inversely as the spe- 
cific gravities of the fluids AH, CJ. 

If 8’ = 8, we then have the case of a single uniform 
fluid before considered, and the result gives AE = OF ; 
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that is, the surfaces are at the same height above a hori- 
zontal or arelevel. Suppose above A and C, two 
other fluids of specific gravities 8”, S”’, to be introduced 
into the tube, and that the equilibrium remains undis- 
turbed ; then the new fluid in CO’ C communicates to the 
horizontal plane A the only upward pressure it receives, 
and this by hypothesis is balanced by the downward 
pressure of the new fluid in A’ A. Hence, as before, 


AYYXs’=CR x8” ..AE.S+AE’.8”= 
CF.S'+CF’.8” 


and so on for any number of superposed fluids in equi- 
librio. Hence, if any number of fluids be in equilibrio 
in a bent tube, the sum of the ucts of the vertical 
heights into specific gravities of the fluids in one 
branch of the tube, will equal to the sum of the 
corresponding products in the other branch. The vertical 
height of each fluid is estimated from the horizontal 

on which it rests; the height of the lowest fluid 

BC is estimated from the lowest point B ; the vertical 
distance of B from H is the height in one branch of the 
tube ; and the vertical distance of B from O, is the height 
in the other branch. 

Tn illustrations such as the above, the tubes are always 
represented as circular; but, as the reasoning shows, 
the shape of the channel which connects the two upper 
surfaces of afluid together does not enter into considera-~ 
tion. A pool of water connected by underground open 
passages, however tortuous, with an adjacent river, will, 
on the above principle, have its surface on the same 
level as that of the river. Also, water conveyed by 
pipes from a reservoir can never deliver a supply to any 
place, on a higher level, than the surface of the source, 
without the application of mechanical force or pressure. 

The student must be apprised, that in discussing the 
circumstances of the equilibrium of fluids in tubes, 
though the shape of the tube is of no moment, nor are 
the sectional area of the branches at any height, provided 
only that these exceed a certain amount of smallness ; 
yet, if the section at any part be so small as to bring into 
operation what is called capillary attraction, the fluid 
surfaces in the two branches will not stand at the same 


attraction may not oppose that of vity, and thus 
lessen downward pressure, e devote a short 
article to this curious subject tly. 


B 


rest. 
be the heavier fluid, and P’ H the 
the ares P H, P’ H being equal ; 


tion in which they wi 


Fig. 181, 


at 


: 
e 
ge 


i 
rf 


4 
g 


3 mo *° 
B 


lane H ; 

the upward pressure of the ion PR 
of the heavier fluid, transmitted to that e. The 
heights of these eqnilibrating portions of fluid are re- 
reg da M’N, and MN;; and as these are inversely as 
—— specific gravities, from what is shown above, we 

ve 
WN:MN::m:1..MWN=m.MN.. - () 


Let the arc OP be represented by x .“, CH = a—z, 
and CP’ = a—x+a=2a—z, then M’N and MN 
rd be found in terms of a and @ as follows, observing 


: 

¥5. 

8 
2S 


oeeae 


VoL. I. 


MN=M’C—NC 
and MN=M C—NO. 
M’ CO = ver. sin. (2a — x), N O = ver. sin. (a— 2), 
MC = ver. sin. x; 
-. M’N = ver. sin. (2a — x) — ver. sin. (a—«), 

M N = ver. sin. « — ver. sin. (a —«) ; 

-". (1) ver. sin. (2a — x) — ver. sin. (a— x) = mver. sin. 
x—m ver. sin. (a—«x).. (2). 

Or, since ver. sin. = R—cos., where Ris the radius of 
the circle, we may use cosines instead of versed sines ; 
and reduce the geometrical to the ordinary trigonome- 
trical cosines ; that is, to the scale R = 1; we shall only 
have to regard a and w as standing, not for lengths of 
arc, but for the degrees in those lengths ; we shall thus 
have from (2) 

1 — cos. (2a — x) —1 + cos. (a— a2) = m—m 

_ Cos. £— m + m cos. (a — x) ; 
that is, cos. (a — x) — cos. (2a — x) = m cos. (a — x) 
— Mos. x ; 

-". cos, (2a—a) + ee lc Eta, = MCOS. ©; 
that is, cos. 2a cos. x + sin. sin. x + (m — 1) 
(cos. @ cos. #+- sin. a sin. x) = mcos. x ; 

-. cos, 2a + sin, 2a tan. x + (m — 1) 
(cos. a + sin.a tan. x) = m; 
e _ m—cos, 2a—(m—I)cos.a |g 

“stats @ se aad Gia ©) 

From this expression the trigonometrical tangent of 
the arc « may be found from the tables ; and thence the 
number of in that are, or the angle which C P 
subtends at the centre of the circle. 

Leta = > 
sin. 24 = 0, and the expression in these circumstances 
becomes 

tan, s = sm (4) 
m—1 

If m = 1, that is, if the two fluids be the same, then 

(3) gives 


tan. 2= 


then cos, a = 0, cos, 24a = —1, sin. a=1, 


1— (1— 2sin.? a) 
2sin.a@ cos. a 


= tan. a, 
cos. & 


that is, the ares a and « are equal, as we otherwise know 
they must be. 

QUILIBRIUM OF A ROTATING FLUID.—In 
all the preceding investigations, the only force supposed 
to act on the fluid is the force of gravity ; we shall give 
an illustration of a case in which the equilibrium is due 
to the united effects of gravity and centrifugal force, 

Prostem.—A cylindrical vessel, containing water or 
any other liquid, revolves round its axis, perpendicular 
to the horizon, with a given an r velocity ; to de- 
termine the form assumed by the internal surface of the 
fluid. 

The rotation of the vessel necessarily puts the con- 
tained fluid in motion, and this motion continues till all 
the forces balance and the fluid attains a fixed form 
and position ; it is in this state of equilibrium that we 
have to consider it. 

Suppose A H D Ae ig. 182) to be the form assumed 
the surface of the fluid when the state of equilibrium is 
attained, and P any particle on that surface. From P 
draw P M perpendicular to the Fig. 182. 
axis of the cylinder, and P N per- 

dicular to the curve at P. The 
nce which keep P in equilibrio 
are—l. Gravity, acting in the 
vertical direction NM; 2. The 
centrifugal force, acting in the 
horizontal direction MP; and 3. 

The pressure or reaction of the ll 

particle in the direction PN per- 

pendicular to the surface ; for it is 8 

plain that the vertical and hori- F 

zontal forces acting on P are the only forces Mors cause 
E 


1— cos. 2a 
sin. 2a. 


ay 


| i 
| i 


A 


i 


i i — © 
a . = * 


. 
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the normal pressure of P on the surface H P D; so that 
this normal pressure is the resultant of the other two, 
and therefore, taken in the opposite direction PN, 
neutralises the former, and keeps P at rest. : 

Let a be the angular velocity of rotation, that is, the 
angle turned through by M P or FC in a second of time; 
then the circular arc turned through by P in a second 
will be ay, putting y for P M ; that is to say, the velocity 
», of the point P, is v=ay. J 

Now the centrifugal force acting on P is 

PH aE nwy (Dynamics, page 741). 
y 

Also (Stratics, Prop. IV., 696), 

WM: MP: : gravity : conttifagal farce hfe yA 


that is, NM :y::g:ey“.NM=%. 


The line NM, thus determined, is called the su 
normal to the curve AH D at the point P; and we 
that the curve is such that the subnormal at any point 
is aconstant quantity. This property belongs exclusively 
to the parabola. ence the surface of equilibrium is 
that generated by the rotation of a parabola about its 
axis ; that is, it is a pa id. 

In reference to the foregoing investigation, it may 
be useful to the student to attend to the following 
remarks :— 

It will have been perceived that the problem proposed 
is of a mixed character—partly dynamical and pany 
statical. The forces first generate motion in P, whic’ 
point continues to move till these forces become balanced, 


.( 


. 


and P takes a position of rest. The force of gravity g. 
and the centrifuga force a*y, both act dynamically, an 
are therefore to be expressed in feet. The symbol a, re- 


presenting the angular velocity of rotation, is an abstract 
number—it is not an angle. Here, as in all dynamical 
inquiries, angular velocity is estimated thus :—A circle, 
whose radius is represented by 1, is imagined to be 
described about the centre of motion (about M in the 

resent case); the semicircumference of this circle is 
3°1416 ; and the extent of are of the same circle, turned 
through in a second, is a, the angular velocity of the 
rotation, which is therefore 3°1416 multiplied by some 
number, whole or fractional. If, therefore, y or M P be 
measured in inches, the velocity of P is ay inches ; if in 
feet, it is ay feet. Asg is measured in feet—viz. g=32'2 
feet, it is necessary that MP or y should also be 
measured in feet ; otherwise the proportion (1) would be 


incongruous. The final result, namely, NM=%, gives 


the length of N M in feet: it is 32-2 feet divided by the 
abstract number a®. Suppose the vessel performed 10 
rotations in asecond ; then the angular velocity would be 
a=3°1416 x 20=62°832 .°. a? = 62°832?= 3947-86 
; 32-2 386°4 
*NM=5907 36 '° = 3047-86 

We see that, with the same angular velocity of rotation, 
the curve is the same whatever be the itude of the 
vessel: it is further obvious that, as the cylindrical 
shape of the vessel is no item of consideration in the 
above solution, the conclusion remains the same what- 
ever the shape may be, provided that the horizontal 
sections be circles, and the vertical axis of revolution 
pass through their centres. 

Suppose the vessel to be itself in the form of a para- 
boloid : then the velocity of rotation, necessary to cause 
all the fluid to run over, may be easily determined. For 
the vessel will be emptied as soon as every point P h 
throngh the intensity of the centrifugal force, reach 
the side of the vessel ; that is, when the subnormal NM 
= orl spam P is identical with the subnormal at the 
as _ horizontal line M P meets the side of 


vesse! 

Calling, then, the constant subnormal of the given 
parabola I, we have laf, a= Vv 4 the angular ve- 
locity per second at which the vessel must rotate in order 


inches. 


that th paraboloid, formed. by the rotalions 
as the only eee ee ae fee 


From this expression the angular velocity, 
time in which each complete revolution must be per- 
formed may be ascertained thus :— 


a :3°1416 : : Lsec. STEN see. = time of a semi-rotation 
.". time of arotation=29 418 _3-1416x2, / seconds 
a 9 


the subnormal 2 being measured in feet, and g 5 
32-2 feet. It a therefore, that with this rate 
rotation, the fluid will rise and run over the till 
only what covers and adheres to the sides is left, 

The following figure will illustrate the manner of com. 


Fig. 183 


A 


municating rapid rotatory motion toa vessel of water. 
D and E are two pulleys, round which passes an endless 
cord ; by means of a winch C, the vessel may be made 
: rotate round its vertical axis A B as rapidly as we 
please. 

CAPILLARY ATTRACTION AND REPULSION.— 
Common observation shows that the surfaces of solids in 
general, unless they are unctuous surfaces, attract the 
particles of water: this is more especially noticeable in 
glass. Ifa plate of glass be dipped in water, and then 
gently withdrawn, a line of fluid particles will be seen 
suspended from the lower and the whole surface 
will be wetted, showing that there exists an attraction 
between glass and water. 

It is to this attraction that the rise of water in a capil- 
lary tube is attributed: the bore of such a tube being 
very minute, from z';th to ;4,th of an inch in diameter, the 
thread of water is so slender that the surface of glass, 
above its upper extremity, may exercise atiregliva ion 
sufficient to raise the upper particle, when the contiguous 

articles must follow to fill up the vacuum : this len; - 
ing of the thread increasing till gravity, or the weight of 
the little column, counterbalances this ca) sn attrac- 
tion. It is observed that the height to which e water 
is raised in a capillary tube, is inversely as the diameter 
of the tube. And this fact is sufficient to teach us the 
form of the curve which the upper surface of water 
assumes, when acted upon by the two glass plates which 
embrace it. 

For the distance between the plates at B (Fig. 184), 
Fig. 184, is to the distance between them 
at OC, as the height of the liquid 
at O, to the height at B, Hi 
putting A B=, and AC=z’, 
and the corresponding heights y 
and 7, and remembering, from 
Euclid, Prop. IL, Book VL, that 
the distances between the 
at Band O are as ABto AQ, 
we bans ¥ J 

Siwy iy..cymry; 
sade v3 


AB oO the rectangle is a 
constant quantity, wherever B may be within the limite 


of capillarity. 
| the hyperbola, the axes of reference being the asymptotes, 


As this is the distinguishing property of | 
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we infer that the curve presented by the upper surface 
of the fluid interposed between the plates, is an hyper- 
bola. The curve ceases, of course, to be that of the hyper- 
bola beyond the limits of capillarity. Ata distance from 
the junction of the plates, at which the interval between 
them exceeds about 2,th of an inch, the curve will ter- 
minate : there will still be an elevation of the liquid up 
the side of each plate, but the line traced by its surface 
will become a straight line. 

Where the distance between the plates is -4,th of an 
inch, the fluid, if water, is observed to rise 5 inches; 
and therefore where the distance between the plates 
is ;};th of an inch, the rise of the water is 2h inches, 
The eleyation of the liquid is found to be quite inde- 
pendent of the thickness of the glass : if the bore of the 
tube, or the distance between the interior surfaces of 
the plate, be the same, the elevation is unaffected by 
the thickness, so that the quantity of matter in the glass 
does not contribute to the ascent of the fluid; and if 
the interior surfaces of the plates, or the bore of the 
tube, be coated with a film of oil, the capillary attraction 
is destroyed. On this account, it has been inferred that 
the attraction is exerted entirely by the surface of the 
glass, and that the liquid must be in complete contact 
with that surface, for the phenomenon to take place : 
the attractive energy, it would seem, has no penetrating 
power, it being stifled and rendered inoperative by the 
interposition of even the thinnest lamina of oil or grease. 

It may be remarked, too, that the elevation of the 
fiuid is not near so great between plates, as in a tube 
whose diameter is equal to the distance of the plates: 
the rise is something less than half as great in the former 
case as in the latter. But this might be expected, as in 
the tube, the thread of fluid is completely surrounded by 
the glass surface ; the same law, however, namely, that 
the height of the fluid is inversely proportional to the 
distance between the plates, is observed to have place. 


The fluids which exhibit the phenomena here noticed 
are exclusively the watery fluids, all of which rise to 
different heights in the same tube; and some of the 
heavier rise higher than the lighter : spirits of wine, for 
instance, rises only about 2ths as high as water, which 
of all liquids rises to the greatest height. Mercury, 
however, does not rise at all; on the contrary, the tube 
and the plates seem to exercise a repellant energy, and 
cause the mercury to descend: this is called capillary 


The diameter of a capillary tube is not found by actual 
measurement ; the method recommended is this :—Put 
a known weight w of grains of mercury into the tube, 
and let the length of tube it occupies be J inches ; then 
representing the diameter of a transverse section of the 
tube by d, we have for the volume of the mercury 
dl °7854; and asa cubic inch of mercury, when pure, 
weighs 3443 grains, we have 


1: @1 xX ‘7854 :: 3443 grains : w grains ; 


. 


day (F pen eas Pe 09123, “7 inches. 


3443 x *7804 


Whatever the force called capillary attraction and re- 
pulsion may be, it is plain that it cannot be analogous to 
that so universally diffused throughout the material 
universe, and called the force of gravitation ; because 
the intensity of this influence increases with the mass of 
the body exercising it : whereas the capillary influence 
is more like that of electricity, which, when in a state of 
equilibrium, seems to be confined to mere surfaces. It 
appears not improbable, therefore, that capillarity may 
be a peculiar manifestation of electric force exerted by 
the surface of the glass on the particles of liquid in its 
immediate neighbourhood. 


CHAPTER V. 
HYDRODYNAMICS, 


Hypropynamics treats of the motion of incompressible 
fluids, and, as the name implies, more especially of 
water. The consideration compressible or elastic 
fluids, whether in a state of equilibrium or of motion, 
comes under the head of Pnewmatics, a subject to which 
the next chapter will be devoted. But, from our limited 
space, we are precluded from discussing these remaining 
topics at any great length. This, however, is scarcely to 
be for the physical laws which regulate the 
motions of fluids are so imperfectly ascertained, that, 
except in those few iculars which constitute the mere 
elements of the subject, the investigations of hydro- 
dynamics, founded on hypothetical data, are of little 

ical value; and sometimes even lead to results 
clearly contradicted byexperiment. We shall, therefore, 
confine ourselves, in this brief summary, to those elemen- 
tary ions of the mathematical theory which actual 
experiment confirms, or where the practical obstacles to 
such confirmation are clearly i and may be 
estimated and allowed for: 

If water run through a pipe or other channel, always 
filling it, the velocity of the fluid at any part will be 
inversely as the area of the transverse section of the 
channel at that part. For let A, A’ represent the area 
of any two transverse sections, the water being supposed 
to run from A towards A’; ae whatever . trepees pens 
through A in a given time, the same quantity must pass 
aren A’ in that time ; since if a less quantity passed 
through, then the fluid between the sections, always re- 
maining full, would be condensed; and if a greater 
quantity passed through, the fluid between the sections 
would expanded, as the channel is always full. As 
each consequence is incompatible with an incompressible 
fluid, it follows that equal quantities of fluid must pass 

h A and A’ in the same time. 


» feet per second, and the velocity through A’, v’ feet per 
second, we shall have 

Av=Av.. A: A's: 0's; 
that is, the velocities are inversely as the areas of the 
sections. 

SPOUTING OF FLUIDS.—The velocity with which 
a fluid issues from a small orifice in the bottom or side 
of a vessel, kept constantly full, is equal to the velocity 
that would be acquired by a heavy body falling freely 
through the height of the surface of the fluid above the 
hole. 

Suppose the orifice A (Fig. 185) to be at the bottom of 
the vessel, then the thin lamina of fluid covering the 
orifice A is forced out i doy action of gravity upon it, 
and by the superincumbent pressure of the column of 


fluid whose base is A and altitude A B. Conceive the 
Fig. 185. 


column A B to consist of m such 
lamine, thus suppaned to be 
acted upon at A ; that is, calling 
the thickness of the lamina 1, 
let A B=; then before mvu- 
tion, the statical forces or pres- 
sures on A are its own weight, 
and the weight or pressure of 
the column AB, and these are 
aslton; cone ey the dy- 
namical effect of these forces, 
when motion takes place, must 
be also aslton. Now the dy- 
namical effect, that is, the velo- 
city generated in the lamina A, 
in the time of falling through its 
own thickness 1, regarding this time as the unit of time, 
is 2 (Dynamics, page 736) : hence 
Linms:2:2n; 


If, therefore, the velocity of the stream through A be | therefore 2n is the velocity generated in the lamina A by 
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the column of fluid in the assumed unit of time ; and as 
this time is indefinitely small, it must be the velocit; 
which the fluid has at the orifice itself, or that with whic 
it actually spouts out. As the vessel is kept constantly 
full, the initial circumstances continue invariable, so that 


the fluid is di with the same uniform velocity. 
Now, if a heavy body fall freely through a height 
the action of gravity it acquires during the time of fall, 


a velocity v = 2h ; that is, a velocity that uigioibca Py 
through 2h in the same time (Dynamics, page 736). 
Consequently the fluid issues from the orifice A with a 
constant velocity equal to that which a heavy body would 


— in falling ugh the height B A, 

this height be h feet, the accelerating force of 

gravity being g = 32-2 feet, we have, for the constant 

velocity of spouting fluid, v = ./2gh, the velocity 
second, 


The fluid spouts out with the same velocity whether 
the small orifice be in the side or in the bottom of the 
vessel, provided only that in both cases the hole be at 
the same depth below the surface of the fluid, since the 
pressure of a fluid is the same in all directions at the 
same depth. 

Thestream being, Fig. 186, 
as it were, thus 
projected with a 
uniform velocity v 
the curve it will 
describe in issuing 
from the side of a 
vessel (as in the 


in) will be a 
calebeke: Ui @hich 
the i 
the horizontal line 
through B (Fig. ¢ 


186), the surface of mT 


the fluid (Dynamics, page 739). The hole t! ‘h which 
the fluid spouts must be so small as to render the poe 
sures at different parts of it insensibly different from 
that at the centre of the orifice. 

QUANTITY OF FLUID DISCHARGED PER 
SECOND. —As the welowty is constant, the quantity of 
fluid discharged per second is found by multiplying the 
area of the orifice by the ] /2gh ; thus, if a be the 
area of the orifice, the di per second is a,/2gh 
cubic feet. Leth=20 inches, and a=1 square inch, then 
a,/ 2gh = ./(2X 32:2 x 12 x 20) = ./ 15456 = 1243 
cubic inches. . " 

Since a,/2gh is the discharge per second, in ¢ secon 
a quantity Q will be discharged, such that 


5 Q 
Q=at gh. > aah ontlie. “ED 
This, therefore, expresses the time in which a proposed 
quantity Q of the fluid will be delivered, Q being ex- 
pressed in cubic feet. 

THE VENA CONTRACTA.—The foregoing con- 
clusions ing the velocity with which a fluid spouts 
from a hole in the vessel containing it, and the 
quantity of the fluid delivered in a given time, have 
been pcre with many carefully conducted experi- 
ments. The most satisfactory way of ascertaining practi- 
cally the velocity of the discharge, is by observing the 
altitude to which the fluid spouts when forced to take an 
upward direction, as in the accompanying figure. If the 
uniform velocity of the issui Fig.187. 
fluid be that due to the fall o 
a heavy body from the sur- 
~ th Bland orifice, the — 
onght to spout up as high as 
that surface ; aaa such is 
found to be very nearly the 
case. We might ex that 
the theoretical result would 
not be rigidly fulfilled, but 
that the height reached would 
fall a little short of the sur- 
face of the fluid in the vessel ; 
because friction and the re- 


sistance of the air would act as opposing forces. But 
there, 35 ADEN SAAR n Minne which must now be 
noti 
When a is made in a vessel for the exit of the 
fluid contained in it, the equilibrium of the entire mass 
is distur’ and motion takes place among all the par- 
ticles, The instant that the plug is removed, the ity . 
is due to the direct  preeware neon yet ee 
round the 


oblique pressures hole, cause the neigh- 
bouring fluid to flow sideways towards the main stream, 
when this surrounding fluid reaches the it does 


so with a certain velocity transverse to direction of 
the main which, in consequence, becomes slightly 
contracted a little beyond the opening. This contraction 
of the fluid vein is called by Newton the vena contracta ; 
and it is through the section of the vena contracta that 
the fluid flows, as we have supposed it to flow thro 
the orifice itself. The distance of this section from the 
orifice is nearly ogee to the radius of the orifice, and its 
area about {ths of that of the orifice, 

If, therefore, the orifice be small—as, for i a 
gimlet-hole in a cask—the confounding the orifice with 
the vena contracta can occasion but very little error in 
the height or distance to which the fluid ts; but a 
considerable departure from the truth will result from 
calculating the quantity of fluid delivered in any time, 
on the supposition that the sectional area of the spout- 
ing stream is A instead gh $1 for instance, in the ex- 


ample above, the quantity of fluid discharged per second, 
instead of being 124°3 cubic inches, is only 77°7 cubic 
inches, 


If the vessel be not ne js full, and the surface be there- 
fore allowed to descend, the velocity with which the 
descent Pomme will be, to the velocity with —_ 3, 
passes the vena contracta, as the area of t 
Sectién ab the lather So the area of the surface (page 763 

Since the curve, which the fluid spouting from a 
hole in the side of the vessel assumes, is that of a see 
bola—the same curve, in fact, that is described by a 
projectile impelled in the same direction and with the 
same velocity as the fluid at the vena contracta—every- 
thing connected with the extent of time of de- 
scribing it, greatest altitude, &c., may determined 
as in the theory of projectiles. The following are a few 
illustrations :— 

If the fluid spout from a point in the middle of the 
upright side of a full vessel, the horizontal range will be 
the test ; and from points at equal distances above 
and below the middle point, the ranges will be equal. 

Let A B (Fi 188) be the upright side of the vessel 


rforated at the middle point C, and also at two points 
, E, equidistant from C. 
Fig. 188, 


The velocity with which the fluid issues from one of 
these points, as D, is that which would be acquired in 
falling through BD. Since gravity acts during the 
whole fall of the fluid to P, a icle arrives at P in 
the time that a body would fall through DA. 

Hence the particle at D has a horizontal velocity that 
would it forward through a =e ee to 2BD in 
the time that a body would fall from B to D; conse- 
quently, we have only to find how often this time is con- 
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tained in the time of falling from D to A, and to multiply 
2B D by the resulting number, in order to get the 
horizontal range AP. Now the times of falling through 
any spaces are as the square roots of those spaces 
(Dynamics, page 736); therefore the required multiply- 


ing number is Dal oe consequently, 


Range AP = 2BD x,/ pa =2 ¥ BD-DA. 


If, therefore, with centre C a semicircle be described 
upon A B, and the perpendicular D F be drawn, the 
range of A P will be twice the length of this perpendicu- 
lar, (Euc., XIII., Book VI.) 

In like manner, the range of the fluid spouting from E 
will be twice the length of the dicular E K ; and 
as these perpendiculars are aiidsl; Belg equidistant from 
C, the ranges from D and E are equal. 

As the perpendicular C L from the centre C is the 
longest that can be drawn from A B to the are of the 
semicircle, the range AR = 20 L, of the fluid spouting 
from O, is the greatest of all ran, 

These theoretical results are fully confirmed by ex- 
periment, when the orifices in the vessel are small, so 
that the vena contracta may be sufficiently near the 
vessel to be regarded, without sensible error, as at the 


orifice itself. 
As the dicular D F is the sine of the arc B F, 
we see that the horizontal range from any orifice, is twice 


the sine of the are of a circle whose diameter is the 


range 

from any orifice, measured on any horizontal plane, is 

the same, provided the distance between that orifice and 

the surface be the same, whether the fluid extend down 
to that plane or not. 

Prostem.—A fluid issues from the side of a vessel 

through an oblique jet: to determine the horizontal 


ran 

habe the angle of direction of the jet above the 
horizontal line, and h the height of the surface of the 
fluid above the orifice : then (Dynamics, 739) the 
range r on the horizontal plane through the orifice will 
be r = 2h sin. 2a. This is the greatest when sin. 2a is 
pre that is, when a = 45°, the range then being 


The velocity with which a fluid spouts from a small 
orifice, as the surface of the fluid descends, varies as 
the square root of the height of the surface above the 
hole. 


For the velocity, at any instant, is always equal to 
that acquired by falling from the surface to the orifice ; 
and this velocity varies as the square root of the space 
fallen through : hence the velocity varies as the square 
root of the height of the surface above the hole. The 
velocity, therefore, is retarded as the surface descends, 
but not uniformly retarded, unless the horizontal sec- 
tions of the vault are all equal in area ; for the more 
extensive the section—or the surface of the fluid—at 
any instant of the descent, the more slowly will it 
increase its distance from the top of the vessel, and the 
less, therefore, will the velocity of the issuing fluid be 

ed. 


retard 

But if the horizontal sections of the vessel be all equal, 
then the velocity of the agree Ram as likewise the 
velocity of the descending s , will be uniformly 
retarded. 

For let V be the velocity of the descending surface at 
any instant, and v that at the orifice : let also the areas 
of the surface and orifice be A and a: then (page 763) 


Vio::a Aw. Veda, 


Now, as shown above, v varies as the square root of 


the space s between the descending surface and the 
orifice ; we may put, therefore, ¢,/s for v, and write 


v=" y= < tee /2fs 


by putting 2f for ({")% As this agrees with the gene- 


ral expressions for the velocity in uniformly accelerati 

or retarding forces (Dynamics, page 736), we infer that 
the velocity V is uniformly ed; and since vis V 
multiplied by an invariable number, we conclude that », 
the velocity of the spouting fluid, is also uniformly re- 
tarded, msequently, the volumes or quantities of 
fluid discharged in equal times, decrease as the numbers 
1, 3, 5, 7, &c., taken in reverse order. (Dynamics, page 


736 
a vessel of uniform horizontal section be kept con- 
stantly full, then twice the quantity which the vessel 
holds, will run out from a hole in the bottom, in the 
same time that the vessel would empty itself. F 
For the surface of the descending fluid is uniformly 
retarded as the fluid runs out ; and when it arrives at the 
bottom, the velocity is destroyed : the space which the 
surface would describe in the same time, with the first 
velocity of it uniformly continued, would be twice the 
actual space described ; and the quantity discharged in 
any time when the vessel is kept constantly full, is the 
same as what would be discharged if the surface de- 
scended uniformly with the first velocity: hence the 


uantity Gincharger) in the one case is double that dis- 
Biapeed in the other. 


Prosiem.—To find the time in which a vessel of uni- 
form horizontal section will empty itself through a small 
orifice in the bottom. 

Let A be the area of any horizontal section of the 
fluid, h the height of the v and @ the area of the 
orifice. Then the quantity of fluid that would be dis- 
charged in the time ¢ of emptying, if the first velocity 
were to continue uniform, would be twice the contents 
of the vessel ; that is, the quantity would: be 2Ah; so 
that if v be the velocity with which the fluid would then 
uniformly issue, we should have 

2Ah 


atv = 2Ah ..t = — 
aw 


” A h A 2h 


which therefore expresses the number of seconds occupied 
in emptying the vessel through the orifice. 

It follows from this expression for ¢, that the times of 
emptying cylinders or prisms through equal orifices in 
their bases, vary as A,/h. If the bases of the vessels 
be equal in area, then the times vary as ,/h. If the 
altitudes are equal, the times vary as the bases. The 
time of emptying any altitude h — h’ of the vessel, is 
found by substracting from the time of emptying the 
whole height h, the time of emptying the eight W: 
thus, since 


ag Stat a Bhai) le oo 
the number of seconds pes during the descent of the 
surface of the fluid from the height / to the height N’. 

The time in which the surface would descend from the 
height h to the height h’, or the time in which the fluid 
occupying this interval would run out, if the vessel were 
kept constantly full, by equation (1), page 764, is 


Q _Ah—h) - 
ayegh~ adage ** ++ Ob 


Hence the time of discharging the proposed quantity 
Q, when there is no supply from without, is to the time 
of discharging the same quantity when the vessel is kept 
constantly full, as 


il —_. 7 —  F , ' 
. a 4 = . 
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A h—W or if the surface act the qui fluid by 

_ ( vh — Sh’) 2 7a * Jagh’ or as perpendicular to as oertae scugh she fh reed 
g sistance will be as the area of the plane, the density of 

2 Jh— wh’): 2—™, the fluid, and the square of the velocity conjointly. 
“oh For the velocity v of the stream being regarded as 
. wv uniform throughout the whole depth of owes the 
ok 1 NN, or 2 i= /- resistance is the same at every point of the p ; and 
wh h — vers postage 9 — the same, it is pro- 

If the quantity Q be the whole contents of the vessel | Portional to the area A of the p be 

—that is if W = Sadako the times of discharging the — the p Semi fluid matter paged sn Se 
vesselful of fluid in the two cases are as 2 to 1, as already ace oe ten Gul a one stg pes d fag antity of 
inferred at page 765. matter strikes with a velocity », and with a 


In order to test the accuracy of the theory by experi- 
ment, A is the most suitable formula for the purpose, 
since the time occupied by the surface in descending 
from one level to another, can be correctly observed ; 
but the instant when the last portion of fluid escapes 
cannot be accurately noted ; for when the vessel is near 
exhaustion, the fiuid ceases to fill the orifice, and is dis- 
charged in drops from the edges of the hole. The time 
occupied by the surface descending through a certain 
space, is found to agree very closely with the theoretical 
expression for it. 

CLEPSYDRA.—The reali on ag water-clock, 
is a contrivance for measuring time by the descent of the 
surface of water in a vessel, the water flowing through 
an orifice at the bottom. The most convenient form for 
the vessel is that in which the surface descends at 
Sree Desens tpnces ih. egal times. This form may 
determined as follow: 

Let the altitude of the surface at any instant be «, 
and the radius of the surface—that is, the corresponding 
ordinate of the generating curve—y. Then the velocity 
at the orifice at that instant is ,/2gx (page 764), and the 
area of the descending surface wry’, where 7=3'1416. 
The velocity V of the descending surface is found by the 
theorem at page 763, which gives 


wyt:as: J/2gr:V = © ./2gn 


ay? 
where ais the area of the orifice. 

Since the surface is to descend uniformly, V must be a 
constant quantity, which can be suitably assumed in 
reference to the whole time of emptying : putting c for 
this constant, we have 


om S529 < yt he 


This, therefore, is the equation of the curve, the 
rotation of which about its vertical axis « will generate 
the surface of the vessel. This generating curve isa 
parabola of the fourth order. 

But the surface need not be asurface of revolution, or 
one having all its horizontal sections circles. They may 
all be Let the sides of the rectan, section, 
at the altitude x from the base, be y and p, then the 
area of the section is py, and we have 

“eee 2a%q 
C= — Y= 33 
7 S2ge .. y* Fo ha 
so that if p be the same for every section—that is, if 
the sections have all the same breadth—the 
curve bounding the vessel towards the lengths of these 
les will be the common parabola. 

T er eg CE OF ogy ates a 
moving in a fluid are impeded in their ress by t 
resistance of the fluid, which must i be moved, in 
order that motion may take place in the immersed body. 
The resistance to motion in the fluid is of course mai 
due to its inertia ; friction and the tenacity of the fluid, 
add somewhat to the resistance ; but the retarding in- 
fluence of these is too inconsiderable to render the con- 
sideration of them of much practical consequence. 

It may safely be assumed that the resistance on a plane 
surface, moving with a given velocity through stagnant 
water, is the same as when, the plane being at rest in- 
stead of the water, a stream moving with the same 
velocity acts against it. 

If a stream act perpendicularly against a plane surface, 


momentum equal to 
quantity of matter x v. 
Hence, D being the density of the fluid, the resistance 
of the area A varies as A Dv’. 
If a body were to fall by the force of gravity till it 
acquired the velocity v of the stream, the space fallen 


through would be si (Dynamics, page 736); this, 


therefore, would vary as the square of the velocity; so 
does the resistance A Dv?; hence the resistance varies as 
the weight of a column of the fluid, whose base is the 
area of the tg and the altitude equals the space 
through which a heavy body must fall to acquire the 
velocity of the stream or of the moving plane, 

The force with which a stream acts dicularly 
upon a plane opposed to it obliquely, varies as the square 
of the sine of the inclination of the plane to the stream, 

Let AB (Fig. 189) and LN be sections of the plane 


and stream, moving in the direction of the latter ; draw 
AC in that direction, meeting B C dicular to A B 
in C; draw also B D perpendicular to A C. 

Now the quantity of fluid acting against AB is the 
same as that which acts perpendicularly against D B; 
it varies, therefore, as the length of BD ; that is, as the 
sine of the angle A. If the velocity with which this 
quantity moves in the direction of the stream be repre- 
sented by A C, then B C will represent the velocity with 
which it moves ndicular to AB; and just as BD 
varies as the sine of the angle A, so does BC vary as the 
sine of the angle A ; hence the force with which the stream 
acts ge boar om! upon the plane varies as sin.” A. 

The force impelling the plane in the direction of the 
stream, varies as the cube of the sine of the inclination 
of the plane to that direction. 

Let BC (Fig. 190), perpendicular to A B, represent 

Fig. 190. 


the force on AB perpendicular to it ; this may be re | 
solved into two forces BD, DO, th Gin the 
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cular to that direction. Now DC, the force in the 


| direction of the stream, varies as B Csin. DBC; that is, | 


as BC sin. A: but, as shown above, BC itself varies as 
sin.” A ; therefore, the force in the direction of the stream 
varies as sin.® A, 

This, of course, is on the assumption that the other 
component of the force of the stream in its own direction 
—namely, the component represented by BA, in the 
direction of the plane itself—is of no effect. 

The force B D, perpendicular to the stream, is as BO 
cos. DBC=BC cos. A; hence the force with which 
the stream impels an oblique plane upwards, in a 
direction perpendicular to the stream, varies as sin.2 A 


cos. A. 

It must be observed, that in the foregoing propositions 
the plane is regarded as fixed while receiving the force of 
the stream, or else the fluid is regarded as quiescent, and 
the plane as moving through it. I£ both be regarded as 
moving in the same or in opposite directions, then the 
velocity spoken of above must be considered as the re- 
lative velocity ; that is, it is the difference of the velo- 
cities if the plane and stream move in the same direction, 
and the sum of the velocities if they move in the o 
posite direction. Thus, if V be the velocity of the 
stream, and v the velocity of a float-board of an under- 
shot water-wheel, then the perpendicular pressure on 
the float-board will vary as (v— vy, 

The student has already been apprised, at the com- 
mencement of the nt brief chapter on the motion of 
incompressible fluids, that the results of the mathemati- 
cal theory often require considerable modification to 
render them accordant with actual experiment. This 
arises from the difficulty of assigning correct values to 
all the cireumstances attending that motion. We have 
seen, in treating of fluids spouting from an orifice, that 
observation has discovered the orifice not to be the nar- 
rowest channel through which the stream uniformly 
flows, and consequently that the velocity there, is less 


than at the vena contracta, which ought therefore to be 


as the true orifice. 

t was found by Newton that the velocity at the vena 
contracta is, to the velocity of the orifice, as,/2 tol; 
and since, in need bodies, the spaces passed through are 
as the squares of the velocities acquired, it follows that 
the space to be fallen through to give a body the velocity 
with which the fluid spouts from the orifice, is only half 
the space necessary to give the velocity at the vena con- 
tracta ; that is, the velocity at the orifice would be 
acquired by a body falling through only half the altitude 
of the arfaos above the orifice. 

In like manner, in treating of fluid resistances, the 
commonest observation shows that a stream impinging 


| upon a plane surface cannot have the full effect which 


theory assigns. The velocity of the stream is, to a cer- 
rect Reet, impeded by what may be termed the back- 
water; moreover, the velocity is not in general the same 
at all depths. Yet the results of ra may usually be 
applied with safety in the comparison of different similar 
cases : for instance, the comparative results as to quan- 
tity of fluid discharged, time of emptying, &c., from 
equal orifices in two different vessels, disregarding the 
vena contracta, would accord very nearly with experi- 
ment. And, in like manner, fluid-pressures may be 
relatively estimated and computed from theory : for in- 
stance, though theory may assign an erroneous value for 
the effect of a stream upon the rudder of a ship, yet the 
position of greatest effect, as deduced from theory, may 
very well accord with actual observation ; so the effect of 
a stream of water ae Song 7 of . rg hag ee may 
be incorrectly assigned by theory, and yet the degree in 
which the velocity of the wheel should fall short of that 
of the stream, in order that the greatest effect may be 
produced, is found to be verified pretty closely by prac- 
tical experience. 

To determine particular values for the unknown, or 
arbitrary quantities, which enter into a general sae 
sion, so that for those values the expression may be a 
maximum or a minimum, requires the aid of the differ- 
ential calculus. But in the two cases mentioned above, 


_ the principles to be employed are so elementary, and the 
knowledge required of that science so trifling, that 
although in general we are interdicted from using the 
calculus, we shall give the two problems adverted to as a 
conclusion to the present portion of our subject. We 
may premise, however, that in order to determine « so 
that any expression of the form 
ie) 


A+Ba+ Ca? + Dz? + &e. 


may be a maximum, all we have to do is to disregard the 
term independent of w—that is, the term A—to write 
down all the other terms, first converting each exponent 
of « into a factor, and writing each exponent a unit 
smaller ; thus 


B+ 2Czx + 3Dz? + &e., 


and then to equate this expression to 0: that is, to solve 
the equation B+ 2Cx + 3Dz?+&¢.=0. The value 
of x, necessary to render (1) the greatest possible—if it 
can be made the greatest possible for any value of a— 
will be found by solving this equation. 

Prosiem.—To find the angle at which the rudder of a 
ship must be inclined to the stream, so that the effect, in 
the direction pependionies to the stream, may be the 
greatest possible. 

It has been seen above that the effect varies as 

sin.*A cos. A, or as (1 — cos.? A) cos. A = cos. A 
—cos.2 A = 2 — x3 


where « is put for the cosine of the required inclination. 


Since « — «° = a maximum 
“1—32=0 J.e= Jf 
hence the angle whose cosine is ,/} will be the inclina- 
tion necessary. 

Prosiem.—The velocity V of the stream being given, 
to determine the velocity v of an undershot-wheel, so that 
the greatest possible effect may be produced. 

The pressure upon the same area of float-board will 
vary as (V —v)*, As this pressure moves with the velo- 
city v, the effect will be greatest when 

(V — 0)» = V4» — 2Ve? + v = a maximum ; 
in order to which, the unknown quantity v must satisfy 
the condition 


V?— 4Vv+ 30? = 0 
The solution of this quadratic gives 
v= V, andv=i4V 


The first value of v renders the proposed expression a 
minimum : that is, the least quantity of work is per- 
formed by the wheel when it moves with the same velo- 
city as the stream—which is obvious: the other value of 
v is that which renders the expression a maximum ; and 
shows that the greatest amount of work is performed 
when the wheel moves with a velocity equal to one-third 
the velocity of the stream. But, for the practical effects 
of water-power, acting through the medium of water. 
wheels, and other hydraulic machines, the student is 
referred to the section on AppLigD Mxcuantcs, in the 
present volume. 


[In the preceding chapters, the theories of momentum 
in dynamics, and the equal pressure of liquids in all 
directions as a fact in hydrostatics, have been investigated. 
Presuming the student to have become acquainted with 
the principles involved in each of these subjects, we shall 
now illustrate their application in pile-driving and pile- 
removing. In the construction of bridges, &c., it is 
often desirable to obtain a more solid foundation than 
the earth at the surface affords, This is especially the 
case when a bridge has to be built over a river, and the 
arches of which must be divided so as to be supported 
by their base on the bed of the stream. By means of | 
the momentum of Sue teds ates Ree are ets ne 
the earth, formii e and for this purpose the pile- 
driving stead used, The following is a description 
of one of these machines, as represented in the annexed 
plate, Figs. 1 and 2. 
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z Fig. 1 gives an end view see orice ne rc 
wo upri ee ut eighteen feet high. 
B is the base on which they are fixed. C is a fly-wheel 
for equalising the motion; and kk are winches turn- 
ing G, a cylinder on which a rope is wound. By means 
of the rope, the ‘‘monkey,” E, a heavy mass of metal 
attached to it by the head F at f, is raised by a pulley to 
the top of the uprights at m. The mode of etaching 
the monkey, after its being raised to the top, is thus 
managed :—In ¢ Gig: 2) we notice an arrangement like 
2 yaa same may be seen in Fig. 3, in 
which F, a cross-bar, receives the axis of these clamps. 
In Fig. inn represents two rings, from each of which 
a cord is hung, so that they may be held in the hands 
of the workmen beneath. Now, supposing the “monkey” 
to have been raised to the top of the machine, and that 
its lower part is vertically over a pile, the men in attend- 
ance pull the cords stretched from n n (Fig. 4), and the 
clamps at once open and let fall the monkey., The 
separated clamp is represented in Fig. 5, with the cord as 
stretched from the hand of the person holding it. The 
“monkey,” falling a height of some sixteen or twenty | 
feet, acquires a velocity of nearly forty feet per second ;* 


and being of great weight, its momentum + is sufficient 
to drive the pile receiving it with great force into the 
earth. The “monkey” is then again attached to the | 
ae pnd. raised to the top of the machine, again | 
to f e operation is repeated ‘until the pile has 


been driven sufficiently into the soil. Fig. 2 is aside view 
of the saine machine, with the exception an 

ment of teethed wheels is employed, as shown at @ g. 
© is a block fixed to the uprights A for the sake of 
giving it additional support. Sometimes the flooring is 
extended, as ataa, and these joists are bolted firmly 
into a platform on which the machine stands, 

Fig. 6 illustrates an application of hydrostatic laws. 
The principle of the hydrostatic power has already been 
explained at page 750. In this case, it is applied for the 
purpose of removing piles, which have been driven into 
the earth by the pile-driving machine. A isa bed of 

iles requirmg to be removed, B being one of them. 

D is a block of timber, which acts as a lever, whose 
fulcrum is E. This lever belongs to the second order,t 
the resistant or weight being in the lines 1, m, a. The 
latter letter shows the chain by means of whioh the pile 
is attached to the lever: d is the head of the piston, and 
movés ae. He collar b. The piston is inside the 
cylinder F. pump which works the press may now 
be described :—h is its handle, working on a pivot g3 f 
is the Plunger, which works in the cylinder k. Water is 
thus driven through the pipe e into F ; and the power 
thus produced effects the removal of the sunken pile B 
by the action of the lever, &c. It will be seen that the 
peonoies of the lever, and the pressure of liquids, are 

th employed in this ingenious arrangement, A similar 
arrangement is adapted to hoists, cranes, &c.—Ep.] 


CHAPTER VI. 
PNEUMATICS, 


Tue fluids treated of in the foregoing chapter are all re- 

led as inelastic or incompressible : it remains for us 
to devote a few pages to the consideration of those of an 
elastic or compressible nature. The most important of 
these is the atmosphere with which we are surrounded : 
and it is in especial reference to this, that the examination 
of the mechanical properties of elastic fiuids is said to 
belong to the science of Pnewmatics—derived from a 
Greek term rn ing, the air we breathe. 

TRANSMISSION OF PRESSURE: COMPRES- 
SION.—The mechanical properties of elastic and in- 
elastic fluids arein many important particulars the same: 
the fundamental principle in H. tatics, for instance 
—namely, that a pressure applied to the surface of a 
fluid, is transmitted undiminished in all directions 
throughout the entire volume of the fluid—holds vile 
whether the fluid be elastic or inelastic ; and in 
cases may be put to the test of experiment in the same 
way. td the piston A, shown at page 748, play in a 
metal cylinder projecting into the interior of the vessel, 
and be forced inwards along the tube by a pressure or 
weight of 1 1b. say, it will advance under this pressure 
along the tube, and then stop : and it will be found that 
an additional pressure of 11b. must be applied to the 
piston B to prevent its being forced out. 

In the case of a liquid, the only effect of the pressure 
on A is the transmission of it to every portion of the 
surface of equal area. In the case of the air, there is 
another and a distinct effect observably produced— 
namely, the compression of the fluid into smaller volume; 
and itis found by experiment that the volume diminishes 
just as the pressure increases: in other words, that the 
space into which any quantity of air is forced to compress 
is inversely as the pressure applied. How this 
was ascertained we shall explain presently: it is 
necessary first to establish the fact that air has weight. 
Tt is possible to conceive that a substance like air may 


itself, 
truth 


have the of transmitting pressure, yet that it 
may not be a pressing or weighty substance. 
ERIMENTAL P F OF ATMOSPHERIO 


PRESSURE.—But that the air exercises pressure, may 
be proved by many easy experiments : the boys’ sucker 
* Bee ante, p, 736, + Bee ante p. 743. 


is familiar to everybody. This toy consists of a piece of 
leather with a string passing through a perforation in 
the middle : upon being wetted so as to exclude the air, 
when it is pressed close to a smooth surface, it is found 
that considerable force must be applied to the string to 
detach the sucker; and if the surface of it be a 
stone of considerable weight may be thus lifted. t 
is it that thus presses the su and stone so firml 
together? Weare compelled to answer, the air, whi 
surrounds them both as if they were one body. Before 
the sucker was applied, the air surrounded it: the 

sure, if any, was alike on its upper and under padeons 
but whenyaflixed to the stone, 
surface of it was excluded, while that on the upper sur- 
face remained the same; and as an equal pressure is 
exerted on the corresponding area of the under surface 
of the stone, the two are, as it were, thus pinched or 
pressed together. 

Again: take a glass tube, a foot or two long, open 
at both ends, and therefore full of air ; plunge one end 
into a vessel of water: then we know from the first 
principles of Hydrostatics, that the level of the water 
will be the same both outside and within the tube. 
now, the air in the tube be drawn out by the mouth, or 
pumped out by a machine fitted for the operation :—the 
water will be seen to rise within, and at le to fill the 
tube ; and if the thumb be quickly applied to the top, 
soas to prevent the ission of the air, the water 
thus filling the tube will remain suspended, just as it 
would do if an additional column of water of the same 
height as the unimmersed part of the tube pressed upon 
the surface of the water in the vessel. In the absence 
of this additional column of water, what is it that sus- 
tains the water in the tube? We are again compelled 
to answer, the pressure of the air which supplies its 
place. 

We have here supposed the tube to be only a foot or 

two long, for convenience ; but careful experiment has 

proved, that with a tube of sufficient extent, exhausted 

of air, the water would not cease to rise till it had at- 

tained the elevation of about 32 feet; which limit at- 

tained, it would remain stationary. On this large scale 
4 See ante, p. 719. 


e Peay on the under 


AM ydrestalics 


“See Page W608. 


ME Bramah® Machine or Drawing 
Piles vutl of the Ground. 


: 
: 


we 


THE BAROMETER. ] 


MECHANICAL PHILOSOPHY.—PNEUMATICS. 


roo | 


| the experiment was actually performed, in 1647, by the 
| celebrated Pascal ; he procured glass tubes closed at one 
end, of forty feet long, and found, that when filled with 
water in a deep river, and then raised vertically with the 
open end downwards, the fluid ceased to fall when water 
in the tube stood about 32 English feet 24 inches from 
the surface of the river. This experiment clearly proved 
that the pressure of the whole atmosphere on any sur- 
face was equal to the pressure of a column of water 32} 
feet high on the same surface. And thus was satis- 
factorily shown not only that air has weight, but what 
amount of weight was sustained by a given area of the 
surface of the earth pressed upon by the atmospheric 
column resting upon it: the weight sustained would be 
equal to that of a column of water, on the same area, 
about 32} feet high. 

The same conclusion is obtained with a more manage- 
able length of tube by using mercury instead of water. 
And in this way the experiment had been tried previously 
by Torricelli, and it is hence called the Torricellian ex- 

riment; it led to the invention of the barometer. 

en a tube about three feet in length, and closed at one 
end, is filled with mercury, and then inverted in a basin 
of that fluid, the column of me held suspended in 
the tube is found to be about 29 inches above the surface; 
and as mercury is about 13} times the weight of the 
same volume of water, we arrive at the same result— 
namely, that the pressure of the atmosphere on any area, 
is the same as the pressure of a column of water on that 
area of about the height 


29 x 13} inches= about 32} feet. 


An exact correspondence between the results of such 
experiments made at wide intervals of time must not be 
e because the weight of the atmosphere fluc- 
tuates, like the other changes in its condition. The 
average height of the mercurial column is about 30 
inches, the ordinary range being between 28 inches and 
31 inches; and as 30 cubic inches of mercury kt 
about 15 lbs., every square inch of the surfacé of the 
earth, at the level of the sea, sustains, on the average, 
15 ibs. of atmospheric pressure. 

WEIGHT OF A VOLUME OF AIR.—Besides the 
foregoing methods of proving that the whole atmosphere 
exerts a pressure. ae the globe of the earth, equal to 
that which would exerted by a sea of mercury 30 
inches deep, covering its entire surface, a definite portion 
of the air about us may be taken, and, like any other 
material substance, be actually weighed in a balance. 

Let a vessel containing a cubic foot, that is, 1000 
ounces, of water be provided with a stop-cock screwed 
upon its neck. This vessel may be exhausted of its air 
by aid of the air-pump, a machine which will be here- 

r described, us emptied, and the stop-cock closed 
so as to prevent the readmission of air, let the vessel be 
accurately weighed in a very sensible balance. (See 
Srarics, page 723). 

When the exact counterpoise is thus ascertained, let 
the stop-cock be opened and the air admitted into the 
vessel ; the vessel thus filled, with the stop-cock again 
closed, to cut off all external pressure, will be seen at 
once to preponderate, and we shall find it n to 
put about 523 grains of additional weight in the other 
scale-pan to restore the equilibrium ; thus showing that 
a cubic foot of air, at the surface of the earth, weighs 
about 523 grains. 

We cannot, of course, speak accurately as to a few 

ains more or less, but it will be always found that at 
feast an ounce more weight will be required to counter- 
poise the vessel when full of air, than was required before 
the air was admitted. 

It is in this way ascertained, that when the barometer 
stands at 30 inches, and the temperature of the air is 52° 
of Fahrenheit’s thermometer, the weight of water is to 
the weight of an equal volume of the air around us as 
840 to 1. 

LAW OF MARRIOTTE.—Having thus established 
the truth of the proposition that air has weight, we may 
now proceed to explain the way in which the law of 

VOL. I. 


| Marriotte, namely, thatthe volumes into which air may 
be compressed are inversely as the pressures applied, is 
arrived at. 

Let DAC (Fig. 191) be a bent tube of equal bore 
throughout, or at least equally widethrough- _Fig. 191. 
out, the shorter vertical leg. Uonceive this D-~ 
tube to be at first open at both ends C and [ 
D, and let a little mercury be poured in, 
so as to fill the bend of the tube; the level 
of the mercury at A and B will be at 
the same height AB in each tube, how- 
eyer dissimilar the two portions of the tube 
may be (Hyprosrarics, page 751). Now 
let the end C be closed, and let such a 
quantity of mercury be poured in at D as 
will cause the surface, originally at C, 
to rise to B’, half-way between B and O. 
Upon measuring the additional column of 
mercury thus introduced into the. tube— 
that is, having previously marked the 
level O of B’/—if we now mark the level 
E when the surface B has risen to B’, we 
shall find that the length of the mercurial 
column UE is exactly equal to that of the 
mercurial column (as shown by the baro- 
meter) which represents the weight of the 
atmosphere. The inference is this: when 
the surface A sustained the pressure of only B. . 
the column of air above it, the air in the . 
shorter leg occupied the space BC; the air in BC was 
thus compressed into the volume it then had, simply by 
the weight of the atmosphere applied upwards to the 
surface B. 

But when the weight of two atmospheric columns 
pressed on the surface B, that is, the weight of the baro- 
metric column of mercury in addition to the atmosphere, 
then the volume of air in BC occupied only half the 
space—namely, B’C ; that is, the original volume was 
compressed by the double pressure into half its former 
bulk. Again, if another column of mercury be poured 
into the tube at D, till the air in the other leg occupies 
only one-third of its original volume, we shall find that 
the height of the entire column of mercury, measurin 
the difference of the levels in two legs, is twice that o: 
the barometric column; so that the air in B O, when 
pressed upwards by the weight of three atmospheres—the 
atmosphere itself pressing on the upper surface of the 
mercury and the double barometric column—is com- 
premed into one-third of its original volume. Results in 

rmony with these are always found to follow whatever 
fractional portion of the whole atmospheric pressure be 
applied ; and thus the law is experimentally established, 
that the volumes into which air is compressed by pres- 
sures are inversely as the intensities of those pressures. 

‘And this is only saying that the densities are directly 
proportional to the pressures. 

As it is the elastic force of the condensed air that thus 
balances the additional pressures, we further infer that 
the elastic force is proportional to the density or to the 
force of compression. 

A form somewhat more mathematical may be given to 
the foregoing account as follows :— 

The mercury, at first poured into the tube at D, stand- 
ing at the same level A B in both legs, and the end C of 
the tube being then closed, the space B C is occupied by 
the air in its existing state of atmospheric pressure at 
the time of the experiment, which pressure is indicated 
by the column of mercury in the barometric tube at that 
time. Fresh mercury is now poured in at D ; its surface 
reaches the level E in one leg, and some lower level B’O 
in the other, showing that the pressure of the air origi- 
nally occupying CB, by now being forced to contract itself 
into C B’, exercises an increased pressure ; so that now 
it not only balances the pressure of the atmosphere, in 
its original state at D, but also the column of mercury 


re} 


A 


E. 

Let H be the height of the mercury in the barometer ; 
then the pressure on the original volume of air BC is 
that of a column of mercury of base B and height H, 

: 5F 


~ ‘k. = os " 
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height H + EO. Now, wherever B’ may be, it is 
found by actual measurement that 
H+E0O:H::BCO:BO; 


and the pressures and volumes being as these linear 

dimensions, it follows that 

Pressure on B’ C ; Pressure on BC :: Volume BO : 
Volume B’ OC. 


And the same proportion is found to hold whatever be 


the original density of the air experimented upon ; and 
. eigiing 7 age ih ge som called the la 
fi i Ww. ough gen e law 
of Marriotte, is equally entitled to be called Boyle’s law ; 
as it was announced, independently, by the latter philo- 
at nearly the same time. it was discovered by 


le in the year 1662. 


ince the force of compression on the air near the sur4, 


face of the earth is that due to the weight of the super- 
incumbent atmosphere, it follows that the air must be 
rarer the higher we ascend; rarer, for instance, at the 
top of a mountain than at its base—a truth that has been 
turned to practical account in the way of measuring the 
height of a mountain by observing, with thé barometer, 
the difference of nyo cat meets at top and bottom. 

With the general theoretical principles and the practi- 
eal construction of this useful instrument, we here pre- 
sume the reader to be already acquainted ; for although 
some account of the theory of the barometer might 
reasonably be expected in a treatise on Pneumatics, yet, 
as the subject appertains chiefly to Merzorotoey, andas 
the a now at our disposal is limited, we must refer 
for the requisite information, upon what concerns the 
barometer and thermometer, to that section. 

DENSITY OF THE ATMOSPHERE AT DIF- 
FERENT HEIGHTS.—Since the density of air varies 
directly as the pressure sustained by it, the higher 
regions of the atmosphere having a less superincum- 
bent load than the lower, must be proportionally less 
dense. This weight or pressure, as alvishy noti will 
be affected by temperature: and moreover, the same 


the diminution in the force of gravity. But, lea’ 
these comparatively unimportant us pace 
out of consideration—unimportant, at for moderate 
altitudes—and ni pj both the temperature and the 
force ob geen iform, we may prove that—Tho 
density of the atmosphere at different heights above the 
surface of the earth, varies thus—namely, when the 
heights increase in arithmetical progression, the densities 
decrease in geometrical progression. 

Conceive a uniform slender column of the atmosphere 
to be divided by horizontal sections into n equal parts ; 
the number » being so great, that each thin stratum of 
air may be regarded as of uniform density: then com- 
mencing at the bottom, or first stratum a,, the several 
strata may be denoted by 


yy Do, Ag, My 2 ee Gneeeoe ¢5) 
and their densities by 
d,, d,, ds, dy, 65955. dn ° ee (2) 


It has been sufficiently ined (HypRosTatics, page 
750) that, in ing of ey te 
we always have reference to some assumed unit 
density, and that the weight of the unit of volume (the 
unit of weight) of the standard substance, multiplied by 
the numerical expression (D) for the density of any other 


will equally 3, ag the number of units 
the volumes ¢ , provided we take the magni 
a, or ay, &c., for that of the unit of volume: and this 
we are of course at li to do, for in all investigati 
our unit of measure may be chosen at our convenience. 

It may be well, however, in order to prevent confusion, 
to write the numbers (2), when regarded as so many 
units of weight, thus, namely :— 

Wy, Wey Wg, Wey so « 5s Wns 


Then, as the density of any stratum of air varies with 
the weight or pressure it sustains, we have 


d,:dyi: Wg +wy+w cee Unt We tw Ht... + wa 
dy : dg 3: wy + wy Ce th? We We fons t We (3). 
pe Fi Ba Be Rl el Se ELAR Mic dha Mi Pi Wn 
But d,:d 3:3 wy t W2 
vO By Rt (4). 
2G, tt Ws: 
Hence, putting w for d, in the foregoing proj ions, alternating and compounding the ratios (ALeEBRA, page 


477), we have 


W, 2 Wy + We + Wy fy... pwns: Wy: Wy + Ws + wy fe. +n 
We 2 We + Wy + wy + wg +... fwre: Wy i Wy + Wy + Ws +. + + Wn 
Wy : Wy + We + ws fw, Ht... was: Wet Wy + Ws + We Foss + Wn 


uently, ailing, 208 having regard to the 
proportions (3) and (4), we have 

d, : dg i: dg: dg:: dy: dq, &e.; 
therefore the densities of the strata a,, a,, a3, a,, &c., 
of which the heights are in arithmetical progression, are 
themselves in geometrical oo Shag ; and consequently 
the pressures sustained at different altitudes are also in 


geometrical on. 
DETERMINATION OF ALTITUDES BY THE 


uring 
wards from that spot, the distances 0, 1, 2, 3, &c., form 
e metri 
increasing ve. The 
progression, a 
— t between any numbers in geometrical progression, 


ing the corresponding pressures, multiplied 
by some constant factor or motzlan, i 
factor wo may call K. 


any lower altitude in feet, and 


Hence, a expressi 
@ altitudes A, a, we shall have 


P, p the pressures at 


A—a=K log. P—log. p = K log. > 


If the lower station be at the level of the then 
a = 0; and since the pressures P, p are indicated by the 
heights of the mercurial column in the barometer at the 
two stations, we have for A, the number of feet in the 
altitude of the upper station above the lower, 


height of barometer at upperstation 
height of barometer at lower station, 


But before this formula can be turned to 
account, we must be able to assign the numerical value 
of the constant multiplier K. 

Let H be the height of the barometer at the level of 
oi sea, and H’ the height at some known altitude A’; 

en 


A=K log. >. K log. 


H P 
A’ = K log. Fp = K log. 


Let A’ = 1 foot, then 
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ey 


P 
K =1-+log. or K =1 + log. —. 

Now when the barometer stands at 30°, and the tem- 
perature of the air is 55° Fah., the weight of a volume of 
air isto that of an equal volume of mercury as 1°22 is to 
13568 : hence the pressure of the 30 inches of mercury 


1356830 05 
T22. #™ 


of air of the same uniform density as that in which the 
barometer is placed—that is, of the air at the level of the 
sea. The height of this equiponderant column of homo- 
geneous air is therefore 


13568 x 30 ; 
2x12 feet = 27803 feet ; 


and, therefore, the height of the column measured from 
a foot above the level of the sea, is 27802 feet. 


Kea 1+ log, FOG 1+ log. (1+ aea59) 


But log. 
(+1) = 43429448 { Pa ey ey } 
27802 27802 27802 
THEMATICAL ScreNncEs, page 519), therefore, neglect- 
ing the powers of so small a fraction, 


Kw 1p ae 8 

= 1+ “o7a02 ~ 743420448 

or dividing 6, K = 10670 fathoms. Consequently 

the formula ba the computation of any altitude A above 
the level of the sea, is 


height of bar. at alt. A 
A = 10670 log. height of bar. at the sea-level. 


The constant factor 10670 has been determined on the 
supposition that the temperature of the air is 55° Fah. 
The more convenient multiplier 10000 may be employed 
instead, by a suitable alteration of the temperature ; 
that is, by assuming the air to be in a different state. 

iment has shown tm a agen] of a place, = 
deduced from the foregoing form ill vary by zhgt! 
of its whole value, for every degree by which the mean 
of the temperatures at the two stations differs from 55° ; 
the variation to be added when the mean exceeds 55°, 
and subtracted when the con’ is the case. 

Now, the difference between 10670 and 10000 is 670, 
and the difference between 10670 and the value it would 
have for one degree less of temperature is en = 245: 


is equal to the pressure of a column of 


= 64020 feet ; 


fathoms, 


hence, to find for how many degrees less of temperature 
the difference is 670, we have the proportion 
24°5 : 670: :1° : 27°. 
Consequently 55° — 27° = 28° is the temperature of 
the air for which the altitude A in fathoms is 
height of bar. at alt. A 
A = 10000 log. icicht of bar. at the sea-level, 


And this value must be increased or diminished by the 
},th part of itself for every degree shown by the mean 
{amperature of the two stations above or below 28°. 

In taking the me Hem we may employ only five 
figures for each, including the index 1. ing these 
as whole numbers, we take their difference ; then if E be 
the excess of the mean temperature of the two stations 


above 28°, we must multiply this difference by ae 


and add the result to the said difference to obtain the 
altitude in fathoms. This fraction of the difference 
must be subtracted if E be negative. The following is 
an example :— 

Required the height of a mountain when the barome- 
ter at the bottom stands at 29°68 inches, and at the top 
at 25°28 inches, the mean temperature, that is, half the 
sum of the temperatures at the two stations, being 47°, . 


The excess of the mean temperature above 28° is 47° 
— 28° = 19° 


log. 29°68 . , . » 14725 E_W 

TAO es 228. 1 >. 14028 «© 435 435 
: 697 
607 x gx = 30 


,. the heightis. . . . . 727 fathoms = 4362 
feet. 

Where minute accuracy is required, certain particulars, 
here disregarded, must be taken into consideration ; as, 
for instance, the latitude of the place of observation, 
and the dilatation of the mercurial column, which 
lengthens to the extent of 545th of the whole for every 
additional degree of temperature : but the determination 
of altitudes by the foregoing formula will, in general, 
differ from the truth only by a fathom or two, and will 
therefore be sufficiently accurate for most practical pur- 
poses. (See Chapter V.—Section, Meteorology.) 

The higher we ascend into the regions of the atmo- 
sphere, the colder does it become. There are two reasons 
for this: in the first place, the direct rays of the sun 
pass through the air without being arrested, as it were, 
as in the case of a solid body, which absorbs a great por- 
tion of the heat poured upon it ; and, in the next place, 
experiment proves that air by rarefaction loses part of 
its original heat, so that when air of a certain tempera- 
ture is relieved of part of the pressure upon it, and 
allowed to expand (as the air in the receiver of an air- 

ump), itis found that the temperature becomes less and 
ess as the pressure diminishes ; so that if the original 
temperature is to be maintained, fresh heat must be com- 
municated. As there is no external source for the supply 
of such heat in the more elevated regions of the atmo- 
sphere, the superior coldness of those regions becomes 
sufficiently accounted for. 

WEIGHT OF THE WHOLE ATMOSPHERE.— 
We have already seen that the weight of the atmosphere 
surrounding the earth is equal to the weight of a sur- 
rounding coating of mercury, on the average 30 inches 
thick ; the amount of this weight may be found by mul- 
tiplying the yolume of the mercurial shell by the specific 
gravity of the mercury, and the product by g = 1000 
ounces (Hyprostatics, page 752). Let R = radius of 
the earth in feet, r = height of the mercury in feet, and 
s its specific gravity : then subtracting the volume of a 
sphere of radius R from that of a sphere of radius 
R+ r, in order to get the volume of the spherical shell 
of mercury, we shall have for the weight W of that 


shell 
4r(R +r) 47R? 
yon aa 3 jag 


af 


3 
= ar { RY4 Br + yr} 5+ 1000 0, 


This weight the celebrated Cotes calculated to be equal 
to that of a globe of lead of 60 miles in diameter, or 
upwards of 77,670,000,000,000,000 tons, 

The weight of the atmosphere can be much more 
accurately estimated than its height, since the former 
can be submitted to experimental examination, while 
the latter is beyond our reach. But there are many 
cogent reasons which preclude the notion that the atmo- 
sphere is illimitable. Thus, we have seen that it has 
weight ; that is, that it is a material substance, like all 
other material substances, operated upon by the attrac- 
tion of gravitation, There must be an elevation, there- 
fore, at which its elasticity, or its tendency to expand 
further upwards, is just balanced by its gravitating ten- 
dency downwards, and which must therefore mark the 
limit of its altitude. Again, if its extent were bound- 
less, the moon and all the other planets would each, by 
its attraction, appropriate a share of it ; and, as in the 
case of our earth, the density of it would increase towards 
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the surface of each et; and, more especial 
the moon, PH prec would become manifest 
by astronomical observation. But astronomers find the 
moon to be quite destitute of an atmosphere : it has no 
clouds, no rain ; and some of the planets seem to be in 
the same jcament. ns Bid Ee ec pial. 
sphere, consequently can have no thing inhabi 
ants, is a fact ianeecting in itself; and it involves this 
other fact, equally interesting, that our atmosphere has 
its limits. Accurately to assign these limits is beyond 
the power of science; but the phenomenon of the re- 
fraction and reflection of light leads to the conclusion 
that it extends to the height of about forty or fifty miles. 
The average between these, namely, forty-five miles, is 
usually regarded by philosophers to be the height of our 
atmosphere. But that this conclusion may rest upon 
aaibing better than mere conjecture, we shall give the 
reasonings by which it has been arrived at. “ 
Atmospherical refraction is caused by the bending of 
the rays of light from a luminous body upon entering 
our atmosphere : till the outer boundary of the atmo- 
sphere is reached, nothing diverts the direction of a 
Tuminous ray. This refraction of the rays of the sun 
| adds intensity to the twilight, or the light we enjoy after 
sunset. The twilight is found to continue till the sun 


is 18° below the horizon. Let, therefore, A H (Fig. 192) 
be the horizon of an observer at A, who will continue to 
Fig. 192, 


have twilight till the ray S H from the descending sun 
makes with BH the angle SH B = 18°, and therefore 
the angle A HS is 162°. 

The last glimmer of twilight is due, no doubt, mainly 
to the reflection of the ray 8 H from the particles of the 
atmosphere at H ; and the radius C H being SU 
to the reflecting surface at H, the angles AH C,SHO 
must be yery nearly equal, and therefore each equal to 
about 81°. Now taking the radius C A of the earth at 


4,000 miles, we have by Trigonometry, 


OA 4000 

CH = CAcosec.H = an H ap.er 4050 nearly. 
So that, according to this calculation, the height h H of 
the atmosphere is 4,050 — 4,000 = 50 miles. 

The height of an homogeneous atmosphere that would 

as actual atmosphere is found to do, may be 

readily ascertained. Thus, if we take the specific gravity 
of air to that of water as 1 to 850, when the barometer 
stands at 30 inches, and the specific gravity of water to 
that of mercury as 1 to 14, we shall have the specific 
gravity of air to mercury as 1 to 11,900. 

.. 1: 11,900 ; ; 30 inches ; 357,000 inches = 5:63 miles, 
This, therefore, would be the height of an atmosphere 
pressing with the same weight as ours does, and of which 
the density is uniformly the same as the air at the 
surface of the earth. If the specific gravity of the air at 
the surface to that of mercury, when the barometer stands 
at 30 inches, be taken as 1 to 12,000, the height of the 
homogeneous atmosphere will be 12,000 x 30 inches 
= 10,000 yards = 54 miles nearly. Hence the height 
ps hoary equiponderant homogeneous atmosphere would be 

t 
THE SYPHON,—The weight of the atmosphere, like 
all the other forces spontaneously offered to us by nature, 


has, by the ingenuity «£ man, been made subservient to 


~— 


his wants and conveniences in a great variety of wa: 
Next to the force of gravitation, of which, indeed, the 
weight of the air is only a particular manif i 
atmospheric pressure is perhaps the most important 
terrestrial phenomena ; and it is not to estimate 
the amount of extra toil and privation to whi i 
would be subjected, if the air we breathe, like the light 
we see, had no appreciable weight. It is our business 
now to give a short account of some of the contrivances 
by which atmospheric pressure has bpen turned to ad- 
vantage in the practical affairs of life, and to explain tle 
principles upon which these contrivances accomplish the 
purposes intended by them. The least complicated of 
these is the Syphon. : 

This instrument is simply a bent tube A BC (Fig. 199), 


employed for the purpose of exhausting a vessel of 
Fig. 1°38. 


liquid it may contain, or of trans- 
ferring it to another vessel without 
the practical inconvenience—often 
the practical impossibility—of ac- 
tually pouring the liquid from the 
one vessel into the other. 

There are two ways of bringing 
the instrument into operation : 
the end of the shorter leg A may 
be inserted in the liquid, and then 
the air in the tube withdrawn by 
the mouth through a small pipe 
communicating with the tube near 
the extremity C of the longer leg. 
In this case there must be a stop- 
cock between the pipe and C to 
cut can see ener — the pha 
atmosphere pressing through C. uch a hon is 
called the distiller’s syphon : it is exhibited Bybee Fon 
in Fig. 194. In the second way the tube is inverted and 
filled with the fluid, and the ends A, C closed; the 
shorter end is then immersed, and both ends are 


opened 


Fig. 194, 


Suppose, as in the first way, that the tube, with the 
end A (Fig. 193) in the liquid and the end C stopped, 


sphere on the exposed surface of the fluid in the vessel — 
acts upwards at A, and forces the fluid into the vacant 


two or en) 
were a fluid lighter than water. As, however, the tube 
bends at a moderate height B, the ascending column i 
forced to accommodate itself to the course of the tu 
and descends into the leg BDC. Arrived at B. 
highest point, its descent down B C is iy orm b 
direct influence of gravity upon it ; and C being 
the liquid flows out, 

Now it must be observed, that when the column ha 
attained the height E B, it is not forced forward by th 
whole of the atmospheric pressure at E, but by 
pressure diminished by the weight of the column 
so that when the column had extended itself to D, if 
atmospheric air were admitted, the upward 
D, like that on E, would be equal to the 
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spheric pressure diminished by the weight of the column 
DB; the two pressures, therefore, balance. But as 
soon as D is passed, and the column in BC lengthens, 
the equilibrium is destroyed, the downward N srrecmed 
pati and the liquid falls through C upon finding a 
passage there: and the longer the part D C of the 
syphon below the surface D of the liquid, the greater 
ill be the velocity with which it will issue, since the 
greater will be the preponderating pressure downwards. 

In the second way of preparing the syphon, that is, by 
first filling it with the fluid, it is brought, in another 
manner, into the same circumstances as when it is filled, 
as above, through the pressure of the air on the surface 
of the liquid. The liquid will evidently cease to flow as 
soon as the surface of it descends to a level with the 
rising surface in the vessel to which it is transferred ; at 
this stage, however, the syphon will remain full, as there 
will be a complete equilibrium. 

In the syphon just explained, it is necessary that the 
legs be of unequal length ;_but there is another kind of 
syphon called the Wurtemburg syphon, in which the 
two legs are of the same length. In this instrument (see 
Fig. 195), the extremities of the equal legs are turned 

Fig. 195. upwards so that the two open 
exrds D, E may be on the hori- 
zontal level when the syphon 
is held upright. The instru- 
ment is kept constantly filled 
with water, which remains sus- 
are in the two legs DA B, 

CB, because the equal atmo- 
spheric pressures at D and E 
nom them in a state of equili- 

rium; but if the leg termi- 
nating in D be immersed in 
water, the end D will sustain 
the additional pressure of the 
water reaching from D to the 
surface, and consequently E 
being free from such addi- 
tional pressure, the fluid is 
forced out at that end. When the surface of the water in 
the vessel has descended to D, the stream from E stops, 
but the syphon remains full, and, thus filled, is taken 
out and hung up by a loop at B till in wanted. 

INTERMITTING SPRINGS.—The curious pheno- 
mena of intermitting springs, are referable to the fore- 
going principles. These springs, issuing from a fissure 
in a mountain side, flow for a certain period and then 
stop ; after awhile the water flows again, and so on. 
These effects are produced through the operation of one 
of Nature’s syphons. Fig. 196 exhibits a section of the 
mountain andthe stream. A cavity exists in the former, 
as here represented ; this is filled by gradual infiltrations, 


surface. 
Suppose, now, that there is a syphon-like communi- 


Fig. 196. 


cation between the reservoir of water, supplied by these 
channels from above, and the mountain side; as this 
Pd ate is not artificially exhausted of air, it will not 
deliver the water in the reservoir till the surface of that 
water rises as high as the bend of the syphon B; after 


which it will begin to flow, pouring out a continued 
stream till the reservoir is emptied, or at least till the 


level reaches the immersed end of the syphon; the 
stream will then stop, and will commence to flow again only 
when, by a fresh accumulation of water from above, 
the level of B is again reached. 

It is, of course, a condition necessary to the production 
of these results that the surface of the reservoir be sub- 
jected to the popire of the atmosphere ; but through 
the fissures which supply the cavity with water, air must 
have previonsly found its way; and, indeed, from 
the principle of the equal transmission of fluid-pressure, 
the weight of the atmosphere acting on the upper sur- 
face of the water in a single downward column, as on 
the water in the slender perforation to the right in the 
foregoing figure, acts equally on every part of the sur- 
face of the water in the reservoir. 

THE HOUSEHOLD PUMP.—The common suction- 
pump is another important contrivance, which owes its 
usefulness entirely to the pressure of the atmosphere, 
although its dependence upon this agency was little sus- 
pected for many ages after its invention. As already 


noticed (page 769), Torricelli, a pupil of Galileo, early 
Fig. 197. 


in the seventeenth cen- 
tury, was the first who 
fully recognised the in- 
fluence of atmospheric 
pressure. He accounted 
for the ascent of water 
in the pump, and of 
mercury in an exhausted 
tube; and the inven- 
tion of the barometer 
naturally followed, 

Fig. 197 represents a 
section of the suction- 
pump ; A Bis the tube, 
or working pump-barrel, 
communicating with the 
water in the well. In 
this barrel, an air-tight 
soe C, moved by the 

lever or pump-handle P, 
freely plays. At tho 
lower extremity of the 
working barrel there is 
a valve V opening up- 
wards : this valve sepa- 
rates the barrel from, 
and completely covers, what is called the suction or 
feeding-pipe, which is usually of smaller bore. In the 
pee 1 there is also a valve similarly opening upwards. 

‘he piston C is called the sycker. 

Now, imagine the piston C to be at first at the bottom 
V of the barrel, and then to be raised by the action of 
the pump-handle. As the aio is air-tight, the pres- 
sure of the air in the barrel upon the ascending valve C 
keeps it closed, so that that air, having no escape below, 
is forced up and pum out at the spout S. The 
vacuum thus ne in the barrel is immediately 
filled up by the ascent of the water through the feeding- 
pipe, for the water in the well sustains the pressure of 
the atmosphere on its surface—all except that portion of 
the surface which the feeding-pipe covers; and from 
this portion, as just explained, the air has been with- 
drawn. The barrel is thus filled with the water forced 
up by the pressure of the atmosphere on the exposed 
surface of thatin the yell ; but no water escapes through 
the spout S, since all that has been raised is below the 
closed valve C; but it is retained suspended in the barrel, 
though the valve V still remains open, the upper surface 
of the water, immediately below the piston, being, of 
course, not more than 32 or 33 feet above the surface of 
the water in the well (page 769). 

Upon now lowering the piston, the valve C opens by 
the resistance of the water confined in the barrel ; for the 
downward pressure communicated to the confined water, 
and exercised through the lever P, closes the valve V, 
and prevents the water from being, by this extra pres- 
sure, forced back again into the well. Hence, upon 
again raising the piston, the upward resistance of the 
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out of the spout 8, while another vacuum is forming be- 
low the piston, and fresh water rising in the barrel. 
the piston is raised, the lower valve 
one closes ; while, on the contrary, 

a the lower valve closes 


above, that the pressure of the atmosphere on the sur- 
face of the water in the well, or reservoir, need not be 
sufficiently great to cause the water in the pump to 
ascend as high as the spout, when, by the action of the 
handle, the air is withdrawn from the tube: if the 
length of the suction-pipe be 28 or 29 feet, or rather, if 
the valve at the top of it be at this height above the 
water in the well, the exhaustion of the air will be fol- 
lowed by the ascent of the water, through the suction- 

ipe, to some distance up the barrel of the pump. 
pe ela raising of the water, thus introduced into the 
barrel, to the spout, is the sole result of the mechanical 
force applied to the pump-handle. 

QUANTITY OF WATER DISCHARGED, AND 
FORCE APPLIED TO RAISE IT.—The quantity of 
water discharged at each stroke of the handle, supposing 
the barrel to be constantly full—that is, supposing the 
spout not too high—is a column of water Ehcos base is 

e horizontal section of the piston, and of the height to 
which the piston is raised, called the length of the stroke : 
thus, if r be the radius of the section in feet, and J the 
length of the stroke in feet, we shall-haye 


Quantity discharged =3'1416r°l enbic feet ; 


or, since a cubic foot of water weighs 1000 ounces, or 
about 62} pounds avoirdupois, and since an imperial 
gallon contains 10 1b. of water, we have 

Quantity discharged =3°1416r°l x 6°25 gallons. 

But the force necessary to raise this quantity, will be 
that required to raise the entire column of water ex- 
tending from the surface of the reservoir to the surface 
of the water in the pump, the base of the column bein 
the section of the piston. For let abe the number o: 
linear feet of water above the piston, and b the number 
of feet below it, to the surface of the reservoir ; let also 
p be the length of the column of water equal to the 
atmospheric pressure: then since, in raising the piston, 
the downward pressure of the atmosphere has to be 
overcome, the height of the equivalent column of water 
lifted is a+ p ; but the upward pressure against this, is 
equal to the weight of a column of water of height p—b: 


hence 
(a+p)—(p— b)=a+b 


Consequently, the force necessary to lift the piston is 
that necessary to lift a column of water having the same 
section as the piston, and the height (a + b), of the water 
in the pump, from the surface of that in the reservoir ; 
and, in fact, additional force must be applied to pump 
out the water, on account of friction, and the weight of 
the piston and rod. 

In the returning stroke of the pump-handle, the piston 
descends by its own weight, which is sufficient to over- 
come the friction, and the slight resistance of the water. 

FORCING-PUMP AND FIRE-ENGINE.—As the 
pressure of the atmosphere varies, pumps are not con- 
structed to raise water to a height above 28 or 29 feet ; 
but the water thus raised may, by an additional contri- 
vance, be forced upwards as much higher than this as we 
— A pump for this purpose is called a forcing pump. 

n this pump ‘hice is no valve C in the sucker or piston ; 
so that, after the exhaustion of the pump-barrel of air, 
and the consequent filling of it with water, no downward 
pressure on the piston could cause its descent, since the 
water is incompressible. A pipe, therefore, is ingerted in 
the side of the barrel near the bottom, with a valve at 
the insertion opening outwards ; the downward pressure 


; om the solid piston forces open this valve, and drives the 


water into the tube, which may be carried upwards to 
any height, and be made to deliver the water there, pro- 


The | 


vided only sufficient downward pressure act on the 
iston. i 

¥ The fire-engine (Fig. 198) is essentially the combina- 
tion of two forcing-pumps, the pistons of which are 


worked by a lever whose fulcrum is at its middle, and 
Fig. 198, 


condensation produced in the confined air. If the pis- 
tons be worked with sufficient energy to supply the air- 
vessel with water as rapidly as it is thus delivered, the 
stream will be invariable ; if more water be forced into 
the vessel than can escape out of the delivery-pipe, the 
air-vessel will be in danger of bursting, by the increased 
pressure of the condensed air. 

The intention of the air-vessel will be readily per- 
ceived by the student : the force applied to the two ends 
of the lever, which works the double pump, is necessarily 
an intermitting force ; and without some contrivance to 
render the effect continuous, the water would issue from 
the delivery-pipe in jerks, by the separate impulsions 

iven to it; but the continuous pressure of the con- 

nsed air in the air-vessel, causes a continuous flow of 
water along the hose, up to the point of issue. If the 
supply of water to the air-v vary, the velocity of 
the issuing stream will, of course, vary likewise ; but 
there will be, nevertheless, no interruption in the con- 
tinuousness of the discharge. 

In fact, the air-vessel performs an office a good deal 
like that performed by the fly-wheel in ordinary ma- 
chinery : it gives continuity to intermittent action, tends 
to equalise the effectsof it, and prevents that strain on the 
structure which irregularities of action are apt to pro- 
duce, ‘ 

The metal pipe, from which the stream of water issues, 
is considerably smaller in bore than the leathern hose 
along which the fluid flows to it. A double purpose is 
accomplished by this na ee In the first*p! the 
friction in the hose is diminished, as a comparatively 
smaller portion of water comes in contact with the in- 
terior surface ; and in the next place, the contraction of 
the stream, at the outlet, gives to it a proportional in- 
crease of velocity, so ‘raga e en is driven Ang = the 
narrow pipe with mu ter force (page 764). It may 
be obaetel here, that the common nyringey se boys’ 
squirt, is a miniature foreing-pump, or em fire- 
engine ; the great contraction of the tube near the out- 
let, is the cause of the velocity with which the water 
issues, being so much greater than that with which the 
piston moves, In the syringe there is certainly no air- 
vessel, as in the fire-engine; but the pressure on the 
water is continuous, so long as the tube contains any. 

THE DIVING-.BELL,—tThe. diver’s bell is a heavy 
iron chest open at the bottom ; it is called a bell, because, 
in its original construction, a bell-form figure was given 
to it. e interior is furnished with seats, sufficiently 
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high above the mouth to enable the persons sitting on mass of air then in AB will bb D.R+D. B; as the 
them to keep their heads free from the water, which additional mass D. B is forced in at the second descent, 


rises in the bell, in virtue of the upward pressure, as it 
descends into the sea, and to breathe the air which is 


A B will then contain the mass D.R+2D.B; anda 
fresh mass D. B being thus forced in at every descent, 


thus forced up and condensed, above the rising water. | we have for the whole quantity of air, after n descents, 


By means of a flexible tube, communicating with the 
upper atmosphere through the top of the bell, fresh air 
can be pumped in, and the air unfit for respiration 
let out. 

It is easy to find the space into which the air, originall 
in the bell, will be compressed when the chest is s 
to any depth below the surface. 

Let A B (Fig. 199) be the distance between the surface 

Fig. 199. of the water above, and the sur- 

face of the water in the bell. 
Let also h be the height of a 
= column of the water, the pres- 
sure of which is equal to that 
of the atmosphere: then the 
original air in the bell sustained 
a pressure equal to that of a 
column of water, of the same 
= horizontal section and height h; 
but when condensed by being 
- forced up to B, it sustains a 
pressure equal to the same 
column A, and the additional 
column of water that is above 
B; that is, the pressure now 
sustained is equal to that of a column of water of height 
h+AB. 

. vol. of condensed air DB h 

eof Righalex “DO “kan he ™ 

Putting, therefore, x for D B, the depth of the com- 
pressed air between the roof of the bell and the surface 
of the water within it, we have 


x h ‘ 
=——__—_ .. 29+ (h4+AD)z=hDC. 
DO AF+AD+e2 7 OFa™ 

Hence, by solving this vse ey equation, which has 
but one positive root, the depth DB of the compressed 
air may readily be ascertained when the height DC of 
the bell, and the depth A D, to which its upper surface 
is sunk, are given. 

THE CONDENSER.—The condenser consists of a 
strong vessel AB (Fig. 200), called the receiver, into 
which atmospheric air is forced and condensed by means 
of the following apparatus:— ; 

A cylindrical |, — into the receiver, and 
having a valve openi ownwards at C, is furnished 
with a piston D, having a valve Fig. 200. 
also opening downwards. As the 

i descends, the valve D closes 

by the resistance of the a in o D, 

the pressure opens the valve 

C, the compressed air passing into 
the receiver A B. 

This piston having thus forced 
all the air originally in the barrel 
into the receiver, is raised up; 
and the superior pressure of the 
condensed air in A B immediately 
closes the valve C, while the down- 
ward pressure of the external at- 
mosphere opens the valve D; so 
that the barrel becomes again filled 
with common air, and the operation 
is repeated. . 

In some condensers the piston D is made solid, and a 
small orifice is. made at O near the top of the barrel, 
through which, upon raising the piston above it, the 
barrel is supplied with fresh air from without. ; 

The density of the compressed air in the receiver, 
after n descents of the piston, may be ascertained thus :— 
Let R and B be the respective capacities of the receiver 
and the barrel, and let D be the density of the atmo- 
spheric air: then, R being the volume of this air in the 
receiver at first, and R-+B the volume of it in the 
receiver after the first descent of the piston, the entire 


Quantity of air= D(R-+nB) ., its density 
=DiL+n%) 


which increases in arithmetical progression. 
THE WINE-TASTER.—We may here notice, as | 
among the minor contrivances by which the pressure of 
the air has been made available for practical purposes, 
the convenient little instrument called the wine-taster, 
which is much used in wine andale cellars to draw out, 
Fig. 201. through the bung-hole of a cask, a specimen of 
its contents. The marginal representation (Fig, 
201) will give a sufficiently clear idea of the form 
of this contrivance, which is gee ang: has a 

small perforation at each en en di: 
into es liquid, shotennee orifice being ste 
open to the atmosphere, the fluid rises through 
the lower orifice, till the level is the same inside 
and outside ; the thumb is then pressed on the 
upper orifice, and the vessel withdrawn. The 
air previously within—the common atmospheric 
air, reaching from the surface of the liquid to 
the upper hole—expands and fills the e ed 
space which the descent of the liquid leaves as 
the vessel is raised. The pressure within is 
thus diminished, while the external pressure 
upwards, on the lower orifice, is that of the un- 
rarefied atmosphere; so that a portion of the 
liquid remains suspended in the tube, under 
which, if a glass be held, and the thumb removed, the 

sample will run out by its own weight. 

T AIR-PUMP,—tThe office of the air-pump is the 
opposite of that of the condenser, the eh of it being 
to exhaust a receiver of the air contained init. There 


are several forms of this machine ; one of the best known 
is represented in Fig. 202, and is called Hawksbee’s 
The receiver, containing the air to be with- 
by means of a pipe, with two 

Fig. 203, 


air-pump. I 
drawn, communicates, 
Fig. 202, 


barrels, generally of polished brass, in which two closely- 
fitting over i gr rack-work, as in the sectional 
outline exhibited in Fig. 203, where it will be observed 
that the descent of one piston compels the ascent of the 
other. The four valves, marked a, b, e, f, all open 
upwards. As one of the tir descends, its valve | 
opens, and the air in the | rrel passes through, and 
rests above the piston when it has arrived at the bottom. 
During this operation the other piston ascends, with its 
valve closed, emptying the barrel in which it is fitted, 
of its air, the vacuum being supplied from the air in 
the receiver with which the barrel is in communication, 
The first piston is now raised, and its barrel emptied in 


— 
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like manner, 
receiver communicating with it, And these alternate 
ascents and descents of the piston render the air in the 
receiver so rarefied, that at length its pressure is inade- 
quate to open the valves and pass into the barrels. It 


is plain that each turn of the toothed wheel, driving one 
piston to the bottom of the barrel and raising the other to | 


eee eee one barrel full of air; so that the | 
air in 


receiver, previously to this turn of the wheel, 
now occupies both the receiver and one of the barrels. 
Let R be the capacity of the receiver, and B that of 
each barrel; and the density of the atmospheric air 
being D, let D,, Dy, Dy, &c., be the densities of the 
air in the receiver after 1, 2, 3, &e., strokes or turns of 
the wheel : then since, at every turn, the volume of air R 
is dilated into R + B, we have 
R 


D, (R+B)=D.R .D, =D apy 


R 2 
D,(R+B)=D,,R..D, = D (ppp) 


Fee 
D, (R+B)=D,.R.’.D, =D Gap 


And generally D, = D re Dp” the density after n 


turns. Hence the density decreases in geometrical pro- 
ion. As the mass, or quantity of air, is eq 
its volume multiplied by its density (page 742), there- 
fore after n strokes, the quantity of air in the receiver is 
Rett 


R 
DB= (gp p= Perey 


The quantity of air in the ye peers, therefore, 
in metrical progression; but as a decreasing geo- 
monies ion may be continued indefinitely, it 
follows that the uantity can never be actually exhausted 
in any number of strokes of the air-pump, 

As the pressure of the atmosphere on the receiver 
becomes very after the pump has long worked, it 
is necessary that it toy considerable strength ; and 
the bell-form, as exhibited in Fig. 202, is given to it to 
secure this condition, the glass of which it is formed 
being also very thick. The valves are usually of strong 
oil-silk, in little brass frames, traversed by a grating. 

Prostem.—To find the number of strokes necessary 
to reduce the air in the receiver to a given density. 

Let d be the given density : then D being the original 


ty, 7s 
=P) GTP" 
«" log. d = log. D + n {log. R — log. (R + B) } 
; log. d—log. D 
= log. R —Jog. (R + B) 


And if, as is usual, the original density, or that of the at- 
mosphere in its ordinary — sr icine eave by 1, we shall 
og. 


have 
"= fog. R — log. (R+ B) 


The density d is here, of course, a proper fraction, and 
therefore log. d is negative, but the denominator bei 
evidently negative also, the expression is positive ; an 
os inferred above, if d = 0, that is, if the receiver 
be absolutely exhausted of air, log. d, and therefore n, is 


infinite. 
Although two barrels are connected with the receiver 
in Hawksbee’s air-pump, but only one barrel is exhausted 


at each stroke; yet the working of the two pistons 
simultaneously, at each turn of the wheel, considerably 
diminishes the labour of the operation ; for the atmo- 
spheric pressures on the upper surfaces of the two pistons 
being the same, the force required to work the pump is 
only that necessary to overcome the difference of the 
on the under surfaces of the pistons, and the 

iction of the pistons themselves. If only one barrel 
were employed, the ascent of its piston would be opposed 
by the difference, constantly augmenting, between the 
pressures on its upper and under surfaces, in addition 


fresh air rushing in from the air in the to the friction. If, however, the ascending single piston 


could be relieved from the pressure of the atmosphere, a 
single exhausting barrel would answer every purpose, 
Po the machine would be simplified. 

SMEATON’S ACR-PUMP.—Such a simplification is 
given to the pap se ee by Smeaton, and called 
after his name. B (Fig. 204) is the barrel or cylinder 
communicating with the receiver by means of Fig. 204. 


iston also has a valve 
D opening upwards ; and a third valve B, like- 


‘ore, R, B represent the capacities c 
of the receiver and barrel respectively, D the density of 
the atmospheric air, and D, the density of the air in 
the receiver after n strokes of the piston, we shall have, 
as in the former case, 


D. =D GcpD ", the density after n strokes, 


In this pump the exhaustion may be carried on tos 
much greater extent than in the common pump before 
described, because the valve D, being relieved from the 
downward pressure of the atmosphere, will open fora 
very slight pressure upwards, and consequently will 
allow of the passage of air in a more rarefied state. 

But as the foregoing expression for D, is the same as 
that furnished thy Hinekatiesta machine, and consequently 
the 2 pheneage for n, the number of strokes producing a 
given degree of exhaustion, must be the same in both 
constructions, provided only that the barrels are all 
equal, it may seem that there is no difference in the 
exhaustive powers of the two. It must be remembered, 
however, that in the former investigation the valves are 
supposed to open at even the nth stroke, however high a 
number n may be ; but as, in the former construction, 
the valve of the descending piston sustains the pressure 
of the atmosphere, which in the present contrivance is 
removed, a greater elasticity in the air below the valve 
is necessary to open it; so that, in Smeaton’s pum 
a aoe’ degree of rarefraction will be itimately 


attain 

TATH’S AIR-PUMP.—This pump was first described 
by the inventor in the Philosophical Magazine for 
April, 1856. Its chief peculiarity is, that while it has, 
like Smeaton’s pump, only a single cylinder or barrel, it 
has a double piston. This double piston performs the 
work of the two pistons in the ordi double-barrelled 
air-pump, and that with only half the motion. 

In the annexed diagram (Fig. 205), C D is the cylinder 


or barrel ; A and B are solid pve rigidly connected 
Fig. 205, 


by a rod K, and moved by the piston-rod 
AH, ing througha stuffing-box 8._ V 
and v are valves opening outwards ; and R 
an open pipe, at the middle of the cylinder, 
leading to the receiver from which the air 
is to be exhausted, 

The distance between the extreme faces 
of the pistons is ong ot of an inch less 


———|_ than one-half the length of the cylinder ; 
Gi this gths of an inch being the space re- 
= uisite for clearing the exhausting-pipe R. 
= he pistons are each about 1} inch in 
|||] thickness, and the rod K connecting them 
r may be of any section consistent with 

strength. The effective length of the 
stroke is equal to the space between one side of the pipe 


el 
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R and the corresponding end-face of the cylinder, or it 
is very nearly equal to one-half the length of the 
cylinder. 

In an upward stroke, the air above the piston A is 
propelled through the valve V into the atmosphere, 
while a vacuum is being formed beneath the piston B. 
When the piston A strikes against the top of the 
cylinder, the air from the receiver rushes through the 
pipe R, and diffuses itself through the lower half of the 


cylinder. In a downward stroke, the air beneath the 
piston B is propelled through the valve vw into the at- 
mosphere, while a vacuum is being formed above the 
piston, A,and soon. It will be observed that the double 
piston performs a double duty at every single stroke ; 
for while a vacuum is being formed in one half of the 
cylinder by one piston, the other piston is propelling the 
air from the opposite half, into the atmosphere ; hence 
much time and labour are saved. 


ADDENDA. 


THE PATENT ICE-MAKING MACHINE.—In 
temperate climes, sufficient ice is produ for summer 
consumption during the winter season ; but in tropical 
countries, where it is unknown as a natural production, 
and its value is often at a high price, a method of pro- 
ducing it at pleasure has long been a desideratum. 

In our Section on Heat we have given a list of 
freezing mixtures; these, however, can only be employed 
on the small scale.* It has, therefore, been frequently 
attempted to apply the air-pump to jpttigerstae 
purposes ; and, per! the most successful machine o 
the kind, is one which was shown in the Exhibition 
of 1862, and of which we shall give a short description. 

It has been already stated, that ether boils at a very 
low temperature in a vacuum, and that if a little be 
placed in a watch-glass, resting in another containing 
water, the latter may easily be m in the receiver of 
an air-pump, whilst the air is being exhausted in the 
usual manner.t On the large scale, however, other 


| arrangements for applying 1 pete must be adopted, 


both on account of speed economy ; for the atten- 
uated atmosphere, being but a poor conductor of 
would freeze but slowly any - gover fH water 

to its action; and the ether, which is an expensive 
material, must be recovered if possible, so as to be used 


repeatedly for the same or The latter difficulty is 
overcome by permitting the restoration of the atmospheric 
pe en the ether ins its liquid form, which it 

lost in the vacuum. To effect the rapid congelation 


of the water, strong brine is employed, being first cooled 
by the evaporation of ether in a receiver, from which the 
air is pumped by a steam-engine. The brine is a good 
conductor of heat; and, when thus cooled, it is caused 
to run round square cells containing the water to be 
frozen. The are placed at a little distance from 
each other, in a long trough, as represented in the folio 
engraving ; and one of them is seen suspended over the 
trough on the right hand of the plate. The circulation 
of the brine is constantly kept up; fresh cold liquid 
being driven in by a pump, as that which has cooled the 
water is withdrawn. In a short space of time the water 


in the square cells is frozen, through the abstraction of 
its latent heat by the brine, and it may then be removed 
in solid flat cakes of ice. Fresh water is then introduced 


into the emptied cells; and thus the freezing process 
can be kept ay without intermission, so long as the 
steam-engine is kept at work. 

Comparatively speaking, in this climate the above is 
an ex jive process ; but when employed in hot 
countries, it uces ice in large quantities, at a price 
which is much lower than that hitherto charged. The 
machine has the advantage of requiring no chemical salts, 
as in the old method : in fact, whole process is one 
of a purely mechanical nature. ; 

B ONS.—In connection with the subject of 
Pneumatics, a few remarks on balloons may prove 


| interesting to many of our readers. The ascent of a 


balloon in the air, is owing to the fact, that the contents, 
® See ante, p. 87, + See ante, p. 24 


VOL. L 


bag, car, &c., weigh less than the bulk of air they 
occupy. In other words, the balloon and its appendages, 
taken together, have less specific gravity than the atmo- 
sphere in which they float. This would, at first sight, 
appear paradoxical, but it is easily explained. Balloons 
may be raised by either of two means. If a large bag of 
per, closed in all parts, except at a small orifice in its 
wel end, have the air it contains rarefied, by holding it 
over a gas flame, so that the air inside shall become 
heated ; then, a less weight of hot air having the same 
bulk as cool air, will fillit. If the difference of weight 
between the heated air and that of the external atmo- 
sphere, bulk for bulk, equal that of the bag containing 
it, the bag will float in the air. On this principle the 
common fire-balloon is made to ascend. A piece of 
cotton wool, wetted with spirits of wine, is hung at the 
orifice of a large bag of tissue paper; and the spirits 
being inflamed, the internal air becomes rarefied, and the 
balloon ascends. The earlier attempts at aerostation, 
made by Montgolfier and others, were carried on in a 
similar manner. We need scarcely state that such a 
plan was highly dangerous. Large quantities of straw 
were burnt beneath the opening of a silk bag of 
considerable size, and thus the air it contained became 
rarefied. Occasionally, however, the machine caught 
fire, and fatal results occurred to those who had made 
the ascent. ’ 

The use of hydrogen was subsequently suggested; an 
it is a familiar lecture-table experiment to fill small 
balloons with that gas, when they immediately ascend in 
the air.{ Now, as pure hydrogen has a specific gravity 
of only, in round numbers, 0°07, whilst air (the standard 
of ) = 1-00, it follows, that any bulk of hydrogen 
will” only weigh one-fourteenth part of the same of 
atmospheric air. Hence, if a light and air-tight material 
be shaped into any hollow form, so that when filled with 
hydrogen; its weight, and that of the contained gas, shall 
be less than that of an equal bulk of air, of course it will 
at once fly upwards on being set free. 

On the large scale, coal gas is always employed in 
filling balloons, because it is much cheaper, and almost 
always readily obtained. The external skin forming the 

oon, consists of fine silk, which has been well var- 
nished, to render it air-tight. A car is attached beneath 
it, by means of netting and cords. And such arrange- 
ments have been made of sufficient size to permit of the 
ascent of several persons, 

Many attempts have been made to steer balloons, but 
all such have proved failures. At the present time, 
their use is confined to occasional ascents for scientific 
and military purposes, and as an attraction at places of 
penis amusemént, Balloons were frequently employed 

uring the civil war in America, in 1862-63 : the British 
government have instituted experiments to test their 
value for reconnoiting purposes, Some account of the 
ascents of Mr. Glaisher, for meteorological observations, 
will be found in Chapter V., in the Section on Meteor- 
ology, p. 1174, ¢. seg.—Epiror. 
+ See ante, p. 320, 
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INTRODUCTORY. 
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Practicat Mecuantcs is the art of applying the theo- 
retical principles of mechanical philosophy to materials, 
so that they may be fashioned, arranged, and combined 
in the various forms required by man. It is difficult in 
any case to draw an exact line of separation between the 
theoretical and the practical: for all true theory is 
founded on practice, and all skilful practice is the appli- 
cation of true theory. In the case of Mechanics, the 
separating line between the theory and the practice is 
eminently difficult to be traced ; for the development of 
principles depends at every step upon practical experi- 
ment, and the improvements in mechanical arts are 
generally the results of extended research into the prin- 
ciples. It is true, indeed, that a +t range of mecha- 
nical theory can be investigated abstract reasoning 
upon a few simple principles, just as mathematical science 
is built upon a few definitions and truths ; but it is re- 
markable that little progress was ever made in mechanical 
science until men ct are to translate the actual results of 
experiment. In Mathematics, which is certainly the 
science of all others requiring the least amount of experi- 
mental proof, the ancients made considerable progress, 
because the minds of men in former times were quite as 
well fitted for the investigation of abstract truths as 
those of modern mathematicians; but in the sciences 
which demand experimental proof—such as Chemistry, 
Optics, Astronomy, and Mechanics—little progress was 
ever made until philosophers began to observe facts, 
and thence reasoned to their causes. For many ages of 
the world’s history, it was the custom-of men pretending 
to science to start in their own minds a hypothesis or 
conjecture about some law of nature ; to build upon this 
slippery foundation a vast scheme of nature ; and then to 
wonder that natural phenomena did not suit their 
ent. In some such way as this the astronomers 
with a few illustrious exceptions, took it for 


of ol 
o 
granted that an enormous, in their notions a boundless, 
mass, such as the earth, could not move ; and, therefore, 
that the sun, moon, F vse and stars, revolved in daily 
cycle round it. And it was not until observations had 
been carried on for many centuries—until the records of 
these observations had been compared and digested, and 
until instruments had become so far perfected as to 
enable astronomers to observe with accuracy—that the 
true th of the celestial phenomena was developed. 
MEC ICS OF ANTIQUITY.—In respect of me- 
chanical science, the ancients ap to have been very 
deficient. They had, indeed, tolerably true notions re- 
specting the construction of buildings in such a manner 
as to ensure permanence and stability ; but for these 
qualities ne & seem to have depended almost entirely on 
rade strength and massiveness, instead of skilful arran: 
ment. Among the gigantic remains of Egyptian archi- 
tecture, there is not found a single arch; the only 
approach to it is the vault of a passage hollowed like an 
an arch, but made of two or three immense blocks of 
stone cut to the vaulted form. Again, among the ruins 
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of Central America, remarkable for their enormous ex- 
tent and elaborate decoration, the of 
buildings as remain tolerably entire are found to be 

Fig. 1. covered by blocks of 


a 
Wa UW. 


the archi- 


tively recent era of 
the Empire. 
It is difficult to ascer- 


‘I tain whether the an- 
cients were acquainted with any of the forms of roofs 
now in use, on account of the perishable nature of the 
a : but it ph ayes ae = knew no such 
me of covering spaces ; and for covering apart- 
ments of more limited extent, they had no resource but 
the use of large masses of stone. 

In respect of machinery, the ancients appear to have 
been extremely deficient, for we haye records of no 
F ise except certain implements of war and of the 
chase, and a few rude contrivances for irrigating and cul- 
tivating the ground. But, indeed, even in modern times, 
the mechanical arts had made little advance until the 
genius of Watt had given to man a power applicable alike 
to manipulation of the most delicate character, and to 
labour demanding the most gigantic strength. Could a 
man who lived in ag 9 but a hundred years ago now 
revisit his country, he would in. mechanical art find a 
change far greater, an advance more astonishing, than 
the whole p made from the creation of the world 
up to the time at which he lived. 

MODERN MACHINERY.—That a man seeing all 
the wonders of modern art, as they have been seen of 
late years at the great Exhibitions, should endeavour to 
attain a knowledge of their nature and construction, may 
at first sight appear presumptuous, because of the vast 
extent and variety of the objects which we would have to 
study; and, indeed, unless one were prepared to devote 
his lifetime to mechanical art, he could scarcely hope to 
know accurately the details of modern machinery, much 
less to attain the skill of a master in all its varied de- 


ents. But, with a fair know of some simple 
t principles, and an introductory at a few of 
the leading details that are common to all mechanical 


arrangements, we believe it would not be difficult to attain 
a good general knowledge of mechanical art, and a readi- 
ness at comprehending any mechanical arran, its that 
may be aoa under our notice. Few will be inclined 
to dispute ce pe of possessing even such a 
moderate knowledge of Mechanics as this implies, for in 
modern times but little advance can be made in any 
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useful pursuit without that aid. Practical Mechanics 
may indeed be called the handmaid of the other arts. 
The sculptor, the architect, the musician, the chemist, 
the astronomer, the surgeon, the merchant, the manu- 
facturer, the builder, the military man, the civilian, the 
traveller, and the emigrant, all require her services—all 
reap the benefit of her labours. 

It is generally supposed that inventors in the arts, as 
well as discoverers in the sciences, owe their success to 
some fortunate accident. We think it may, in most 
cases, be shown that such is not the fact. Almost every 
famous discovery, or useful invention, has been the re- 
sult of long, often painful and laborious, thought and 
research ; and success has often followed repeated failures ; 
accuracy has succeeded repeated errors, That there is a 
natural genius for invention peculiar to some minds, 
cannot be doubted; but that genius alone, without 
labour and study, has ever led to brilliant results, may 
as firmly be denied. Mechanics, as an art, in a peculiar 
manner demands concentrated thought ; there should be 
no waiting for some inspiration to bridge over a me- 
chanical difficulty. Let a man gird himself to his task, 
and determine thoroughly to think out the subject he 
may have on hand, and we venture to predict that he 
will find few difficulties insurmountable. 

MECHANICS AND CHEMISTRY.—The two sci- 
ences that deal with matter in its various affections and 
modifications are Chemical and Mechanical Philosophy. 
The former treats of the influences affecting its minute 
ae, and the combination of these particles; the 

has reference to masses of matter, and the forces and 
motions of masses, or tions of particles. Each of 
these two sciences haacontty encroaches upon the other’s 
domain, for there are many similar phenomena developed 
by the action of natural laws on masses as well as on 
i and thus it is often difficult to draw a line of 
separation between the subjects of the two sciences. 
Questions relating to heat, light, electricity, and - 
ater: | form part of both sciences alike, and can scarcely 
be said to belong to the one more than to the other. 
There are questions, however, which are purely chemical, 
and others as distinctly mechanical. 


The chemist, examining a piece of matter, tries its 
specific gravity, its solubility or fusibility ; analyses it, 
and the different elementary substances which 


= it, and the precise quantities in which they are 


The practical mechanic, examining a structure or a 
machine, sees, feels, and measures the parts of which it 
consists, traces the laws that govern its equilibrium or 
its movements, and determines the principles which have 
been adopted in its construction. 

STATICAL AND DYNAMICAL MECHANICS.— 
The objects of Practical Mechanics may be divided into 
Statical and Dynamical. Statical mechanics has refer- 
ence to the formation and arrangement of materials 
intended to remain in a state of rest; its principal 
objects are permanence and stability. It has to consider 
the strength, elasticity, flexure, weight, and durability 
of the materials with which it deals. It has to employ 

eir 


the proper substances for its purposes, put them in thei 
right . make them of suitable forms, and unite 
them fem! together, or so arrange them, that the ten- 


dency to ge their relative position when affected by 
external forces shall be the least possible. The civil and 
the naval architect, or the builder, whose business it is 
to make large fabrics by putting together numerous 
small pieces, is indebted for the durability and strength 
of his structure to the application of statical mechanics, 
So, also, the miner or the civil and military engineer, 
who has to form extensive excavations, erect embank- 
ments, bridges, tide-works, or fortifications, requires, an 
intimate knowledge of statical mechanics. 

ical mechanics, on the other hand, has reference 
to the forms and combinations of materials with a view 
to motion. Its principal objects are the generation, 
communication, and application of power and force, in 
order to change the forms or arrangements of materials. 
Its products are tools, implements, machines, engines, or 


apparatus ; it teaches us how to choose the most suitable 
materials, produce the strongest and most serviceable 
forms, arrange their respective motions so as to secure 

ity and diminish resistance, with a view to 
economy of labour and durability of structure. The 
farmer, brickmaker, and stone-worker, the carpenter and 
the smith, the spinner and weaver, the worker in pottery 
and metals, are all employed in changing the forms and 
arrangement of the materials submitted to them; and 
they have all to use the apparatus provided by the ma- 
chinist, and the machinist practises the art of dynamical 
mechanics in devising and executing the implements 
suitable for their and his own use. 

In statical and dynamical mechanics, the chief study 
is economy of material, labour, and cost. In any struc- 
ture, whether for stability or movement, by an un- 
sparing use of materials, it may generally be possible to 
secure the n strength. But it frequently happens 
that the usefulness of a construction would be seriousl 
diminished by a rude accession of mere strength; and, 
in all cases, elegance of construction is manifested by the 
careful and ingenious arrangement of materials, and not 
by their absolute mass. Accordingly, we find, that as’ 
mechanical art advances, lightness and neatness of struc- 
ture take the place of magnitude and weight; and im- 
provements in existing constructions or arrangements 
are made to depend for their merits on the saving of 
material and labour which they effect. Perhaps the 
most stable structures that mankind have ever formed 
are the pyramids ; and as works of enormous magnitude, 
of great age, and mysterious purpose, they excite admira- 
tion and wonder. But when one considers their form 
and the ment of their parts, their durability is 
not to be wondered at. A hill of mere sand, not blown 
upon by strong winds or washed by heavy rains, would 
retain for ever its pyramidal form, and would be an 
object of as great eee and utility as the pyramid it- 
self. The sovereigns of Egypt had probably at their 
command an enormous amount of human power, and 
knew no better object on which to employ it, than the 
erection of some immense pile, to gratify their pride 
while living, and contain their bodies when dead. We, 
living thousands of years after them, do not see the 
pain and labour of their slaves, and scarcely know how 
much misery might have been spared mankind, had their 
labour been applied to better uses. In the mere paving 
of the metropolis, we have more material and labour 
applied to a useful purpose than the amount required for 
the largest of the pyramids. In our harbours and docks, 
our canals and railways, we have works far more stupen- 
dous ; and in our steam vessels and manufactories, we 
have power at work exceeding the capabilities of the 
whole ancient world. But with all this, it is the object 
of the engineer and machinist to study the greatest pos- 
sible economy of material and of labour. 

STRENGTH OF MATERIALS.—Whatever be the 
elements which constitute beauty, in works intended for 
ornament, we see beauty in things made for use, just in 
proportion to their fitness for their purpose, Parts out 
of place, deficiency or redundance of material, elaboration 
not called for, and deviation from just proportion, be- 
come glaring defects in any structure or apparatus formed 
for useful purposes; and no amount of decoration or 
finish can reconcile us to a disproportioned or unskilfully 
designed fabric. It is, therefore, most important that the 
practical mechanic should form an intimate acquaintance 
with the strength of the various materials with which he 
deals ; their powers to resist strains in various directions, 
and the arrangements suitable for making use of these 
qualities to the greatest advantage. In the theoretical 
portion of this subject, there is much that is abstract and 
mathematical, yet nothing so difficult, but that the fair 
exercise of judgment may lead to very sound conclusions 

ing it. All the main facts, however, respecting 
the strength of materials, are the result of experiment 
and observation ; and the true use of theory in a subject 
like this, is to analyse and classify these results. If it 
be found, for instance, that several beams of timber, of 
known dimensions, are capable of sustaining certain 
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strains applied to them in certain directions, 
difficult to form general rules by which the strength of 
other beams differing in dimensions, or their strength to 
resist strains in certain other directions, may be com- 
puted. The careful mechanical designer either makes 
iments for himself, or accepts the observations of 
dase and devises his structures in such a manner as to 
take advantage of these results. Practice in design, and 
frequent observation of successful works, do much to 
form the eye of a designer, so that the mere appearance 
of a thing, whether drawn or executed, satisfies his sense 
of just proportion, or the reverse. It is indeed a wonder- 
ful, as it is a most valuable property: of the mind, that 
it can readily recognise and prefer the useful and suit- 
able ; and, as the just and the true recommend them- 
selves to the mental and moral sense, so does the fitting 
in design recommend itself to the eye. Some individuals 
are gifted by nature with a keener sense and readier 
wer of discriminating these qualities, and can there- 
i criticise more truly, or design more skilfully than 
others. But where there is a love for mechanical pur- 
suits, or a desire to study mechanical works, we believe 
much of this power may be readily acquired. 
POWER.—In the dynamical branch of Mechanics 
there are subjects of great interest and extensive appli- 
cation which demand the utmost attention ; we allude 
to the means of deriving and communicating power. 
If we ask ourselves what power means, we can scarcely 
define it by any simple term ; we may say that it is the 
capability of doing work or producing change. We start 
with the idea, which is a true one, that all matter is 
inert, incapable of receiving motion, of being brought to 
rest, or of undergoing any kind of change whatever of 
its own accord ; some extraneous force or power has to 
be impressed ti it, and the quantity,of change etfected 
is the work done. When we lift a weight from the 
ground, the hand exerts a certain amount of power, and 


Fig. 2. 


produces a certain amount of work; an act of mental 
volition communicates through the nerves, in some way 
unknown to us, an influence to the muscles of our arm, 
which causes them to contract. The muscles are attached 
at both ends to the bones, which are rigid levers jointed 
together. One end of such a bone or lever being fixed, 
as at the elbow-joint, and the muscle being contracted, 
the other end of the lever, to which is attached the hand 
holding the weight, is caused to move through a cer- 
tain 5 and thus to lift the weight a certain height 

This is a case of power employed in producing motion ; 
but, after the weight is lif wer must still be exer- 
cised in retaining it in its position, for were the muscles 
for one instant relaxed, the hand and weight would drop 
downwards. If such be the case, we may at first sight 
imagine that our notion respecting the inertness of mat- 
ter is incorrect, otherwise the hand and weight would of 
themselves remain where our muscular power had placed 
them. But, looking a little more prea into the facts, 
we find that while the matter with which we deal is 
really inert, there is a constant power acting upon it in 
opposition to our muscular power—the power of gravi- 
tating attraction, by which all bodies near the earth's 
surface are drawn down to it. 

This power has been found, by extended experiment and 
observation, to act equally on all bodies and all parts of 


it is not | every body ; and the measure of the force with which it 


acts on any body is the weight of that body. In esti- 
mating power, therefore, weight is the measure of one 
important element ; and if we know the weight which 
any given power can lift from the earth, we have correct 
data for calculating its amount: in fact, we know the 
nantity of matter on which the power effected a 
change. But there is another element of power quite as 
important as the quantity of matter acted on,—we mean 
the quantity of c' produced upon it. If we finda 
certain amount of exertion etme?! to lift a weight one 
nd greater exertion 


quantity of matter upon which the change is pee 
with another, 
we are therefore warranted in ang pile ha weight 
lifted in each case, by the distance — which it i 
lifted, and comparing the results. Thus, if one man li 
20 lbs. 1 foot high, and another lift 30 lbs 1 foot hi 
we say that the powers exerted by the two men 
20 to 30, or as 2 to 3; or if one lift 20 lbs. 2 feet 
and the other lift 20lbs. 3 feet high, the powers 
exert are az 20 multiplied by 2 (that is, 40), to 20 
tiplied by 3 (that is, 60); oras2to 3, Again, 1 


Be 


5 


3 


Sie 


one lift 20 Ibs. 2 feet high, and the other 30 lbs. 
high, their powers are as 20 multiplied by 2 (that i 
to Ca by 3 (that is, 90) ; or, more simp 
4 to 9. 


= 
& 


But, 


thousands of workmen to raise in a pee 
period; but yet the power of each work- 
: man far exceeds that of the i and the 

two powers can only be com by sup- 
posing them to be exerted during equal times. Now, 
it is clear that a certain work being done, the shorter 
the period required for doing it, the greater is the 
power exerted ; and conversely. In comparing powers 
numerically, we must therefore divide the work done 
by the time occupied in performing it. Suppose one 
man lifts 20 lbs. 12 feet high in 3 minutes, and 
another lifts 30 Ibs. 10 feet high in 2 minutes, the 
work done by each is 20 lbs. X 12 feet, or 240, and 
30 Ibs. X 10 feet, or 300, respectively ; but 240 divided 
by 3 minutes give 80, and 300 divided by 2 minutes 
give 150; the powers of the two are therefore in the pro- 
peewwa of these numbers, 80 to 150; or, more simply, 

to 15. 

STANDARD OF POWER.—We have now found 
means of measuring all the elements of power, and so 
determining its amount. For the sake of convenience, 
we fix upon some standard power with which we can 
compare others, just as we fix on a standard ripe 
such as a pound, or a standard length, as a foot ; 
knowing the value of several powers as compared with 
this standard, we can estimate their values as compared 
with one another. The standard power usually adi 
in practical mechanics is a horse-power, which has 
defined to be 33,000 lbs. lifted 1 foot high in 1 minute. 
The weight lifted, 33,000 lbs., was determined from the 
average of numerous experiments made with horses at 
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work. Whether it be an accurate expression of the 
power of an average horse or not, is of little consequence, 
provided it be generally accepted and understood asa 
standard measure of power. Were there no such 
standard, each mechanic might make an estimate of his 
own: one might compute the work of a very strong 
horse, the other of a very weak one. Thus, steam- 
engines or other apparatus might be supplied of all 
different strengths and sizes, and yet purporting to be 
of equal powers; or apparatus of like strengths and 
dimensions might be stated to be of very different 
powers. But, this standard once fixed, it is the duty of 
a mechanic to estimate, by experiment or calculation, 
the weight which the engine he makes can lift through a 
given height in a given time, or the weight which moving 
through a given height in a given time, can work 
efficiently some apparatus which he may have fabricated ; 
and he can then state the power which his engine 
furnishes, or which his apparatus requires, in terms in- 
telligible to all the world. It is clear from what has 
preceded, that a horse-power does not mean precisely 
33,000 Ibs. lifted one foot in one minute, but a power 
equivalent to that ; as, for instance, 330 Ibs. lifted 100 
feet in one minute, 3,300 lbs. lifted one foot in one-tenth 
of a minute ; or, in fact, any weight such that, on mul- 
tiplying it by the distance moved and dividing the 

uct by the time occupied in the motion, the result 

be 33,000. 

These considerations may be somewhat simplified b 
combining the distance and time into one term, whi 
we call velocity or speed. Velocity is directly propor- 
tional to the distance passed over, and inversely pro- 
portional to the time occupied in the transit. A railway 
train that passes over 50 miles in an hour, has double 
the velocity of one that travels 25 miles an hour, because 
50 is double 25. Again, a train that travels 25 miles 
in one hour has double the velocity of a train that passes 
over the same distance in two hours. To compare the 
velocities numerically, we divide the distances by the 
times of each. 

In estimating powers, since our standard is given in 
feet for gran! and minutes for time, we divide the 


distance in feet by the time in minutes, and thus get 
the velocity. The weight in pounds lifted, ote sy 
roduct which, 


by the velocity thus reckoned, gives a 
being divided by 33,000, shows the number of horses’- 
power. Suppose an engineer were required to furnish a 
steam-engine capable of pomping 165,000 gallons of 
water every hour, to a height of 120 feet, he would 
reckon thus :—An hour contains 60 minutes ; and 120 
divided by 60, gives two feet per minute as the velocit: 
with which the required volume of water must be lifted. 
A gallon of water weighs 10 Ibs. ; therefore, 165,000 
ons weigh 1,650,000 lbs.; this weight moved at the 
velocity of 2 feet per minute is equivalent to 1,650,000 
2, that is 3,300,000 Ibs, lifted 1 foot in 1 minute. 
Dividing this by 33,000, the quotient is 100 horse-power 
as the actual force required to do the work in the time 
given. He would, Sher arate peccoes to make an engine 
which, after providing for mechanical losses in the 
operation, should be capable of producing this effect. 
SOURCES OF POWER.— principal sources of 
power are, the muscular forces of men and animals, the 
natural motions of air and water, the weight and elasticity 
of materials, and the changes effected in bodies by the 
action of heat, and by electrical and chemical action. It 
is the business of the mechanic to utilise these forces, to 
regulate and control them, to change or modify their 
directions, velocities, or intensities, so that they ma 
be made to do certain work in the best, most economical, 
and expeditious manner. In addition, therefore, to his 
knowledge of the materials on which, or through which, 
these forces have to act, he must have an intimate ac- 
quaintance with the nature and laws of the forces them- 
selves, as discovered by experiment, or investigated 
abstractly. It is a fortunate circumstance for mam, con- 
sidering the brief period allotted for individual research, 
that the laws of nature are of the most simple character, 
and that he is gifted with faculties that enable him to 


{ 


communicate the results of his investigations through 
great distances and over lengthened periods, Every suc- 
cessive discovery in natural science throws additional 
light over all that has preceded, opens up new fields for 
research, and suggests new modes of practical action. 
Tn the arts, likewise, an ingenious invention simplifies 
much that formerly was rude and cumbrous, facilitates 
operations formerly deemed impracticable, and furnishes 
the means of practising new and unheard-of branches 
of art. Let one but compare the state of mechanical art 
as it was before the time of Watt, and as it is now; and 
the more deeply he investigates the question, the more 
will he be surprised at the enormous change effected by 
a few simple but most ingenious modifications of a 
machine for utilising the power developed by subjecting 
water to the action of heat. 

The steam-engine has indeed exerted so vast an in- 
fluence on the arts, that we shall think it necessary to 
devote considerable space in what follows to its de- 
scription in detail. We are the more strongly urged to 
this, because we believe that the student who can master 
the details of the construction and application of this 
apparatus, will be prepared to find his way through any 
branch of Practical Mechanics. 

APPLICATION OF POWER.—The mere supply 
of forces for our various purposes would be of little 
benefit to us unless we had ingenuity sufficient to find 
modes of applying them. All work, as we have already 
hinted, means effecting changes of some kind or other ; 
and all changes of matter imply motions either of masses 
or of A most interesting and extensive branch 
of Practical Mechanics consists, therefore, in the dis- 
cussion of the various modes of communicating and 
modifying motion. The two elements of which power 
consists—viz., the weight or mass acting, and the velocity 
with which it acts—are convertible terms, Having a 
certain power to work with, we can give up a certain 
amount of weight, and thereby gain in velocity, or 
sacrifice velocity in order to gain in weight. We cannot 
create any addition to the power either in weight or in 
velocity, nor can we annihilate any portion of it. We 
can, doubtless, apply the power with better effect to the 
work, and thereby save a loss; or we can misapply a 
eles of the power, and thereby render it ineffective 
or the purpose intended. A power applied to put in 
motion any part of a train of machinery, will be found 
acting at any other part of the same train. 

If we could make our workmanship absolutely perfect, 
could have materials absolutely rigid and frictionless, 
and could remove our machinery from the influence 
of all extraneous existence, we should find in every part 
of it an equal amount of power. Some parts may move 
more slowly than others, but then they act with greater 
pressure or weight ; some parts may act with less pres- 
sure, but then they move with greater velocity : in short, 
in every part of such a perfect machine we should find 
the pressure multiplied by the velocity—that is, the 
power or momentum, exactly the same. Even with our 
comparatively imperfect workmanship, we are quite safe 
in estimating according to this rule, without making 
much allowance for extraneous resistance. In the works 
of a clock, the wheel fixed to the barrel which carries 
the weight revolves so slowly, that its motion is quite 
imperceptible ; and through the teeth of this wheel is 
conveyed the force which puts the whole clock-train in 
motion, a weight of many pounds, Again, the escape- 
ment-wheel, which sustains the motion of the pendulum, 
revolves with comparative rapidity, but with so little 
apparent power, that an opposing pressure of a few 
ounces might completely stop it; yet, on stopping the 
escapement-wheel, we stop also the barrel-wheel, and 
the few ounces applied to the one thus effectually oppose 
the many pounds acting on the other: in fact, the 
weight which acts on the barrel, multiplied by the velocity 
with which it moves, is equal to the weight necessary to 
stop the escapement, multiplied by the velocity with 
which it moves, ; 

FRICTION.—We have alluded to resistances in ma- 
chinery, the principal of which is friction, or the retarda- 
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tion caused the rubbing together of imperfectly- 
smoothed sot ag This is a subject about which little 
is known, or probably ever can be known. Some of its 
eral laws 
‘ew general principles have been carried into practice ; 
but its effects vary so much with every change of mate- 
rial—of speed, pressure, workmanship, and even tem- 
and other circumstances—that, after all, expe- 
rience is the only real guide in all matters where it is to 
be considered. | Rasa in a few mechanical arrangements 
where friction is employed as a useful resistance, as in 
the case of the friction-break of a locomotive or of a 
crane, it is generally the mechanic’s object to diminish it 
as much as possible. The overcoming of friction is, in 
fact, the wasting of so much power ; and as all machines 
are devised with a view to economy in the application of 
power, it becomes most important to reduce the waste to 
its minimum. In all devices for communicating and 
modifying motion, the question of friction becomes 
nearly as important as the question of strength; and 
many arrangements which are ingenious, and would be 
profitable, did friction not interfere, become compara- 
tively useless, in consequence of its influence. 

If one who had never made mechanics his study were 
introduced into a large manufactory, and had pointed 
out to him the steam-engines, the cranks, levers, wheels, 
Pinions, straps, and other contrivances for communi- 
cating power throughout the building, and setting in 
motion each machine,—he would at first be bewildered, 
and inclined to believe that the art of communicating 
motion was intricate and complicated ; but were he really 
to analyse the process carefully, and trace exactly the 
Pp of the power or motion from the prime mover 
to the last machine, he would find the whole effected by 
the combination of a few simple mechanical elements ; 
and wonder that through means so simple, results 
apparently so complicated could be attained. 

tudents of astronomy cannot help being struck by 
the circumstance, that the various motions of planets, 
satellites, and comets, and probably also of the stars and 
nebule, of the farthest and greatest, as well as of the 
nearest and smallest, of the heavenly bodies, all result 
from two simple forces, acting in various directions and 
with different intensities. The movements of the vast 
machine of the universe present, to a superficial observer, 
inextricable confusion and inexplicable i ity ; but 
to a mind like that of Newton all is skill, order, and 
beauty. The very disturbances to which the different 
parts of the grand machine are subjected are elements 
of stability ; the irregularities are sources of permanence. 
In a system of machinery devised by human ingenuity 
and executed by human hands, there can, indeed, be no 
tag to this simplicity, order, and harmony ; every- 
thing must be imperfect in proportion as man is imper- 
fect, when compared with the Divine Mechanic of the 
Universe, 

In every human work there must be elements of 
decay, sources of irregularity, and causes of instability ; 
and these can only be reduced by diminishing the extent 
and complication of the work itself. Simplicity is, 
therefore, the great aim of the mechanic, especially in 
arrangements for communicating motion. Every wheel, 
every lever, every pulley that can be saved, is saved— 
not so much to avoid the cost of its introduction, as with 
a view to simplify the machinery, and thereby diminish 
the amount of friction and wear, and increase the per- 
manence of the whole, To the eye of a practised me- 
chanic, therefore, the beauty of a piece of machinery 
seems to depend more on its simplicity than on any other 

ciple. The fewer the parts required in any appara- 
to render it effective, the more ingenious is its con- 
trivance, and the less is it liable to derangement, irregu- 


a and decay. 

VERNING POWER.—Next in order to con- 
trivances for communicating power or motion, may be 
studied those for regulating and governing it, so as to 
secure uniformity of action. Ail the forces we employ, 
with the exception of gravity, are subject to continual 
variations of intensity; and even the most uniformly 


ve been successfully investigated, and a | 


regulated forces, when transmitted through trains of 
machinery necessarily be ie hy subjected to con- 
siderable variations. Further, forces we employ are 
chiefly used for effecting changes on materials; and as 
the qualities and conditions of the materials vary, so the 
uantities of force required to do the work upon them 
iffer. It becomes, therefore, most important that 
arrangements should be devised for compensating all 
these variations of force; and accordingly, great 
nity has been exhibited in contrivances for that pur- 
pose. @ may quote a very utiful specimen of 
mechanical skill of for a p’ i 
order to illustrate great use of such arrangements, 
pret se nt mere a great age ps putti 
ery in motion ; as we a ow, nothing is 
the force of i 


the direction of _the 


into the proper F geen to receive its di 


to diminish the surface on which it acts, proportionally 


its 
force, whether a gentle gale or a stiff breeze, the power 
communicated to the machinery does not i vee 
Perhaps the most ingenious devices for ting power 
and velocity are those employed in apparatus for the 
measurement of time—clocks, watches, and the li 
which form one most interesting branch of 
Horology, 

NATURE OF MACHINES.—Having obtained the 
power necessary for our purposes, and having found the 
means of communicating it to our machines, and of regu- 
lating its intensity so as to suit the work to be done, we 
have next to inquire into the nature of the machines 
themselves, or the contrivances through which the power 
is made to act on the inert material subjected to it. 

We can scarcely venture to offer a very distinct classifi- 
cation of machines ; nor, indeed, in a work of limited 
compass like the present, could we pretend to discuss in 
detail, all the different classes of machinery now in use. 
The subject is so extensive, and demands so minute a 
knowledge of what has been done by thousands of in- 
genious mechanics, that even the professed machinist 
cannot pretend to an intimate acquaintance with every 
branch of it. But the qualities of mind and the experi- 
mental training which render a man skilful and adept in 
one or two of these branches, make it easy for him to 
take up intelligently, any other branch that may be 
brought under his notice. The same general mechanical 


rinciples ade all kinds of machinery, the modes of 
ayes em being varied accordi to the nature of 
the material subjected to their operations, or to the kind 


of work to be done, With ape. pomp 
special apparatus, we believe almost all the machinery 
used in modern times may be classed under some of the 
One Nnery for Weights and P 

. Machinery for raising Wei giving Pressure, 
—Among these we may notice hose pees f the simple 
mechanical powers, the lever, w and axle, pulley, 


USES OF MACHINERY. ] 


APPLIED MECHANICS. 


783 


inclined plane, wedge, and screw.* Next, in order of 
complication, may be mentioned such machines as cranes, 
crabs, capstans and windlasses, slips, tackle and travel- 
a jacks, screw and lever presses, printing presses, and 

e like. 

IL. Machinery for effecting Transit and Communication. 
—tThis branch has of late years attained immense im- 
portance by the extended use of railways and steam ves- 
sels ; and under the head of transit, it embraces the 
nse a of Seer ns land ae = vessels 

or water carriage, an various modes of putting 
them in motion. For the communication of intelligence, 
we now practise an art unknown in former times, and one 
deserving of detailed consideration from its marvellous 
nature and the important influences it is likely to exer- 
cise upon human civilisation. We allude to the electric- 
telegraph, to which perhaps greater ingenuity has been 
devoted within a few years than has been displayed in 
any other branch of mechanical art during preceding 


“ut. Machinery for Moving Fluids.—This branch 
naturally includes h ulic apparatus, such as pumps, 
ines, Sracabioe acme eae lifts; and also ma- 
chinery for moving air, such as bellows, blowing-cylinders, 
fanners, and the like. 

IV. Machinery for changing the forms of Solid Mate- 
rials.—This is perhaps the most extensive branch of 
mechanical art, as it includes all apparatus for cutting, 
piercing, moulding, bending, crushing, and such like 
operations. It may be subdivided, according to the 
materials on which the operations are to be as 
follows :— r aot Z 

1. Machinery for preparing animal vegetable pro- 
ducts ; as oil, tallow, leather, flour, sugar, vegetable oils 
and extracts, caoutchouc, and gutta- 

2. Machinery for preparing mineral products; as 
stones, bricks, cements, ores, pottery-ware, glass, pig- 
ments, and the like. 

3. Machinery for sawing, planing, moulding, bending, 
and carving timber. 

4, Machinery for working metals ; as in the operations 
of moulding and casting, forging, rolling, and wire-draw- 
ing ; bending, shearing, punching, and rivetting ; drill- 
ing, turning, and boring; planing, shaping, and the 

e. 


5. Agricultural implements ; or machinery for opening 
and triturating the Foil, for sowing and reaping, for 
thrashing, grinding, and otherwise preparing produce. 

V. Machi used in the manufacture of Textile 
Fabrics.—This is likewise a most extensive aud interest- 
ing branch of mechanical art, and one of the highest 
importance to us as a nation, as well as to the world at 
large. It includes directly the apparatus and processes 
employed in preparing the crude materials, such as wool, 

cotton, cad silk ; the — ape ae te oe 

» Spinning, weaving, dyeing, Dleac! o ‘co- 

printing, and the like. Under the same head may also 

classed the machinery for making ropes and cordage, 
and for the manufacture of paper. 

VI. Machinery for Measuring and Calculating.—The 
apparatus included in this class are mostly of that exact 
¢ required for (nen ar experiment and ob- 
servation, such as indicators, dynamometers, gauges, 
balances, and mathematical and optical instruments ; but 
there is one extensive and interesting branch, horology, 
devoted to a tus for the measurement and division 
of time, which deserves especial consideration, as well 
from its usefulness as from the great ingenuity displayed 
init. In this class we may include some other apparatus, 
which, though not distinctly falling within the scope of 
its title, yet present in some respects considerable simi- 
larity to some of those included ; we mean automata and 
musical instruments. 

VIL. Implements of War.—It is lamentable to think 
how much mechanical skill has, in all ages, been devoted 
to the cruel purposes of destruction. In the present age, 
perhaps no branch of applied mechanics has called forth 
80 much ingenuity as the contrivance of means of offence 

* See ante, p. 719, et seg. Section, Mechanical Philosophy. 


and defence. And so vast and costly have these con- 
trivances become, that we may almost hope to see wars 
cease upon the earth because of the very perfection to 
which its implements have attained. 

These seven classes, we believe, include the greater 
part of the machinery used in modern times. In what 
follows, we will not pretend to give detailed descriptions 
of the different machines included in these classes ; we 
shall endeavour rather to select a few of a general 
character, involving in their construction the principles 
oe are applied, in a modified form, to most of the 
others. 

MECHANICAL EDUCATION.—While improved 
education and extended acquaintance with principles, 
have placed those who direct mechanical labour in a 
better position as to knowledge of their art, the division 
of labour and the extensive use of mechanical contriv- 
ances, instead of manual labour, have certainly lowered 
the position of the workmen as to general knowledge of 
their trade. Formerly, the millwright knew all about 
the machinery he made, and could turn his hand to all 
the operations required in its construction ; now, there 
are mechanics who can only turn, others who can only 
file, and only very few who, to skill of hand, unite a 
knowledge of the machinery of which they execute por- 
tions. We are convinced that this state of things is in- 
jurious both to workman and to master; for a man can 
never labour with hearty good-will at work which he does 
not understand, and in which he, therefore, takes no in- 
telligent. interest ; he can only act as the machine at 
which he works, and he is thus morally and intellectually 
degraded. We would have every workman understand 
the character and tendency of his operations, and take 
an interest in them. He would thus be relieved from 
much of that monotonous drud which his ignorance 
forces him to undergo; he would be prepared for emer- 
gencies ; he would see modes of economising labour, and 
of improving the work on which he might be engaged ; 
and he would be provided with a source of rational 
amusement in his leisure hours. 

But not to the mechanical workman alone do we 
think that a general knowledge of practical mechanics 
should be supplied ; we think that it should form part 
of the education of every one, whatever be his position 
and his prospects. We have seen of late years deplor- 
able instances of want of contrivance in military affairs, 
and of sacrifices of blood and treasure in consequence. 
We are eminently a commercial, manufacturing, agri = 
tural, and colonising nation ; our commerce is eonducted 
by means of railways, steam and sailing vessels, and re- 
quires warehouses, docks, and quays ; our manufactures 
are all the product of mechanical contrivances ; our agri- 
culture is now rising to its just position as a mechanical 
and chemical art ; and our colonies have been successful 
from the energy displayed by our emigrants, in giving 
scope to their nat enius for mechanical adaptation 
of the means to the ei Of late, we have assumed the 
position of a warlike nation, and we have sadly asked 
ourselves why there has not been employed in war any of 
that mechanical skill and ingenuity which characterise 
our peaceful arts. P ; 

Notwithstanding all this, practical mechanics have 
never yet been cultivated as a branch of general educa- 
tion; and consequently, every man, whatever be the 
walk of life in which he chooses to tread, has to begin 
his real education after he leaves school. We think this 
evil should be remedied—that every man should have in- 
stilled into his mind in his early years, a thorough know- 
ledge of common things, so that when he advances in 
life he may enter more readily on any of the professions 
or trades practised at home, and be the better prepared 
for the emergencies of commerce, colonisation, or war- 
like expeditions abroad. Among the population of the 
land there lies dormant a vast amount of talent and in- 
genuity, which at present is so much loss of capital to 
our country and to the world. Let some opening be 
made for its cultivation, and we doubt not that a few 
years would bring about a more astonishing development 
of our resources, extension of our commerce, and im- 
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USE OF DRAWING. —In the actual practice st 
mechanical art, drawings are invaluable ; they show th 
true forms, dimensions, and arrangements of machinery, 
to those accustomed to their use, with greater clearness 
than models or even the full-sized works themselves. 
The draughtsman devises the arrangement of his machi- 
nery ; sketches iton paper; calculates the strength and 
proportion of the parts; draws them out full-size or to 
some suitable scale ; studies their combinations on Paper 
improves this part, strengthens that part ; modifies the 
forms so as to save complication, material, or cost of 
workmanship ; traces the action of the whole ; provides 
saf against accident or undue wear and strain ; 
and having at length fully embodied his ideas on his 
plans, sections, and elevations, places them before the 
workman for execution. The workman has, in general, 
no need to study any of those details which fall within 
the province of the draughtsman ; he has only to put his 
rule to the drawing, and measuring every dimension 
there indicated, shape the material with which he deals 
in exact accordance with it. Without drawings it would 
be impossible to make any advance in mechanical art. 
The paper, pencil, ink, and colo are cheap materials ; 
and the time and labour occupied in ing a drawing 
are as nothing compared with the work in fashioning the 
solid material. To scheme on paper is, therefore, most 
advantageous in every point of view, as by that poet 
only can be secured that economy of material and labour, 
harmony of action and justness of proportion, which con- 
stitute the beauty of a mechanical device. To scheme in 
the solid materials, is a most expensive as well as unsatis- 
factory process, and one that seldom leads to successful 
results. We know of no circumstance that can warrant 
its adoption, except in cases where there is no practical 
experience to guide the mechanic as to the power re- 
quired, or the mode of operation suited to the work he 
has in hand. Even in such cases it is generally possible, 
by the exercise of a little judgment and ingenuity, to 
arrange some simple and inexpensive experiment, which 
may give to a practical man, a tolerable notion of 
the kind and scale of machinery that will be re- 
quired, 
A system of mechanical notation was a YT some 
ears ago by the ingenious Mr. Babbage. In devising 
his calculating machinery, which consisted of a great 
number of parts, many of them merely repetitions, he 
found it difficult to imagine all their simultaneous move- 
meuts without an excessive and painful exercise of that 
mental power which has to deal with such matters. He 
therefore attempted, and with considerable success, to 
conede: f written symbols the flow of motion through a 
train of machinery. We are not aware that his system 
of notation has been adopted by practical men. Indeed, 
most of the 7 AE machinery with which the engineer 
has to deal, is of a kind similar in many respects to works 
area executed, embodying improvements that may 
ve been from time to time effected in them ; his mind 
is, therefore, in a manner prepared for the conception of 
the various motions and connections by his practice in 
watching those in machines in action, and he has com- 
paratively iittle difficulty in fully imagining the intended 


action of the work on which he may be engaged. It will, 
therefore, be our first duty to offer a few practical sug- 
gestions on drawing, as applied to machines. 

PLANE SURFACES. — When we have to draw a 
triangle, square, circle, or any other superficial 


upon paper, we find no ty in giving a full 
accurate delineation of it in res of Secs, alk Si 
w is itself a plane sur- 


sions, The Fepet on which we 
face ; and so long as we are not limited in length and 
breadth, we can delineate any plane form whatever upon 
it. In the same manner, we can describe any of the flat 
faces of any solid object presented to us, such as a circle, 
pyramid, or prism; and give an representa- 
tion of any two of its dimensions, whe we call these 
by the names of length and breadth, or height and width. 
But when we have to delineate a solid body which has 
three dimensions, length, breadth, and thickness, we 
must either cut our Ps bed to pieces, shape it so as to 
correspond with the different faces of the body, and put 
them together in similar order, 90 a6 Aa fees a an 
it ; or we must have recourse to some device that shall 
enable us to comprehend for ourselves, and to communi- 
cate to others, an accurate notion of the solid body we 
propose to delineate on a flat surface. When the a 
draws a Soden or executes a eprraags ip he to 
imagine, that between his eye and the object which he 
draws, there is in a surface or sheet of some kind 
on which he sees an image of the object drawn as in his 
picture. He delineates it on the canvas, therefore, ex- 
actly as it would appear upon this interposed sereen. 
In a camera-obscura, the rays of light proceeding from 
every ee of aierthe enh to it, are concentrated 
or gathered together by a into a particular place or 
focus behind it. A Bok of frosted glass in this focus 
offers a surface for these rays to illuminate, with their 

tive lights, shades, and colours; and an observer 
lookisig’ om Che ‘teostha ‘platen, beh «Ai poeeees auaaRan 
picture of the objects. A plate of prepared metal or 
glass placed in the focus, receives exactly the same pic- 
ture ; and certain substances spread over its 
rendered sensitive to chemical properties of rays of light, 
which the eye cannot appreciate, und changes in 
their constitution, which can be rend permanently 
visible in photography. 

DRAWING CUBES. —Pictures are thus produced 
by hand and by photography, which present, upon flat 
surfaces, delineations of solid bodies as they appear to 
the eye. But, if ee compass or a rule 
to the measurement of the es represented in these 
pict and also measure the objects themselves, we 
should find the angles, dimensions, and proportions of 


the picture, totally different from those of the real bodies. 
Fig. 3. 
|e ° e@ o| fe «| Jee! 
eo. ‘ 
: | ® “ @ eo ove : $| 


Thus, a cube, such as a die, which has six equal square 
faces, Sotked berdcie as in Fig. 3, when represented on 
a picture, might present such an appearance as in Fig. 4, 
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where only three sides are visible, none of them squares, 
and no two alike: not a single angle or dimension equal 
to those in he die itself. And yet the picture may be a 
Fig. 4. perfectly true delineation of the die as it 
2 appears to the eye of an observer. Now, if 
<SS>, « workman were furnished with such a pic 
ture, and required to make a die according 
to it, he could have no conception of its 
form and dimensions. For instance, he 
might cut a piece of plate to the shape of 
an irregular six-sided figure, with three lines engraved 
on it, meeting at a point near its middle, and certain 
dots marked at the distances indicated on the picture. 
He would then have made a solid body, which, viewed 
in one direction, would certainly present the appearance 
of the picture. Even if the picture were shaded, and 
marked by dotted lines, indicating the invisible edges of 
the die, as in Fig. 5, he could not, without further in- 
formation as to its meaning, construct @ pig 5, 
solid body such as would answer to it. He 
would have to be told that it was a solid, f 
aaving six equal flat sides, which, viewed in }\)), 
a certain direction, and at a certain distance || 
from the eye, under — iolee upon it a 
a certain le, e a) ce O : 
the peceive: gs haan} then ei esi all conceivable 
of six equal-sided bodies, and try each in the given 
aspeet, or he would work out, geometrically, some other 
ties of the body, such as might enable him to con- 
struet it. If, rotor momar agro ep tea 
a ive picture mted to hi a drawi 
life ig. 8 placed before him, and were told to ak 
piece of ivory of such a shape that each of its six sides 
should be exactly of the form drawn, and either of its 
dimensions, or of some given multiple or fraction of these 
dimensions—as for instance, for every inch on the 
drawing, three inches in the die itself—he would at 
once comprehend and execute the work required of him. 


DRAWING CYLINDERS.—In like manner, if a 
Fig. 6. 


cylinder, or roller, were pictured as it 
appears to the eye, with its light and 
Rites as in Fig. 6, the workman 
might guess at its form, but could 
ascertain nothing as to its dimensions, 
But if he were told to make a thing 
of which Fig. 7 is the drawing, one- 
quarter of full size, he could at 
once form his material to its proper 
diameter and length, by measuring the drawing, and 
allowing an inch in his work for every quarter of an 
inch on the drawing. 
PROJECTION.—The 
object of mechanical 
drawing is, therefore, 
not to present a deline- 
ation of any object as 
it appears to the eye, 


but to furnish the exact figures and dimensions of its 
Fig. 8. 
B 
HI) 


€ F 
parts, in such an intelligible manner, that solid materiais 
VoL. L 


may be fashioned into shapes, whose parts shall have 
similar forms and proportions. The principle on which 
mechanical drawing is founded, is that of projection 
on plane surfaces, which we shall now endeavour to 
explain. - 
Su 2 a sheet of paper were cut to the form A B D 
E C H (Fig. 8), and folded across where marked by the 
dotted lines HG and HF, the two parts ABGH 
and C H F E being turned up so as to stand at right 
angles or square to H G DF, and to one another as in 
Fig. 9, forming, as it were, three sides of a square box ; 
then each of these three portions of the paper becomes 
Fig. 9 what is called a ‘ plane 
ee of projection,” for re- 
ra ceiving the representa- 
tion of one of the sides 
of a solid body placed 
somewhere within the 
imaginary box, of which 
they form the sides. 
Let us suppose, for in- 
stance, that a die were 
suspended within the 
box (Fig. 10), and that 
— . from every point in each 
of the surfaces of the die exposed to the three sides of 
the box, lines were supposed to be drawn perpendicular 
or square to those sides as indicated by the dotted lines ; 
—then the lines joining the intersections of the dotted 
lines, with the upright and horizontal surfaces, would 
enclose figures accurately Fig. 10. 
representing, in form and : 
dimensions, the respective 
sides of the die presented < 
to them. The paper be- -2 “< 
ing then unfolded, would * 3 
contain a mechanical 
drawing of the die (Fig. | 
11), exhibiting accurately 
the forms and dimensions | 
a! three of its Praiat: In 
order to get a drawing of 
the other three sides, the , 
other sides of the imaginary box might have similar 
figures projected or thrown upon them. It is evident 
that whatever be the situation of the die, as to distance 
from either of three planes of projection, there will be 
no difference in the drawing; the form delineated will 
be the same, though it may appear on a different part of 


“a 


the paper. 
The names usually given to the three drawings of an 
Fig. 11. 
e ° 
° 6 
a @ 
i 
\ 
' 
e H e 
' CO) 
oe ' ° 
| 
' 
L 


biect are these :—The projection on the horizontal plane 
pay ea of the box, y galled the plan; and the pro- 
jections on the vertical planes or upright sides, are called 
elevations, One of the elevations may be called the side 
elevation, or side view ; and the other the end elevation, 
or end view; while the plan, when projected upwards, 
or on the top of the box, is sometimes called He bird’s- 
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eye view, having nearly the form which an object would 
present to the eye of a bird above it. 

SECTIONS.—For drawing the exteriors of all solid 
bodies, bounded by straight lines and flat surfaces, these 
projections are generally sufficient. But it is often neces- 
sary to make such drawings as shall give a correct notion 
of the interior construction of bodies. 

Suppose, for instance, we wished to have a cubical 
box constructed of wood, having a certain thickness, 
and fitted with a vertical partition of a certain height, 

Fig. 12. and at a certain distance 
———— from the ends. In order 
t b to indicate this =e ae 
i ing, we must show i 
f 


internal construction. To 
effect this, we may still 
use the three planes of 
projection; but as these 
lanes are imaginary sur- 
‘aces’, we may easily con- 
ceive some of them to 
pass directly through the 
substance of the box: in other words, we may conceive 
the box to be sawn or cut across in any direction, and 
the form presented by the parts so cut, to be projected 
on the sland (Fig. 12). us, if a horizontal and a 
vertical cut were made, as indicated by the dotted lines, 
AA and BB, we should have a plan and a side elevation 
of the cut surface, in which the thickness of the wood, 
and the position and height of the partition, would be 
clearly shown. These views would be called sections, or 
the drawings of cuttings, The horizontal projection 
would be a sectional plan, atid one of the vertical pro- 
jections would be a longitudinal or transverse section, 
while the other would still remain as an end or side 


Fig. 13. 
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! 
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t 
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elevation. The dotted lines A A and D D, on the end 
elevation and section, correspond with the horizontal 


_ Fig. 14 


Bi 


> 
> 


A 


<a ea: , ce ere aes ma 


plane of section ; and the lines B B and C ©, on the end 
elevation and plan, correspond with the vertical plane of 
section, In a drawing, then, of a box, such as in Fig. 


13, which would be seen on unfolding the paper of 
jection, enough of the form, thickness, position, an 

eight of the partition would be represented to enable 
a workman to construct the box. 

_ Now, if the part of the paper containing the end eleva- 
tion were cut away from the rest, and turned round, so 
as to bring the letters on it into a more convenient 
position for reading them, as in Fig. 14, the accuracy 
of the drawing would in no respect be altered, provided 
always, that it were clearly understood what elevations, 
plans, or sections, the different parts of the drawing 
were intended to represent. 

_ PERSPECTIVE.—There is another mode of consider- 
ing this question. The rays of light by which the eye is 
enabled to perceive 
the form of an object, 
proceed from every 
point of the object, in 
straight lines to the 
eye. Su , then, 
one face of a die were 
presented directly to the eye, as in Fig. 15, the rays of 
reflected light, proceeding from every poiut in the surface 
of the die to the eye, would all converge or draw together 
towards the small opening which the pupil presents ; and 
entering there, would produce the image which enables 
the spectator to see the object. This would be the case 
however far off, or however near, the eye were to the 
die; but the greater the distance, the less the conver- 
gence of the rays, or the more nearly are they parallel to 
each other, as may be clearly seen by the diagram, Fig. 
16, where an arrow is venrwed to be the object, and the 
rays of Eek pameting m its extremities are indicated 
by the dotted lines, to an eye at the various positions, 
a,b, and c, While those to the eye, at a, converge very 


Fig. 16, 


Fig. 15. 


rapidly, those to b also converge, but more slowly, and 
those to c more slowly still. But if we could conceive 
the eye removed to an incalculably great distance from 
the object, and suppose that its powers of vision were 
still sufficient to perceive it, the convergence of the ra: 
would be immeasurably slow: or, in other words, 
rays would be so nearly parallel, that we could not 
appreciate any convergence at all. Retaining, then, 
is conception of extreme distance, we may say, with- 
out error, that the rays are quite 1. We have, 
in nature, actual cases of this kind; for the fixed stars 
are so very distant that no difference can be traced in the 
direction of rays of light coming from them to the earth, 
at different parts of her orbit, although the distance 
across that orbitis nearly two hundred millions of miles. 

Now, we have y shown that the different pro- 
jections of an object are formed by supposing parallel 
licen hc tates from the different points of it to certain 
planes ; and if we sup these parallel lines to be rays 
of light, such as we have described, proceeding to an 
immeasurably distant eye, we attain a mode of under- 
standing what these projections mean. ing to 
this notion, the plan or horizontal eb fica is the view 
which an object would present when we look directly 
down on it, or directly up to it, from a great distance ; 
the side and end elevations are the direct views of the 
side and end ively; and sections are the direct 
views of the object when cut or sliced across in any 
direction. bein. fir in mind, we may then be pre- 
— to make ical drawings of most objects with 
acility. 

Suppose, for example, we had to draw an object such 
as mathematicians would call a hexagonal a 
is to say, a solid figure having six equal oblong sides 
and two six-sided euds. Supposing it to stand on one 
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of these ends, and that we looked directly down upon it, 
we should see its plan, which is a hexagon (A, Fig. 17). 
Fig. 17. 


looking directly on the angle formed by the two 
and b, we should see the elevation O, showing 
retreating sides a and b; and looking direct on 
¢, we should see the elevation B, showing the 
i and views also of the two retreating 
sea Ke lines represent vg m8 of cna 
rays of light proceeding from the ang 
ange pen nce form lines, 2 ig: grey or 
of the two views, the position top and 
cf these projections being determined by 
height of the prism, which we suppose to be given. 
ree perearerens Set tise 200d pian: is to, ho made 
a circular ing through its centre from end 
show the same views as before, and iu 
addition to them two sections, as in Fig. 18. 
Fig. 18. 


SEREPERE 
He 
z 

> 


ef 
u 


i 
é 
i 


The lines A A and B B, through which the sections or 
cuttings are su to be made, are marked on the plan, 
and the sections are formed exactly like the elevations, 
by tracing the different points of the object where the 
section lines cut it. We have hatched or drawn diagonal 
lines across the solid parts which are supposed to have 
been cut asunder, in order to distinguish them, by a sort 
of shading, from the apes circular part where no solid 
material is supposed to have been cut through. 

We will now take a somewhat more complicated draw- 
ing as an illustration—for instance, a toothed wheel (Fig. 
19), in front elevation, sectional plan on the line A A, 
Seeereton. on toes edgeways, which we shall call side 

ation. 


drawn parallel to each other from the different visible 
points or edges, and furnish us with the itions of 
these in the side elevation and plan ; the width of the 
teeth and thickness of the material being supposed to be 
known independently. 


> 


Ss 


PROJECTION OF CURVES.—By the same method, 
drawings of curved surfaces may be made, some consi- 
deration being given in each case to the mode most suit- 
able. Let us take for an example a drawing of a screw. 
In the first place, we must understand what a screw is. 
Suppose a cylinder or roller were revolving round its 
axis, and that while it was so revolving a pencil or sharp 
point were held against it. If the point were at rest 
while the roller revolved, a simple circle would be de- 
scribed on the surface of the latter. But suppose that 
while the roller revolved, the point were made to traverse 
lengthways along it, then a screw-line would be drawn on 
the surface (Fig. 20 

The pencil having to mark the roller at a, and 
having advanced to b, while the roller has made one 
complete turn, the screw line ac b would be marked on 
its surface. As we could not see both sides of the roller 
at once, we can only draw the part @ ¢ of the screw as 
visible, the other ce 6 being marked by a dotted line 
to show that it exists, and would be seen were the roller 


transparent. The whole line a ¢ b would be called a 

screw; and the 

itch, or distance 

is clear that were 

the pencil to ad- 

be marked as far as the surface of the roller might ex- 

irregular piich, as the relation between the velocities 

ut if, while the roller revolved uniformly or with 

equal in all its or a true screw, such as is used in 

roller, which is merely a circle, and let B be a side eleva- 
and c its position after two turns ; it is our object to fin 


i 

5 —— 
H 

: 

H 


ec plete turn of the 

be called the 

jacent threads. It 

ih ~<eee i" tinue to turn, and 

would continue to 

cally called a “‘drunken thread,” or be said to be of 
respectively, is not of a fixed or constant ¢ 

formly, a thread would be traced perfectly regular-and 

screw. Let A (Fig. 21) be the end-view or section of the 

mark the thread, b its position after one complete bee 


Tn this case, as in the former, the dotted lines are 


Fig. 20. thread or com- 

f distance ab would 

tween two ad- 

a the roller to con- 

vance, the thread 

tend. The screw marked in the figure would be techni- 
with which the roller revolved, and the pencil advanced 
regular and equal velocity, the pencil also advanced uni- 
mechanics, would be formed. We will now draw such a 
tion ; a being the position of the pencil when it began to 
the shape of the line, or at least its drawing or projection 
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Fig. 21. 
rs 


[ 


a 


screw implies that while the roller makes any part of a 
turn, the pencil must make an advance through the same 
of its pitch, we will divide the circumference of A 
into four equal parts by the points d, e, f, g, and also the 
two pitches a b and b ¢ into four equal parts, marked by 
the points h, k, l,m, , p. Then we know that while the 
roller has turned one quarter round, so as to bring the 
part of its surface e to the pencil, the pencil itself has 
moved one quarter of its pitch along, so as to be at the 
pointh. If then we trace a line of projection from e 
along the elevation, and a line square to it from h, the 
point e,, where these lines cross, must be a point in the 
rojection of the thread. In the same manner, tracing 
ines from f and g and from k and/ crossing them, we 
get other points, f, and g,, in the thread ; and repeating 
the process for the next thread, we get the points es, f,, 
and go, similarly situated in it. But though we might, 
between the points d,, ¢,, f,, «c., draw any sort of lines 
straight or crooked, we should not be warranted in 
assuming them to be the proper representations of the 
screw. e can, however, again subdivide the circum- 
ference of A and the pitch on B, and thus get a number 
of other points, as indicated in part on Fig. 22, which 
Fig. 22. 


must be in the projection of half the screw. A‘curved 


line traced through these points, will then be a correct , 


representation of the thread ; and as the thread is 
perfectly regular, the same form of curve will be repeated 
at the equal intervals of pitch, from d, to f,, and d, to 
fa. The intermediate parts of the thread from f, to d,, 
and from f, to d,, being traced on the side of the roller 
where g is, cannot be visible at the same time as the 
other portions; but if they could be seen, as in the case 
of a transparent roller, they would be symmetrical with 
the visible parts, but inverted, as indicated by the dotted 
23. 


lines in Fig. 23. ‘ 
Next let us suppose that two pencils were held against 
Fig. 23. 


the roller a little distance apart, so as to trace twoscrew- 
threads lel with each other; the side elevation of 
this, as in Fig. 24, presents merely a repetition of the 
proper curved lines at the proper distance apart—that is 
to say, if any number of straight lines were drawn 
eentick to the axis or sides of the roller, the portions of. 
those straight lines intercepted by the screw-curves, viz., 
ab, a, b,, ay by, &e., also ¢ d,c, d,, cy d,, &e., ke, 
would be all equal to one another. The ordinary prac- 


piece of 


Sa 
ing the 
a 


¢ dy, Co dy, dve., and ap 
these points successively, trace 


letusnow suppose that allthat 
e roller contained between the 


Fig. 24. 


double threads were cut down to a certain depth, so as to 
leave a real solid screw-thread prominent, such as would 
be produced by winding a square wire obliquely round a 
cylinder. Our method of drawing this would be as fol- 
lows (Fig. 25) :—The transverse section shows two circles, 
one the boundary of the outside of the prominent thread, 
and the other the roller on which it is wound, or the 
bottom of the cutting made in the solid roller. Let half 
of both these circles be divided into any number of equal 


parts, and let the length a b, which the thread traverses 

during half a turn, be divided into the same number of 

equal parts; then, by drawing the vertical lines from 

the points where ab is divided, representing the dis- 
Fig. 25. 


tances traversed by the Sear geen point the roller 
in equal portions of a half revoiution ; and by drawing 
horizontal lines from the points into which the half cir- 
cumferences of the inner and outer circles are divided, 
| representing the equal portions of the half revolution ; 


the points, at which these vertical and horizontal lines 
cross each other, are points in the two screw curves re- 
spectively. A card shaped to each of these can be used 
to repeat them at equal intervals along the roller, so as 
to represent the continuation of the thread. A little 
consideration will show what portions of these lines would 
be visible in a side-view, and what parts would be con- 
| cealed. It is usual to show, by full lines only, the visible 


| . . + 
rtions, the invisible being marked, when neces- 

i sary, y dotted Hines 
Other curves can be treated in the same way 
as screw-curves, the general principle being the 


same to all y, fin the ae gyn! of 
iy a number of R ypoer through which the curve 
must pass, and tracing through those points, a 


continuous curved line as nearly as the eye can 
judge or the hand execute. he greater the 
number of points projected, the more nearly accu- 
rate will be the drawing of the curve. Buta little practice 
in drawing, and careful observation, soon enable a 
draughtsman to trace projections of curves with suffi- 
cient accu’ without requiring very many points for 
their determination. The drawing of a screw-curve, 
such as we have described, is as difficult as any of the 
rojections that ordinarily occur in mechanical drawing, _ 
We have, therefore, dwelt upon it at some length, being — 
convinced that the student who sees his way clearly 
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drawing objects by projection, it is sometimes useful to 
represent ahhanek devi or unfolded. 


kind—-say a series of squares, as a in Fig. 26, is wrapped 


| 4 


th ttern, 
alii mack 


ual parts by 


m such of 


so as to cross the horizontal 
- ser A at once the elevation of 
ttern as it w appear in projection when folded 
7 This would really be a process of en- 
drawn the pattern on a 
veloped the roller in it. The 
process of development i men the converse ; for it con- 
sists in developing or unf: 
body, and then 5g 


A 
8 
se 
: 
= 
iP 
g 
Et 


‘ 


through this example, will master most others without 
great difficulty. 
UNFOLDED SURFACES.—Besides the method of | to get 


Ni 
: “7 ; . 4 \ 
rf Pa \ 
| represented in projection on its surface. We 
| draw any number of horizontal lines, 
| at a, b, e, d, e, through the marked points 


a or made up of curved lines, we should have to trace 
the development of a greater number of points in order 
a correct drawing of it as it would appear when 
unfolded. 


This may be | | We may here observe that a conical surface is develop- 
clearly understood by conceiving that a pattern of some | able as well as that of a cylinder or roller ; and the me- 


chanical draughtsman has seldom occasion to deal with 


or folded round the roller d. We shall suppose that the | the development of any surfaces except these. 
Fig. 26. Fig. 29. 


_ The development of a conical surface 
is effected thus (Fig. 29). Since all the 
straight lines drawn from a, the apex of 
the cone, to the circular base are exactly 
equal, we have only to draw a circle from 
any centre ¢ with a radius ¢ d equal to 
ab, the length of any one of those lines. 


Then measuring round the circular plan 
er of the base m any point e, and 
setting off the same measurement 


f roceeding with one point marked g in the 
elevation. Through the point g draw a parallel to the 
base g k, and a line a og the apex meeting the base 
inl. Project 1 down to/, on the plan, and measuring 
round the circumference from e to l,, set off the same 
measurement from e, to 1, on the development, and 
draw the line cl,, which will be the development of the 
lineal. Then from the centre c with a radius ak, draw 
a portion of the circle cutting cl, in 9,» and g, will be 
the development of the point g, for it is in the developed 
line c 1,, and at the proper distance from the apex. A 
similar process may be adopted with respect to any 
pea ne and thus a pattern of any kind might be 

leveloped, 

To develop the frustrum of acone—that is, a cone with 
a portion of it towards the apex cut off, as in Fig. 30— 
we imagine the cone completed, as iitienceal te the 


Fig, 30, 


of the pattern, and trace perpendicular lines 

| from the same points till they meet the circum- 
ference of the circular plan in the points 
ra a k, l. * We then draw a straight line of the length 

| of the circumference of the circle, and make it the 
| base of an obl of the same height as the roller. 
| Dividing the base by the points f,9,h,, into parts of the 
| same lengths ax ponies! as the parts of the half circum- 
| ference separated by f g h in the plan, and dividing the 
| height, a e, by the points b, c, d,, into parts correspond- 
| ing with the divisions of the roller in height; and 
| through all these points, drawing parallels an rpen- 
diculars to the base ; we get the positions of the different 

ints f, g, h,, &c., in the elevation, as they should be 

the development, and can trace, through these points, 

the lines of the pattern. Should the pattern be vom- 


dotted lines in the elevation, and have only to develop 
the complete cone and cut off the wanting part, leay- 
ing the development of the actual surface of the frus- 
trum. 


INTERSECTIONS.—In consequence of the facility 
with which materials can be shaped into cones, cylinders, 
or any forms which have circular sections, and for other 
reasons connected with strength and fitness, these forms 
are generally used in practical mechanics. It is there- 
fore most important for the draughtsman to be expert 
in the projections and developments of such forms, 
Among the numerous problems in drawing them, there 
is an interesting, and often useful, class depending on 
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the various intersections of one curved surface with 
another. We shall give one example of this to illustrate 
the method that may be very generally applied in most 
of them. Let us suppose a pipe of a certain dia- 
meter branches out from another of a larger diameter at 
a certain angle, as indicated on the longitudinal section 
in Fig. 31; and that we have to draw two elevations 
and a transverse section of this, so as to show the form 
of the joint, or intersection of the branch with the main- 


oo the first we should draw the centre lines or 

axes of the cylindrical pi and then easily mark off 
Pipes, - Bewe- 

the general outlines and points of intersection in the 
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two elevations. The points c, ¢, in the transverse sec- 
tion, would be determined by setting off from f, on the 
centre line, the inside radius of the small pipe, as de- 
termined by the line fg in the longitudinal section. 
These points would determine c, in the longitudinal sec- 
tion, by tracing the vertical line upwards till it meets 
the oblique centre line f c, in the fongitndinal section. 
Aud ina similar manner, by tracing up a line from b 
on the transverse section, we should find a point im- 
mediately below b, on the side elevation, where the 
outsides of the two pipes intersect on the oblique centre 
line of the branch. ere still remains for us to de- 
termine the particular curves of the intersection lying 
between the points so fixed; and this we must do by 
finding a number of other points in the different rojec- 
tions, which shall be the proper representations of points 
in the circumferences of -the large and smaller pipes 
where they intersect each other. Let us, for instance, 
endeavour to determine some point in the curve of in- 
tersection represented on the side elevation ; and as this 
must be a point on the outside of both pipes, we shall 
draw their outside circumferences from the centres B 
and C, connected by a line. Taking any point din the 
circumference of C, and tracing on to d, on the cireum- 
ference of B, and drawing the perpendiculars de and 
d, ¢,, we draw on the side elevation H H parallel to the 
axis of the small pipe at the distance C e from that axis, 
and K K parallel to the axis of the pipe, at the 
distance Be,. The point d., where these lines H H and 
K K intersect, is the yea of a point in the inter- 
section of the circles on the side elevation. Tracing this 
across by a horizontal line to the front elevation, cutting 
its centre line at ¢,, and setting off e, dy equal toe d,, 
we get d, as the projection of the same point on the 
front elevation. And thus, by Projecting a number of 
points, we should be enabled to trace ugh them a 
correct projection of the curves of intersection in their 
different aspects. 


_ iron ; 


Hitherto we have only treated of the mode of drawing 
outlines ; we may now proceed to discuss the various 
modes of rendering mechanical drawings distinct and 
more easily intelligible. These may be said to con: 
—_ hatching or section-lining, colouring, shading, 
and owing. 

HATCHING.—Hatching is merely drawing parallel 
lines across the of any section, and are su 
to be cut thro the solid material. Fig. 32 is the 


Fig. 32. 


to indicate the appearance 
fibres of the ent material, 


Fig. 33. 


it is understood that the drawing 
re ree giesciagy. pea 
Hatching is also useful in some cases for distinguishing 
the different pieces of which the body drawn in section 
consists. This is effected by hatching one of the pieces 
by — mera lying in = Rivera, _— om ad — 
1ece ines lying in another direction. ‘ 
. F eg may represent a section of 
a vessel with a separate 
cover fitted to it, and one 
of the bolts and nuts used 
for holding the cover in its 
place. The ing lines 
of the vessel and its ae 
are oblique in opposii 
pyres, and those of the 
bolt and its nut are verti- 


Fig. 35. 


lines, imitating, somewhat, the ——— 
en cu 


Fig. 36. in cross section, side 

. by side, may be 

= yy) & ~Z\ hatched by these lines 
Se ANF lying in opposite di- 
SEZ rections ig. 30) 5 


while timber in longi- 

tudinal section, ma i po neat by crooked discontinuous 

lines, lying generally lengthways. : 
In orking- drawings leh is to say, projections 


wr 
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showing the parts in their proper dimensions, so that a 
workman can measure and transfer them to the solid 
material—colours are usefully employed to distinguish 
the different materials. Thus, parts tinted dark blue 
might represent cast-iron ; while a pale blue might indi- 
cate wrought-iron or steel; yellow would mark brass or 

gun-metal ; brownish-yellow) wood ; brownish-red, cop- 
Lapeer apy When any special material is to be 
be name is generally written on such part of the 

as represents it. 

LINES.—I almost all mechanical works, 
ev Gade Hecke Goat, Pease io Goseeneiy symmetry, 
or repetition of haa parts on different sides of some 
central points. For instance, a cylinder, cone, column, 
and such-like bodies, are symmetrical round their axes. 
The teeth of a wheel are etrical round its centre ; 
and so with almost all the forms suited to machin 

It is, therefore, most important in mechanical draw- | 
or to mark the central or axial lines of the different | 
As these lines do not Tstingulaied’ econ “thoes 


material are erally disti 
that ret Br of actual form, by the use of a differ 
ent-coloured ink; for instance, if the lines of the 


drawing generally be in black, as th usually are, the 
(seals alee Atel abana odbc They should 
fine but distinct lines, because they serve as a 
ieee gates for numerous dimensions. As an illustra- 
Bad may refer to Fig. 34, which we may suppose to 
section of a roun ‘or cylindrical box, the centre 
or axis of which is marked by the dotted line a. One of 
the bolts for fixing the cover is also shown; and as this 
bolt is also cylindrical, it has an axis or central line b, 
and the position of the bolt is sufficiently indicated on 
the section by figuring the distance of its axis from that 
of the , a8 it is marked, 10, on the figure. We 
ieated the central lines a and b by dotted lines, 
Pec altel et arte gender 
wing they would open tapkolickiadeceed, 
not dotted, but plain, and distinct. 
SHADOWS AND SHADES. —In order to render 
ible than they other- 
owing and shading. 
The projections which scometitube mechanical drawings 
are not tations of the actual appearances of the 
objects to the eye ; they are merely the traces of their 
outlines formed by parallel lines drawn from all parts of 
them, to certain i 


imaginary planes or flat surfaces, which 
are supposed to be transferred to the paper. In like 
manner, in the shadowing and shading of mechanical 
drawings, we must not attempt to give the natural 


a of the lights and shades visible on the 


jects. We must concert some system of illuminating 
their surfaces, in accordance with our system of pro oe 
ing their outlines. The object of such light and s 


is to make up for the deficiency of one of the Giemios 
of solid objects, depth, thickness, or distance, when we 
hell em on paper or any flat surface. 

outlines, however accurate, can never show more 
than two den Oh parte pt hevting and breadth ; and can 


ee, no idea o' or receding from any 
pematek "NOs crx ahs can light and shade, applied to 


ni outlines, give the Ney dimensions, so that they 
can be measured ; but t! ved parte can be applied with very 
a effect to indicate w Fig. 37 


comparative amount of such super- 


we cannot judge whether 

the pelts tline is intended te to represent 

a prominence or a hollow in the 
eral surface of the block ; but 

ors little shadowing we can give the effect of either, as 

in Fig. 38. In a we see that the inner pats must project 


} 


| 


| 


clk 


Again, shading may be very serviceable in giving a 
Fig. 38. 


8 au 


just idea of the form of an object seen in elevation. 
Thus a (Fig. 39) is the bare oanine elevation of a roller 


Fig. 39. 


Fig. 40, 


standing on one end ; butit gives no notion of the round- 
ness of the object. 6 is the elevation shaded, and at 
once conveying the idea of roundness. 

When the lights, shades, and shadows are all intro- 
duced in their proper places, as in Fig. 40, the notion of 
solid form is rendered very distinct, and a very clear 
conception of the object represented is conveyed to the 
mind. 

The mode in which shadows are drawn is 
to the system of projecting the outlines Fei, ag if 
we suppose a body, such as a die, to stand on a table, 
and numerous parallel rays of light, indicated by the 

Fig. 41. 


Xd = 


dotted lines, to strike on it at an angle, some of them 
would be intercepted by the die, and thus all the surface 
of the table and the die would be illuminated, with the 
exception of the portions from which the light is kept 
by the interposition of the solid body. The dark surface 
thus left on the table, isa shadow of the die; and the 
praeassr side of the die is a shade on the die. It 

appears, then, that the shadow is merely a projection of 
the figure made on a plane, by tracing oblique Lig: 
lines from all the points in the outline of the body, to 
that plane. 

But as this projection may, like the projection of the 
object itself, be effected on more than one plane, and as 
we are at liberty to suppose the object placed in light 
coming in any convenient direction, we can select such 
an obliquity of the rays as may at the same time furnish 
us with most distinct shadows, and with those most 
easily drawn. In selecting, then, the angle at which the 
rays of light shall strike, we can assume any that is not 
coincident with the planes of projection on which our 
drawing is made. But as these planes are at right 
angles, or square to one another, it seems natural to 
select half a right angle, 45°, or what is generally termed 
by workmen a mitre-angle, as the direction of the rays. 
Again, as a line drawn at such an angle may extend 
either from below upwards, or from the right towards 
the left, or from a distant’ point towards us, we must 
select the most suitable of these courses for some 

to 
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coming from above downwards. Further, as our draw- 
ings are intended to it the visible surfiices of 
objects, we must suppose those sides that are exposed 
to be illuminated ; and therefore select rays, coming 
from behind and striking on and past the objects. 
As to whether these rays come in a direction from 
left towards as right towards left, is a matter 
of indifference. only circumstance which can affect 
our choice in this last respect is, that draughtsmen 
sit with their left side towards the light, and 
therefore are more likely to select rays coming in the 
direction to which they are accustomed : that is, from 
left towards right. Now, in order to see clearly the 
effect of rays supposed to come in the chosen direction, 
in illuminating certain surfaces, and in producing shades 
and shadows, we shall suppose a piece of’paper, cut to 
the form of Fig. 42, consisting of three equal squares, 
and that portions of the dingagale of these squares _ 
42. ying at mitre-angles, 
- or angles of 45°, with the sides 
y of the sq . Now, let us 
sup that the paper is 
folded along the two lines 
aband ac, soas to turn up 
8 the two squares perpendicular 
to the third, and to each 
other, as in Fig. 43, forming 
three sides of a square box, 
with the diagonal lines drawn 
upon them. If the lines of 
c rojection ypreie towards 
the right and towards the front from the extremities of 
these three diagonal lines respectively, be drawn till they 
meet, as indicated by the dotted Fig. 43. 
lines, we get a line de lying ob- 
liquely to each of three sides, of oy 
which line the ne tse” lines ~ : x 
correct projections. ow, this S : 
line de would represent a portion tg 
of one of the rays of light which, [.--~ 
as we suppose, illuminate the ob- © 
j and all the other rays would be parallel to it. 
shades and shadows, therefore, of plans, elevations, 
and sections, projected on the three planes, will all be 
determined by lines lying at angles of 45° to the boun- 
daries of those planes, As an example of the mode of 
correctly delineating shadows according to this law, we 
may — the mode of defining the owsin Fig, 44. 
1. line ab drawn at 45° from the edge of the 
section, gives the breadth cb of the bottom, over which 


Fig. 4 
é- Uijagy Yj "% 
4 “4 
fg x 
: é 
& 
yp y 


Plan 1, looking from above. Plan 2, looking from below. 
the shadow of the side extends ; we therefore set off mn 
and po inthe Plan 1, each equal tocb; and drawing 
lines from n and o parallel to the edges, we have the 
outline of that shadow. 

2. Drawing de and fg at 45° from two lower edges of 
the section, we get the extent of the shadows observable 
in Plan 2, the inner shadow sw of the projecting 
of the bottom being limited, because the line de falls 
within the edge of the bottom in section, while the 
shadow qty extends as far as the edges of the Plan 2, 
and wi extend further if there were any surface to 


| catch the shadow, because the line fg in section extends 
1, tat the edge of the body. fs 

|, 3 A in the elevation, h i gives the point i as the 
_ limit of the shadow of the upper projection, while k l, 
| extending beyond the projecting part of the bottom, 
ne ea ull its a Be ago be peas the shadow. 

‘or drawings of bodies, whose boundaries are plane 
surfaces, and whose edges are straight the shadow- 
ing is very simple; and the proper inclinations and 
boundaries of the shadows almost suggest themselv 
without the necessity for their actual projection. 
when the bodies are bounded by curved surfaces, such as 
cylinders, cones, spheres, and the like, the projection of 

e shadows is somewhat more difficult. A little con- 
Foye heiacag tp iam most of these cases enable 
e ive a sufliciently faithful represen- 
tation of the auivel. effect. It sees not be sup 
that the shadowing of mechanical drawings is intended to 
give them any merit in an artistic point of view ; for, as 
they are not real perspective representations of objects, 
but only imaginary projections} so the shadows tinted on 
them are not the representations of shadows actually seen 
on the objects themselves, but geometrical projections of 
shadows, that would occur on certain suppositions as. to 
the direction of illuminating rays. The only purpose of 
ihe shaterng 3 ive b.geteen sounetiioa the solid 
form intended to be shown ; and the draughtsman should, 
therefore, take care to make these shadows geometri 
accurate. After having solved a few problems by 
projection, he will find it easy to gre tolerably faithful 
views of shadows by the eye. e will work ont two 
problems in circular shadowing as examples of projection ; 
ones we have selected lb enyeee shadows most com. 
monly occurring in mechani wing for this purpose. 
First, in Fig. 45, we have an elevation, and a plan 
Fig. 45. looking from below, of a 
an 


cylindrical body, with a 
flange or projecting rim 
round its Spee end. The 
plan and elevation have a 


i 


£1 


TN, 


the 
flange i dary of | 
the shadow of the flange on 
the elevation. If, then, we 
take any point, such as a 
on the plan, tracing it w 
to a, on ~ elevation, a 


a 
mA 
x\\ 


ANDY D 
AE, 
a number of points, such as 


Sand finding their shadows in a similar manner, we 
ould be able to trace through them a curved line 
f,b,d, as the boundary of the shadow of the 
The extreme point f, is found at once by taking f on the 
plan, drawing f e, tracing ¢ up to ¢, on the elevatio 
and drawing e, f;. The line ¢ d on 5 pint a sapped 
to touch the inner circle ind; therefore, d g, the re- 
mainder of the visible part of that circle, must be all in 
shadow, as the body itself intercepts the rays. The line 
Fig. 46. traced up from d to the 


elevation, and Paes. 
pm | ; 
| 


| proper shadow line 
” is therefore the boun- 
dary of the illuminated 
of the elevation ; and 
the shadow part be filled 
babs a black tint, veer? 
@ appearance presen’ 
in Fig. 46 of the oblique 
projection or shadow of 
the flange on the cylin- 
this shadow does not convey 


der. It is manifest that 
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a er notion of the cylindrical surfaces intended 
to be shown. The drawing requires shading to give the 
full effect ; and after another example of simple shadow- 
ing, we will endeavour to show how the shading may be 


Referring now to Fig. 47; showing a plan and section 
of a cylinder open at top, we have to inquire as to the 
Fig. 47. form of shadow in the sec- 

tion cast on the inside by 
- the cylindrical side. Tak- 
ing any points b f d on the 
inner circle in plan, and 
drawing lines from them at 
45° till they meet the oppo- 
site limb of the circle in the 
points c g e; tracing up 
these points by lines to the 
‘elevation, and also the 
sotnalpt cael kA and 
m the latter drawing 
lines at 45° to meet the 
others, we — points 
€, Jy &;, in the boundary of 
the ‘shadow. The. point a, 
where a line at 45° touches 
the circle, being traced up 
to a, in the section, gives 
the commencement of the 
shadow ; and the outline being filled in by a dark tint, 
y ego the appearance of an interior cylindrical shadow. 
e the exterior shadow shown in Fig. 46, shading is 
uired in order to give the notion of a curved surface. 
_ We shall, therefore, now proceed to discuss the ques- 
tion of shading ; which consists in placing on a drawing, 
tints of various degrees of ghia ok Geckcneet 80 as 
to represent the comparative amounts of reflected light 
from the different portions of the surface represented. 
We are not aware that the question of shading mechanical 
drawings has ever been discussed on geometrical grounds, 
like that of shadowing ; it is, therefore, with considerable 
diffidence that we venture to offer some considerations 
which may furnish a clue to the proper variations of 
light and shade on projections. A skilful draughtsman 
has little difficulty in bring up a very correct, and even 
an artistic effect of light and shade on mechanical draw- 
ings ; but we believe that it is to a practised eye and an 
expert hand that he owes his success. In shadowing, he 
trusts to the same elements of success ; but as the out- 
mete every — be determined with mathe- 
ma accuracy, on the supposition of parallel rays of 
light proceeding at certain angles to the planes of pro- 
jection, on the same supposition we think the variations 
of light and shade can be determined. It must be 
confessed that, even if the lights and shades of a projec- 
tion were determined in quantity, so that we could say 
such a part of a surface must have twice or thrice the 
darkness or the — of such another part, we should still 
labour under the difficulty of carrying out these dimen- 
sions of light and shade. We might, however, approach 
them by spplying repeated dark tints to the shaded parts; 
making 


a 


WL 


ie number of equal tints laid on above one 
another, correspond with the degree of darkness deter- 
mined on. But even without attempting any mathe- 
matically accurate mode of carrying out the theory in 
practice, we may at least derive useful hints from its 
investigation. 
If we suppose the circle in Fig. 48 to be the plan of 
a cylinder, of which we wish to represent a shaded 
elevation, one half ADB would not be shown; the 
other half has its circumference divided into eight equal 
iy: We will suppose parallel rays of light R, R,, 
2, Rg, Ry, Rz, Rg, to come at the proper angle (45°), 
ind to be redlacted frum the surface of the cylinder in the 
difections 1, 7), Te, 73, T4s 75) Ve, Tespectively. These 
directions of the reflected rays are of course determined 
by drawing them so as to e the same angles with the 
radii C A, C1, C2, &c., as the incident rays make with 
those radii, but on opposite sides of them, according to 
_ the well-known optical principle that rays of light are 
VOL. {, 


reflected from a surface at the same angle as that with 
which they strike it. Now, of all those rays, tliat striki 
the ag 3 is reflected most directly to an eye situa 
in the line C E, at a great distance from C, 3rg being 


Fig. 48, Fig. 49, 


WHIM 


YJ 


\ 


parallel to C E, and thereforé the elevation of the point 
3 should be the brightest. Again, the points 2 and 4 
would appear equally illuminated, because the reflected 
rays 2r, and 4r, lie at equal obliquities to C E; but 
each of those points would appear less illuminated than 
the point 3, use of this obliquity. Farther, the 
points 1 and 5, whence the rays are reflected parallel to 
A B, mark the places where the illumination of the sur- 
face ceases ; and were it perfectly smooth and polished. 
all beyond 1 towards A, and beyond 5 towards 6, would * 
be perfectly dark, The portion 6 to B, receiving no light 
at all, would be represented in shadow. In the elevation 
then, if the points in the circumference of the plan be 
projected, and the surface darkened by lines or tints in 
accordance with the deficiency of reflected illumination 
at its different parts, we get a geometrically shaded 
re ntation of a cylinder. 
or the interior surface of a cylinder shown in sectio 

the light and shade of the different parts may be foun 
in a similar way, as marked in Fig. 49, where the point 5 
giving the direct reflection will be the brightest, the 

ints 4 and 6 having equal intensity of light, but each 
es than 5, because of the obliquity of the reflected 
rays ; ral a A123 4 quite dark, because the light is 
intercepted by the edge A; the point 7, whence the ray 
is reflected parallel to A B, the last part of the illumi- 
nated surface; and 7 B dark, because the rays are 
reflected backwards. The section shows the shading in 
accordance with this variation of reflected lights, the 
lower part of the interior being completely shadowed in 
the form marked in Fig. 47. 

The shading of other curved surfaces might be deter- 
mined in a similar way ;, but as cylindrical surfaces are 
those which most commonly occur in drawings of ma- 
chinery, we consider it sufficient to have graven out 
the principles upon which the shading of them may 
be dotershined: A little practice will soon enable a 
draughtsman to give a rounded effect to drawings of 
such surfeces ; and a little attention paid to this will 
often render plain and explicit a drawing, which would 
otherwise be comparatively obscure. The lights, shades, 
and shadows to complete drawings need not be deter- 
mined by geometrical projections, which would often 
involve great labour without adequate results. A 
draughtsman accustomed to make drawings of ma- 
chinery, forms, in his own mind, a very accurate con- 
ception of the solidity, projections, and hollows of the 
various parts, and throws in the shades and shadows by 
eye, in such a manner as to give a tolerable notion of 
these variations of surface. It is well, however, that 
the beginner should know the principles on which 
shading must depend, snd he 7) i ee 

I 
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for that success in their application, which prac- 


of ore nee Nene on ey ae 

INSTRUMENTS.—Before this of our 

subject, we may say a few words i e instru- 

ments required by the mechanical htsman. The 

board, on which co ah Ob should be of well- 

seasoned w accurately righ led, or, as it is com- 
nly called, square at the angles, As wood is often apt 
arp and shrink, ing to 


— is is a matter which should always be care- 
fully ed to. A sheet of drawing- gently wetted 


by a sponge 
fastened on the drawing-board whilst moist, afford a 


accu- 
blade 


made any other than a right angle with the stock, pro- 
i . 50) of the drawing-board be a 
Fig. 50. 


ven circle (Fig. 52). The circle being described round 

centre G. th) blade Bof the T square being brought 
into any convenient Fig. 52, 

position, the set- 


agon drawn, touch- 
ing the circle ; the 
other sides, ¢b, ba, / = | 
af, being similarly drawn by shifting the sot-square into 
suitable positions, which are not marked in figure, 
to — er 

les are blades of ivory, boxwood, metal, or card- 
board, having straight edges divided into equal parts, 
which are generally fractions of a foot or inch= In mak- 
ing drawings of machinery it is generally necessary to 
represent the parts, not of the real sizes to which they 
are made, but to some known scale, so that all the pro- 
portions of the parts are accurately maintained. For in- 
stance, had we to make drawings of a steam-engine, we 
should select some convenient size for the drawings ; we 


might, for example, represent the engine one-eighth of 
its real size, and should form a scale every inch of which 
should stand for eight inches of the real work, every foot 
for eight feet, and every inch and a-half for one foot. 
r\ This would be called a scale of one-eighth real size, or a 
i scale of an inch and a-half to a foot, because an inch and 
A pai a-half is the eighth part of a foot. Now, in making the 
1% drawing, or measuring from it when made, it would be 
WA troublesome and tedious to calculate what should be the 
iA size drawn of each dimension of the work; but having 
‘ \ first formed a scale, such as Fig. 53, every inch anda 
\ ‘ half of which represents a foot, one of these feet being 
i} divided into twelve inches, we can at once apply it to 
c | | Fig. 53. 
right angle, the lines drawn by the 
square applied to both edges of the t Z t Pot ee cage 
would be at right angles to one another. aft. o ym 
Indeed, the b and stock are often 


made so that the angle can be varied at 
pleasure, a screw being fitted in the stock in such a manner 
as to hold the blade fast at the le required. i 
form of instrument is called the bevel TT square, and is 
useful — reored are on be drawn footer ned he 
parallel and at right angles to one another, but oblique 
to the edges of the ato. 

bate rtrd ~ irae ag ieces of wood having rom 
sides accurately straight, and making particular angles 
with each other. : 

The most useful set-squares are the three shown in 
Fig. 51. wach 


Adal 


No. 1 is a triangle, having one angle a right angle, or 

90° ; and the other two each 45°, or a right angle 
No. 2 has one = 90°; another 30°, or one- of 
he third 60°, or two-thirds of a right 


aright angle; and 

de 3 has an angle 90° ; another 22}°, or one-fourth of 
a right angle; and the third 67}°, or three-fourths of a 
right angle. 

As an example of the use of these set-squares, we will 
suppose that we have to describe a hexagon round a 


the drawing, and set off any required dimension in feet 
and inches. 

The most convenient scales for mechanical drawings 
are those of 


6 in. to 1 foot, or } real size. | 1 in. to 1 foot, or yy real size. 
3 ” 1 ” ” ” ” ” 
2 ” 1 ” i ” ” 1 ” eu ” 
1} »” 1 ” ” ” ” ” 


For architectural drawings, and drawings of large 
works generally, the following’ scales will be found con- 
venient, in addition to the above :— 


1 in. to 10 ft., or real size. | 1 in. to 50 ft., or real size, 
1 ” 20 ” ” 1 ” 80 ” ” 
1 ” 40 ” ” 1 ” ” ” 

For drawings of land-surveys, it is usual to employ 
chains as units of measurement ; and scales are ee 
made in terms of them, such as ten chains to one inch, 
and the like. 

In plans of railway or canal works it is often neces- 
sary to measure various curves; and as the curves are 
generally made portions of circles for ease of setting out 
and execution, circular scales, divided equally round 
their circumference, are sometimes employed. 

Offsets are short scales which act as set-squares as well 
as scales. 

The annexed plate represents some of the most useful 
instruments required for mechanical drawing. 

Fig. 1 is the Protractor, for setting off any desired 
angle. The instrument is placed on the paper, with the 
central point C at the point or vertex of the angle, and 
with its edge A B coinciding with one of the lines which 
has to contain the angle. If the angle were 40°, for 


Jee fages IGP. 


Fig. 4 


i 
Tigqual Farts 


— 


ee = oe | Ae 


ae eee ee ee 


? 


— ———— 
n 
, 


———— 


. = 


. =o 


MATERIALS AND STRAINS. ] 


APPLIED MECHANICS. 


795 


instance, the point D, ing to the 40° division 
of the Protractor, ould te eel on the paper; and 
the instrament being removed, a straight line drawn 
through C and D would lie at 40° to the line C B, or at 
140° to the line C A. The Protractor, being semi- 
circular, contains two quadrants, each of 90°, ing up 
180°, and the arcs, or angles, are numbered, from 0° up 
to 180°, from each of its extremities. 

Fig. 2 represents a Trigonometrical Scale, which is 
easily made, and is very useful in mapping or spherical 
projection. A quadrant, or are of 90, AB, is divided 
equally into arcs, each of 10°, or into smaller divisions, 
if required. The chords of those ares are struck by 
circles drawn from the centre A, cutting the line A B. 
The base A C, or horizontal radius, is equally divided. 
The vertical radius CB is divided by lines, squared 
across from the divisions of the quadrant, and thus 
forms a scale of sines. The vertical line A E being cut 
by lines, or radii, drawn from C, and produced through 
the divisions of the quadrant, forms a scale of tangents ; 
and the length of those extended radii, being laid down 
by describing circles from the centre C, upon the vertical 
line C F, forms a scale of secants. For drawing the 
meridians and parallels upon the projections of a sphere, 
either for geographical or for astronomical problems, 
these = are essential. os Bide 

ig. 3 represents the ordi mpasses, or Dividers ; 
and Wigs 4 and 5 show the Pen and Pencil-holders, 
which are substituted for one of the Jegs of the Com- 
passes when circles are to be drawn on paper. 

Fig. 6 represents the Parallel Ruler, consisting of 


The 


any required distance from it. 
For remarks as to the use of those instruments, the 
Chapter on Practical Geo- 
farther observed here, that in laying 
paper, whether full size or to any 
always pointed off directly from 
scale on the drawing. The Compasses should 
only for dividing circular curves, to which 


F 


straight scales cannot be applied. 


for straight dimensions, errors are introduced which do 
not occur when the draughtsman restricts himself to the 
scale. First is the chance of error in setting the points 
of the Compasses to the divisions of the scale. Secondly, 
the spring of the Compasses themselves. Thirdly, the 
uncertainty in the pricking of the paper. And lastly, 
the inaccuracy in drawing through the prick marks ; to 
say nothing of the tear and wear of the scales, arisi 
from the application of the sharp points to riya 
the unseemly appearance of the f leek when full of 
prick marks. 

SCALE OF DRAWING.—For the draughtsman em- 
ployed in devising, on paper, work to be executed in 
solid materials, we strongly recommend that he should, 
as much as possible, pa. to draw all details of 
their full size. Scale-drawings, especially of large wo 
are absolutely required to show the combination of 
the in one machine or engine, full-sized drawi 
of which would be of most inconvenient size, But, oo 
dition to the scale-drawings of the whole, it is the prac- 
tice of the best engineers to execute full-sized drawings 
of details. One great advantage of this is, that the 
draughtsman sees better on the full size what should be 
the best forms, dimensions, and combinations of the 
parts in res of stren, efficiency, and economy of 
material and labour ; and another advantage consists in 
the facility with which the workman can read off the 
drawings, or transfer to the solid materials he labours 
on, the dimensions and forms marked out: he has only 
to apply his rule to the drawing and to his work, and 
make them agree. Farther, as it is customary for work- 
men to use rules divided into inches, and these again 
into halves, quarters, eighths, and sixteenths, the 
draughtsman should make his dimensions such as can be 
measured in those fractions. We have known numerous 
workmen who perfectly comprehended the eighth or six- 
teenth part of an inch, but had not the remotest concep- 
tion of oa en meant by the tenth por Met cige ss 
part. ere dimensions even figured by ten t 
workman would read it in quarters, eighths, or six- 
teenths, and would most probably err in reducing it 
from the ee to the other. Pe is, there- 
fore, preferal in t instance, to draw or figure 
t Rapasions in a denomination which the workman 
will em ; and thus a fruitful source of error will he 
avo 
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cedar, and other soft woods; stones, bricks, mortars, 
and cements ; cordage, straps and bands, and the like, 
The strains to which these materials may be subjected, 
may be classed under five heads ;— 

1. Tension, or a strain applied in the direction of the 
fibres of the body, so as to pull it asunder, as in the case 
of ropes, bands, tie-rods, and chains. The strength of a 
body to resist a strain of this kind, is called its cohesion, 
or the force with which its parts are held or knitted to- 


2. Com ion, or a strain applied also in the direc- 
tion of the fibres so as to crush a body, as in the case of 
acolumn. Compressive strain is exactly opposite to 
tensive strain; and the power of a body to resist it 
seems to depend chiefly on its elasticity. 


3. Transyerse strain, or force applied perpendicularly 


to the fibres so as to break the body across, as ina beam 
loaded in the middle. In resisting a strain of this kind, 


| the cohesion and elasticity of a body are both exercised. 


4. Torsion or twisting, or a force applied at the end of 
a lever so as to turn one end of the body round its axis, 
while the other veges fixed, as in a shaft or Sarg Savi 

5. Clipping or shearing, or a power appli C) 
or cut a bods across i fibres. 

All the possible strains to which materials, whatever 
be their forms and arrangements, can be subj ; are 
of one or more of these classes, We therefore propose 
to consider them separately, and endeavour to apply the 
results of experiment and observation to their discussion, 
endeavouring to avoid, as far as ible, mere abstract 
suathoenaAinal investigations. e cannot, however, al- 
together dispense with mathematical aid, but shall 
endeavour to place the reasoning as much as possible on 
such a footing, that a student having a moderate ac- 
quaintance with dh rer yeociiies of mathematics, 
may have little difficulty in following it. We must pre- 
mise that the whole subject is as yet in an unsettled 
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condition in some respects, for it has med that very 
few writers have discussed it as a whole OF those who 
have discussed portions of it, some may be said to have 
done so, with too little regard toits practical application ; 
while others have erred in the opposite direction, giving 
mere empirical rules without theoretical reasons for 
their establishment. We shall endeavour to steer a 
middle course between these extremes, trying to show, as 
clearly as possible, the reasons for conclusions that have 
been arrived at, and quoting from the best authorities 
the results of experiments in a form that may render 
them conveniently — in practice. 

1, TENSION.—We may consider that wee body sub- 
jected to tension consists of numerous fibres laid side by 
side, and extending over the whole length of the body. 
Even if the body be not of a fibrous constitution, we 
may conceive its particles to be arranged in longitudinal 
rows, each particle being held to the next by some force 
which we call attraction of cohesion. A row of particles 
so held together, exactly corresponds with our notion of 
a fibre ; and we are therefore warranted in treating all 
bodies as fibrous while we discuss their strength to resist 
ba : a sf . 

+ us suppose that we have a rope ca- 

ble of sustaining a hundredweight, and /7 \N 
34 more, without breaking. We should 
call the absolute cohesive strength of that 
rope one hundredweight, or 112 lbs. The 
length of the rope by which the weight is 
suspended has evidently no influence on 
its strength; for if any one part of its 
meee be capable of sustaining the strain, 

if it be uniform, every eiber part will 
be equally capable of sustaining it. It 
is true that were it hanging vertically, additions to its 
length would increase the weight, stretching its upper 
portion, because each portion of added length becomes 
an added weight. But considering the weight of the 
rope itself as part of the stretching force, we say that 
the pe rope has an absolute cohesive strength of 
112 lbs., whatever be its length. 

Now, if any number of such ropes were suspended in 
a row (Fig. 54), each might have a hundredweight at- 


Fig. 54. 
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tached to it without breaking, and the absolute cohesive 
strength of all together would be expressed by the num- 
ber of hundredweights sustained ; that is, by the number 


BSD ATE 


of ropes, reckoning each as having the s of a 
hundredweight. ether we deal with ropes, however, 
of hemp, or rods of wood or of iron, or of any other 
material, if we know the strength of one such and 
the number of them sustaining equal weights, we know 
the total weight sustained y Pigeis all; that is to say, 
their combined strength. t us assume, instead of 
ropes, that we experiment with square bars of iron 
measuring an inch each way, or having a square inch of 
sectional area. Whether a number of these bars, such 
as nine of them, be suspended in a row, of which A 
(Fig. 55) is the plan, with intervals between them ; or 
in a close row with no intervals as in B, and forming a 
bar nine inches wide by one thick; or in a square, O, 
measuring three inches each way ; there can be no dif- 
ference in their combined sti h, or in the total weight 
carried by the whole number of bars, however they may 
be arranged. 

If, then, we know the weight sustained by a bar or rod 
of any materia! having a sectional area of one square 
inch, we can estimate the weight that can be sustained 
by any other bar of the same material, by calculating 


Fig. 55, 
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the number of square inches in its sectional area, and 
allowing the known strength for each square inch. For 
example ; let us suppose that we find by te pee the 
average mag 20 of a bar of wrought-iron, 1 square inch 
in section, to be 30 tons, or 67,200 lbs. ; let us ascertain 
the strength of a bar 10 inches wide and 10 inches thick. 
Since the sectional area is 10 in. x 10 in., or 100 square 
inches, the oe is 30 tons X 100 sq. in., or 3,000 
tons; or 67,200 lbs. x 100 sq. in., viz., 6,720,000 lbs. 
The strength of a round bar 1 inch in diameter would 
be estimated in the same way ; for as the area of acircle 
1 inch in diameter is 0-7854 sq. in., the strength of the 
round ~ inch in diameter hg 30 oe 0-7854 
sq. in., about tons ; or 67,200 x sq. in., 
about 52,780 ee 

Farther, as the areas of circles are in proportion to 
the squares of their respective diameters, the strength 
of a round bar of iron of any diameter is 23} tons, or 
52,780 lbs., multiplied by the square of the diameter in 
inches. Thus, around bar of 10 inches in diameter has 
a strength of 23} tons X 100 = 2,350 tons; for the area 
of a circle 10 inches in diameter is 100 times that of a 
sin! 1 —_ hele pews ag All ay mode - pee eone 

ifestly p’ on the simple principle, that every 
equal fibre or row of particles is pat sees to act equally 
in resisting strain ; and that as the number of such fibres 
or rows is proportional to the area of section, the strength 
of different bars or rods is therefore proportional to 
their areas of section. : 

So far the theoretical principle of cohesive strength 
appears very simple, and easily applicable in practice. 
It now becomes our business to inquire how far practical 
results agree with the theoretical principle. Many 
engineers have devoted + care to experiments on 
this ey Noid and although the results present consider- 
able differences, yet all of them seem to bear out the 
principle we have laid down, As an example of the 
near approsch which practical results make to the theo- 
retical law, we may select some experiments made on 
round copper as shown in the following table. The 
first column contains the diameters of the bars in inches ; 
the second the sectional areas in square inches, or deci- 
thal paris. of © aguas inchs see ee 
weights in tons, atid decimal parts of tons, which were 
required to break the bars; and the fourth coluiun con- 
tains the weights in tons per square inch of sevtional 
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area required to break or tear the bars asunder. The 
numbers in the last column are calculated by a simple 
proportion ; thus, taking the bar 1 inch in diameter, the 
area of which is 0°7854 square inches, and the breaking- 
weight 17 tons, we say— 
in. Sq. in. ‘Tons. Tons. 
07854 2. Lhe 47 oo aes 
the weight that would be required to break the bar were 
it one inch square. : 
Taste L—Ezxperiments on Cohesive Strength of Cylin- 
drical Copper Bars. 


Breaking-weigh: 
Diameter of bar : <i se 7 pe “cinch 
Ss. 
1 09940 22 22-133 
1 07854 17 21°645 
; 06013 128 21-287 
3 0-4417 9 20-376 


Mean 21°36 tons. 


Tt will be seen that, altho the sectional areas of 
the bars differ very considerably, the breaking-weights, 


reduced to one square inch of area, do not vary greatly |. 


from their mean value. 

Table IT. contains the results of experiments on best 
hempen bower cables used in thenavy. The first column 
contains the circumferences, ll banded the cables in 
inches (the dimensions of cables being generally stated 
in terms of their girths); the second column contains 
their sectional areas in square inches ; the third expresses 
the number of threads in each ; the fourth column marks 
the actual breaking-weights ; the fifth the breaking- 
ee cea on ce Seaonal ony id Whe six: 
the : 


g-weights per thread. 
Taste IL.—E periments on the Cohesive Strengths of Best 
Hempen Bower Cables. 
ores tetas Set Maat pom Het rca 
23 42 2736 114 2714 
18 1656 63 
4 6 1080 40 2-353 83 
Mean 2-5 nearly “or 
The strengths in these cases also are as the 


aay 
sectional areas or wumbers of taaeda. We finall: 
—_ resnlts of some experiments on the 

in 


are given as calculated from experiments. The first 
column contains the description of bar, the second 
contains the dimensions, the third gives the amounts 
in inches which each foot of the bars and the 
fourth gives the breaking-weights per square inch of 
area, 

Tasie IIl.—Eaxperiments on the Cohesive Strengths and 

Extension of Wrought Iron Bars, 


Dimension before Extension patent 
Description extension per foot : per sq. inch of 
and form. inches. inches, section ; 
South Wales, cylindrel. 1°38 diam. 1°81 29°3 
ies. ha a 
Di “Etto 2... 1:08 1-24 27-5 
Ww square ........ 100 ,, 238 29°0 
Scrap, square 100 ,, 2°50 29°0 
Common, cylin 2°00 diam. 1°50 31-8 
Stafford, square ...... 1-00 side. 110 31-0 
Mean 29°3 


By numerous experiments, such as those quoted, data 
have been determined from which we can readily calcu- 
onscreen hg a bar of Sea, eared 
carry.a given wei or conversely weight which a 

iven bar of material will carry. These data have been 
ined by the actual breakage of the bars té8ted ; 

but in practice, where durability and adequate strength 
to meet conti ies of strain are required, it is neces- 
sary to give the materials we employ, considerably greater 
imensions than such as would merely preserve them 
or to load them with considerably Jess 


Weights than those which would tear them asunder. 


Farther, it is found in practice, that materials subjected 
to considerable strains for long periods of time ually 
lose their tenacity ; and this degradation of quality must 
be provided against when permanence and stability are 


uired. 

4 is the case of metal bars, it is advisable not to load 

them beyond one-third of their actual breaking strain ; 

or, in other words, to provide them of three times the 

h sufficient to resist tearing asunder. In the case 
of ropes, timber, and such other materials as are of less 
uniform consistency than metals generally are, or are 
more liable to di tion, it is advisable to provide at 
least four times ing strength. 

Table IV. contains data for the strength of a number 
of materials on which experiments have been made ; and 
the numbers given may be safely used in calculation, as 
they are reduced to one-third or one-fourth of the break- 
ing strength. 

Taste 1V.—Data for trian s Meta sity Strength of 
Bars of different Materials, ined from the Ave- 
rages of nwmerous experiments. The numbers are given 
roundly, as nq material error will arise in practice 


Col. 1. | Col. 2. Col. 3. Col. 4. | Col. 5. 
Strength per eth per |Areainsq.| Area in 
are inch | circular inch | inches to |cire. inch. 
Name of Material. | Cf of sectional | bear | to bear 
area, 1 ton. 1 ton. 
{ Tons. Tons. Ibs. * ins. | cire, ins, 
Ash 2-2 or 5,000) 1-73 or 3, 45 0°57 
| 15 1-18 4, 2,7 0-66 0-84 
27 212 5, 47 0:37 0-47 
1 1-26 4, 2, 062 0-79 
Vl 086 5, 1, 0-93 1:18 
14 110, 2, 0-72 092 
13 o} 102 ,, 2, 075 0-96 
20 171 5 38 0:50 0-64 
jaedeeenans ote o| 212 ,, 4,700] 0-373 | 0-476 
Sy Eee ee toes See nh 
feast) 5 “ase: 27 212}, 4,700] 0373 | 0-476 
ie aioe ee 652 ,, 14, 0-120 | 0-153 
Ditto (Swedish) ....| 10-7 8-41 5, 19, 0-093 0-118 
cast........2. 03 0-24 | 3-446 | 4-390 
blister or cast)! 20-0 5°74 35, 0-050 0-064 
shear) ..,. 18.5 4°54 |, 32, 0-054 | 0-069 
Tin (cast) 0000022. 0 55 1, 1400 | 1-783 
_ The strengths are given in square inches, and also in 


fates a hs a of bee scare and the 
ollowing are the rules calculating the strength of a 
given bar, or the dimensions required to bear a given load. 

I. Given, the dimensions of a bar of any material to 
find its cohesive strength, or the constant load it will 
safely bear in the direction of its 

1. When the bar is square. 

Rule.—Multiply the number of inches in the side by 
itself : that is, square the number, and then multiply by 
the number opposite the given material in column 2 of 
Table IV. 

Example 1,—Required the cohesive strength of a 
square of English wrought-iron of which each side 
measures 2} inches. 

2; expressed decimally . 2-25 
ultiplied by itself “4 ©. 2°25 
1125 
450 
450 
ann 
50625 
Multiply by tons in table . 83 


151875 
405000 


42-01875 
eagearg, bare decimal fraction, we find that we may 
safely load the bar with a weight of 42 tons. 
2. When the bar is oblong, or of some other form hav+ 
ing straight side, = 
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Rule.—Multiply the width Fig. 56. Number from col. 4 . . « 0120 

the thickn or ly, fin inion Multiply by . s, 2 ue ie Be 10 

the secti area in square _ ee — 

inches, and multiply by the |= : 12 square inch. 

ee ees oe <---2--->-—_] i |_ This sectional area may be attained by making the 
le. ; | | bar square about 1;); inch of a side; or making it 
Example 2.—Required the ‘ ‘ 

cohesive strength of a bar of | Fig. 57 

wrought copper of the form and 5 

dimensions given in Fig. 56 , 


The upper part of the figure aie 
is an ig or rectangle, of which the width is 4 inches 

and the thickness is 1 inch ; its area is therefore 4 x 1, 
or 4 — inches. 
The lower part of the figure is a trapezoid, of which the 
thickness at one edge is 2 inches, and at the other 1; the 
mean thickness is therefore 1} inch, and the width being 2 
inches, its area is 14 x 2, or 3 square inches. The total 
area of the section is therefore 
multiplied by 5 tons, the strength of wrought copper in 
column 2 of table, gives the strength of the bar 35 tons. 

3. When the bar is cylindrical. 

Rule.—Multiply the diameter in inches by itself, and 
by the number in column 3. 

Example 3.—Required the cohesive strength of a fir 
9 4inches in diameter. 4 x 4 x 1:26 give 20°16, say 

tons. 


4. Wher +he bar is of elliptical section. 

Rule.—Multiply the greater diameter by the less, and 
by the number in column 3. 

E. 4.—Required the cohesive strength of an 
peo lead bar, of which the ter diameter is 2 
i and the less 14 inch: 2 x 14 x 500 give 1500 lbs. 

5. When the bar is cylindrical and hollow like a pipe. 

Rule,—Multiply the outer diameter by itself, and also 
the inner by itself ; subtract the one product from the 
other, and multiply the remainder by the number in 
ag 5.—Required the coh gth of a b 

-— ired the cohesive strength of « brass 
tube 2 inches diameter outside, and 14 diameter inside. 
2x2 =4 
It X 1 = 2 


1} x 212 = 3-7 tons. 


6. As a general rule, whatever be the form of section, 
find the area either in square inches or circular inches, 
and use as a multiplier the number in column 2 in the 
one case, and that in column 3in the other. Or, find the 
strengths due to the several parts of the section, and add 
them together for the total strength. 

5.—Required the cohesive strength of a cast- 
iron bar of the form and dimensions given in Fig. 57. 
Taking first the hollow semicircular part, 
Outer dia.5 in. x 5= 25 
Innerdia.3in.x3= 9 


Take } for semicir. )16 


8cire.in. x 2°12 tns.(col.3)= 16-96 tns. 
Two upright sides each 
2in. by lin. have an 
area 2X1x2 
Two lower 
2hin. by lin. 
area 2x 2}x1 


= 45sq. ins. 
each 
ve an 


=% 
Square inches 9X2°7 tons (col. 2) =24°3 tns, 


Total cohesive strength 41°26 tns. 
say 41 tons. 

II. The converse operations are for calculating the 
dimensions of a bar required to carry a given load. 

7. When the bar is square or oblong. 

Rule.—Multiply the number in column 4, by the given 
number of tons, and the product gives the number of 
square inches of sectional area, 

7.—Required the area of a bar of wrought- 
iron capable of sustaining 10 tons. 


uare inches : and 7 |) 


S8r---> 


oblong, such as 2 inches by § inch thick, or any dimen- 
sions such that their product is at least 1°2 square 
inch. 

8. When the bar is cylindrical. : 

Rule.—Maultiply the number in col. 5 by the weight 
in tons, and take the square root of the product ; it will 
be the diameter in inches. bh oy 

Example 8.—Required the diameter of a cylindrical 
bar of wrought copper to carry 35 tons. 


Number from col. 5 . 0-255 
Multiply by. . . +. 35 
9° nearly. 


The aquase 200k. 8.6 8 See eee 


9. For bars having sections of various forms and 
proportions, the calculations must be trials to a certain 
extent. The number of square inches required is found 
as in Example 7, and these crf be disposed in any suit- 
able form that may be requi 

Before we leave the subject of tensive strength, we 
will discuss a case which frequently occurs in practice, 
and where the sobestve force of a is emp in 
a vessel to resist a bursting or exploding strain arising 
from the pressure of a fluid within it. Were a boiler, 
pipe, or other vessel, intended to contain a fluid exerting 
considerable pressure, made of any form except circular 
in section, the internal pressure would change the form 


of section. Thus, suppose the section were of a square 
form, as in Fig. 58, the internal pressure acting equally 


on every part of the casing, as. marked by 
would Bulge the flat wides,'as indicated by th 


lines ; and, finally, were the material sufficiently ee 
would extend it into a circular form. After having 
attained a circular section, no farther form 


' 


of 
would be effected, and the pressure of the infernal Sid 
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ight be increased until it attained sufficient magnitude 
to or rend asunder the material. Vessels destined 
to sustain considerable internal pressure, We iadh orcmals 
made circular in section ; and a few simple iderations 
will enable us to ascertain the amount of strain, which 
the pressure in such vessels throws upon the material of 
the casing, and hence to compute the strength of material 
that should be employed in their construction in order 
that they may sustain a given pressure. 

Let us suppose that a steam-boiler is of cylindrical 
form as in section 1 (Fig. 59), having pressure exerted 
on it equally, on every part of its surface, as indicated 
by the arrows. One effect of this pressure, if it exceeded 

e strength of the material containing it, would be to 
rend it asunder at some point A, section 2; or it might 
rend it at two opposite points, B and C, section 3, so as 
to force one-half of the casing owed from the other. 
Now, if the material were of perfectly uniform consis- 
tency and strength throughout, there is no reason why 
one point A, or any two points B and CO, should be 
selected for breakage more than any other points ; but 
as, in practice, materials are never perfectly uniform, so, 
in theory, we may suppose the casing to be somewhat 
weaker at A, or at B and ©, than elsewhere, and trace 
the influence of the pressure to effect a breakage at such 

Fig. 59. 


A 


its. Were we to suppose the whole of the vessel to 

be filled up with solid matter, except a thin film of fluid 
in the middle, as shown in section 4, exerting a pressure 
on every point of the flat side of the solid portion ex- 
to it, we should involve no in the con- 
itions, for the two _— of the circumference, H and 
K, terminating the of fluid, would have to resist 
exactly the same bursting-strain as if the rest of the 
casing were filled with fluid instead of solid matter. 
Farther, as this section would apply at any part of the 
ite Tongth the cylinder, we may take a belt or portion of 
its , one inch in breadth, and trace the effect on it— 
an effect which would be repeated equally on every such 
belt one inch wide throughout the whole length of the 
(fear if the material were homogeneous throughout. 
owing the pressure which the internal fluid exerts on 

every square inch of the casing, we see, by section 4, that 
the bursting pressure on a belt of casing one inch wide, 
is to be measured by the pressure on a surface repre- 
sented by the line H K—that is, on a surface having for 
length the diameter, and one inch in width. If this 
ee ae rie section 5, so as 
to cause one-half to turn round the opposite point L as a 
fulerum or centre ; then, by the well-known principle of 
the lever, that a uniform pressure, acting at every point 
of the arm ofa lever, has the same effect to turn it 
round its fulcrum, as if it were all collected into one 
force acting at the middle point of the arm, we see that 
the es er is equivalent to a force acting at 
D (as marked by the arrow), while the cohesive force of 
the casing acts at E, double the distance from the ful- 


erum L. Hence we conclude that the bursting force, as 
resisted at one point of the circumference, is half the 
pressure on the diameter, or the pressure on half the 
diameter, or on the radius. Again, if the vessel open at 
two points F and G, section 6, we see that the whole 
bursting force, marked by the central arrow, being re- 
sisted by two equal forces at F and G, each of those 
forces need be only half the bursting force ; so that, in 
this case, we find that the effect to open the circum- 
acy is equal to half the pressure on the diameter as 
ore. 

To apply these considerations in practice, let us sup- 
pose that a boiler of English wrought-iron, 6 feet in 
diameter, has to sustain an internal pressure of 100 lbs. 
per square inch, and ascertain the n thickness 
of the plate to resist this force. Taking a belt of it 1 
inch wide, 

Half the diameter, 3feetor . . . . 36ins. 

With a widthof . «2. 2's ss « 2m. 


Hasasurfaceof. . . . . . ». « 386 5q, ins, 
Multiplying by pressure per sq. in. . 100 Ibs. 


The pressure on half the diameter is . 3600 Ibs. 
which is the bursting strain on any belt of the circum- 
ference 1 inch wide. 

By Table IV., English wrought-iron 
B having 1 sq. in. area of section, sus- 
tains 18,600 lbs.; and by a simple 
proportion, 18,600 Ibs. : 3,600 Ibs. :: 
1 sq. in : 0-2 sq. in. nearly. We find 
therefore, that the sectional area of 
the belt of circumference must be 0:2 
sq. in.; or that, as it is-1 inch wide, 
its thickness must be 0-2 in., or 
or + of an inch. In practice, boilers 
are made of numerous plates riveted 
together; and as the material is cut 
away by the rivet-holes, it is weaker 
at these places than elsewhere. It 
would, therefore, be advisable to make 
the strength of the plate at least double 
that calculated, which would give a 
thickness of about 4 of an inch, 

In the case of hydraulic prosees 
which are made of cast-iron, and have 
to sustain enormous pressures, it is 
necessary to make the material of great 
thickness. There is, however, a limit to the pressure 
which such cylinders can sustain ; for itis found that after 
a certain thickness of iron has been attained, the actual 
substance of the iron becomes compressed, so that the 
inner surface is considerably extended, while the outer 
surface sustains scarcely any bursting force. Additional 
thickness of metal does not therefore contribute propor- 
tional increase of strength. Indeed, the practical difficulty 
of casting thick masses of iron sound and solid in texture, 
renders it almost impossible to construct hydraulic presses 
of any very great force. It is doubtful whether, in any 
case, it is advisable to exceed a thickness of 6 or 7 inches 
when cast-iron is the material employed. .The same 
remarks apply to a certain extent in the case of ordnance: 
but in guns or mortars, a considerable ad- 
vantage results from the process of manufacture. The 

n is cast solid, and afterwards the heart is bored out. 

ost of the unsound and spongy portions of the metal 
are thus removed, and the shell left is much sounder 
than it would be, were it cast hollow, as hydraulic presses 
generally are. : 

Vesti for containing fluids exerting pressure, are like- 
wise subject to a bursting strain in the direction of their 
length, which is resisted by the cohesion of the casing. 
Taking the case of the boiler 6 feet in diam., and 02 in, 
thick, we may easily calculate what pressure it would bear 
before bursting in the direction of its length. The whole 
boiler may be taken as a hollow or tubular bar of wrought- 
iron, capable of sustaining a certain weight hung to it, 
equivalent to the pressure on one of its circular ends, tend- 
ing to force or blow it to a distance from the other end. 
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Outer diameter 
Inner diameter . « 72:0 ins. x 72°0=5184 


Area of ring in cire. ins. , 58 

Cohesive strength of Lcire, in. wrought-iron 14600 
Total strength of circumference 846800 Ibs. 
As the area of the end is 4,072 sq. ins., the boiler 

would bear a pressure of more than ae ee 


inch, before parting lengthwise. Indeed, it 

found that when 2 Tae thin material is employed, a 

pe yessél subjected to internal fluid-pressure is 
most exactly twice as strong lengthwise as it is eircum- 

ferentially.* When the thickness is considerable, this 

oe hy does not hold 

It isa singular fact, that many metals, when drawn 
into wire, become stronger in respect of tensive strain. 
This may probably be owing to the wire-drawing process 
causing the particles to arrange themselves in continuous 
fibres. From numerous experiments made on iron wire 
less than } inch in diameter, it appears that the strength 
of wire is about one-fourth, or 25 per cent., greater 
than that of iron bar; ae that = a the warnve 
strength of wrought-iron may en at 8 tons 
per square inch of sectional area, that of iron wire 
may be taken at 10 tons; or taking bar at 1 tons per 
circular inch, wire will have a strength of 8 tons per 
circular inch. 

The following are the rules for computing the strengths 
of hempen ropes and chains. The dimensions of the ropes 
are stated in terms of girth or cir- Fig. 60. 
cumference, and those of the % 
chains in terms of the diameters | 
of the metal —— links. 
Thus the chain which a dia- 
meter of } inch at A (Fig. 60), is 
called a }-inch chain. 

We have formed the rules so as 
to compute the strains at a lower 
rate than they are generally stated. 
It may be true that a new chain 
or rope will bear a much greater 
strain than that which we have 
allowed to it ; but the chain loses 
strength by use—not so much 
from wear as from repay of 
iron assuming a crys 6 i 
of a fibrous texture ; and the rope 
loses s' h by wear as well as 
by the ual decay of its fibres. 
It is preferable, therefore, to err 
rather on the safe side, especially 
when it is considered that great iZ 

may often result from the ™ 
breaking of a chain or , and, what is still more care- 
an § to be guarded against, serious injury to life and 


lim 

1. To find the diameter of a chain to carry a given 
weight. 

Rule.—Multiply the weight (tons) to be carried by 
30 ; the product will be the square of the diameter of 
the chain reckoned in 16ths of an inch. 

Example.—Required the diameter of a chain to carry 
10 tons. 10 x 30 = 300, which is near 324, the square 
of 18; therefore the diameter of the chain must be 
3§ inch, or 1} inch. 

a To find the weight which a chain of given diameter 
will carry. 

Rule.—Divide the square of the diameter (reckoned 


* Let r = radius, ¢=thickness, a = cohesive strength of 1 square inch 
pe yd peel gly i fe , and P= pi to 
divide casing lengthwise. 

preat..p=% 


When ¢ is small compared with r, the sectional area of casing is nearly 
27 rt; and as 7 r* = area of end, 


my Pat rat..P= 2% =2p. 


a. > 72-4 ins. X 72°4—5242 nearly | 
’ 


in 16ths of an inch) by 30; the quotient will be the 
number of tons carried. 

Example.—Required the of an inch chain : 
1 inch is }$ of an inch, and 16 x 16 = 256; dividing by 
30 we have about 8} tons. 

3. To find the circumference of a rope to carry a 
given weight. 

Rule.—Multiply the weight (tons) by 11 ; the product 
will be the square of the circumference in inches. 

E Required the size of a ro) 
tons: 18 x 11=198, which is near 
of 14 inches, the circumference required. 

4. To fin ae wags weil» iven rope will carry. 

Rule, — Divide square of the circumference in 
inches by 11; the quotient will be the weight carried in tons. 

yee ek ry = the strength of a 4-inch rope: 
4x 4= 16, and 16 divided by 11 gives 1} tons. 

2. COMPRESSION.—The strength of materials to 
resist compressive strains, ap to depend chiefly 
upon some forces among their particles acting in the 
opposite direction to cohesive attraction. Indeed, the 
particles of every solid body appear to be ranged in such 
pousone with respect to one another, and so balanced 

y cohesive attraction keeping them together on the one 
side, and by some repulsion resisting their pie A 
proach on the other, that considerable force is generally 
required to alter their relative distances. The intensity 
with which these forces act in any body, ap to be 
measured by their hardness, or their to resist 
external forces. But while cohesive attraction seems to 
follow a simple and regular law in any material—the 
amount of attraction or the strength to resist a tensive 
strain being figs a geeen to the sectional a or, in 
other words, to the number of particles upon which the 
attraction is exerted—experiments have as yet shown no 
very regular law as to strength of materials to resist com- 
pression. Fortunately, in practice, the other strains to 
which materials are subjected are generally so much 
more likely to affect them than mere compressive strain, 
that when we make the parts of our work sufficiently 
strong to resist the former, we are tolerably safe in re- 
spect of the latter. 

Some valuable experiments have been made upon the 
strengths of building materials— wood and iron— to 
resist compression ; and attempts to deduce laws from 
these experiments have not been wanting. We are not 
aware, however, that any satisfactory results have at- 
tended those efforts ; and we fear that any rules founded 
on our present scanty information in respect of this sub- 
ject, would tend rather to mislead than to assist the 
practical mechanic. 

If we sup that a cubical piece of a A 
(Fig. 61) be loaded by a certain weight W, which it is just 

Fig. 61. able to beat without 
being crushed, we 
may readily imagine 
that a number of such 
cubes—say nine, for 
instance—would bear 
nine times the weight 
which the one bears ; 
and if these cubes 
were either 
in a row (Fig. 55) at 
pore or close to- 

ther, or in a square, 
they should still all 


to carry 18 
96 the square 


the area of the other. 
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But if we endeavour to trace the practical effect of 
crushing any material, we shall find it difficult to establish 
the truth of this simple law, without making great allow- 


ances for irregularities in the consistency of the material, 

and in the application of the compressive force. Some 

materials of a soft consistence, such as clay or lead, on 

being subjected to vertical compression, merely spread 

Fig. 62, out sideways. Thus, a 

piece of lead compres- 

sed by a heavy weight 

bulges in width, and 

thickness, to the form 

marked by the dotted 

neenaneennnenmmsce- lines (Fig. 62). Other 

: materials of a fibrous 

texture, such as wood, 

become splintered by 

compression, owing to 

\ : some of the fibres being 

driven or wedged into 

the interstices between 

others, and thus bursting them asunder. Hard and 

brittle materials, such as cast-iron, glass, stones, or bricks, 

are riven and splintered in most i and unex- 

ways, some tions being actually pulverised in 

the process, or cracking away and occasionally flying off 
with considerable force frem the rest. 

These results, however, occur when the compressive 
strain is carried beyond what the material is_capable of 
sustaining without disintegration ; for all practical pur- 
poses, where we make the strength more ? ne adequate 
to meet the load, we may very safely follow the simple 
law, and reckon the strength to be very nearly as the 
area of section at the weakest part. This, however, only 
holds good when we pay no regard to the height of the 
mass upon. As we increase the height we must 
increase the strength, for several reasons, which we shall 
endeavour to illustrate. Suppose we take a cylindrical 

iece of cast-iron ose inch in diameter and six inches 
High, and placing itu right, load it on the end until it 
af Shas ly daa cape besarte thn 
upon particles me r 
together, and the mass yields or subsides a little in the 
direction of its length, After being compressed to a cer- 
tain extent, the particles cannot get into closer contact ; 
but some of them must insinuate or wedge themselves 
into the interstices between others, and thus the mass 
will tend to bulge sideways ; or, being of a hard unpliable 
, the sides will become ured, and burst 

away. mass thus weakened will finally all crumble 
under the pressure. Now let us take a cylindrical piece 
of the same material, and of the same diameter ; but, 
instead of being six inches high, let it be merely a thin 
dise one-eighth or ad dleseeath of an inch thick. Here, 
although the area of section pressed upon be the same as 
before, yet the height being so much less, the number of 
particles that can be fo: to one side or the other is 
much the number of interstices to receive pressed 
particles is less, the amount of bulging is diminished, 


and the whole resistance is enormously greater. As an 
example of the effect of increased —pyeignt, Crushing Force. 
Ibs. 


height in diminishing strength in, 

to resist vertical pressure, we 3 9006 
may quote some experiments 8845 
made on pieces of cast-iron, all : 8362 
having square bases, a quarter of t 6430 

an inch each way, and various 6321 
heights ; whence it appears that & 

as height was increased, the strength to resist com- 


pression was diminished, so much, that the force to crush 
the piece $ inch, or 1 inch high, was little more than two- 
thirds of z recone Ao scone the Prose & teh, Bigh. 
Farther, when the height is considerable, as in the 
case of columns, a slight want of uniformity in the ma- 
terial, or a slight want of equality in the distribution of 
the load, will cause one side to be affected more than the 
other, and thus produce flexure in the case of pliable 
materials, such as wood or wrought iron, or oblique 
separation in the case of stone. An extreme load press- 
vou. i. 


ing on a column just tottering on the verge of ruin, will 
certainly find out the weakest place, and there begin the 
demolition ; and having once begun it, will very rapidly 
complete it. Thus, a knot in a wooden post, or a vein in 
a marble pillar, may become important elements in deter- 
mining the mode of their fracture, and the amount of 
compression required to effect it, It appears, from some 
experiments made with wooden columns, that when the 
height is more than eight times the diameter, there is 
considerable risk of the column bending under an ex- 
cessive load. With timber of uniform strength, anda 
load well balanced upon the column, when its height 
does not exceed this proportion, the wood will generally 
splinter under a crushing force. In columns of stone or 
brickwork, destined to sustain a heavy load, the ratio of 
height to diameter may be increased considerably above 
that of eight times, without the danger of their breaking 
by a sloping fracture. In such cases, however, the eye 
seems instinctively to judge of proportion ; for a very tall 
slender column conveys a notion of instability, and 
is consequently wanting in that grace which depends, 
mainly, on the fitness of the object for the work it has 
to perform. ne sous 
Jast-iron is found to be capable of supporting a v 

considerable vertical load without flexure or crushi ot 
and columns of this material are, therefore, with safety 
made of tall and slender proportions. Even here, how- 
ever,there is a limit beyond which the eye becomes dis- 
sati ; and accordingly, when the column is required 
to be of considerable height, it is generally made of 
greater diameter, the inside being hollowed out to save 
weight and material, without sensibly affecting the 
strength. Where, from inequalities of the load, there is 
any risk of unequal pressure on the summit of a cast- 
iron column, and of consequent tendency to bend, the 
material used in constructing the column is much more 
advantageously applied in the shell of a hollow column, 
or in the ribs of one, the section of which is a cross, than 
in one solid. We only advert to this now, as we shall 
have an opportunity of recurring to it when we discuss 
the question of transverse strain. 

Some very valuable experiments have been made upon 
the crushing of building materials, such as stones and 
bricks. The compressive forces in most of them have 
been applied to cubical pieces of 1 inch or 2 inches, In 
some, where the pieces fad 


a square base 1 inch broad, 
and a height of 2 inches, the force required to crush, has 
been found less than two-thirds of that required for the 
pieces only 1 inch m height. The increase of height, 
therefore, considerably diminishes the strength to. resist 
compressive force. In connection with this subject, it 
may be interesting to inquire how high a brick building 
might be carried without becoming crushed by its own 
weight. We may suppose a massive brick pier or column 
divided into numerous separate columns, each 14 inch 
square in section, and each supported along its whole 
height by those around it, against lateral pressure or 
flexure. The lowest part of each of these columns would 
thus have to support the vertical weight of all the column 
above it ; and if that weight exceeded the load required 
to crush a brick cube of 14 inch, the lowest part of the 
column would of course give way. Now, it has been 
found, by experiment, that the load necessary to crush a 
1} inch cube of brick, varies from 1,200Ibs. up to 3,000 
lbs., according to the different qualities of the brick. It 
would perhaps be safest to take the lower number, 1,200 
Ibs. The weight of 1 foot of brickwork having a 14 inch 
square base, is about 2 lbs. ; therefore it would require a 
height of 600 feet to crush the base. An architect, wish- 
ing to secure the permanence of his building, would cer- 
tainly not venture to raise it one-third of this height 
without having recourse to the ordinary expedient of 
spreading the beds or foundation by extensive footings, 
80 as to diffuse the crushing pressure over a much larger 
surface of material. 

Table V. contains the average results of experiments 
made on the resistance of various materials to crushing 
force. We would, however, caution the mechanic against 


placing too much reliance on these results, as ve think 
kK 
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the number of experiments made, scarcely warrants their 
establishment as practical data, 


Tans V.—Resisting aed of Materials to Crushing 
ore. 


Dimension of 


.Name of Material. cubical piece. Crushing pressure 
Elm . seer ce Dino. | <a > 1900 Ihe. 
American pine . . ” . 1600 ” 
White deal . ° é * ‘ . 1900 ,, 
English oak . . ” . . 3800 ” 
African oak . . ” . ° 5000 ” 
Chalk . . ° 1} inch 1100 ,, 
Soft brick .  . ° 3 . 1200 ,, 
Red brick . . < ‘ ‘ 1800 ,, 
Hard-burnt brick > $5 . ° 3000 ,, 
Fire-brick . . . ” . . 3800 ” 
Grindstone grit . ° 9 ‘ ° 8000 ,, 
Portland stone . . ” . . 10300 ” 
York paving : ‘ o . - 12800 ,, 
White marble . . ra é - 13600 ,, 
Cornish granite . F Ps . - 14300,, 
Compact limestone . ‘Ft lei TOO igs 
Peterhead granite (red) 5 ° - 18600 ,, 
Purbeck granite (red) . $3 ‘ 20600 ,, 
Hard freestone . . Py . » 21200 ,, 
White Italian marble . 5 ° - 21800 ,, 
Aberdeen granite (blue) ” ‘ - 24500 ,, 
Castlead »  « $inch . . 480 ,, 

rought copper . . » ° . 29 
Cast copper . ‘ F ie > x 7300 ,, 
Wroughtiron . . ” . . 8000 ,, 
rem. . . ” ° - 10000,, 
Cast iron : ° 3 . - 10000 ,, 


3. TRANSVERSE STRAIN.—The effect of a load 
on the end of a beam projecting from a wall, or on the 
middle of a beam supported at both ends, is to throw a 
transverse strain on the beam ; and if the load be exces- 
sive, to break the beam transversely, or across its fibres. 
Of all questions respecting the strength of materials, this 
is certainly the most important. In architectural struc- 
tures, the stability of roofs, floors, and walls supported 
on beams or girders ; in civil engineering, the safety of 
girder-bridges and rails; in mechanical engineering, the 
strength of beams, levers, framing, and the like—all 
depend mainly upon the correct solution of questions re- 
lating to transverse strain. It is to this branch of the 
subject, therefore, that the consideration of engineers 
has been chiefly directed ; and a vast number of experi- 
ments have been made with a view to ascertain practical 
data, from which the transverse strength of useful 
materials may be calculated. 

The theoretical investigation of transverse strain is by 
no means a difficult one ; but the application of data in 
computation involves some very complicated questions, 
which the practical mechanic generally solves more b 
the eye, as he sees proportions in his drawing or model, 
than by any very accuraté calculation. Such a mode of 
meeting the difficulty implies experience.and observation; 
and without these, we fear no amount of theoretical 
knowledge, and no expertness in calculation, will serve 
for determining the strength of any structure. In 
machinery, especially, the strains to which purts may be 
subjected are so various in itude, owing to their 
rag ger movements, and the local qualities of mate- 

differ so greatly, that the mere calculated strain and 
strength offer very little aid in guiding to the most suit- 
able proportions. When the architect determines on the 
dimensions of an iron girder destined to a heavy 
wall, he can calculate, with tolerable precision, the weight 
to be supported, and the strength of girder required to 
carry it without danger. The girder is placed, the wall 
is built, and twenty years after, the load is the same, and 
the strength of the girder but little diminished. 

But when the mechanic makes a pattern of a beam for 
a steam-engine, although he may readily calculate the 
strain which the pressure of steam on the piston throws 
upon the beam while the engine works steadily, he has 


little notion of the sudden though transient strain which 
may be thrown upon it by the sudden of some 
part of the machinery, or the occurrence of some slight 
obstacle to the movement. It not uently occurs 


destroyed ; some of the beams, rods, or levers, throu 
which the piston is connected with the rest of the 

must give way ; or the cylinder itself, which holds the 
water, must yield to the strain, and break under it. 
That we may form some idea of what damage such a 
strain as we have described may effect, we have only to 
reckon that in a large steam-engine there are 15 or 20 
tons of iron, moving probably at an average velocity of 
100 feet per minute, to be suddenly arrested. In de- 
stroying the as pty tay much force is expended as 
wo measured by the blow of a 68 1b. cannon-ball 
striking its mark at a very near range. Nor do these 
sudden and unex strains constitute the only diffi- 
culty under which the mechanic labours when he com~- 
putes the strength of his work. He cannot always de- 
pend upon the internal soundness of the material with 
which he deals. Cast-iron is especially treacherous in 
this respect ; and it often happens that a casting, exter- 
nally sound, has some sponginess or air-bubbles under 
the skin, which are discovered only in the event of frac- 
ture. It is, therefore, his business not only to contrive 
devices for ting the movements of his machinery, 
and for affording relief in cases of undue pressure, and to 
use every precaution against unsoundness in his mate- 
rials ; but also to provide such strength as shall meet 
the contingencies which a ah oe derangement may fre- 
quently bring about. It may be asked then, why, if the 
mechanic have to apply such excess of strength to meet 
contingencies, he should take any trouble in calculating 
or ascertaining practical data from which he may com- 
pute? Theanswer is plain. While he makes every part 
strong to excess, yet has ee 
strength in all. To make one part of a strong 
enough to sustain ten times its usual strain might be 
very proper; but to make another part of it capable of 
sustaining twenty times its load would be absurd, for 
then either the weaker part is only half as strong as it 
should be, or the stronger is twice as strong as required. 
The mechanic, then, must have a clear conception of 
how strains affect materials of different forms, and how 
far the change of one dimension or another may affect 
the strength, before he can venture to design or execute 
a machine sae, proportioned in all its parts, and suffi- 
ciently strong throughout to meet the contingencies of 
its action, without undue waste of material and labour 
in its construction. 

Rod most simple “orpied panier eve" }wling 
which a beam projecting from a is subj when a 
weight is suspended from its outer end. eoage ee that 
the longer the beam, the greater the strain ; and that if 
the beam give way wee Sohne presuming it to be of 
uniform pag ari t, it will be at a point close to 
the wall where it is fixed, because at that point the 
weight acts with the greatest leverage. On tracing the 
breaking effect of the weight, we see that in bringing the 
end of the beam down to the position marked by the 
dotted lines, some action must take place among the 
fibres of the material at A B, where the weight acts with 
greatest power. This action must be that of tension 
among the upper fibres, and of compression —— 
lower ones ; and there must be some point O in the 
where the extension and the compression of the fibres 
meet, and where there is neither of these actions. Such 
a point marks the position of what is called the neutral 
axis ; that is, a line extending ey | the beam horizon- 
tally, and separating that part of the material which is 
extended or torn asunder, from that part which is com- 
pressed or squeezed together. It is manifest that, when 


TRANSVERSE STRAIN. ] 


APPLIED MECHANICS. 


803 


the tearing asunder of the fibres commences, it must con- | they act (Fig. 64), This is true whether the lever be 


tinue while the load continues to act, because the number 
Fig. 63. 


straight as 1, or bent with one arm as 2, or bent with 
two arms as 3. As a numerical example, let us suppose 
that the short arm of 1 is 4 feet long, and at 
each foot there hang 4 weights A, B, ©, D, 
each of 10 Ibs., as marked by the arrows; 
while the length of the other arm is 5 feet. A 


> 


weight of 20 lbs. hung to the longer arm 


D balances the four weights of 10 lbs. distributed 


= Eg SS 


along the shorter, because 


fF 
B) 


ig ge ta 
=e ae "1 


A = 10 Ibs, at 1 ft. leverage is balanced by 2 Ibs. at 5 ft. lev: 

B = 10 Ibs. at 2 ft. + Fs 

C = 10 lbs. at 3 ft. 6 

D= 10 lbs. at 4 ft. 8 
+ 20 


Total A, B, C, D distributed . » 
And 20 Ibs. at 5 feet leverage would be balanced 
by 40 Ibs. at 2} feet ; that is, the total of the 
4 weights A, B, C, D hung at their middle 
point, as marked by the dotted arrow. The 
same law will be found true, whatever the 
number of equally-distributed weights, and 
whether the lever be straight or bent. Applyin; 
this to the question of the beam, Fig. 63, Tet 
E be the middle point of A C, and F the middle 
of B C; then the load W acting with leverage 
CD has to resist the united tensive strength 
of the fibres along C A acting at the lever- 
«ene ange C E, and the united compressive strength 


» ” 


of fibres resisting it is diminished, and those that remain, 
have therefore more load to bear. 

What we have to discover, however, is the ese 
the beam while it is entire, or how much load W, at a 
certain distance irom the wall, will bear without the 
destruction of the fibres. Supposing a horizontal line 
OD, drawn through the neutral axis, to form the long 
arm of a bent lever of which the fulcrum is C, one short 
arm C A, and the other © B, we have a certain power or 
weight W aoting at the extremity of the long arm, and a 
number of resistances, viz., those of the fibres to exten- 
abe Beton Shang the oes 2 A 5 Seo 8 ranaber ot resis- 
tances, viz., those compression, acting 
along the arm C B. 

Now, when on one arm of a lever, a number of equal 


forces, equally distributed over the arm, acts against a 
given weight at the other end of the lever, the effect of 
Fig. 64. 
D c Bb 4 F 
XXX 1K 5 > 
| ie w 
40 1 26 
pe—i% 
' 
ne 4 
soe=——_ © 
t ne— 4 
# 3 2 
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ye Ee of 4 
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all these forces is the same as if they were all collected 
into one force at the middle point of the arm on which 


of those along C B acting with the leverage C F. 
Those resistances will necessarily be equal to one an- 
other, because the neutral axis O is the fulcrum, on 
each side of which they equalise themselves; and 
the tensive strength of O A, multiplied by its lever- 
C E, is therefore equal to the compressive strength 
of CB multiplied the leverage C F; or, as C A is 
double of C E, and 6 B double of OF, and as doubles of 
ual things are themselves equal, the tensive strength 
of C A multiplied by the length C A is Me ap to the com- 
pressive strength of C B multiplied by the length CB; 
and each of those products is equal to the weight W 
multiplied by its leverage © D, the length of the beam, 
because each is double of half the effect of W to break 
the beam. ; : 

To show how this reasoning may be applied numerically, 
let us suppose that a beam of oak 1 inch thick and 6 
inches deep, fixed in a wall so as to project 10 feet, is 
broken by a load hung at the end ; and that while in the 
act of breaking, the neutral axis is observed.to be 2 
inches from the under side, and therefore 4 inches from 
the upper side of the beam, we may, from knowing the 
tensive strength of oak, estimate the weight required to 
break the beam. Taking this tensive force per square 
inch (or force required to tear asunder a square inch) at 
12,000 Ibs., we have in the case before us 4 square inches 
having a tensive force of 4 X 12,000 = 48,000 lbs., acting 
with leverage of 4 inches against leverage of 10 feet or 
120 inches ; and as 4 inches is the zyth of 120 inches, the 
weight at D must be the gyth of 48,000, viz., 1,600 Ibs. 

By such calculations as this we could compute the 
transverse strength of materials, from knowing their 
tensive strength, provided we knew the position of the 
neutral axis of fracture. The determination of this, 
however, is a point of very great difficulty ; for it must, 
in the first place, depend upon the relative proportions 
of compressive and tensive strength: and as we are 
much in the dark as to the former, we cannot institute a 
comparison between it and the latter. In the second 
place, no material to which we can apply transverse 
strain resists completely, and then instantaneously gives 
way. While we add weight after weight, the extension 
of fibres at one side and the compression of those at the 
other goes on; the beam bends or becomes deflected ; 
greater and greater strain is thrown on the outer fibres ; 
the tensive and compressive strength of each varies as it 
is more and more extended or compressed ; the neutral 
axis changes iis position ; fibres, which were, during part 
of the process, compressed, begin to be extended ; and 
the condition of the material at and near the point 
of fracture becomes generally so altered as it approaches 
destruction, that we cannot clearly estimate its resist- 
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ance, even if we were of the most accurate 
knowledge of its strength to resist compression or exten- 
sion. Owing to these circumstances, it mes nner. 
to make distinct experiments on the transverse strengt 
of bodies, and, by means of them, to establish certain 
data which we may apply in calculation. 

experiment and observation furnish the data or facts on 
which to 


our methods of applying these facts ; and fortunately the 
reasoning is of a simple character. Z = 

As to the neutral axis of fracture, without requiring 
to determine its position in any beam, we assume that, 
for beams of the same material, its distance from the 
upper or lower sides is proportional to the depth of the 
beam. Thus, if in a beam of ash 6 inches deep, it is 
2 inches from the lower side and 4 inches from the 
u ; in a beam of ash 12 inches deep it will be 
ry sele from the lower and 8 inches from the upper 
side ; in one of 1 inch deep, it will be jrd of an inch 
from the lower, and {rds of an inch from the upper ; and 
so on in lar proportion. We can see no reason why 
this should not be the case ; and, so far as we can trace 
the circumstances which determine the position of the 
neutral axis, we see every reason for believing that it is 
so. This assumption greatly simplifies the rest of our 
reasoning ; for it enables us to get rid of all calculation 
as to the actual position of the neutral axis, and to pro- 
ceed with the comparison of beams as to transverse 
strength independently of it. We will suppose that we 
have three beams of the same material, all of equal 
yy der and breadths, but of the following depths: 
A depth 2 inches, B depth 4 inches, C depth 6 inches, 
and that we desire to compare their transverse strengths. 
Let us assume, for the sake of simplicity, that the neu- 
tral axis is midway in the depth; then in A we have, 
above the neutral axis, a set of fibres extending over 1 
inch in depth, and acting with a leve of 1 inch to 
resist the breaking load. In B we have fibres extending 
over 2 inches, therefore double the number of those 
acting in A, acting with 2 inches leverage, or double the 
leverage of those in A. We see, then, that the strength 
of B must be twice 2, that is, 4 times the strength of A. 
Again, in C we have 3 inches depth of fibres and a lever- 
age of 3 inches ; therefore C has a strength of 3 times 3, 
or 9 times that of A. And so with any other depths, the 

being always as the depth multiplied by itself, 
or as the square of the depth. If we had assumed the 
neutral axis to be in any other position, such as jrd of 
the depth from the lower side, we should still have found 
the same law to obtain ; for so long as the beams we are 
considering are of the same material, and of similar form, 
the neutral axis must proportionally divide their depth, 
and leave proportional numbers of fibres to aet with 
leverage proportional also to the depth. 

We, therefore, have established the simple law, that 
in beams of the same form, length, breadth, and material, 
the transverse strengths are as the squares of the depths ; 
and knowing the stre of a beam 1 inch deep, we can 
estimate the strength due to any other depth by multi- 
plying that of the 1-inch beam twice, by the depth of the 

in inches ; that is, by the square of the depth. 

Era —An iron beam 1 inch deep breaks with a 
load of 2 tons : required the load that-will break a simi- 
lar beam 4 inches deep. The square of 4 is 16, and 
2 X 16 = 32 tons, or 2 tons x 4 x 4 = 32 tons. 

Now, let us ascertain what relation the transverse 


Se taste hanedibe ;und if os booe the eoemetn ot clon 
Linch broad, we compute that of a beam havin 


But while , 


we must still trust to reasoning for | 


like length and depth. 10 ewt. x 6 ins, =60 ewt, or 3 | 
tons. ; 


We may now combine the laws as to breadth and depth 
into one, and thus compute the transverse 


| material and similar in form, are as the breadths 
plied by the squares of their depths; and if we 
| the strength of a beam 1 inch broad and 1 inch 
we compute the strength of a beam having any 
breadth and depth, by multiplying the pe 
1-inch beam by the breadth in Be Ss, and 
ag parce a 
cample.—Suppose a beam 1 inc’ 

deep bears 5 cwt.: required the strength 
inches broad and 6 inches deep. 
5 ewt. X 4 ins. x 6 ins. x 6 ins. =720 owt. or 36 

The strength of a beam is irrespective of its loneth; 
but the actual weight which it can carry depends upon 
the length, inasmuch as the leverage with which 
weight acts, so as to fracture the beam, is greater, 
greater the length. A weight of 12 tons hanging at 
end of a beam 1 foot long, is exactly equivalent to a | 
weight of 6 tons at 2 feet distance, of 4 tons at 3 ne 
of 3 tons at 4 feet, of 2 tons at 6 feet, of 1 ton at J 
feet, of $ ton at 24 feet, and so on—the weight multi- 


lied by its distance being always a constant 2 
7 which a beam 1 fort long tk 


ell 


z 
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f, then, es gs the 1 m= 
carry at the end, we estimate the weight carried at ar 
other distance by dividing that pate. at 1 foot by the 
distance in feet ; and combining this element with 
of breadth and depth, we have the general rule 
bracing all the dimensions of a beam ; ¢. e., multiply the 
weight carried by a beam 1 inch broad, 1 inch and 
1 foot long, by the breadth in in and twice by the 
Pig in inches, and divide the product by the length in 

eet. 

Example.—A beam 1 inch square and 1 foot long, 
carries 5 cwt. at its end : required the load carried by a 
beam 4 inches broad, 6 inches deep, and 18 feet long. 


5ewt. X 4ins, X Gins. x Gins. 
18 ft. 


So far we have discussed the strength of beams of 
square or rectangular sections; but similar reasoning 
will apply to those of other forms. When the section 
is circular, the breadth being equal to the depth, we 
have to multiply the strength of a cylindrical beam 1 
inch in diameter and 1 foot long, three times by the 
diameter in inches, and divide by the length in feet. 

Example.—A cylindrical beam 1 inch diameter and 1 
foot long, bears 3 ewt.; required the load — by 
a cylindrical beam 4 inches in diameter and 8 feet long. 


3 owt. x 4ins. x 4ins. X 4ins. 
8 ft. 


_ When the section is of any form, such asthe T shaped 
iron girder (Fig, 65), from our ignorance as to the 
position of the neutral axis of fracture, we are at a 
loss how to reckon the effect of the 
fibres at different parts of the section, 
and cannot therefore estimate the 
Sj 4 strength from any data obtained by 
® experiments upon beams of — 
* or rec' section. Bunt if we 
know the strength of a beam of 
certain dimensions, and of the form 
in question, we may pretty nearly 
; estimate that of a beam of the same 
| 


40 ewt., or 2 tons. 


— 


24 owt. 


= alee roamed as to breadth 
and dep vely, are p 

tionally pe ap ting "For instan re 5) 
to com two T shaped beams of 
which the dimensions are as follows:— 


<B> 
No. 1.—A=8 ins, B=1 in, C=4 ins, D=1 in, 


uired the 


length 10 feet, is found to bear 2 tons: 
=6 ins., 


strength of No. 2, where A=6 ins., B=2 ins, 
D=1} in., length 15 feet. 


we (bee eek teen ee 


aoe ata oe 


5 sit helene myies 2 anne pel = ons para wnen ee 


: ‘eraLanrsxadas : ‘SNOTLVaNOOS 


> 


ys ™ 
om is ais NVtId 


NOILLVAATS 


a "79GINH WVTINTAL VWINMYLING 


TRANSVERSE STRAIN, | 


APPLIED MECHANICS. 


805 


Strength of No. 1 is as 218s: x ex 4 48 


Strength of No. 2 is as © ins. X 6 X 6 =14'4, 


- Bb 
And by the simple proportion, 
Strength No.1. Strength No.2. Tons. Tons, 
48 Si aEe® :: 2 : 6, load carried by 
beam No. 2. 

In the absence, then, of sufficient knowledge of the 
effect of material otto Lag of mp ay in con- 
tributing to strength, for every different form of section 
we are under the necessity of making such experiments 
as shall fix data for calculation, to be applied to cases 
where the section is similar, but the dimensions different. 
A number of such experiments have been tried from 
time to time, and attempts have been made to settle, by 
theoretical reasoning as well as by practical results, the 
best form of section to be used ; that is to say, the form 
which gives the greatest strength with the least material. 

. We are not aware, however, that for any material, the 
subject has been so far investigated as to warrant us in 
laying down any absolute proportions ; and the form of 
section must therefore be determined, in a great measure, 
by balancing a number of circumstances, and adopting 
such arrangements as shall combine the results most 
advantageously. 

In a recent engineering work, a triumph of skill and 
perseverance over difficulties at first sight apparently in- 
surmountable—we mean the Britannia Tubular Bridge 
across the Menai Straits—an enormous amount of pre- 
liminary investigation was conducted before the form 
and dimensions of the structure were finally determined. 
Models were made of all convenient forms, and tested 

| against each other : one was found too weak in one place, 
another too weak in another place. Fresh models were 
made, with the weak parts strengthened by additional 
materials, and the mass of material in strong parts re- 
moved : the most suitable and convenient form was thus 
| decided. A much larger model was made and tested as 
to deflection and fracture ; and aiise 2 lecae comparison 
of results, the actual dimensions and details of construc- 
tion of the full-sized structure were determined, and 
carried out with merited success. 


Fig. 66. 


| 
| 


ig 


I 


. Hitherto we have referred only to the circumstance of 
a beam projecting and loaded at one end. This, how- 
Fig. 67. 


A L. [4 
| 


ever, is by no means the most ordinary condi 
which materials are exposed to transverse strain. Beams 


I" 


the middle. We have, therefore, now to ascertain what 
relation exists between the strength of sucha beamand that 
of a beam projecting and loaded at one end. If we suppose 
a beam built into a wall and projecting equally on both 
sides (Fig. 66), each end being loaded with an equal weight, 
it is clear that the wall supports double the weight sus- 
pended at each end. If we conceive the forces acting on 
such a beam inverted or turned upside down, we estab- 
lish the conditions of a beam supported at both ends, 
and loaded in the middle (Fig. 67) with double the 
weight which each of the end supports has to bear. 
Now, if, in the first case, where the beam ‘projected both 
ways from the wall, each end were loaded with the 
weight capable of breaking the beam, that is, up to its 
transverse strength ; in the second case, the beam, which 
is twice the length of each projecting arm of the first, 
may be loaded with double the weight which hung from 
each end of the first, and this weight will measure its 
strength. We, therefore, come to the conclusion that 
the transverse strength of a beam, supported at both 
ends and loaded in the middle, is double that of a beam 
half the length at one end and loaded at the other. We 
have already shown that if we double the length of a 
projecting beam, we can load it with only half the weight; 
therefore, if each projecting arm of the beam were made 
equal in length to the beam supported at both ends, the 
former would bear only one-fourth of the weight which 
the latter can bear. For equal lengths, therefore, the 
strength of the beam supported at both ends and loaded 
in the middle, is just four times that of the beam fixed 
at one end and loaded at the other ; or, conversely, the 
strength of the beam Projecting is only one-fourth of 
that of the beam suppo at both ends. Experiments 
upon transverse strain have been generally made upon 
beams sup on both ends ; and tables of practical 
data founded on these experiments have been formed. 
Such tables generally contain the transverse strength of 
beams, having square and also circular sections one inch 
in diameter, and having a length of one foot between 
the supports, their load being supposed to be placed in 
the dle of their length. When the load is placed 
out of the middle it may be increased, because its lever- 
age to break the beam, is diminished the farther it is 
from the middle point. 

The mode of reckoning this diminution of strain may 
be best illustrated by an example. Suppose we found 
that a beam, 10 feet long, bore 42 cwt. at its middle 
point, and desired to ascertain how much it would bear 
suspended 2 feet from the middle—that is, 7 feet from 
one end and 3 feet from 
the other (Fig. 68)—we 
should proceed as follows : 
—Square half the length 
of the beam, or multiply 
5 by itself, giving 25, and 
this by 42 cwt., the load 
sustained at the middle, product 1,050 ; now multiply 7 
by 3 (the two portions into which the beam is divided), 
product 21, and divide the former product 1,050 by 
this, that gives a quotient 50 cwt., the load which the 
beam would carry 2 feet from the centre. 

The simple principle of this computation is, that the 
load hung from any point of a beam, is to the load 

which may be hung from any other, as the product of 
the two lengths into which the second point divides 
the beam, is to the product of the two lengths into 
which the first point divides it. Thus, in the case 
we have given above, knowing that the beam 
bears 42 cwt. at the middle, or when it is divided 
into two lengths, each 5 feet, we say, 


7x3 = 21:5 x 5 = 25:: 42:50 


Ii frequently happens, that beams have to bear a 
load not hung at any one point, but distributed uni- 
formly over their length ; as in the case of roofs, 
floors, and girder-bridges. Here, it may be readily 
seen, that the strain is only half that which it would 
be if the whole load were collected at the middle. Tf we 


Fig. 68. 
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are usually supported at both ends, and carry their load in | suppose a beam projecting 6 feet from a wall, loaded at 


}-an extreme load in the middle has only to effect one 
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® foot by weights each 10 owt. (Fig. 69), 


inciple of the lever, the effect of each 
Fig. 69. 


Le Ret REI Km Ie Ri RD 


sc] 7 


owe 


Be SASS 
the weights, to break the beam at A, may be reckoned 
as follows :— 
eeeereeneee ns @. Stepp A hes the eliah of £0 wut. ot 3 Mt, levernge, 


E=10 4 40 1 
Fao 5 5 “ “4 eye 
Total 50 owt. distributed equally. 150 cwt. at 1 ft. leverage. 


Or, as 150 owt. at 1 foot leverage are equivalent to 50 
ewt. at 3 feet, we find that the total strain is the same 
as if the total weight were cullected at D, the middle 

int. Were we to assume a greater number of weights 
at smaller intervals, we should still find the same result ; 
and the more numerous the weights, and smaller the 
intervals we assume, the more nearly do we approach to 
the case of a beam uniformly loaded over its whole 
length ; whence we conclude that the effect of the dis- 
tributed load is the same as if it were collected at the 
middle of the beam, and therefore just half of what it 
would be if hung at the end. Or, conversely, if the 
beam bear a certain load at its extreme end, it will bear 
double that weight distributed over its whole length. 
The same law applies in the case of a beam suppo at 
both ends, and loaded uniforml hout its le ; 
the strain of the load is reduced to what it would be 
if collected at the centre ; or the beam will bear twice 
as much distributed weight, as it can bear at its middle 
point. 

When a beam is not merely supported at each end, 
but fixed oat there, its strength is increased by one- 
half. It would appear at first sight, that by fixing the 
ends of a beam we should double its strength, for the 
following reasons ; when the beam is merely supported, 


‘those due to the end fractures, If then 


fracture at A (Fig. 70), the two ends B and C being free 


would be if the ends were 
computed thus. Su 


in the fenl'oaey in 
in first it 
12 cwt. to effect the i 


fracture at 
ise 12 cwt. i 


2 
5 


te 
Fs n ge 
sek i 


& 


ue to the middle 


total breaking-weight divided into 6 Bers, 
those parts oe 
and 2 to break it at the ends, But the 4 parts i 
to effect the middle fracture must make up the beenkia 
weight due to a beam merely supported without 
fixed at the ends; and the other 2 i 


th have adhered to th 1 that b fixin h 
eorists have e principle, that by fixing the 
t led, According to 


d with those of a beam 


ing strain of 2u the 
prop; and an additional load of 2 in the middle will 
measure the breaking strain there, so that the total 
middle load is 4, or double the ordinary breaking strain. 
This is no doubt true, because if we suppose the fracture 
effected, the amount of compression and extension of the 
fibres af-cach of the points A. 0, and the nea tak 


Fig. 70. Fig. 71. 
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to rise. But when the ends are fixed, the load has not 


is not the length of the as from A to B 

(Fig. 72), but the | of a line measured from A to 
perpendicularly to the vertical line in which the 

acts. So when a beam is supported at both en 

lies “ry, ary the transverse strength is to be 

as that due to a beam of the length indicated by the 
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horizontal line D E (Fig. 73) measured between the | This law, however, has not by any means been found to 


supports, 


Fig. 72, 


be true in practice. More accurate investigators have 
Fig. 73 furnished a law 
which, while it ap- 
pears to be theore- 
tically correct, pre- 
i sents results very 
nearly according with 

those of experiment. 
| This law is, that the 
deflection of a beam 


(having a rectangu- 


YY 

DEFLECTION.—Hitherto, for the sake of simplicity, 
we have discussed the question of transverse strain as 
applied to materials perfect] inflexible, such as break, 
but cannot bend. We hav owever, no practical expe- 
rience of materials of this , although stones, 
slates, or even cast-iron, approach very nearly to it. 
Timber and those made of wrought-iron, bend 
““Soaprpaw before they become fractured by transverse 
strain ; as, in such beams, deflection from their 
t or horizontal condition may be inconvenient and 
unsuitable, it becomes important to estimate the amount 
of deflection which they will exhibit under certain loads, 
so that they be made slightly curved in the opposite 
direction before the load is placed upon them. If it 


were found, for instance, that a beam with a cer- 
tain weight deflected so far from the ight line that 
its mid int B (Fig. 74) sunk a certain distance—say 
6 in low the horizontal line; then if the beam, 


instead of being made straight, were made somewhat 
arched, or cambered, as it is technically called, the load 
prep an is upon it would still deflect it, and thus bring 
its s to a horizontal line, if the camber or amount 
of arching C D were properly estimated. 

The complete investigation of the question of deflection 
would involve us in mathematical reasoning of rather a 
complex character, which would scarcely be in place here ; 
and, indeed, ical results as to deflection present so 
many irreg ties, and so many deviations from any 
apparent law, that it is questionable whether theory 
would prove a very safe guide. Some writers on this 
subject have determined theoretically, that the amount 
of deflection of a beam of certain length, increases in the 
same proportion as the load, and that the deflection 
under a certain weight varies as the square of the length, 
If this law were true, a beam 20 feet long, with a certain 


Fig. 74. 
_A 


h of the 
other, and the square of 2, or 2 multiplied into itself, is 4. 


lar section) varies di- 
| rectly as the weight 
1 and as the cube of 
| the length (or the 
LOT: length multiplied 3 
re times into i 
and inversely as the breadth and the cube of the 
depth. If, then, we knew the deflection of a certain 
beam, we might estimate that of another of the same 
material, but varying in all its dimensions. Sup- 
pose, for example, that a fir batten 1 inch broad 
and 2 inches deep, with a load of 1 cwt., deflected 
rsth of an inch in a length of 3 feet, and we de- 
sired to know the deflection of a fir beam 3 inches 
broad, 10 inches deep, and 15 feet long, under a weight 
of 1 ton, or 20 cwt. In the case of the batten, which is 
2 inches deep, since 2 x 2 x 2= 8, the deflection is only 
3th of what it would be were the depth 1 inch, because it 
1s inversely as the cube of the depth. The deflection, 
then, of a batten 1 inch deep, er a load of 1 cwt., 
would be 8 xX Ys = inch, the length being 3 feet. 
Further, the cube of 3, or 3 x 3 x 3, is 27; and were 
the batten only 1 foot long instead of 3 feet, the deflec- 
tion would be #yth ; the deflectiou then of a batten Linch 
broad, 1 inch deep, and 1 foot long, would be j;th of 4 an 
inch, or 7xth of an inch, with a load of lewt. Having 
thus got an estimate for a beam with all the dimensions 
reduced to unity, we can apply it to any other beam, ac- 
ing to the law we have stated. This law is arith. 
metically applied by multiplying the deflection found 
above, path of an inch, by the weight 20 ewt., by the 
cube of the length 15 feet (or 3 times by 15 feet), and 
dividing the product by the breadth 3 inches and the 
cube of the depth 10 inches ; or the deflection is 


egth in. x 20 x 15 x 15 x 15 _ : 
3x 10x 10 x 10 Atha of au incl, 


or nearly 4 an inch. 

As to the deflection of beams of various forms and 
materials, and subjected to strains under various con- 
ditions, although numerous experiments have been made, 
yet they have been condu with too little reference 
to each other for us to develop any law of general appli- 
cation. In Barlow’s Treatise on the Strength of Materials 
the question of the deflection of wrought-iron, as applied 
in the construction of rails, is treated at considerable 
length ; but the conditions of strength in malleable iron 
must differ very considerably from those in other 
materials, because their comparative tensive and com- 
aan strengths differ very widely. Mr. Fairbairn, of 

chester, has lately oondustad: some extended experi- 
ments on this and allied subjects, which are well worthy 
of the attention of practical men, ‘To show how cautious 
we ought tv bein applying toany particular material the 
results deduced from experiments on other materials, we 
may instance the peculiar difference between cast and 
wrought-iron in respect of tensive and compressive 
strength. The direct cohesive strength of wrought-iron 
is about 3 times that of cast-iron; or, to bear a certain 
tensive strain, the area of section in cast, should be about 
3 times that of wrought-iron. As to compressive strain, 
on the other hand, although it may be true that wrought- 
iron will sustain much ter compression than cast- 
iron before it becomes entirely crushed and disintegrated, 
yet the greater softness of the wrought-iron permits it 
to yield under pressure, and to become compressed to a 
considerable extent ; while cast-iron scarcely yields per- 
ceptibly until it entirely gives way. 
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DISPOSAL OF MATERIAL.—If we apply these 
considerations to a beam subjected to a transverse strain, 
as when it is supported at both ends and loaded in the 
middle, we see that at the middle of the beam, just 
before fracture takes place, there must be a portion of 
the material above the neutral axis compressed, and a 

rtion below it extended by the action of the load. If 

@ resistance of the material to extension and to com- 
pression under those conditions be equal, the neutral 
axis would be in the middle of the beam ; and its resis- 
tance to fracture would then be the greatest possible, 
Docause the total leverage of the compressed and ex- 
tended portions on each side of it, would be greater when 
it is in the middle than when it is elsewhere. But if it 
happened that the material was more easily compressed 
than extended, it would be nearer the lower side ; while 
if it were more easily fractured by extension than com- 

ression, it would be nearer the upper side. iring, 
awaver in either case to secure the advantage of havi 
it in the middle, and ames giving both the compress 
and the extended portions the greatest possible leverage, 
we should somewhat alter the form of transverse section, 
so as to increase the area of the weaker part, or add to 
it some fibres, diminishing the area of the stronger, and, 
upon the whole, not altering the quantity of material or 
total area of section, but only modifying it in such a 
way as to bring the neutral axis to the middle of the 
depth. Ina ar beam of malleable iron O (Fig. 
75), the neutral axis N is below the middle of the dara, 
because the upper portion yields more readily to com- 
pression than the lower to extension. In a beam of cast. 


Fig. 75. 


iron B the neutral axis N is above the middle, because the 
upper portion resists compression more than the lower 
resists extension. To bring the neutral axis to the 
middle in both, we should for malleable iron remove 
portions of thickness from the lower edge, and add them 
to the upper, as in A ; for cast-iron we should take from 
the apper and add to the lower, asin D. We thus find 
that the modification of form requisite for increasing the 
transverse strength of cast-iron of certain depth, without 
adding to the mass of material, is exactly the opposite 
of that suited to malleable iron. ; 

The usual section of cast-iron girders, supported at both 
ends and loaded in the middle, is the inverted ‘T , swelled 
alittle at the upper edge (Fig. 76). The dimensions of a 
girder one foot deep are nearly those marked in the dia- 
gram. This may not be isely the best form for combin- 
ing the greatest strength with econo- 


i my of materials, but it approaches it ; 
A +22 and, besides, it possesses practical ad- 
DEE: 4 van which deserve consideration. 


The flange, or increased width at 
the lower side, not only atfords the 
additional strength required there 
in order to meet the tensive strain, 
but presents a projecting ledge for 
receiving the beams or arches which 
the girder may have to bear. The 
increased thickness at the upper 
side not only provides additional 
material to resist compressive strain 
at the greatest possible distance 
from the neutral axis, but serves to 
stiffen the girder so as to prevent 
it from bending or buckling side- 
ways, either from contraction in cooling from its molten 
state, or from excessive strain in its me The thick- 


ness of the metal in the middle part and in the lower 
flange is made as nearly equal as possible, because it is 
found practically that, in making iron castings, unequal 


thicknesses of metal cause unequal contractions or shrink- 
ings in the metal as it cools, and thus tend to distort 
the work. 
The best form of section for malleable iron rails is 
nearly the opposite of that for cast-iron gi a T not 
Fig. 77. 


owever, the u 
She tall gale oem ba le 
even by the friction of the 
traffic, it is sometimes 
thought desirable to have 
the opportunity of invert- 


Fig. 78. 


‘ } is rejected as worn out, 

: The section is, therefore, 
made etrical above and below, as well as on both 
sides (Fig. 78). 

As we have shown above, the strength of beam to 
resist transverse strain increases very greatly as the 
depth is increased. It is, therefore, of great importance 
ae end his is ofte pore a pater tag 
possible. is often no 
total xd of the material, and thus adding erat to 
its weight, but by introducing ribs or flanges, and thus 
dispersing a given quantity of material in a better form. 
If, for instance, we had to provide a square cast-iron 
plate, of sufficient strength to resist a great weight 


Fig. 79. 


diagonals, ger projecting ribs of the test depth 
in the middle (Fig. 81); and thus attain sufficient 
strength and stiffness, while we should save a consider- 
able quantity of material. This mode of attaining 
strength is particularly useful with such a material as 
cast-iron; for when it is formed in thick masses, the 
cooling of the outer crust, 
while the inner part of 
the mass remains fluid, 
sets or fixes the outside, 
and the subsequent. con- 
traction of e inside 
causes a sponginess or 
looseness of 
which greatly 
strength. It is, therefore, 
of the utmost importance 
to attain the required 
strength without great 
thickness, as well for the ‘dl 
sake of securing solidity and firmness of material, as for 
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avoiding air-bubbles and flaws, which are apt to occur in 
thick castings ; and which, if they do occur in thin cast- 
ings, do not take so much from the strength, or, at all 
events, are more likely to be visible, and can be allowed 
for. In malleable iron bars, when they are required for 
strength and stiffness, the T form is usually employed. 
In plates, corrugating or wrinkling adds greatly to the 
ska because it provides depth of material trans- 
versely. 

The question of how to dispose material in order to 
secure the greatest strength with the least weight and 
cost, is indeed the main subject of mechanical contrivance 
astoform. We have already instanced the contrivance 
of the Britannia Tubular Bridge, as an example of skill 
in device going hand-in-hand with experiment. Were 
the material employed in one of the great tubes of this 
arg compressed into one solid bar, having a section 
of dimensions proportional to those of the tube, we 
question if it could support its own weight without 
breaking, even if the span were reduced to that of 

Fig. 82 the tube; while with one-fourth of 
ie the span, the deflection, from its 
if | | if i own weight, would be enormous. 
In this tube, the material is dis- 
posed in such a manner as to attain 
the test strength with the least 
weight, and the most suitable form 
for the p of the traffic. The 
additional material required in the 
upper of the section (as in the 
case of other wrought-iron girders), 
is in the sides of cells or 
subsidiary tubes (Fig. 82); and due 
regard has been paid to the securing 
- of lateral stiffness, to resist the pressure of strong winds 
against its immense side-surface, as well as to the attain- 
ment of vertical stiffness to resist the strain and shake 
of a heavy passing load. The annexed plate represents 
an elevation and plan of this great work, as much 
admired for its cae and simplicity as for its 
strength and durability. : 

‘In some other cases, where malleable iron is used in 
the construction of bridges, a girder has been formed of 
plates, disposed in a manner somewhat different. The 
upper part is a tube bent over to an arch-form (Fig. 83), 
and the lower portion forms a =e or ledge, as well for 
strength as for receiving the ends of the beams that 


carry the roadway, The upper and lower portions are 
Fig. 83, 


connected by a longitudinal fin, with several transverse ribs for stiffen- 


ing, and more firmly Regemirm 


the whole together. 
arrangement of parts is due, we be 
Fig. 84. 


1 L 


al © 


ieve, to Mr. Brunel, the engineer. 


form of the transverse section so as to secure strength 

with economy of material, but the longitudinal section 

~ a plan of a beam are also susceptible of modifica- 
ons. 

In the case of a beam projecting from a wall (Fig. 84 
with a weight suspended at its extreme end, ie Fea 2 
greatest at A, close to the support, and diminishes to- 
wards the end, because the leverage with which the 
weight acts to fracture the beam, diminishes. Thus, at 
GC, midway, the strain is only half that at A; at B it is 
ths ; and at Ditisjth. If, then, the breadth of the 

m be uniform throughout its length, its depth may 
be with safety diminished towards the extremity. As 
the strength is proportioned to the square of the depth, 
the depths at B C D may be made such that their squares 
are respectively 3, 4, t* the square of A. This may be 
done my, Seca material from the upper or lower side 
of the beam, so as to give it a curved outline above or 
below ; and still the strength of the beam is maintained. 
The curve for such a beam is what is called a parabola, 
the peculiar property of which is, that a square of the 


Fig. 85. 
: ELEVATION. 
eS a 
l rife 
Y | 
PLAN. 
_ = t=! 
ee. = 


le of each of the vertical lines or ordinates, A, B, C, 
D, is proportional to its distance from the apex or ex- 
tremity KE. Let us take, as an example, a beam of cast- 
iron projecting 12 feet, and 12 inches deep at A by 3 
Section, imches broad. e 

weight of such a 
beam of uniform 
depth — throughout 
would = about 12 
cwt. ut by taper- 
ing it off, as we have 
indicated, its weight 
would be reduced to 
8 ewt., Zrds of what 
it was. Thus, not 
only is a saving effect- 
t ed in the cost of the 
beam, but as its own 
weight is an impor- 
tant part of the strain 
at A, this element of strain is 
considerably diminished, and the 

weight hanging from the end may be pro- 

é portionately increased. The depths at the 


This ingenious 


different points would be as follow :— 
At A, close to the support, 12 inches. 


Not only, however, is there scope for modification of | 
VoL. 1 


UM YY YW, Wea 


», B, 2ths of the length from A, about 
10}, because 10} squared is about 
ths of 12 squared. 10 x 103 = 
10}, and 12 x 12 = 144, 3ths of 
which is 108. 
no Deore length, or 6 feet from A, 
about 84 inches. 
», D, {th the length, or 9 feet from A, 
6 inches. 
If the depth of the beam cannot conveniently be varied, 
bu 
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use 

at i th, and the leverage of the weight bein, 
lessened as we recede from the breaking-point, the bread’ 
i ion. Sometimes it is 


sions. - 

In the case of beams supported at both ends, and 
loaded in the middle (Fig. 85), the same ger) le is a 

ied ; the dimensions, in respect of depth and bread 

ing made greatest in the middle, and diminished 
dually towards the ends. This eT a material is 
easily effected in cast-iron girders, by ing the pattern 
from which the casting is moulded of the requisite form. 

Fig. 86. 


| a ‘ 
tie | 


= | 


t 


- 


When timber beams are used, the increased depth to- 

wards the middle is attained by piling several beams on 

one another (Fig. 86). As the lower side of a beam 

resting at both ends is subject to a tensive strain, great 

additional transverse strength may be secured by strain- 

ing a rod or chain B B (Fig. 87) from end to end of the 
Fig. 87. 


I 
6 
Wa 


Te : aaa AS 
Z/ YY MY” 


beam, and blocking it off from the lower surface by means 
of one or more wooden or iron struts AorC C. By 
this arrangement the wooden beam, when loaded between 
the supports, is subjected to a compressive strain only, 
the whole of the tensive strain being thrown upon the 
rodorchain, ; ; 
Again, by fixing a strut, or king-post, O (Fig. 88), 


Fig. 88. 


4 A it 


LLL TLE) Vi 


upon the upper side of the beam A A, and connecting it 
by pieces B B to the ends, the compressive strain is 
thrown on B B, and the tensive strain only on A A. In- 
deed, there is no limit to the contrivances by means of 
which the direction and amount of the strain can be 
varied so as to economise material and secure stability. 
We have only instanced a few as examples of arrange- 
ments, a complete account of which would fill many 
volumes. 

CALOULATION OF TRANSVERSE STRENGTH. 
The table of transverse strengths gives the load which 
may be safely placed on the middle of beams of different 
materials supported at both ends, The table applies 
to beams 1 foot long between the points of support. 
The weights are those for beams the transverse section 
of which in the middle is 1 inch square, or 1 inch broad 


and 1 inch deep ; and these apply to all beams of 
tangular section. The wei 
section, may be taken at two-thirds of 
pees rg hander slaideen 8 mech nh ge 
strengths of beams of various di i 

the date forsiebed by Ga saaesee 


Table of transverse strengths of beams, 1 foot long between 
sn norta, bylng loose ot hole onde tended to Goeth 


having a section 1 inch square. 

Name of Permanent | Name of Permanent 
load. load. 

Ash ..... ro: eM 250 Ibs.| Oak (English) ...... 190 lbs, 

Beech ,..., abbeved ove 170 ,, PIDB i csssscaccoe 190 ,, 

Deel jisctsccseartnane . 130,, nek séistanianncabans - BO 

Elm ..... sseesaeeesens + 120 ,, | Iron (cast) ........ 850 ,, 

Oak (African) ..... + 230,, | Iron (wrought)...... 1300 ,, 


0) ee ee ee 
e mi ven ani to 
find the load. m 

Rule.—Multiply the number in the table the 
breadth (in inches), twice by the depth (in inches), and 
divide by the length (in feet). 

Example 1.—Required the transverse << of a 
— of teak 8 inches broad, 12 inches deep, 14 feet 

een 


Number from table opposite teak. . 270 Ibs. 

Multiply by breadth a ae ete 8 ins, 
2160 

Multiply by depth . . 2 2 © « 12 ins. 
25920 

Again by depth et Ye Ya Oe 12 ins. 
Divide by length . « « + «© « 14)311040 

22217 lbs. 


Very nearly 10 tons, or 22,400 Ibs. 

Example 2.-—Required the transverse strength of a 
wrought-iron bar 1} inch broad, 4 inches deep, and 6 
feet long. 

1300 xX 1x 4x4 
6 


5200 Ibs., nearly 464 cwt. 


For bars of circular section. 

Rule.—Multiply the number in the table three times 
by the diameter (in inches), divide by the songs (in 
feet), and deduct one-third of the result from i 

Exa 3.—Required the transverse strength of a 
, 2 inches diameter, and 4 feet long. 

170 Xx =x 2x2_ 340 


Deduct one-third=113 
227 Ibs., about 2 cwt. 


II. When the beam is fixed down at its ends. 
Rule.—Find the strength as before (I.), and add to it 


its half. 
Example 4.—Required the strength of a cast-iron bar 


2 mas broad, 6 inches deep, 9 feet long, fixed at both 
en 


beech 


850 x 2x 6 x 6 
9 
And one-half 3400 ,, 


10200, 4} tons. 
III. When the beam is supported jocesly at both 
ends, and has the load uniformly distributed over its 


len ' 
"fate. —Find the me as before (I.), and double it, 
Example 6.—Required the strength of a deal rafter 3 
inches broad, 11 inches deep, 10 feet long, loaded uni- 


formly throughout its length. 


1908 XIE XT 2 9498 Ibs., about 4} tons. 


= 6800 Ibs., about 3 tons. _ 
1} ton. 


TRANSVERSE STRENGTH. | 


APPLIED MECHANICS. 


811 


IV. When the beam is fixed at both ends, and has a 
load uniformly distributed over its length. 

Rule.—Find the strength as in I., and triple it. 

Example 6.— i the strength of a round 
wrought-iron bar 2 inches diameter, 10 feet long, fixed 
at a the load being uniformly distributed. 


2 
1000 x FXEX =1040 


Deduct one-third= 347 
693 X 3=2079 lbs. 
V. When the beam is loaded by a weight not in the 
middle. : 
Rule.—Find the strength as before (I.), multiply twice 
¥ half the length, and divide successively by the length 
each part into which the beam is divided by the point 
of suspension. 
7.—Required the strength of an ash beam 6 
inches 8 inches deep, 14 feet long, to carry a 
weight 3 feet from one end. Half the length is 7 feet, 
and the two parts are 11 and 3. 
20x 6x8x8~ 7x7 


ee =- Xi 3 = 10,182 lbs., about 4} tons. 


VI. When the beam is fixed at one end and loaded at 


the other. 
Rule.—Find the as in I., and divide it by 4. 
Example 8.—Required the strength of an English oak 
beam 13 inches square, projecting 10 feet from a wall, to 
bear a load at the end. 


ax ox 13 X 13 _ 41743 Ibs. strength by I. 


Divide by 4, 10436 lbs. 


These cases include most of the circumstances which 
occur in practice, The converse operations for finding 
the dimensions of a beam when we know the weight it has 
to bear, do not furnish us with the breadth and depth 
separately (except in the case of cylindrical and square 
beams when the depth and breadth are equal), but give 
us a result which is the product of the breadth by the 
square of the depth. We must, therefore, be guided by 
other circumstances in determining one of these dimen- 
sions ; and having determined the one, we easily find the 
other. For instance, if we were required to provide a 
cast-iron girder of rectangular section, such that when 
placed on two walls 10 feet apart it should carry a load 
of 2 tons in the middle, we should reason thus :—By the 
table, a cast-iron beam 1 inch b and 
1 inch deep, and 1 foot between supports, bears 850 lbs.; 
one 10 feet between supports must be made ten times as 
strong to bear 850 lbs.; and to bear 2 tons, or 4480 lbs., 
it must be about five-and-a-quarter times as strong, be- 
cause 4480 Ibs. is about five-and-a-quarter times 850 Ibs. 

The strength, then, for the given length and weight 
must be 5} x 10 = 52}; or, more y> 


adi — ==52°7 times that of a beam 1 inch broad and 
linch deep, But as the strength is as the breadth mul- 
tiplied by the square of the depth, the number 52-7 must 
be the product of the breadth in inches, multiplied by 
the square of the depth, or twice by the depth ; and if we 
determine one of these dimensions, we can easily ascer- 
tain the other: thus— 


Assume breadth, then depth, nearly 
(a Jiin. . «© 1X74X7} =—52°7 
a ing . . 2X 54 X5p =52-7 
$inv . « im «. « 3X 44X45=527 
re er in, . - 4X38 X38 =52-7 
Sin; c. . Sting . « 5X3} X3p=527 


And so on, the one dimension being assumed according 
to ci ces of convenience, or for other reasons. 
When it is determined that the section of the beam shall 
be square, the product found as above is the cube of the 

th or depth, or it is the breadth multiplied 3 times 
by itself ; and tharitore the breadth or depth is found 


by taking the cube root of this product. In the case 
given, the cube root of 52-7 is about 3? ; and we there- 
ore conclude that if the beam be of square section, its _ 
breadth or depth must be 3? inches, because 33 x 33 X 
og When the beam is cylindrical, the diameter is 
determined. Since the strength of a cylindrical 
beam is about % of a square one of the same material, we 
must make up the other 4 by adding to its dimensions ; 
and as } is one-half of %, we must add to the product its 
half, and then take the cube root as for a square beam. 
In the case given, adding to 52°7 its half, or 26°35, we 
have 79°05, which is nearly the cube of 4}; and we must 
therefore make the diameter of a cylindrical beam 4} 
inches, or more correctly 4°3 inches. 

As a proof of the accuracy of our calculation, we have 
only to reverse the operation, and calculate the load 
which the beam of the dimensions we have thus deter- 
mined will bear. If the result correspond with the 
given weight, we know that we are right. In the example 
we have taken, we have to find the strength of a cylin- 
drical cast-iron beam 4°3 inches diameter and 10 feet 
long. By the rule for bars of circular section, case L, 


. 4:3 . 
baad Lt ee 
Deduct 4=2253 


4505 

Nearly 2 tons, or 4480 Ibs., the load which the beam 
was intended to carry. 

The following rules give the mode of calculating the 
stre: under various circumstances of strain, 
and then the method of dealing with the strength product 
when the form, proportions, or one of the sectional 
dimensions of the beam is given. The cases are num- 
i in the same order as those in the calculation of the 


I. Beams supported at both ends and loaded in the 
middle; given length and load to find the strength 


B Rule.—Multiply the load (in Ibs.) by the length (in 
feet), and divide by the number in the table. 

ample 9.—Required the strength product for a beam 
of teak 14 feet between bearings, to carry 10 tons in the 


middle. 
10 tons 22,400 Ibs. 


Oe 1161, strength product. 
270 
8 ins. broad and 12 ins. deep would suit this case, be- 
cause 8 X 12 X 12=1152, nearly 1161. 
If. When the beam is fixed down at the ends. 
Rule.—Find the strength produced as in I., and deduct 
from it its }rd part. 
Example 10.—A cast-iron bar fixed at both ends 9 feet 
apart has to carry 10,200 lbs. 


10,200 x 9 
eB = 108 
Deduct } = 36 


72 = strength product. 
2 ins. broad and 6 ins. deep, for 2 x 6 x 6 = 72. 
III. When the beam is loosely supported, and the 
load uniformly distributed. 
Rule.—Halve the strength product. 


Exai 11.—A deal rafter 10 feet long is loaded 
uniformly with 9438 lbs. 
9438 x 10 
—j30 CS $= 363 


3 ins. broad and 11 ins. deep, for 3 x 11 x 11 = 363. 

IV. When the beam is fixed at both ends, and has the 
load uniformly distributed. 

Rule.—Divide the strength product by 3. 

Example 12.—A wrought-iron bar 10 feet long, fixed at 
its ends, is loaded with 2080lbs., uniformly distributed. 


2080 x 10 : 
7300 x 3 = 5.333, or 5} the strength product, 
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If the bar be round, we must increase this by one-half, 
maki ; and as 8 is the cube of 2, or2 x 2 X 2, the 
round must be 2 ins. diameter. 

V. When the beam is loaded not in the middle. 
uli 


iply the nk og roduct successively by 
Venipthe ito which Weight divides the beam, 
vide twice by half the total mea: 
Example 13.—An ash-beam 14 feet long, has 10,182 Ibs. 


suspended from it 3 feet from one end (consequently 11 
feet from the other, half the length being 7 feet). 


10,182 X14 11 x3 _ 
0°06 TXT = 
6 inches broad and 8 inches deep, for 6 x 8 xX 8 = 384. 
VIL. When the beam is fixed at one end and loaded at 


4 


other. 
Rule.—Multiply the strength product by 4. 

Example 14.—An English oak beam projects 10 feet, 
and carries 10,433 Ibs. at the end. 


10,433 x 10 
190 
13 inches square, for 18 x 13 x 13 = 2197. 


The following rules embody the methods of dealing 
with the strength product when found as above. 

1. Given the depth to find the breadth. 

Rule.—Divide the strength product twice by the depth 
(in inches), the quotient is the breadth (in inches). 

EB 15.—Beam 6 inches deep to give strength 
product 72. 


x 4= 2196. 


ea = 2 inches, the breaath 


2. Given the breadth to find the depth. 

Ruwle.—Divide by the breadth, and take the square root 
of the quotient. 
nema 16.—Beam 8 inches broad strength product 


= = 145, the square root of which is nearly 12, for 


12 x 12 = 144, 


3. When the beam is square in section. 
Rule.—Take the cube root of the strength product. 
Example 17.—Square beam, strength product 2196. 
Cube root of 2196 = 13 nearly, for 13 x 13 K 13 = 2197. 
4. When the beam is cylindrical. 
Rule.—Increase the strength" product by its half, and 
per ts cube root. 4, lent 
18.—Cylindrical beam, strength product 
~_ Add half of 55 = 


8 
Cube root of 8 = 2. 


For beams Riga forms than those which Lg 

uare, rectangular, or circular sections, we cannot fur- 
nish ny remy Practical men, from long experience, and 
from a habit of observing the peencrtions suitable to cer- 
tain strains, can form a tolerably accurate conception of 
the strength due to particular forms under various con- 
ditions, Before any mechanical work is executed, the 
appearance of the parts on the drawing recommends 
itself to a practised eye, or otherwise, according as the 
details are studied in consonance with the just propor- 
tions of strength or otherwise. In providing not only 
arainst absolute fracture, but also against deflection 
vibration, and all such elements of degradation an 
weakness, the h must be made very much in ex- 
ceas of that which the mere calculation of breaking-strain 
would indicate ; and the different modes of providing 
adequate firmness and permanence without extravagant 
use of materials, are matters of ingenious contrivance for 
which no rule can be furnished. 

4. TORSION —As, in machinery, motion is generally 
poe de from one part to another by means of shafts or 
sp) rotating on their axes, it becomes a matter of 


24 


considerable importance to determine the 

materials to resist a twisting or wrenching force. If we 
suppose an iron shaft fitted with a wheel at each end, 
one of which is driven by some prime mover, such as a 
steam-engine, and the other conveys the power or motion 
to some inery, it is clear that the whole 80 
conveyed has to through the shaft ; and resist- 
ance of the at the one end to the prime force 


applied at the other, subjects the shaft to a torsive or 
twisting strain. 


of one of the weights W’ we were to substitute a fixed 
pin or hook to which the rope might be attached, the 
rope would still be subjected to the same strain as if it 
had the weight suspended from it ; and as it would react 
on its wheel with a force isely equal to its tension, 
the twisting effect on the would not be altered. We 
may, therefore, suppose the wheel and weight entirel: 

removed from one end of the shaft, and that end fixed 
firmly in such a manner that it cannot turn or revolve 
on its axis, while it is throughout its whole length sub- 
jected to a twisting strain from the action of the weight 
at the other end.- The power with which this weight 
tends to twist the epends both on its magnitude 
and on the size of the wheel round which its rope passes. 
The radius, or half-diameter, of the wheel is the leverage 
of the weight; and by increasing it we increase the tor- 
sive strain in like proportion. For ease of calculation. 

we will suppose the radius, or half-diameter, of the wheel 
to be 1 foot ; and if we can find the torsion of a certain 
weight acting at a radius of 1 foot, we can reckon that 
of the weight at any other radius ; or having found the 
weight to produce a certain torsion at 1 foot radius, we 
can easily reckon the radius at which the same weight 
would produce some other amount of torsion. 

Thus, by doubling or trebling the radius we double or 
treble the torsive strain ; by doubling or trebling the 
weight, we have to place it at one-half or eon. tien e 
radial distance from the centre of the shaft, in order to 
subject it to the same torsion ; and so gen in sim- 
ple proportion. The torsive strain, therefore, is as the 
wei hit multiplied by its radial distance. One ton at a 
radial distance of 3 feet, is equivalent to 3 tons ata radial 
distance of 1 foot, because 1 ton x 3 feet = 3 tons x 1 
foot. 

We have now to inquire what effect the dimensions of 
the shaft, or the quantity of material in it, has in resist- 
ing a certain torsive strain ; how large the shaft must be 
to resist a given strain, or what strain a shaft of given 
dimensions can resist. The replies to these questions 
must depend upon the form of section and the nature of 
the material employed ; but if we can in, by direct 
experiment, the torsive strength of a shaft of certain 
material, form, and dimensions, we must endeavour to 
find a principle on which to reckon the strength of a 
shaft of the same form and material, but of different 
dimensions. We may imagine two plates of metal or 
other material, placed face to face, having such cor- 
responding projections and hollows in their bowen" 
that the ee of the one fit into the hollows 
the other. e may suppose these plates pressed to- 
gether, and some force applied at their edges, so as to 
push the one along the face of the other. It is manifest, 
that the force for this purpose must depend bie the 
amount of roughened surface in contact, upon the pres- 
sure squeezing the Myce together, and the peculiarities 
of the roughness which their surfaces present. Instead 
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of two separate plates put artificially together, we may 
Fig. 90. : 


conceive, that at any 
Fae where a solid 
ly might be shorn 
across, the particles of 
the body, or the grains 
of which it is com- 
posed, fit into the in- 
terstices of each other; 
and the two into 
which the y may 
be divided or shorn 
are held firmly to- 
gether by the ion of the particles over the whole 
surface where the division takes place (Fig. 90). In 
order to effect a separation by pressing the body in oppo- 
site directions, as with shears, we should have to over- 
come the cohesion, and the resistance which the asperities 
resent to the slip across the rough surface of separation. 
The actual amount of cohesive attraction and the resist- 
ance from asperity, must mainly depend upon the peculiar 
nature of the material acted on; but the relative amount 
of resistance which two pieces of the same material of 
different dimensions present, seems to depend simply 
upon the number of particles separated ; that is to say, 
on the area of the section or quantity of surface sepa- 
rated. Thus, to separa’ 


te crosswise, a piece of iron 2 
inches square, we should expect to apply four times as 
much force as would be required to separate a piece of 
the same iron 1 inch square, because the piece 2 inches 
square has an area of section, or a surface of separation, 
four times as great as the piece 1 inch square. But, 
farther, if we sup the separation to be effected by 
means of shears (Fig. 91), so arranged that the 2-inch 


Fig. 91. 


a 


piece is placed twice as far from the pivot or fulcrum of 
the lever, of which the shears form the arms, as the 
1-inch piece, we should have to apply double the force to 
divide the 2-inch piece, on account of the disadvantage 
of lev: ; and, on the whole, in such a case we should 


require eight times the force to divide the 2-inch piece 
that we require for the l-inch piece. If now, instead of 
Fig. 92. i 


shearing across a 
square bar, we apply 
this principle to the 
fracture of a cylin- 
drival bar or shaft, 
by torsion, the centre 
of the shaft be- 
comes the fulerum of 
the lever, which we 
May assume to be 
one foot long; and 
each portion of the sectional area of the shaft resists 
separation with a force proportional to its area, and to 
its leverage or distance from the centre C (Fig. 92). If 
we take any small square of the section, such as A, and 
suppose a ring eaaed inclosing it, it is clear that the re- 
sistance of every part of that ring of particles, of the 
same magnitude as A, offers the same resistance, because 
it has the same leverage, or is equally distant from the 
centre ; and that, therefore, the total resistance of the 
ring is as its area multiplied by its leverage AC. But 


if the ring be very narrow, its area is nearly its circum- 
ference multiplied by its breadth, and its circumference 
is as its radius AC; therefore its resistance is as its 
breadth multiplied by its radius twice, or the square of 
its radius. : 

Were we to suppose, then, the whole circle divided 
into numerous narrow rings of equal breadth, the resist- 
ance of the whole to separation by torsion would be 
the sum of the resistances of all the rings, the resistance 
of each being as its breadth multiplied by the square of 


its radius. Now, if we compate a circle of one radius, 
such as 12 ins., with another, such as 6 ins. (Fig. 93), 
dividing each radius into an equal number of parts, such 


as 4, and tracing the rings marking them, for the sake of 
distinctness, by large and small letters respectively, we 
find that the breadth of ring A is double that of a, and 
that the radius of A is also double that of a; therefore 
the resistance of A to torsion is 2 x 2 xX 2, or 8 times 
that of a. So we find the resistance of B to be 8 times 
that of B, and so on; therefore the resistance of the 
whole of the larger circle is 8 times that of the smaller. 
Were the radius of the one 3 times that of the other, we 
should find, by a like process, that its resistance would 
be 3 X 3 xX 3, or 27 times; and, generally, that the 
resistance of any cylindrical shaft to torsion is as the 
cube of its radius, or of its diameter (which is the 
double of its radius). 

This general proposition is almost self-evident ; for if 
we admit that the resistance of any part of the circular 
section is as its area multiplied by the leverage at which 
it acts, the resistance of the whole circular section must 
be as its area multiplied by the mean or average leverage, 
of all its parts. The areas of circles are as the squares of 
their diameters, and in every circle, the mean leverage is 
proportional to the diameter ; therefore the resistance to 
torsion is as the area or square of the diameter multiplied 
by the diameter—that is to say, as the cube of the 
diameter. 

The reasoning we have used is founded on the assump- 
tion that the effect of excessive torsion is to divide or 
shear a shaft across at some place where the material is 
accidentally weaker than elsewhere. But in shafts of 
uniform strength throughout their length, and of fibrous 
texture, this is by no means the effect of destructive 
torsion. tIn a wrought-iron shaft, for instance, the 
fibres are made to twist, so that, in some cases, the 
outer surface presents the screw-form of a cord or rope ; 
| and ultimately they separate and present a fracture 
where parts seem to have been dragged out of their 
place by this twisting action. In producing such a twist 
of fibres, there must be a considerable elongation, par- 
ticularly of the outer fibres ; for it is longer round the 
thread of a screw than in a direct line from one end of a 
bar to the other; and the greater the diameter of the 
thread, or the farther it is from the centre, the longer is 
its course. If, then, we confine our attention to any set 
of fibres similarly situated, in two bars of different dia- 
meters subjected to torsion, we see, in the first place, 
that in the larger bar the number of fibres in the portiou 
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the elongation which they 


u exceeds that of the smaller, in propor- 
as Saartg hao exceeds the other. ' The: ‘ore, 
the whole, we must conclude, as before, that the 
i of the to torsion, is to that of the 


larger 
—- as the cube of the one diameter is to that of the 
er. 
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Tho same principles of reasoning apply equally to other 
than circular forms of section. The torsive strengths of 


square bars follow the same law; as do those of any 
other forms, provided they be similar, or have all their 
corresponding al proportional. In comparing bars 
of circular with those of Fig. 94. 


square section of equal dia- 
meter (Fig. 94), we readil 
see that the torsive sleengte 
of the square must exceed 
the other, not only on ac- 
count of the square having 
the area, and, there- 
fore, the greater number 
of fibres, or points of cohe- 
sion, but, also, because the Vy 
additional = is nee Yi 
at places er from the SO 
centre, and, therefore, re- Vdd lb, Pe /) Wed 
sisting with more leve than any parts of circular 
section. On. the Cihee hand. we observe, that while all 
the fibres of the circular section are supported against 
being forced aside by those around them, the fibres in 
the angles of the square section are not so supported, 
and may be expected to yield ge lap ung Abed gr twist- 
ing force. Upon the whole, it has been found that the 
torsive strength of the square section is about one-fourth 
ter than that of the circular. As the distance of any 
bre from the centre contributes much to its resisting 
power, it may be advantageous to remove some of the 
material of a shaft from the inside, where it is of little 
value to resist torsion, and place it on the outside, 
where it acts with greatly increased leverage. On this 
principle, hollow or tubular shafts present the advantage 
of economising material, and securing strength with 
lightness ; for each of the fibres in the ring section of a 
tube has so much greater leverage than those towards 
the centre of ashaft, that their number, and consequently 
the sectional area of the ring, may be considerably di- 
minished without lessening the torsive strength. 

From a number of experiments, made with a view of 
ascertaining the torsive strength of different materials, 
we are enabled to compile a table, from which the 
strength of a shaft of given materials and dimensions 
may be calculated ; or, conversely, the dimensions may 
be computed of a shaft destined to sustain a given 
torsive strain. ; 

Table of torsive strengths of cylindrical shafts 1 inch in 
diameter ; weights acting at 1 foot leverage. 


Name of Permanent | Name of Permanent 
material, load. material, d. 
BAS ...0< osecesccvesscees 150 Top, [Lead .000.00- cccsecsesess 34 Ibs 
COPE oad s vee ces ctnscece 135 ,, | Steel fouissee) «° 560 ,, 
Gun-metal ..........--45 170 ,, | Steel feast) ......ceeeeces 590 », 
Iron (wrought, English) .. 335 ,, (Shear) coccccconsee 570 ,, 
Iron (wrought, Swedish).. 320 ,, anbee 7» 
Tron (cast) ........ 380, 


The table, col. 2, gives the weight in pounds placed 
at the end of a lever 1 foot long, which a cylindrical 
shaft, 1 inch in diameter, will permanently sustain 
without injury; and the following rules embody the 
methods of computing the torsive strengths of other 

according to their diameter. 

I. Given the diameter of a cylindrical shaft, and the 
length of lever at which the twisting weight acts, to find 
what weight it will permanently sustain. 

Rule.—Multiply the number in the table three times 
by the diameter (in inches), and divide by the length of 
lever (in feet). : 


Example 1.—Required the strain that can be 
as the oxi of doses test og halter a Oe eee 
4 inches in diameter. 

330x4x4x4 

2 


Example 2.—A rope passes round a pulley 3 feet in 
diameter, fixed to a gun-metal spindle 2} inches in 
Giamaehot'5 OgmNG Eee Serene that may be attached to 

rope. 

Since the diameter of the pulley is 3 the le 
of the weight is 1} ft.; and : _— her 


= 10,560 Ibs., nearly 43 tons. 


170 x a 24 X 2h 1,771 lbs., or nearly 16 ewt. 


II. When the shaft has a square section. 
Bompla—Hagurel tha veaght Sal aay Bb yong 
_ i e weight may to 
a lever 5 feet long, fixed to a wrought-iron 1 
square shaft 2 inc nes broad. : ) 


$35 xX2x2x2_ 


5 536 Ibs. 


Add } = 134,, 


670 lbs., nearly 6 cwt. 


III. Given the weight and lever, to find the diameter 

of Fale Maltiply the weight (in Iba) by the length of 
—Multiply the weight (in 

lever (in feet), divide by the number in the and 
extract the cube root for the diameter (in inches). ; 

Example 4.—A cast-steel spindle has to withstand the 
torsion of 5 tons at the end of a lever 8 feet long: re- 
quired its diameter. 

11,200 x 8 


5 tons = 11,200 lbs., and 590 


The cube root of 152 is about 53 inches. 

IV. When the shaft is square. 

Rule.—Multiply the weight by the lever, divide by 
the tabular number, deduct }th of the result, and ex- 
tract the cube root. 

Example 5.—A square shaft of py mae wrought-iron 
has to sustain 6 cwt. at the end of a lever 5 feet long: 
required the breadth. 


6 owt. =672 Ibs. x 5_ 1) 
335 
Deduct }th= 2 


“8, cube root 2 inches. 


The table and rules apply only to cases where a simple 
regular strain is applied. When shafts or spindles are 
intended to convey motion to machinery, they are gene- 
rally subjected to great irregularities of torsive strain ; 
and though they may only convey upon the whole a 
certain power, yet at different periods of their revolution 
they may be subjected to strains ranging from nothing 
up to many times the average strain due to the power 
they convey. If we consider for a moment the condi- 
tions under which the crank-shaft of a steam-engine 
rotates, we shall see the great variation of strain to which 
it is exposed. At two points of each revolution, what 
are technically called the dead-centres, the steam power 
has no effect to turn the shaft round; but, on the con- 
trary, the momentum stored up in the fly-wheel turns 
the shaft, and through it gives movement to the parts of 
the engine. At two other points, when the connecting- 
rod of the engine is acting in the most favourable position, 
the shaft receives a torsive strain through the crank, 
greater than the total pressure of the steam on the a 
and the amount of this strain nds on the tota 
steam-pressure on the piston, the obliquity of the con- 
necting-rod, and the length of the crank. But all 
machinery is besides subject to accidental iti 

of strain, For instance, in the engines of a steam-vessel 
propelled by paddle-wheels, sometimes in a heavy sea, 


= 152 nearly, 
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while the engines and paddles are moving at full speed, 
a wave strikes one paddle and suddenly immerses it to a 
+ depth in water, so as at once to retard its rotation. 

e shock thus communicated to the engine, through 
the shaft which drives the paddle, is enormous, and oc- 
casionally more than 100 times the average force passing 
through the shaft. It is, therefore, essential to make 
all shafts intended to communicate power, of much 
greater strength than what is due to the mere average 
strain passing through them. The power that is com- 
municated through any shaft is generally reckoned in 
horse-power ; and as power consists of two elements— 
pressure or weight moved, and the velocity or speed 
with which it is moved—it is necessary to ascertain not 
only the assumed power passing through a shaft, but also 
the speed with which that shaft rotates, or the number 
of revolutions it makes in a given time, such as a minute, 
before we can compute the strain to which it is subjected, 
and the dimensions of which it should be made. The 
more quickly a shaft rotates in communicating a certain 
power, the less is the torsive strain to which it is sub- 
jected, for power is pressure or strain multiplied by 
velocity ; and if, to produce a certain power, the velocity 
be increased, the strain must be proportionally dimi- 
nished. The shafts of engines, and Lah, ba connected 
with them, are generally made of wrought or cast-iron. 
As wrought-iron is more flexible and tenacious than 
cast-iron, it is less subject to fracture by sudden vari- 
ations of strain, and is therefore preferable to cast-iron 
for shafts, and may be made considerably lighter. 
Again, the shafts which communicate the first effort of 
the er from the steam-pressure to the fly-wheel, are 
su to much greater variations of strain, than those 
which communicate the power afterwards from the fly- 
wheel shaft to other machinery. It is, therefore, ad- 
visable to give the first shafts, or prime movers as they 
are called, haere strength than is necessary for second 
movers. ractical men generally make the prime 
movers about twice as strong as the second movers; 
and the following rules embody the modes of computing 
dimensions of shafts for conveying given power at given 
5 prim the h 

. For t-iron prime movers, given the horse- 
power, and the number of revolutions per minute, to 
ascertain the diameter. 

Rule.—Divide the power by the velocity, extract the 
cube root of the quotient, and multiply by 7, for the 
——s in inches. a ae right 

‘cample 1.—Requii e diameter of a wro' iron 
prime-moving hat for 100 horse-power, making 20 re- 
yolutions per minute. 


mas, cube root 1°7 inches, and 7 x 1°7=11°9, nearly 
12 inches. 

IL. For cast-iron prime movers. 

Rule.—Divide the power by the velocity, and take 74 
times the cube root of the quotient. 

Example 2.—Required the diameter of a cast-iron 
prime-moving shaft for 50 horse-power at 25 revolutions 
per minute. 


72, cube root 1:26 x 74=9-45 or 93 inches. 
IIL. For wrought-iron second movers. 
Rule.—Divide the yo by the velocity, and take 5} 
times the cube root of the quotient. 
3.—Required the diameter of a wrought-iron 
second mover for 40 horse-power at 15 revolutions per 
minute. 


O26, cube root 1°4 x 5}=7°7 or 7? inches. 


IV. For cast-iron second movers. 

Rule.—Divide power by velocity, and take 6 times the 
cube root of the quotient. 

Example 4.—Required the diameter of a cast-iron 
second mover for 22 horse-power at 36 revolutions per 
minute. 


22 
3g7=0°6, cube root 0-87 x 6=5'22 or 5 inches, 


For shafts under very regular strain, and distantly 
connected with the prime mover, the multipliers may be 
for wrought-iron 5, and for cast-iron 5}. 

The dimensions computed by the above rules are those 
of the weakest part of the shafts. When shafts are of 
great length, or have great weights, such as fly-wheels, 
and the like, fixed upon them, they are subject to the 
deflection due to transverse strain. This deflection in a 
revolving shaft is animportant element of weakness, for 
it continually changes in direction as the one side or 
other of the shaft is uppermost, and thus subjects the 
material to all the degradation of alternate strains in 
opposite directions. In breaking a piece of wire, it is 
not unusual to bend it backwards and forwards until its 
tenacity is _ destroyed. The same kind of action 
occurs in ashaft too light for its length, or for the weight 
it bears, and gradually lessens its tenacity, and deprives 
the fibres of their continuous texture. The very best 
material employed in shafting undergoes a peculiar 
amas» in its molecular constitution, after having been 
long kept in revolution. The iron becomes quite short 
and crystalline, although at first fibrous and tenacious, 
and will often break off as short as cast-iron in a shaft 
which has been working for some years. This result is 
very common in railway axles, which are exposed to 

+ vibration ; and extreme cold has a similar tendency. 

‘or such cases the strengths should be made considerably 
in excess of what they are computed to be. In this, as 
in numerous other instances, experience must be the 
guide of the practical mechanic in the absence of set 
rules, 

5. CLIPPING OR SHEARING STRAIN. — The 
strain which a body undergoes when it is divided across 
by means of shears, or any instrument consisting of two 
blades that pass one another like those of a scissors or 
shears, is of a kind very distinct from any of the other 
strains which we have discussed. Under tensive strain, 
the fibres are torn asunder by a force in the direction of 
their length ; under ive strain they are forced 
out of their place, and have their lateral cohesion de- 
stroyed; under transverse strain they are subjected 
partly to compression ied ct) to extension ; under 
torsive strain they are extended in a screw or spiral di- 
rection ; but under the clipping strain the particles are 
forced across each other, as we have described in endea- 
vouring to investigate torsive strain on the principle of 


shearing. 

Besides actual clipping by instruments for the purpose, 
there are various Fig. 95 
circumstances un- le 
der which materi- we 
als may be exposed it 
toa strain of a si- { 
milar character. In — 
punching holes ina 2 
plate of metal, a Yy WY 1 ia 
similar action takes : 
place. The. punch fi 
(Fig. 95) is a piece Y htiaas 
of steel, the end of : 
which is made of 
the size and. sha 
of the hole to 
se gre the edges 7 

ing keen and not 7 
rounded off; the 7/7 
matrix is a block of : 
steel, or iron faced 
with steel, having a hole such as is to be punched, with 

also keen. The punch and the matrix are so ad- 

justed that the former shall pass exactly into the latter ; 
and a plate of metal being placed on the matrix while 
the punch is up, has a hole pierced in it by its descent— 
the piece of metal being punched or pressed down into 
the hole of the matrix, When the edges of the punch 
and matrix are keen, and they accurately fit each other, 
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he metal of the plate is shorn cleanly round the circum- 
velar of the hole ; and the force required to effect the 
operation, appears to be the same as would be required 
to shear a plate of the same material and thickness as 
that punched, over a length equal to that of the cir- 
cumference of the hole. 4 thins 
Another example of shearing strain occurring in prac- 
tive, is that to which the pins uniting the limbs of a 
chain are subject (Fig. 96), 1. If the joint consist of single 
limbs united by a pin, a strain applied to the limb longi- 
tudinally tends to shear the pin across at one place, 
Fig. 96. 


Z). 


We 


2. If the links be double and single alternately, the pin 4 


is exposed to be shorn at two places. 3, Where the links 
are three and two alternately, the shearing must take | 
lace at four places; and, generally, whatever be the num- | 
t of links embracing each other at both sides, the + 
number of places at which the pin must be shorn is 


should be equal to that of the end part F of each 
because the shearing would separate two 


Fig. 97. 


iota 
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double the smaller number of links. We naturally 


conclude that, if a certain power be required to 


shear a pin at one place, it would require double 


the force to shear it at two, triple at three, and 
s0 on, an additional force being required for 
each additional separation of the substance made. 
Practically, this is found to be trne. Carrying 
the same reasoning to the consideration of the strains 
required for shearing pins of different sizes, we conclude 
that if we double the area of section—that is, the surface 
where the separation is effected or the number of fibres 
shorn—we have to double the force necessary to shear it. 
We, therefore, conclude that the strength to resist shear- 
ing, or the force required to shear, is proportional to the 
area of the body shorn at the place where the separation 
is effected : aa here, also, our reasoning is borne out by 
experiment. A pin of iron 2 inches in diameter, requires 
4 times the force to shear it that a pin linch in diameter 
requires, because the area of the circle 2 inches is 4 times, 
or 2 X 2 times, the area of a circle 1 inch in diameter. 

It is not uncommon, in machinery, to couple two rods 
A and B in the manner indicated in Fig. 97. The ends 
of the rods being turned truly cylindrical, and a socket 
C bored to fit on them, the ends are inserted in the 
socket, and keys D and E are driven into slits cut 
through the socket and the rods. On a great longitudinal 
strain being applied to therods, so as to pull them out of the 
socket, fracture may occur in one of the following ways :— 

1. Either of the rods, or the socket itself, may give 
way under the effort of direct tension ; and if so, they 
must yield at the weakest place, which is manifestly 
where the keys pass through them, part of their sec- 
tional area being occupied by the keys, which add no- 
thing to the cohesive strength. 

2. Either of the keys may be shorn across at the two 
places where they leave the socket, and enter the rods, 

3. Either of the rods may have the material between 
the key and its end drawn out, so as to leave an open- 
ing F, the material forced out being punched or shorn, 
at both sides by the strain on the key. 

4. Kither end of the socket may have the material at 
G drawn out in a similar way, 

Now, if the material be of the same quality through- 
out, the strength to resist fracture in the 2nd, 3rd, and 
4th ways may be equalised, because they are all shearing 
strains of the same kind, and we have only to make the 
several areas of the parts that would be shorn, all equal ; 
that is to say, the sectional area of each key D and E 


either case; and the area of the part G of the socket 
need be only half that, because four surfaces would be 
separated. But we have as yet established no relation 
between the strength to resist tensive strain and that to 
resist shearing, and cannot, therefore, without further 
information, compute the proportional strength of the 
effective transverse sections of the rods and socket where 


the keys pass through them. The truth is, that very 
few experiments have been made upon the strength of 
materials to resist a shearing strain. Such as have been 
made with malleable iron, seem to show that it is pre- 
cisely equal to the strength to resist tension. We be- 
lieve that with other materials this law may be very 
safely assumed as correct. As the tensive strength is 
also proportional to the area of section, the areas to re- 
sist equal tensive and shearing strains should be equal. 
Aeietocly, we should make the transverse sections of 
the rods and socket such, that the area of each part, 
on either side of the key, shall be equal to. the trans- 
verse section of the key ; for the key would be shorn 
at two places, and the rod or socket would be pulled 
asunder at the two places on either side of the key. 
On examining the figure, it will at once sug; itself 
that the keys should be made narrow and broad (measur- 
ing the breadth in the direction of the rods lengthways), 
so as to trench as little as possible upon the sectional 
area of the socket and rods, , 

Although for round or square pins, or bars, the law 

Fig. 98, Ahat the strength to resist shearing, 

is very nearly the same as the cohe- 
sive strength, yet there is little 
doubt that by increasing the depth 
of a bar exposed to be shorn, the 
_, breadth being diminished so as to 
| retain the same area, the st: h is 
materially increased. If we 
a bar of iron having 2ins. X 1 in. of 
sectional area under a shearing 
strain edgeways, it would certainly resist more than 
when placed sideways. We are not aware, however, 
that experiments have been made to a sufficient ex- 
tent to warrant us in laying down any law as to this. 
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In practice, no material error will arise from the 
assumption of the simple law we have already stated ; 
and if strengths to resist shearing be calculated according 
to it, let the mechanic, as far as he can, contrive to bring 
the shearing strain agaiust the greatest depth, and he 
will certainly be safe against fracture from this cause. 

In punching a hole in metal, the surface of the separa- 
tion produced, is the cireumference of the hole, multiplied 
by the thickness or depth ; and the resisting force should 
be equivalent to the tensive strength of a bar of the same 
material, having a sectional area equal to the surface of 
separation. Thus, in estimating the force required to 
punch a circular hole, 1 inch in diameter, through a 
plate of malleable iron $ths of an inch thick, we should 
reckon the circumference of a circle 1 inch in diameter is 
| 31416 inches; multiplying by the thickness, $ths of an 
inch, we have the area of the surface of separation, 
2°3562 ; and therefore the strength to resist the punch- 
ing, is that of a bar of iron having a sectional area of 
2: square inches to resist fracture by tensive strain. 
The weight required to tear asunder a bar of iron 1 
square inch in sectional area, is found, by experiment, 
to be about 26 tons; and the weight to tear asunder 
23562 square inches would, therefore, be about 61 tons, 
which we reckon as the force required for punching the 
hole such as we have described. 

The subject of shearing strain is, upon the whole, 
somewhat obscure. The experiments have been few, 
and made rather with a view to the solution of other 
questions than the determination of a law as to this 
strain. eae oe cana ae the practical man 
against ing too muc ndence on any computa- 
tions made in respect of it. Where he is in doubt, and 
has no case practically carried out to which he may refer, 


it is far better that he should make experiments for 
himself ; or, in the absence of data which he might 
deduce from them, at least he should make his work 
rather in excess of strength than otherwise. Great evils 
may often result from the execution of work, where the 
dimensions are too closely approximated to the results of 
calculation as to strains and strength. These evils are of 
an uncertain character—they may occur unexpectedly, 
under circumstances that may aggravate the mischief 
they cause ; great expense may be incurred, limbs may 
be broken, life may be endangered or destroyed, and all 
because material has been grudgingly employed or dis- 
proportionally applied. But when strength is given in 
excess, to any structure intended to be permanent, the 
first evil, that of additional cost, is the only one—i tis 
known as to amount, is undergone, and appears not 
again—and the artificer has the satisfaction of thinking, 
that if difficulties or dangers arise during the use of the 
work he has contrived and formed, it must be from 
seamen causes for which he cannot be held blame- 
able. 

Indeed, the whole subject of strength of materials is 
in an unsatisfactory state. Every new experiment made, 
every new work completed, adds somewhat to our prac- 
tical knowledge in this department of mechanics, But 
so long as the materials we use vary in uality, are 
wanting in uniformity, and are subject to the changes 
which moisture, temperature, and other circumstances 
impose upon them, so long must we remain incapable of 
estimating correctly their strengths for any particular 
purposes, and so long must we be prepared to make 
large allowances for all such variations, and for con- 
‘agencies which do not always readily suggest them- 
selves, 


; 


Tue principal sources of power may be classed under 
five heads. 

1. Muscular force of men and animals. 

%. Natural movements of air. 

3. Natural movement of water. 

4. Weight and elasticity of bodies. 

5. Heat, electricity, magnetism, and chemical action. 

1. MUSOULAR POWER UF MEN AND ANIMALS, 
—Itis not our province to discuss the mode in which the 
muscles of men and animals are putin action. This isa 
question which belongs to the physiologist. Suffice it to 
say, that the mechanism of animal structure is of that 
| most perfect kind, which characterises all the works of 
Him who designed and executed it. The simple effort 
of will, or whatever that particular mental faculty be 
called, appears to communicate itself through the nerves 
which pervade the whole animal frame like a network of 
electric wires, and to operate immediately on the mus- 
cular tissue. The muscles, so far as we understand their 
nature, appear to have no innate force of their own, but 
are merely organised instruments put in action by the 
influence transmitted to them by the nerves, just as the 
index of an electric bo or is perfectly inert until it 
is deflected, one way or other, by the subtile magnetic 
influence transmitted to it through the electric wire. 
Notwithstanding the immense variety of movements of 
which the different parts of the animal frame are capable, 
the action of the muscles, which effect those movemen’ 
is of one kind only—contraction in length, accompani 
by expansion in diameter. 

The eyes are caused to rotate in their sockets, and 
their focus as optical instruments can be varied ; the 
lips, the tongue, the throat, and the jaws are moved so 
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as to give voice to musical notes and articulate language; 
the shoulders, arms, wrists, hands, aud fingers are put 
in motion soas to enable man to lift heavy weights, or to 
manipulate with consummate delicacy ; the. back, bod: é 
the legs and feet, are moved so that man may w, 
run, or leap, row, or perform feats of strength and 
agility. And yet every one of these motions is effected 
by the longitudinal contractions of muscles under the 
nervous influence of volition. The frame-work of this 
exquisite machinery is the skeleton, consisting of 
numerous bones joined together. The form, lengt 
strength, and situation of every bone have been devised 
with most minute care to suit its particular object. 
Each bone plays the part of a beam, and has attached to 
it a tendon or strong cord near its joint or fulcrum. 
This tendon is the end or continuation of a bundle of 
fleshy fibres, which constitute a muscle, fixed at the op- 
posite end to some other part of the frame-work ; and 
as these fibres contract in length under the nervous in- 
fluence, the tendon or cord is pulled, and the bone or 
we caused to move ‘Bale jaye or cesar e§ pe 
e@ may suppose AB 4 represent a fix 
bar, hating a joint at B fitted with a lever BC, from the 
extremity of which a weight is suspended; and DE a 
cord fixed at D to the bar AB, and at E to the lever 
BO. By shortening the cord DE we cause the lever 
to turn about its fulcrum B, to some such position ag 
that marked by the dotted lines E’C’. Soin the human 
arm (Fig. 100), the upper bone is the bar jointed at the 
elbow ; the radius bone terminates in the hand, in which 
a weight may be placed; the cord is the biceps muscle, _ 
fixed at the upper end, and terminating at the lower 
end in a tendon, which is fixed to the —— The 
‘ M 
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longitudinal contraction of this muscle pulls the tendon, 
and thus causes the radius to turn upon the elbow-joint, 
and raise the weight at its extremity. 

Fig. 99, 


hand, moves with facility under a very considerable 

ected eoevicios bok ee raieeiag 
coun’ 

gis to have enormous strep 


of exerting the test power, for the long- 
est peri is that of bonis Tn mo’ 
et ee 


back as the pull is 
thrown back, the legs are stiffened against 


the foot-board, and thus immense power 


Besides the direct movement of the bones as levers, 
such as we have described, there are numerous modified 
motions, sideways or rotatory, which are all effected by 


Fig. 100. 


the contraction of muscles specially arranged for their 
respective purposes. For instance, in order to turn the 
hand upside down, it is necessary to make the arm rotate 
or turn upon its axis. This is effected by muscles placed 
spirally round the bones of the arm. By diminishing 

length of one of these, the bones are caused to twist 
round. And so for every movement of every part of the 
frame, a special muscle is provided to effect the required 
motion by simple contraction. 

The force or contracting energy of some of these 
muscles is enormous, as may readily be believed, when 
it is remembered that they are attached to the short end 
of a losing lever, and yet are capable of sustaining great 
weights at the extreme end, where the weight acts with 
immense leverage. 

Some of the muscles are not placed exclusively under 
the control of the will, btft uct regularly without any 
effort of volition. Such are the muscles which effect the 
action of the heart, and organs of respiration. Some 
muscles, again, seem to be put in action by an effort of 
will of which we are not conscious. Such are those of 
the eye to direct and focus it, and those of the 2, 
ate and throat in speaking. Although we will to 
speak or articulate certain sounds, we never think of the 
particular, muscles that we must put in action, in order 
to effect the articulation desi So in walking and 
other actions which have become familiar by habit, no 
thought is given to the special muscular movements re- 
quired. It seems to be enough to will to walk, and the 
muscles obey. It is only when fatigue and exhaustion 
render their exercise painful, that we have to employ 
special acts of volition in order to effect our purpose. 

In making use of muscular power as a moving force, 
it is important to call into exereise those muscles which 
require the least effort of will for their movement, and 
to apply them in the way least calculated to fatigue. 
The animals chiefly employed—the horse, the ox, and 
the camel—can only be used in particular ways, as for 

ening om dragging loads. The horse and the ox are 
ted for dragging, as neither of them is capable 


of sustaining great weights. The camel, on the other 


is applied to the oar, without excessively 
straining any one or two particular muscles. 
In excavating earth or clay, conveying loads 
up steep inclinations by a wheelbarrow, 
and generally in the operations for which 
navigators are employed, a large amount of power is de- 
veloped. The el of these men, and their 
lo ractice in partic’ os requiring great 
rad strength, enable them to continuefor pe- 
riods at work without much fatigue ; and to 
one watching minutely their mode of work- 
ing, while there is little appearance of Lag 
yet there is manifest a regulated play 
the muscles, and a sort of contri for 
doing the work with the least possible 
movement, which indicate that every one 
of these muscular movements is the result 
of habit, without the need for a special 
a = of will. ' é 
umping, as in rowing, numerons 
oe cater i and pmweeryy - 4 
this kind of labour can be continued for 


tahoe datos lantiin, the oqntindden dieehases of cee 


he ext 
rey 


t walking up 
rounds of a treadmill, or perpetual turning a winch to 
drive unseen machinery, is therefore a penal labour of 
a most severe character, although the actual muscular | 
exertion which either demands is not great. Prisoners 
working at the treadmill always prefer grinding corn to 
oinding air,” as they express the act of simply turn- 
ing the w ; 

As rotatory motion is generally that movement 


kind of 
best applicable to machi being most easily mo 
in dineetion and taloatiy, car Regatecy fe uqy 7s 
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At present, except for special purposes—such as driving | 
a printing-machine, ora turning-lathe, where the quantity 
of work to be done would not warrant the application of 
costly motive power—manual labour at the winch is little 
used. Engineers of the last generation, with whom 
human animal labour was an important considera- 
tion as a source of motive power, devoted consider- 
ablé care to experiments as to the best modes of applying 
it, and the quantity of power developed. The main re- 
sult of their deductions was, that in moving machinery, 
the power of a horse was on the average equivalent to a 
weight of 33,000 lbs., lifted 1 foot high in 1 minute ; 
and this has accordingly been adopted by engineers as a 
standard by which all powers, whether of steam-engines, 
water or wind-mills, are measured. 

The power of a man is about one-fifth of that of a 
horse ; that is to say, on the av , & man can exert a 
power ivalent to the lifting of a weight 33,000 Ibs. 
one foot high in 5 minutes, or 6,600 Ibs. one foot high in 
one minute. These estimates are not applicable to a 
“~~ effort for a short period, but to labour such as 

be sustained for hours daily, and continued on 
successive days. When the power of a man is con- 
tinuously applied to a winch, it should not be estimated 
at more than one-half of that given above ; that is to say, 
3,300 Ibs. raised one foot high in one minute. It is 
found in ice, that a man working a winch can, for a 
considerable period, move his hand through 120 feet per 
minute, exerting an average pressure of 30 lbs. At some 
Veh Boe: revolution ao ere a oat rebar 2 than 
uble thi re, at other ess than j on 
the Wilelo, the nean i eadeaeiine button te 30 The Now. 
30 X 120, gives a power of 3,600 Ibs. raised one foot per 
minute, which is rather above the estimate of 3,300, 
a eaglg If the radius of the winch be 1 foot, the 

i of the circle in which the hand revolves is 2 
feet, and its circumference 6# feet ; therefore he makes 
about 19 revolutions per minute, for 19 x 6% = 120 

For a short period, he could turn the winch at 
the rate of 25 or 30 revolutions per minute, and exert 
an @ at the handle of 40 lbs. to 50 lbs. 
But this high estimate should only be used in ae 
when a weight is to be lifted during some minutes, an 
not when the work is constant. For driving machinery, 
affording a constant resistance during several hours, the 
lower estimate of the man’s power, viz., 3,300 lbs., raised 
one foot high in one minute, should be taken. 

In a load on his back, over level ground, 
a man can develop a power of about 8,000 lbs. moved 
over one foot in one minute. 

In ing a load up a stai his power is equivalent 
to 2,000 Ibs. lifted one foot high in one minute. 

In ing a hand cart on level ground, his power is 
about 20,000 lbs. moved one foot in one minute. 

In rowing a boat, the power developed is about 25,000 
Ibs. moved one foot in one minute. 

For temporary efforts, the following estimates have 
been made :— 

A man can bear, for a short time, standing still, about 
300 Ibs. weight. 

He can lift vertically about 280 Ibs. 

He can grasp by his hand with a pressure of about 
100-Ibs. 

The ens ey applications of manual labour are not 
those in which great force is required to be developed. 


onc Me skill of manipulation are the qualities 
chiefly desired in a workman. As more and more pro- 
gress is made in mechanics, so does the necessity for 
employing the bodily forces of men diminish. Indeed, a 


effect produced on 


workmen, by the extended use of self-acting machinery. 


It is true that much of their corporal labour is saved, and 
that a vast deal more work is done more economically ; 
and necessaries and luxuries are thus brought within the 
reach of millions who would else be deprived of them. 
At the same time, it must not be forgotten, that the 
workman is, toa certain extent, degraded into a mere 
machine, only a litile elevated above that, the operations 
of which he watches and controls. He has no longer to 
acquire skill and dexterity in his craft—machinery does 
the work better than he could ever hope to do; he has 
not to think out the easiest and most effective methods 
of performing it—for the machine does a certain kind of 
work ; the material is placed on it, the power is applied, 
and he has only to look on. Farther, the kind of work 
about which he is employed almost exclusively, is of the 
same unvarying character ; and he is thus subjected to a 
monotony of occupation, which leaves many intellectual 
faculties dormant. In former generations, the mill- 
wright was a man conversant with machinery in general, 
and with the various operations required in its manu- 
facture and application. He could make patterns, 
mould, forge, turn and fashion timber and metal to his 
uses ; and generally—we may say necessarily—was a man 
of intelligence and ingenuity. Now we have pattern- 
makers, moulders, smiths, turners, fitters, and workmen 
for attending planing, screwing, slotting, punching, and 
other machines ; all, in a manner, different trades, re- 
quiring no versatility of mechanical talent, and not even 
exterity of hand. 

No doubt the vastly increased quantity of work is now 
done in all the better style for this subdivision of labour ; 
but we fear the moral and intellectual character of the 
workman is considerably lowered. 

2. NATURAL MO NTS OF AIR.—History 
affords us no information as to the period when, or the 
race by whom, the movements of the winds and tides 
were converted into useful mechanical forces. Many 
savage nations, who for ages could have had no 
intercourse with people more civilised than themselves, 

vessels that float on the surface of the waters, 
impelled by the wind or the tidal currents of the sea and 
rivers, as well as by oars; and it is probable that the 
idea of utilising the motion of the wind, or the current 
of the water, suggested itself to many separate indi- 
viduals, without any communication among each other. 
The most simple mode of applying the force of wind is 
that which is of most general use, the propulsion of 
vessels on the water. The most casual observation of 
the natural effects of wind, shows its greater power on 
larger surfaces than on small ones ; and a little reflection 
would offer a reason for this, and suggest the extension 
of surface to receive the pressure of aérial currents, 
when greater force is sought to be derived from them. 
A savage floating in his canoe, finds that, by holding up 
the blade of his oar to catch the favourable breeze, he 
makes progress without effort ; by holding up two oars, 
the velocity of his progress is increased ; and by stretch- 
ing between the oars a mat or skin, so as to increase 
largely the surface on which the wind can press, tlie 
speed of his canoe is pores augmented. From 
the first rude notion of a sail, the steps of transition to 
the complex rigging and arrangements of canvas in a 
first-rate chiheceaee are easy and obvious; indeed, in 
making use of wind-power for propelling vessels, there 
are only two points requiring consideration : those are, 
first, the quantity of the force developed or required ; 
and, secondly, the direction in which it is to be made to 
act. The amount of wind-force depends upon the 
velocity of its movements, and the quantity of surface 
on which it acts. At first sight it might appear, that by 
doubling the velocity of the wind, we should double its 
on a certain area: but this is by no means the 

case, for on doubling the velocity, the pressure is quad- 
rupled ; on tripling the velocity, the pressure is increased 
nine times ; and so on, the pressure being always pro- 
portioned to the square of the velocity, or the velocity 
multiplied by itself. On a little consideration, this law 
becomes obvious, as we will endeavour to show. Let us 
suppose the air to consist of a number of particles or. 
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sup it to consist of 

as small and light as we 
solid bodies, yet certainly as much as they, subj 

Sauawicieh nom all matter. Now, if 

with which any one of these masses 

the force with which it strikes on any 


i 
H 


F 
i 


body placed in f we triple its speed, trip] 
its way ; if we triple its s we triple 
the force of its blow ied bs ou, the force being always 


proportional to the velocity, when any one mass 
taken into account. But when we extend 
our conception to the motion of an unlimited number of 
such particles, which constitute a continuous fluid, we 
observe that, by doubling the speed of the fluid’s motion, 
we double the number of masses striking any body 

to it in a given time; by tripling the speed we 
triple the number striking ; and so on, the number of 
icles striking, as well as the force of each, being 

rtional to the velocity of movement. 

pon the whole, then, the pressure on any surface, 
arising from a continuous series of blows from masses of 
air, must be as the force of each, multiplied by the 
number in a given time ; and as, on doubling the velocity, 
the number is doubled, the force or pressure is 2 x 2, 
or 4 times, on tripling the velocity the pressure is 3 X 3, 


7 


3 


or 9 times, and so on, the pressures being always, as we 
_ have stated above, proportional to the velocities mul- 
| tiplied by themselves, or the squares of the velocities. 

It is convenient to estimate the pressures of wind cur- 
rents on some unit of surface, such as one square foot, 


| while the velocities are generally stated as being ata 


' certain number of miles per hour. The following table 

_ gives the pressures per square foot of surface produced 

by winds of different degrees of strength, as distinguished 

| by their ive names, with the corresponding ve- 
locities in miles per hour. 


Table of the Velocities of Winds in miles per hour, and 
their pressure in lbs, on a surface of one square foot. 
Miles Pressure. 
Hardly perceptible ahs 0-005 
y . . . 
Gentle Bey + WA ee 
Brisk gale . . . - 10 e 0-492 
Very brisk gle. . .20 . 1:968 
Highwind. ... -30 , 4429 
Veryhigh . . . .40 . 17873 
Storm . : . . - 50 - 12:300 
Great storm pe 15 (80 17715 
Hurricane . ° . 80 31-490 
The following is a simple rule for determining very 
_ nearly the ure per square foot, when the velocity in 


| miles our is known pms! the velocity by 
| itself, Eine the product, and point off two figures to the 
ight, 


Example 1,—Required the pressure of a wind blowing 
at 40 miles per hour. 40 x 40 = 1600; half is 800; 
pointing off 2 figures, we have 8 lbs., which nearly agrees 
with 7-873, the ee in the table, 


Example 2.—Required the pressure of a tem at 
70 miles per hour. = 
70 
70 
2)4900 
24°50 Ibs. 


The pressure of a wind on any surface, such as a 
square foot, being known, it is easy to estimate that on 
any other surface ; for if, instead of 1 square foot, 2 
square feet were opposed to the wind, we should find the 
a. pore im amount; tog 3 square feet _ would 

tripled ; so on in proportion. owing, 
then, the velocity of the wind, we compute its pressure 
on any known surface by multiplying the pressure on 1 
aoe by the surface in square feet. Thus, if we 

to ascertain the pressure of a gale at 20 miles per 
hour on a —_ sail 20 feet wide by 30 feet high, since 
20 X 30 = square feet of surface, and the pressure 


do not consist of actual solid | of the gale on 1 square foot cry Bike, wo are 
ts, 


ag be X 21bs, = 1200 lbs., pressure on the 
When the wind is made use of as a motive force, the 
surface on which it blows must move with it; for if it 
a opposed to the air, it would sustain 
sure, but develop no motive force. The sail of a ship at 
anchor is certainly pressed on by the wind, and tends to 
force the vessel its moorings; but until it does 
force it, no motive power is developed, for no motion is 
produced. But when a ship is in oo the sail is, to 
a certain extent, going with the wind, and therefore re- 
ceives a pressure due only to the excess of the velocity of 
the wind over that of the ship. Sup the wind were 
blowing at the rate of ten miles per hour, and the ship 
saili ore it at the rate of seven miles per » the 
actual velocity with which the wind strikes the sail is 
only three miles per hour, the difference between its rate 
and that of the ship. The pressure on the sail is, there- 
fore, only that due to three miles per hour. If we sup- 
pose, now, that the velocity of the wind increased to 
twenty miles per hour, the of the vessel propelled 
would also be increased probably to fourteen miles per 
hour, and the pressure on the sail would be that due to 
six miles per hour, the excess of twenty over fourteen. 
Theoretically, as the resistance to the vessel’s motion 
is that of the fluid in which it moves, the pressure due to 
increased velocity should follow the same law as that of 
the wind, and the example given above would be a pro- 
bable case. In practice, however, the form of the vessel, 
the disturbance of the surface of the water, the bagging 
of the sails under increased pressure, and other cireum- 
stances, affect the regularity of the laws of water-resist- 
ance and wind-pressure so much, that we are not in a 
condition to compute, accurately, the ratio of the speed 
of the vessel to the velocity of the wind, 
’ Were the sail of a vessel fixed in a middle position, 
and the vessel itself capable of moving with equal ease 
in any direction, as it would be if it were made quite 
circular, instead of being long and narrow, the vessel 
would et resus exactly in the direction in which the 
wind might blow. But as this result would by no means 
suit the views of men desiring to sail in some particular 
direction, it is necessary to contrive the form of the 
vessel, and the position of the 
arn so that the pressure of the 
wind in one direction may be con- 
verted into a pressure in another 
direction. The vessel is, there- 
fore, made long and narrow, so 
that it may be subject to much 
less resistance from the water. 
when moving in the direction of 
its length, than if it were to 
move sideways; the sails aré 
made capable of being turned 
about to different angles with the 
length of the vessel, so as to re- 
ceive the wind obliquely ; and, 
to direct the vessel and overcome 
any tendency of the wind to blow 
the front or back of the 
vessel round out of its per 
course, a rudder or m is 
mounted at the stern, to balance, 
by its resistance in the water on 
one side or the other, the force 
tending to make the vessel devi- 
or en becom — — a 
surface presented to it obliquely, 
its pressure is diminished. §S 
pene acertain surface five feet wide (Fig. 101) exposed 
irectly to the wind, ‘or at right es to the direction 
of the wind, the pressure on it may be considered to be 
made up of five pressures each on one foot of the width. 
But if the same surface be turned obliquely to the —y 
so that while the surface itself still remains five f 
wide, the quantity of air intercepted is to be measured 
by three feet in width, the length of the line drawn at 


Fig. 101, 
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right angles to the direction of the wind intercepted be- | about 14 feet ; therefore the effective surface of the sail 
is 14 width X 20 height = 280 square feet. Tho velo- 


Fig. 104. 


tween els to it from the extremities of the surface, 
then the pressure is only that on three feet of 
surface. 

But besides the loss of surface from obliquity, 
there is also a loss in intensity of pressure. 
column of air AD (Fig. 102) striking a surface 
exposed obliquely to it, would be reflected in 
DB, and press upon the surface in the line 
CD, which is perpendicular to the surface, and 
bisects the angle contained between A D, the line 


Fig. 102. 


'9 


ae yi \ 
Sa * 
es, 


8 
of impact, and D B, the line of reflection. The quantity of 


pressure com with what it would be if the surface 
were not oblique, is found by aioe a. D any length, to 
represent the direct pressure, and wing AC and DC 
respectively parallel and perpendicular to the oblique 
surface. Then, while A D measures the direct impulse, 
CD measures its effective impulse to move the surface 
in the direction DE, and AC measures the loss from 
obliquity, or the amount of force expended parallel to 
the oblique surface. and therefore not effective upon it, 


Fig. 103, 


But farther, it is seldom the case that the effective 
of the wind on the surface of a sail set obliquely 
to it, is employed directly. If AB (Fig. 103) represent 


the surface of the sail of a vessel, OD the direction of 
the wind, DE the direction of the vessel’s course, we 
may take CD any length, representing the force of the 
wind ; then C F, perpendicular to the sail, measures its 
effective force on the sail, and the length of C G, parallel 
to DE, and intercepted by F G, which is perpendicular 
to DE, measures the effective force in the direction of 
the ship’s course. The line F G measures the effort of 
the wind to propel the vessel sideways, or to make what 
is technically called leeway. 

We may take a practical example as an illustration of 
uulse of the wind may be computed : 
e and 20 feet high is set with its 
edges directed to N.W. and §.E. ; the wind blows at 
30 miles an hour from the south, and the vessel sails due 
east with a of 10 miles per hour, Having drawn 
a plan of the vessel (Fig. 104), showing D C the direction 
of the wind, and A B that of the sail, in the first _ 

and B we draw parallels to D CO, cutting off F G. 
ive width of sail to receive the wind. A B 
measures 20 feet, and F G would be found to measure 


city of the wind 30 miles per hour being represented by 
D O, its velocity, resolved perpendicularly to the sail, is 
measured by D H, about 21 miles per hour. This velo- 
city, resolved into D K, in the direction of the vessel’s 
course, becomes 15 miles per hour, which is to the actual 
speed of the vessel, 10 miles, as 3to 2. The pressure 
on the surface of the sail is not that due to 21 miles per 
hour, the measurement of D H, because the vessel and 
sail are continually escaping from the wind ; but to the 
excess of D H over the speed of escape, or.the same part 
of 21 as 5 (the excess of the wind’s velocity in D K over 10, 
the velocity of the vessel) is of 15, the wind’s velocity in 
DK. As bis of 15, and 7 is }rd of 21, the effective 
pressure on sail is that due to 7 miles per hour— 
about 0°245 lbs. per square foot. This multiplied by 280 
square feet, the effective surface of the sail, gives 68} lbs. 
for the pressure tending to blow off the sail from the 
mast while the vessel is moving at 10 miles per hour. 
Were the motion of the vessel entirely obstructed, the 
pres on the sail would be that due to 21 miles per 
our, about 2} bs. per square foot, or 280 x 2} = 
630 lbs. The tendency of the wind to produce leeway, 
or to force the vessel sideways from its course, happens 
in this case to be the same as its direct force, for RH is 
equal to DK. If the vessel be six times as long as it 
is broad, the resistance to its movement sideways should 
be 6 times that to its direct movement, without taking 
into consideration the form of the part immersed. The 
shape, however, is made so as to offer as much resistance 
as possible sideways ; so that, under equal impulses, the 
resistance to side-movement or leeway may probably be 
at least 10 times that to direct movement. It might be 
possible to compute the angle at which a sail should be 
set when the direction of the wind and the course of the 
vessel are given, so as to obtain the greatest possible 
effect. But as, in practice, the sails of a vessel are nume- 
rous and various in position and direction of action, it 
would be difficult to apply such a computation. A sailor, 
after a few trials of his vessel under sail, is able to esti- 
mate very correctly the angles of his sail and course 
with the direction of the wind, so as to get the best 
effect. If the wind blow almost directly against the 
ship, it is necessary to tack. If, for instance, in sailing 
from A to B (Fig. 105), the wind blew from B towards 
A, or nearly so, the vessel would be steered in various 
tacks or directions oblique to that of the wind, making 
progress on the whole. The choice of those tacks, so as 
to get over the given distance with as little deviation as 
ible, or, at all events, to do it with the least possible 
Loos of time, is an important part of the sailor’s art. 
The force of wind has occasionally been applied to 
moving bodies on land, but not in a manner that can be 
generally used, Some of the Arctic voyagers having to 
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travel distances in sledges over ice, have taken 
benny a favourable wind to propel their vehicles 
Fig. 105, 


fixed obliquely, or in such lines 
would touch the circumference 


: ees 


eases / 
ane / 


by means of kites attached to them. Chariots have also 
been made with sails, so as to be propelled by wind along 
a road, as ships are propelled at sea. But the uncer- 
tainty and variations of the wind render such applica- 
tions of its power matters of curious experiment rather 
than of practical utility. 

Windmills.—For giving motion to machinery, wind- 
mills have been and still are very extensively used. 
Engi of the last generation devoted great attention 
to construction of windmills, and brought them to 
great perfection. The introduction of steam-power—a 
power economical, manageable, and always to be de- 
pended on—has, in a great measure, superseded that of 
wind as a mover of machinery. It is true that after the 
first cost of a windmill, the power is comparatively in- 
expensive ; but it is so variable in intensity—sometimes, 
when it is not required, exerting great force, and some- 

i when it may be most wanted, totally ineffective— 
that it is generally preferable to apply a force, perhaps 
considerably more expensive in its production, but con- 


stant, ly, and completely under control. 
Windmills are of two kinds, horizontal and vertical. 
The former have been very little used, for it is found in 
ractice that they are by no means so effective as the 
tter. The mode of constructing a horizontal windmill 
is like that represented on the plan (Fig. 106), or some 
Fig. 106. 


modification of the same principle of construction. A 
wheel, A, mounted on a vertical axis or shaft, and having 
flat vanes or boards fitted round its circumference, is 
inclosed in a circular casing, which is fitted with boards 


this arrangement, the wind, from whatever point it may 
blow, causes the wheel to revolve in the same direction, 
Part of the breeze passes between the oblique boards of 
pert a, ittarcopted ny te ‘Bonds, and either elena 
is interce y the ei 
Sreacde wr an 05 pecans blades in the same direction, 
or reflected outwards so as not to act upon them in the 
opposite direction. Sometimes horizontal windmills have 
been made with a casing partially surrounding the wind- 
wheel (Fig. 107), and capable of being turned round by 
means of a vane, so as to permit the wind only to act on 
one side of the wheel, while the other is completely 
sheltered. 

The vertical windmill, as is well known, consists of an 
axle or shaft, nearly horizontal, mounted in bearings at 
the summit of a tower, with four or more blades or sails 
attached to it. These sails are set at an angle with the 
axis, so that when the wind blows directly on the face of 
the mill, its oblique action on the sails is resolved into 
two forces—one in the direction of the axis, and the 
other perpendicular to it, the direction in which the sails 
revolve. Numerous experiments and computations were 
made to determine the most advantageous angles for 
setting the sails, and their most effective forms and pro- 
portions. If we su the radius of a sail divided 


into six equal parts (Fig. 108), and circles traced through 
Fig. 108. 
¢ ae a 

- — 5 

-\- _ -4 
fi +t of, 

Li 4 
ipeeen es r= (gy ) me oe } 


the points of di the of each t in 

revolving, is proportional to prope of its able jokes 

= between radii, or proportional to its own 
ius. If, then, we make a 


at these different parts, we see that as we | 
centre we should increase the obliquity of the sail to its 
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plane of motion, so 1s to allow for its more slow escape | 
sideways from*the impulse of the wind. The sails — 
accordingly are not made flat surfaces, inclined equally 
to the plane of their revolution, but surfaces of varying 
inclination, somewhat like portions of screw blades, 
twisting as it were from a certain obliquity at their ex- 
tremes to a greater obliquity at the centre. The angles 
found most advantageous in practice are given by the 
celebrated engineer Smeaton as follow, as wellas those 
used by some other engineers :— 


eo er Seek Se Meee | 


woe 189... 1 ... 1 ... 16 .., 12J°... 7° 

24... 219... 1 1, 

Tn the angles given by Smeaton, an i ity is ob- 
served in the first, which should, by theoretical reasoning, 
be greater than the second ; whereas Smeaton makes it 
less. The following rule may be adopted as a very near 
a ximation. ‘o find the angle at which the sail 
should be inclined to the plane of revolution at any dis- 
tance from the centre :— 

Rule —Multiply 18 twice by the distance from the 
centre ; divide the product twice by the total radius, and 
subtract the soovent from 23; the remainder is the in- 
clination in 

Ezample.—In a windmill 60 feet in diameter, required 
the inclination of the sail 20 feet from the centre. 


: . 18 x 20 x 20 
. Canoe os 
which, subtracted from 23, gives 15°, the angle of that 
int. 
W Ward wet Wé divide the ‘edins' 80° feet into’ @ eqnal | 
and calculate the angles at each point, we should | 
d them correspond nearly with the means of those 
oes he Eencston and others, as may be seen by the 
‘ollowing table :— 


rialsilalefes 


Distances from centre ........ 5 ft. | TOM. | 15 ft. | 20%. | 25 fe. | 30 fe, 
1s | 1% | 18° | 16 Te 
be | ae | ie | tel | 
aio | 20° | 19 | 15°| 10j°| fe 
aay) 21> | 18) 1| 1oy>| & 
ye} oy @ gyre 


Having determined the p: inclination of the sails 
at different distances from the centre, it next becomes 
important to inquire how much of the surface of the 
whole circle should be filled with sails. Mills are gene- 
rally made with four strong wooden arms, or radii, fixed 
firmly in a central socket, and steadied and stiffened b 

tie-rods, connecting their extremities together, and wit 

a projecting strut on the central boss. The width of 
each sail at the ext should be about half of the 
radius ; so that ina mill 60 feet diameter, or 30 feet 
radius, each sail would be 15 feet wide at the extreme. 
The part of the arm next the centre, for about 4th of the 
radius, that is, 5 feet in the case supposed, is not fitted 
with sails, because the surface there is so little effective, 

Fig. 109. 


—<T*T | 


—T | 8} balls suspend 


as well from its short leverage as from its obstructing 
the wind reflected from the head of the turret behind it, 
The width at the inner end should be }rd of the radius 
or 10 feet. The surface of each sail is therefore 312 
square feet, and the total of the four is 3124 x4=1,2 
square feet. 

The total area of a circle 60 feet in diameter is some- 
what above 2,800 square feet, so that not half the sur- 
face of the circle is clothed with sails. There would be 
no disadvantage in extending the surface by making the 
sails broader, or more numerous, until it became #ths of 
the whole surface. Beyond this, additional sail-surface 
is disadvantageous, for it appears to obstruct the free 
passage of the currents reflected from the sails, and thus 
clogs their motions. It is found advantageous to arrange 
the surface of a sail somewhat in the proportions of the 
dingen (Fig. 109), which represents the front view of 
one sail. 

The covering of the surface, so as to catch the impulse 
of wind, formerly consisted of canyas fixed on a roller 
at one side of the arm, on which it could be rolled like 
a window-blind ; or from which it could be unrolled so 
as ae cover the whole sail, woe was ony in with 
wi en. Faning to support the canvas press inst it 
by the wind. metimes the canvas, instead of being in 
one sheet, was subdivided into numerous separate sheets 
mounted on rollers ; and apparatus was provided so that 
the canvas might be wound on the rollers or unwound 
at pleasure, while the mill was in motion. As the wind 
is exceedingly variable, and as the quantity of work re- 
quired of the mil] also varies to a considerable extent, it 
was found necessary to proyide some apparatus by which 
the mill might regulate itself, so that its velocity should 


| not be excessive at one time and too small at another. 
One mode of effecting this object was to apply to the 


Fig. 110. 


—— 


machinery of a mill a governor, like that of a steam-engine 
(which we shall have occasion to describe in detail here- 
_— after). This governor consists of two heavy 
from the summit of a vertical 
revolving spindle by jointed rods (Fig. 110). 
The spindle rege, at rest, the balls hang close to 
it on each side ; but on the spindle being caused 


x} to revolve rapidly, the balls, impelled cen- 


(O)=5 om pad a 


trifugal force, fly away from the cen axis. 
as marked by the dotted lines. A system of 
levers and rods connected this apparatus with 
the sail-rollers, so that when the balls flew out- 
wards, from increased velocity, the sails were 
furled ; and when they fell inwards, from dimi- 
nished speed of revolution, the sails were un- 
D} furled. e quantity of surface thus presented 


3 
- 
> 
& 


to the wind was adjusted to its force, and a 
tolerably equable velocity of the machinery was at- 
tained. In some more recent mills; an ingenious 
contrivance for regulating the surface of sail accord- 


‘ 


: 
: 
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the wind, bas been success- 
The sails consist of a framework filled 
vre-boards hi! on — near one 
y 


¢ 
d 


and all connected levers and 
on the central axis of the windmi 
. 1 the wind blows strongly against the 
nama it goed a Log of their — Li geeeme” 
passes ug’ e openi tween them. 
The seretan gy & sails is thus Siminished by the pres- 
sure of the wind itself. To prevent its being too much 
diminished, the sliding-boss connected with the louvre- 
boards is upon by a lever loaded by a certain 
weight s ent to balance, as far as may be desirable, 
the pressure tending to force aside the louvres, and thus 
to keep them, to a certain extent, up to 
Fig. Lt. their work. When the load on the mill— 
that is to say, the quantity of work 
effected by it—is varied, the weight may 
be varied accordingly; and thus the 
effective amount of surface in thé sails 
may be adjusted to the eee force of 
the wind, and the work to be done by it. 
*) When the wind-force exceeds or falls 
short of its average, the greater or less 
inclination of the louvres very nearly 
compensates for the variation. 

e sails of a windmill should directly 
face the wind in order to receive its most 
advan us action ; but, as the direc- 
tion of the wind often changes, it is neces- 
sary to adopt some arrangement for 
varying that of the mill-shaft accordingly. 
The summit of the mill-tower, in which 
the mill-shaft is mounted, is therefore 
made to revolve, so that at any time the 
direction of the shaft may be varied, and 
the sails presented to the wind. In old 
mills, and indeed in many small mills 
still Wey this change of direction is 


| effected by hand. A long lever is fixed to the movable 
cap or summit of the tower, and extends obliquely to 
Fig. 112. 


the ground. The miller watches the direction of the 
| wind, and by moving this lever, turns the cap round to 


its proper position. But in large mills this would 
quire considerable power ; 
a oe coal ie be pai 
wind. ere a sii an, lected, the mill might 
adress 0) for as the sails are made and strengthened 
by tie- to receive the wind’s pressure on their face, 
a change of the wind to the opposite ee ae 
throw a t strain on their back, for meeting 
no provision is made. A simple mode of making the 
change of direction self-acting, is to fit the back of the 
cap witha vane, which, like that of a weath 
would cause the sails to gh cote on to the wind from 
whatever quarter it might blow. But when mills are of 
condiianiie size, the vane would require to be very large 
and cumbrous. The contrivance generally em is 
neat and ingenious. Behind the cap (Fig. 112), on the 
side opposite that through which the wind-shaft passes, 
a framing is made to project outwards. On this i 
there is mounted a small windmill, on an axis transverse 
to that of the main arms. The cap rests on rollers fitted 
in the circular top of the tower, so that it may move 
freely round ; a toothed circular rack is also fixed 
on the summit of the tower. A spindle, fitted with 
bevil-gearing so that it may be ca‘ to revolve by the 
revolution of the small mill, conveys motion to a toothed 
pinion, which gears into the circular rack. When the 
main mill has its face presented to the wind, the small 
one stands edgeways to it, and therefore remains at rest; 
but as soon as the wind veers, it ins to act on one 
side or the other of the small mill, and thus causes it to 
revolve. The pinion is thus made to travel along the 
fixed rack, and turn the cap of the mill until the 
main mill is again brought to face the wind in its new 
direc ‘i om ys pra - es > heresy, effective; 
and when it is pro ap i uires no 
attention in respect of the direction of its to the 
win 

In estimating the velocity with which the sails of a 
windmill revolve, we have to consider not only the force 
of the wind upon them, but also the resistance to their 
motion occasioned by the work done by the mill AB 

Fig. 113. 


(Fig. 113) may represent the edge of a surface presented 
cblejuely to the wind, and capable of moving in the 
direction C D at right angles to that of the wind. If 
the surface be free and unresisted in its motion, and the 
wind be considered to produce its full effect upon it, the 
proportion of its velocity to that of the wind would be 
estimated by that of the line B B’ to the line B A’; for 
it is clear that while the wind travels over the distance 
B A’ the surface moves to the position dotted, that is, 
over B B’. Butif the motion of the surface be resisted, 
its velocity in relation to that of the wind is diminished, 
In the case of windmill oe weer such a load 
of work on the mill that the velocity of the sails is not 
more than half what it would be were there no resist- 


the velocity 
e table, is about 5 rep our, and the 

inclination of the sail or alf way from the 
centre 18°, we should find the half of B B’ to be about 14 
times A’ B, or the velocity of the sail 1} X 5 = 74 miles 
hour—about 660 feet per minute, If the windmill 
about 60 feet in diameter, the diameter of the middle 
point of the arm is 30 feet; the circumference of the 


of which, 
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circle in which that point revolves is 94 feet, and the 
number of revolutions made per minute is therefore 
482 — about 7. 

If, now, we calculate the speed of the extremities of 
the arms, we find that it is 1,320 feet per minute, or 
about 15 miles per hour ; three times that of the wind, 
which we have assumed as 5 miles per hour. Did we 
assume a wind of ter velocity, we should have to 
take into account the self-regulating arrangement, which 
diminishes the amount of surface exposed, and therefore 
prevents the mill from attaining so much increase of speed 
as it would without regulation. Under ordinary circum- 
stances, the speed of the outer extremities of the arms 
ranges from 20 to 30 miles per hour. We may assume 
30 miles per hour when the wind blows at 10 miles, with 
a pressure of about $b. on the square foot. The total 
surface of the sails unfurled, in a mill 60 feet dia- 
meter, is 1,250 square feet; we may suppose half lost 

furling ; leaving 625 effective. As the surface is set 
obliquely to the wind, the pressure in the direction of 
motion would be reduced from 4 lb. to about } lb., as a 
mean over the whole of the giving a ressure 
in the direction of motion of ¢ 90 lbs. The mean 
velocity of the arms is half that of the extreme, 15 miles 
sal or 1,320 feet perminute. We have, therefore, 90 
bs. moving at 1,320 feet per minute, which is equivalent 
to a force of 90 x 1,320 = 118,800 lbs., moving at 1 
foot per minute. A horse- 
valent to 33,000 Ibs., mov 
fore, the power of the mill we have reckoned is about 
34 horse-power. 

When we double the diameter of a mill, we ong 
its power, for we quadruple its effective surface. 
areas of circles are proportional to the squares of their 
diameters; and as the similar parts of the areas are 
occupied by sails, they are also as the squares of the 
diameters. 


It is not at all an easy matter to estimate the powers 
of windmills. The proper guide as to power, velocity, 
and construction, is experience. Some of the works of 
Smeaton contain much valuable information respecting 
this branch of Practical Mechanics; and to these we 
must refer such of our readers as require a more full 
discussion of the subject than our limits permit us to offer. 

As a force applied to the movement of machinery, 
wind has few advantages, pre Rag little cost after the 
first outlay for a windmill has been made. It is chiefly 
available in flat countries, where there is no opportunity 
of obtaining the preferable power of water, and where 
there is little interruption to the aérial currents. In 
hilly countries windmills are often subject to derange- 
ment, from the excessive force of the gusts of wind that 
occur in such regions. In tropical countries, particularly 
islands and places near the sea-shore, the daily occur- 
rence of the land and sea-breezes, occasioned by the 
action of the solar heat on the land, provides a certain 
amount of wind-power, which may be almost always 
depended on. But in these countries, on the other 
hand, there often occur tornadoes, or hurricanes of ex- 
treme violeuce, that sweep vs f almost everything that 
may oppose their progress ; and thus frequently destroy 
windmills, and occasion renewed outlay in their re-con- 
struction. The principal use to which windmills are 
devoted in temperate climates, is for grinding corn ; in 
tropical climates, such as the West Indian Islands, they 
are employed for driving sugar-cane mills. In fenny 
and marshy countries, such as Holland, or some of the 
eastern counties of England, they are used for drainage, 
either by working pumps or turning a wheel contrived 
for lifting the e water from the surface of the 
ground into canals at a higher level, by which it is carried 
off into the sea. In all situations, however, where the 
cost of fuel is not extravagantly great, steam-power is 
gradually superseding that of wind, because its certainty 
of action more than repays the cost of its production. 
Whole districts, the drainage of which is dependent on 
wind-power, may frequently remain many weeks under 
water from the prevalence of calm weather, and the 
agricultural operations of the season may be so seriously 

vou. L 


wer is reckoned as equi- | 
1 foot per minute ; there-_ 


interfered with, that whole crops are lost, or become 
immensely deteriorated. In sugar-growing countries, 


| again, the derangement of wind-machinery by a hurricane 


or tempest, may occur at the season when the sugar- 
canes have to be crushed ; and the loss of a few days in 
crushing the canes, may seriously damage the sugar in 
respect of quantity as well as\quality. Upon the whole, 
then, whenever the cost of fuel is not excessive, it is not 
advisable to incur the outlay of extensive works for 
securing wind-power. A very small steam-engine, kept 
constantly in operation, is far more effective than a wind- 
mill of much greater power, because the latter is so 
variable and uncertain in its action. The only operations 
suited to wind-power, are such as need not necessaril, 
be completed at certain periods, but may be condu 
occasionally as the wind may serve. Nor should the 
machinery driven by wind require very nice regularity 
in its action; for, notwithstanding all the ingenious 
arrangements for equalising the wind-force, it is still 
unsteady at the best. 

Every part exposed to the wind should be greatly in 
excess of the strength required to resist the average 
strain to which it may be exposed. The tempest of an 
hour—nay, a momentary gust—may frequently destroy a 
windmill that has stood under ordinary winds for years. 
As a safi against too much strain, the windmill 
should always be left free to revolve, even if the ma- 
chinery which it drives be thrown out of gear. The 
shaft or axis of the mill generally carries a large wheel, 
to which is fitted a strap of iron loaded so as to press on 
its circumference, and act as a friction-break either to 
hold the mill fast for purposes of repair during light 
winds, or to check its velocity when the winds are too 
strong for the work required. 

WATER POWER.—The movements of water are 
much more serviceable for the purposes of power, and 
steady in their operation, than those of air. In level 
countries, where the streams are slow and languid in their 
flow, this power is not attainable ; but in hilly oonnstesiag 
where the rivers and streams fall uently from a high 
level to a lower, water-power is easily obtained, and is 
most advantageous as a steady, inexpensive prime 
mover. The most common way of employing water- 
power is to cause the current to act on the circumference 
of a large wheel, so as to give it a rotatory motion, 
which is communicated, by means of shafts and wheel- 
work, to the machinery required to be driven. Such 
water-mills are generally used for grinding or thrashing 
corn, crushing bones for manure, raising water to irrigate 
land; in mining districts, for crushing or otherwise 
operating on the ores; and in manufacturing districts, 
for working cotton, woollen, or flax machinery, Water- 
wheels are of three kinds, named according to the 
ae in which the water-current is made to act upon 
them :— 

1. Undershot, when the wheel is fixed over a stream 
with inconsiderable fall, but considerable velocity, 

2. Overshot, when the fall of the water is so great 
that the stream may be directed upon the upper part of 
the wheel. 

3. Breast-wheels, when the stream can be directed on 
or near the middle or breast of the wheel. 

1. The Undershot-wheel may be best understood by 
conceiving the action of the paddles of a steam-vessel 
reversed ; that is to say, while in a steam-vessel the 
paddles are caused to revolve, and were the vessel fixed 
would produce a current in the water by their revolution, 
in the case of the undershot-wheel, the natural current of 
the water pressing on the floats immersed in it, causes 
the wheel to revolve. It is sufficiently clear that the 

wer derived from this arrangement depends upon the 
intensity of the pressure which the water exerts on the 
floats, and the amount of surface pressed upon. If we 
sup the wheel at rest, and its float standing vertically 
e water, we may easily compute the pressure on 


in 
eve uare foot of its surface by ascertaining the speed 
at w ich the water flows against it. This pressure, like 


that of the wind, is proportional to the square of the 
velocity of current; for by doubling the rectly we 
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bring double the number of icles in contact with the 
force of each icle in 
ruple the 


we com, 
10 feet per second, by multiplying the velocity 
and taking the pressures in those proportions. 


as 
by i 


faling through a height equal % that of te uid col 
i a height to that of the fluid column 
rif This i: found by the following rule :— 
Multiply the square root of the height (in feet) i 8; 
wa ee is the velocity (in feet per second). Thus, 
- ifa stone were dropped from a precipice 100 feet high 
(neglecting the resistance of the air to its fall), its yelocity 
when it strikes the bottom would be about 80 feet per 
second ; for 10 is the square root of 100, and 8 x 10= 
80 feet per second. If, on the other hand, we knew the 
velocity, we should be enabled to calculate the height of 
fall by reversing the rule; that is to say, divide the 
velocity (in feet per second) by 8, and square the result 
for the height (in feet). Thus, if we ascertained that a 
stone had in its fall acquired a velocity of 80 feet 
second, we should reckon that it had fallen 100 feet, for 


: = 10, and 10 squared or 10 x 10 = 100. 


These rules do not take into account the resistance 
offered by the air to the motion of the body falling 
through it. In falling through great heights, this re- 
sistance has very great effect on the velocity ; but for 
small falls, it may be neglected without material error. 
If now, we apply these computations to the fiow of cur- 
rents of water, we can pba the height due to a cer- 
tain velocity of current ; that is, the head of water whose 
pressure on its lower particles gives them the velocity in 
question. Thus, if on measuring the velocity of a stream 
at a rapid, we found it to be 16 feet per second, since 


P= 2, and 2x 2=4, we should reckon that, in order 


to have this velocity, it must be pressed on by a column 
or head of water 4 feet high. It must, therefore, press 
upon any body immersed in it with the same force as it 
is itself subjected to; for it is the peculiar property of 
fluids to convey pressures equally in every direction 
through them.+ It does not necessarily follow that, at 
the point where the velocity is measured, there is an ac- 
tual fall of 4 feet: it is sufficient that the water has 
somewhere fallen enough to acquire the velocity mea- 
sured, or that any forces whatever have combined to give 
it that velocity, or to reduce its velocity to that degree. 
The velocity is, in fact, the expression of the result of all 
the forces and resi that have acted on the water 
up to the point where it is measured. Having computed 
the head of water pore. it is easy to compute the 
amount of pressure exe on a square foot. A cubic 
foot of water weighs 624 lbs. ; therefore the bottom of a 
cubical box, measuring 1 foot every way, is pressed on 
by a force of 62}1bs, when the box is filled with water ; 
in other words, the pressure of a column of water 1 foot 
high, is 62}1bs. on every square foot of bottom surface. 
ere the height of the column increased, the pressure 
would be increased in like proportion ; every additional 
foot of height would throw an additional pressure of 
62} Ibs. on every — foot. The intensity of pressure 
Ibs. per square foot), then, is 62} times the height in 
eet. us, the pressure due to a head of 4 feet, is 
62} X 4 = 250 Ibs. per square foot. We may now com- 
bine the two computations—that for head due to given 
velocity, and that for pressure due to given head—into 
one rule, for determining the pressure per square foot 
due to a given velocity, as follows :—As the square of 8 
is 64, which does not much differ from 624 we may, 
without material inaccuracy, avoid dividi he velocity 
© See ante, Hydrodynamics, p. 764. + See ante, p. 751. 


by 8 before squaring the quotient, and again multiplying 
y 624, ont thar have the very denis rule. ; 

Square the velocity (in feet per second), and the result 
is nearly the pressure (in Ibs. per tear foot). Thus, 
when the stream is moving with a velocity of 16 feet 
second, its pressure per square foot is 16 x 16 = 256 Ibs. 
nearly, By the former computation, we found 250 Ibs., 
less by 6; that is, less than part of the whole. So 
far we have found the means of computing the pressure 
on a float-board at rest, in v atreans fowine Wilt iven 
8 ; but in the case of an undershot water-w’ the 

oat is in motion in the same direction with the 
and therefore the relative velocity of the latter, in 
upon it, is so much diminished. The relative velocities 
of the float and of the current may, of course, be varied 
by applying more or less resistance to the motion of the 
wheel, It is necessary to know the relation of the two 
velocities, so as to derive the best possible effect from 
the current. If we takea particular case, and try various 
relations, we may find the most advantageous—bearing 
in mind that the result to be obtained is the maximum 
of power or useful effect ; that is to say, the pressure on 
any float multiplied by the velocity of its motion, which 
product gives the power of that float as a mover of 
machinery. If we take the velocity of a current as 6 
feet per second, and form a table of velocities of float 
from 0 feet per second up to 6 feet per second, of pres- 
sures due to the excess of the stream’s velocity over that 
of the float, and of the powers or fre ager of those 
sures multiplied by the corresponding velocities of Hat, 
we shall find the power greatest = the velocity 
the float is exactly 2 feet per second, or }rd of that of 
the stream. Thus— 


Velocityof Velocity of Excess of Pressure or 
stream. float. 


Power or 
stream over sale xveloe. 
36 


Qa ormreco 
Crone 
onmonlk 
eustie 


Were we to take any other velocity of stream we should 
find the same result, that the velocity of the float should 
be rd of that of the stream, in order to attain the maxi- 
mum effect.{ If this rule be adhered to, the excess of 
the stream’s velocity over that of the float is {rds of itself ; 
and the pressure per square foot would be the square of 
grds of the stream’s velocity, or 4ths of the square of 
the velocity, since  X $= The power would depend 
on the number of square feet pressed upon, and the 
velocity of the float, and would therefore be found by 
multiplying the surface of the float by ths of the ae 
of the stream’s velocity, and the product by the float’s 
velocity, or }rd of the stream’s velocity. As there are 
generally several floats immersed in the water, it may 
appear that the surface acted on is co: iderably 
than that of one float ; but when it is remembered that 
the volume of water contained between any two of the 
floats, if it press the one forward by its di action, 
must equally press the other backward by its reaction, 
we cannot safely estimate more than the surface of one 
float as really effective. The velocities of currents are 
generally reckoned in feet per second, while the velo- 
cities of moving parts of machinery, in estimating 

t If V= velocity of stream, » = velocity of float, p= pressure 
per square foot = (V—v)? and P= power = po = V—p)*v, 
to find v, so that P may be a maximum. 

P= V—v)\*v = V*0 — 2V0? + 0°, 
a? = V4—4V0 4-30 = 0. 
4 va 4 4 1 

oo —sVe=—% and v—z Vo+5V*=9V* 

i Hence v — $V = + }V, or v= V, or $V. 
q'T = —AV-+ 60, and substituting for » each ofits values, 


— 4V+ 6V = 2V positive, gives P a minimum when v= V. 
—4V + 2V= — 2V negative, gives P a maximum when »= 4V. 


a 
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, are reckoned in feet per minute. Taking a 

power as 33,000 Ibs. lifted one foot high in one 
minute, and assuming the circumferential speed of an 
undershot-wheel as one-third of that of the current, we 
may estimate its power as a mover of machinery by the 
following rule :— 

Multiply the surface of the float (in square feet) three 
times by the velocity of the stream (in feet per second), 
and divide the product by 3,800; the quotient expresses 
the horse-power. 

ons grand undershot-wheel, having floats 2 feet 
deep 10 feet wide, is moved by a stream running at 
ey Pon jenn wl required its power. 

surface of a floatis 10 x 2 = 20 square feet. 

The velocity is 74 miles per hour: or (as a mile is 

5,280 feet, and an hour 3,600 seconds) the velocity is 


SS OT feet per second. 


The power therefore is ATES XT 7 horse- 


er. 
PeThe speed of the floats being rd of that of the cur- 
rent, is D feet per second, or “+X. _ 999 feet per 
minute. We may take this as the speed of the middle 
part of the float ; and if the wheel be 23 feet in extreme 
diameter, its diameter at the middle of the floats would 
be 21 feet, and circumference there 66 feet ; if this move 
at the rate of 220 feet per minute, the wheel must make 


iY = 8} revolutions per minute. 


The speed of a stream be. qnaral) timated b 
Savial on:ik « boty that Seek, ee oe, 


that the body fairly attain the speed of the current be- 
fore its motion is reckoned in the time. 

Itis advan to make the inner edges of the floats 
to stand somewhat above the general level of the water, 
which becomes heaped up behind them, and would other- 
wise pour over the edges (Fig. 114), Indeed, the dif- 

Pig. 114, 


of water passing more quickly through a diminished 
channel ; but also the water, acting on the floats, is pre- 
Tenens from escaping sideways without giving its full 

‘ect. 

As the velocity of streams to which undershot-wheels 
are applicable is never very great, and as the velocity of 
the floats should not much exceed one-third of that of 
the stream, such wheels are necessarily slow in their 
revolution, and can therefore be applied with most ad- 
vantage, in driving machinery where quick speeds are 
not required. When it is necessary to convert the slow 
revolution of the wheel to rapid motions in the ma- 
chinery, there are considerable losses from the friction of 
the gearing. For such purposes as that of working 
pumps or fulling-mills, and generally for slow, heavy 
work, these wh are very serviceable. The princi 
objection to their use arises from the circumstance, that 
with a stream of average pa very little power is 
obtained without a very large and cumbrous w in- 
volving considerable outlay, and extending over a i 
breadth of the stream. By agrags, tee diameter of the 
wheel large, no greater power is obtained, except what 
may be attributable to the more direct action of the 
water on the floats, which enter and leave the water 
more vertically when the wheel is large. The circum- 
ference of a Thee wheel should move with the same 
goed as that of a small one ; and, therefore, the ter 

wheel, the smaller number of revolutions does it 
make in a given time. The only way of increasing the 

wer is to extend the surface of the floats. This may 
done by ing them deeper or wider. Additional 
depth of the float, even where the depth of the stream 
— it, is by no means so effective as additional width ; 
or a wide shallow float enters and leaves the water with 
ease, while a deeper one presses the surface of the water 
down in entering, and lifts it up in leaving, and thereby 
encounters considerable resistance to its motion. 

Occasionally undershot-wheels have been made like 
the featherin; poe of steam-vessels, where the floats 
are capable of ing turned ga (Fig. 116) so as to 
maintain a vertical position while immersed in the water, 


and thus receive its most direct impulse, while they enter 
and leave it with the least possible resistance, 
Fig. 118, 


_— 


When it is considered that twice in every a great 
tidal stream flows and ebbs along our coast po in our 
estuaries, it is surprising that pe Koren has not more 
frequently been taken of this enormous power by the 
erection of undershot-wheels along the course of the tidal 
currents, In this country tide-mills are rare; and 
neither their number nor magnitude render them im- 
portant as sources of power. Occasionally, however, 
they have been employed with advantage. here there 
is a great tidal stream, and consequently a 
considerable difference between the levels of 
high and low-water, fixed wheels would be 
almost useless ; for at high-water they would 
be too much immersed, and at low-water too 
little. Itis in such cases necessary to mount 
them on a floating stage or barge, so that the 
whole mill may rise and fall with the tide, 
the amount of immersion remaining con- 
stant. Again, as the tide flows alternately 
in Acomrs directions, when it is required 
that the machinery move only in one direc- 


velocity augmented by the necessity of a certain body | tion, it is necessary that tide-mills, in such cases, should 


OO 
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be fitted with apparatus by means of which the direction discharge the water into the buckets a little beyond the 
of miovenmit sony be tate on where the mill is | summit of the wheel. As the wheel revolves, each suc- 
floated on a barge, the swinging of the barge by the tide cessive bucket is brought under the spout and becomes 
effects the required change of position to suit e change | filled with water ne Se eee on one side 
in direction of the current. of the wheel, is the moving force. bu as they 
If it were practicable to make use of the tidal stream descend, become ually Shee return up the 
in such a river as the Thames, without interfering with | unloaded side the wh to again filled, and 
its —, the power derived from it would be | descend. d 
enormous. we suppose the breadth, 1,200 feet, occu- Such wheels are only applicable where there is a con- 
ied by tidal mills side by side, with floats immersed | siderable fall of water ; for the on eee the head, above 
Ly lly A the total float-surface would be 3,600 square | the stream as it flows away from the wheel, technically 
feet in one section of the river. The velocity of current | called the tail-water, must be equal to the diameter of 
We may take, on the average, as 3 miles per hour, nearly | the wheel, or nearly so. In overshot-wheels the i 
4} feet per second ; and the power, according to our Tule, | of the water is no element of power, except in so far as 
would be the quantity conveyed by the spout to the wheel 
3600 x 4} x 43 x 4} upon the velocity with which it flows. If the of 
disc be considerable, a positive disadvantage results 
3800 from e too rapid dash of water into the buckets 
Were such mills repeated at intervals of 220 feet along — it to overflow, while the bucket remains 
a mile of the river, there would be 24 of them,‘and the | partial y filled. Itis easy to see that the quantity of 
total power would be 86 x 24—2064 horse-power in a | water issuing from the spout onan Bes time which a 
mile of the river’s length. It is not, of course, presumed | bucket occupies in ing under it, should barely exceed 
that such an ment is feasible : it is only offered as | that which the bockes will hold ; if it fall short of that 
an illustration of the great mechanical power that might | quantity, the bucket is only aclopes Aap in its passage ; 
be derived from the natural movements of the water in and if it much exceed that quanti » the force of its 
tidal estuaries. In some rivers, such as the Rhine and flow causes it to dash over become wasted without 
the Seine, barges are moored carrying tidal mills of this effectually filling the bucket. The diameter of the wheel 
kind. In such streams the level does not greatly vary, ing limited by the height of the fall, when it is desir- 
and the current sets continuously in one direction, so that | able to take advantage of a large quantity of water dis- 
the power is applied with constancy and facility. charged from the spout, the breadth of the wheel must 
2. The Overshot Water-wheel (Fig. 117) has its circum- | be increased, and the water in the spout caused to 
Fig. 117. itself out to a wide sheet, so as nearly to cover the whole 
: breadth of the wheel. The sheet of water should always 
be a few inches narrower than the face of the w to 
save the water from dashing ineffectively over the 
(Fig. 119). Another point of great importance in 
construction of the buckets, is to leave a passage for air 
at the inner upper angle of each bucket, a a, a (Fig. 
119), otherwise the bucket can become o: ly 
filled, in consequence of the elasticity of the air confin 
in it compelling the supply-water to dash over the edges 
instead of filling the bucket. ’ 
In constructing an overshot-wheel it is necessary to 
give consideration to the following points :— 
1. The point of the circumference at which the spout | 
should discharge so as best to fill the buckets, 
2. The best form of bucket for receiving the water, 
vs for retaining it, through a considerable part of its 
escent. ‘ 
3. The best speed at which the circumference of the 
—— wheel should travel so as to obtain the greatest effect 
os so. ae from the moving load of water which its buckets contain, 
a pag ts kM pela orm es - If we suppose that a fall of water ete twenty-two 
- of containing water. © | feet in height is to act upon an ov. t-W! ig. 
spout conveying the water to the wheel either passes over | a ae 119, Sc Me ; 1%), 
Fig. 118. 


=86 horse-power. 


aa 
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its summit, or has a check at its end (Fig. 118), so as to | we may make the wheel about twenty-four fect in dia. 
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meter, and the depth of the buckets, measured towards 
the centre, two feet. Dividing this depth into two equal 
Fig. 120. 


tt 


parts, each one foot, marked by the dotted circle (Fig. 

121), dividing the circumference of this circle into a con- 

venient n of equal parts B B equal to the numder 
Fig. 121, 


of buckets (40 in the diagram), and drawing lines C B A 
towards the centre of the wheel through the points ot 
division, we are enabled to determine the form of the 
buckets. The casing extending between A A is called 
the sole of a bucket, and is left with a narrow slit open 
at A for the escape of air from the bucket when the water 
pours into it. The board A Bis called the start, and the 
inclined part B C the arm of the bucket. Sometimes this 
inclined part is made in two parts at different degrees of 
obliquity, like the lines BD, DE; of which BD 
wont be called the arm, and D E the wrist, the start AB 
being called the shoulder. These names are doubtless 
given from the resemblance of the section to the form of 
a bentarm. The whole circumference of buckets and 
soles is called the shrouding. 

On dividing the vertical diameter F G of the mean 
circle of the ‘aoulliig into six equal parts at the points 
H, I, J, K, L @ig. 120), and drawing horizontal lines 
through H and L to meet the circumference, we observe 
that at the upper line the bucket is filled, and therefore, 
the weight of its contents begins to act in causing the 
wheel to revolve, while at the lower line it begins to 
empty itself, and its action may there be considered to 
cease ; or whatever effect the water may have beyond 
this point is so small that it may be neglected as an 


element of power. The total effect of the water, then, 
in causing the wheel to revolve, may be reckoned to be 
that of the weight of water contained in ten buckets 
descending through a height equal to two-thirds of 
the diameter of the mean circle, viz., 22 x § = 15 feet 
nearly. The diameter of the mean circle is equal to 
the height of fall ; and we may, therefore, by taking 
a wheel of just proportions, generally obtain a de- 
scending weight acting through a vertical height two- 
thirds of the height of fall; and the weight itself 
consisting of the contents of one-fourth of the total 
number of buckets. The capacity of those buckets 
for containing water depends manifestly on the 
breadth of the wheel or the length of the buckets, as 
well as their sectional area. The area of those in 
the diagram, reckoning up to the level line bounded 
by the air-slit at their filling-point, and by the lip of 
the bucket where the discharge begins, may be taken 
at little above 1} square foot ; and we may suppose, 
for facility of calculation, that their length or the 
‘breadth of the wheel is 1 foot, giving each bucket a 
capacity for containing it cubic foot of water, 
weighing about 70 lbs. The contents of the 10 
buckets, therefore, weigh 700 Ibs.; and this weight 
is constantly moving with the velocity of the wheel. 
In determining the absolute power to drive ma- 
chinery, we must ascertain the velocity in rela- 
tion to that with which the water flows from 
the spout. The circumference of the wheel must 
move at such a rate that no bucket shall pass 


= the spout without being filled from it. The total 


circumference of the wheel being 754 feet, divided 
into 40 equal parts, we have, for the distance from lip to 


lip of each bucket, Le = 1°888 nearly, or about 1} foot. 


If the wheel make one revolution per minute, each 
bucket passes any fixed point in 7th of a minute, or 14 
second ; and the velocity of any point in the circpm- 


ference is Te about 1} foot per second. It has been 


stated, that the most advantageous circumferential velo- 
city of an overshot-wheel is at the rate of 2 to3 
feet per second. Taking 2} feet per second for the case 
we are discussing, the wheel would make 2 revolutions 
per minute, and each bucket would pass a fixed point in 
ng of a second. As the water issuing from the spout 

a certain depth or thickness, some time of the 
bucket’s passage must be deducted in order to ascertain 
the time allowed for influx of the water. Deducting jrd 
of the time, that is, ¢ from 2”, we have }” as the time 
during which the bucket remains under the spout to be 
filled ; and in this time 1} cubic foot, the contents of the 
bucket, must flow from the spout—that is, 2 x 1} = 2 
cubic feet in lsecond. Asthe spout is 1 foot broad, an 
we must not reckon the depth of water in it above 
6 inches or 4 a foot, the sectional area of the water- 
channel is 4 a square foot, through which 2} cubic feet 
must flow per second, The velocity of the water must 
therefore be 2 X 2} = 44 feet per second. Should the 
velocity of the stream be less than this, either the wheel 
must move more slowly or the spout must be inclined to 
meet it at a lower level, so that the water may attain 
greater velocity from additional fall. Should the velo- 
city of the stream exceed this, either the wheel must be 
permitted to move more quickly, or it and the spout 
must be widened, so as to present greater capacity of 
bucket and diminish the speed of influx. 

Recurring to the power of the wheel, which we suppose 
to revolve at the speed of 24 feet per second, or 150 feet 
per minute, with a force of 700 lbs. at its circumference, 
we find the effect to be equivalent to 700 x 150 = 105000 

10 


Ibs. moved 1 foot per minute, ai = about 3} horse- 


power. 
Had we estimated it in another way by taking the 
quantity of water issuing from the spout, viz., 2} cubic 
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feet per second, or 135 cubic feet minute, weighing 
about 8,440 lbs., and reckoning its or effective move- 
ment 15 feet, the distance descended while it remains in 

we should have found the power to be 


8440 X 19 _ about 3§ horse-power. But it must be 


remembered that all the buckets do not act with their 
full leverage to turn the wheel in descending through 15 
feet, being nearer the centre of the wheel above and be- 
low the middle level than when they pass that point. 
The former estimate, therefore, of 3} horse-power, is to 
be taken as the more correct one. 

Eavendet bo aboattain what wberyrg we of naet =| 
actually develo) the descent of the water—that is, 
of th fre norosry to ase the water up agxn to the 
level whence it flowed—we have to consider that 2} cubic 
feet of water issue from the spout every second, and 
descend 22 feet, or that a weight of 2} x 62} = to about 
140 lbs., moves 22 feet second, or 22 X 60 = 1320 
feet minute; or + 140 xX 1320 = 184,800 Ibs. 
moved through 1 foot per minute. This is equivalent to 


184800 __ rather more than 5} horse-power. Of this the 
mill has been found to render 3} horse-power, or about 
57 per cent. available for driving machinery. 

ft has been stated by some engineers, that as much as 
70 to 80 per cent. of the power expended by the fall of water 
has been made available by means of overshot-wheels ; 
but we are inclined to think that, with the best known 


construction and proportions, the useful effect does not 
certainly exceed 70 per cent. of the water-power. 
Of late years, many of these wheels have been made of 


Fig. 122. 


iron: the partitions of the buckets 
are constructed of iron plates, 
bent to a curved form, and the 
obliquity is made Pregrrecom’f 
more _ in the wonder shroud- 
ing of former times (Fig. 122). 
The diameter of puch, wheels , 
made somewhat greater than the 
height of fall, so that the water 
enters the buckets some distance 
below the summit, where the 
inclination of the bucket is suited 
for the reception of the stream. 
Even if the buckets were filled at 
the summit of a wheel, and did 
not empty themselves till they 
reached the lowest point, the 
additional effect of their contents 
would be of little advantage, as it 
would act more to press the wheel 
down on its bearings than to turn 
it round. It will be found 
advan in practice to rec- 
kon the diameter of the wheel as 
more than the fall. Th 
for a fall of 24 feet, we should make the wheel 24 
Hh of 24, 3; altogether 27 feet in diameter. 
It has been recommended that the velocity of the 
wheel should be made dependent on the height of the 
fall ; that is to say, that it should be jth of the velocity 
which the water would acquire in reaching the bottom 
free descent. We can see no reason why such a rule 
ould be observed; for, as we have formerly stated, 


the velocity of the circumference should be so propor- 
tioned to of the water ing from the spout, that 
the buckets may be properly during their 


It is true that, by inclining the spout, we may increase 
the speed of the stream flowing from it, and thus render 
a greater velocity of wheel practicable ; but, being 
limited to a certain fall, whatever inclination we give to 
the spout, we take so much from the height after the 
water is delivered on the wheel, and consequently 
reduce the moving weight on the descending side of the 
wheel. We are, therefore, inclined to ere to the 
maxim formerly received among millwrights, that the 


or per ps, it most 
advantageously be fixed at 2 to 3 feet per second. 

The number of buckets may be determined by making 
it double the number of in the wheel’s : 
thus, in a wheel 24 feet in diameter, the number of 
buckets would be 48. According to this rule, oe 
from lip to lip of buckets would always be about 1 eet, 
Where the stream in the spout is wide and ow, it 
may be made less; and where the stream is deep, it 
should be greater. But, practically, its size within a 
few — ae of 7 4: rtance ; and we should 
recomme: ta division e circumference 6, 
or such numbers and their multiples, should fe % B 
as to bring each division nearly to 18 inches, 

In order to provide for the escape of air from the 
buckets, it is better to make their width exceed, 
sats pa fags aS yr ~ the stream, than to 
provi ir-slits in sole ; for, by this arrangement, 
each of the buckets may be made to hold a consid 
greater quantity of water than when the air-slits li 
its depth. 

Every precaution should be taken to secure a free 
flow for the tail-water, as the resistance arising from 
the immersion of the lower part of the w ina 
languid stream, takes considerably from its effective 
force. It is better to sacrifice a few inches of head by 
inclining the tail-course, so as to give the water some 
velocity (at least that of the wheel) in its escape, than to 
let it act as a drag on the wheel, by making the tail- 
course too nearly level. 

All descriptions of wheels where the water is received 
on their circumferences, fall under the denomination of 
ee aah aa if the water be not shot over their 
summits ; in according to the systems now 
sued in rendering water-power available, there is lt se: 


< 


where a really overshot-wheel should be adopted. Instead 
of making the diameter of the wheel less than the height 
of fall, so that the spout could be carried over it, the 
diameter should always be greater, as we have described, 
so that the water may be delivered at some point below 


Fig. 123. 


the summit. Instead of an overshot-wheel, in some 
cases an endless chain of buckets (Fig. 123) has been 
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employed for obtaining power from a fall of water. In 
theory, this arrangement appears one likely to prove 
more effective than that of the wheel, for the weight of 
water is retained in the buckets, and acts with constant 
force throughout the whole descent. Practically, how- 
ever, the apparatus is not of so substantial and perma- 
nent a character as the wheel; the chain has numerous 
joints, all subject to wear and decay from rust ; and 
when they become deranged, the increased friction and 
inequality of action considerably diminish the efficiency 
of the apparatus. _ 

3. The breast-wheel is an arrangement intermediate 
between the undershot and overshot-wheels. It consists 
of a wheel fitted with floats or paddle-boards round its 
circumference, revolving with its lower part in a channel 
which nearly fits it. Each float has a back-plate or sole, 
so that the wheel is somewhat like an overshot-wheel, 
with buckets open on their outer sides. When a consider- 
able stream of water falls over a height not sufficient to 
render an overshot-wheel applicable, and yet greater 
than would be required for an undershot-wheel, the 
breast-wheel is applied with great advantage. The 
floats fit as nearly as possible, without rubbing-friction, 
to the bottom and sides of the channel, or sweep, in 
which they revolve ; and thus, after passing the point 
where the water is delivered upon them, they act R ses 
as close buckets, containing a load of water which urges 
them onwards. 

At the point where the floats receive the water, some 
foree arises from the impulse or velocity with which the 
water strikes them, as well as from the mere weight of 
their contents. ay xe millwrights have thought this 
impulse a most essential element of power, and have 
therefore contrived the spout so as to throw the water on 
the floats with great velocity. Others, and among them 
Smeaton, whose opinions on such matters are always to 
be received with respect, have arranged the spouts so 
as to deliver the water on the wheel at as high a level as 


possible. By this ent the impulse from velocity 
is lessened, but the height through which the water after- 
wards acts by weight is in 


‘If we suppose that a certain stream, flowing with a 


velocity of 8 feet second, and having a fall of 8 feet, 
is applied to driving a breast-wheel 20 feet in diameter, 
having 40 floats (Fig. 124), we may inquire whether it 


Fig. 124. 


be more advan 
the’ wheel, or to slope its course downwards 3 feet before 
it meets the floats, In the one case we have the impulse 
due to a speed of 8 feet per second on one float marked 
9, and the weight of the water contained in eight others, 


marked 1 to 8 inclusive. In the other case we have the 
impulse due to the increased velocity of stream upon one 
float marked 7, and the weight of water acting on six 
others marked 1 to 6 inclusive. Farther, as in the 
second case the velocity of the delivered water is greater, 
its stream must be shallower, and therefore it must 
strike on a less area of float; and if the wheels move at 
rates respectively proportional to those of their streams, 
the same quantity of water being supposed to be delivered 
in each case, each of the buckets in the second wheel 
must contain less water than each of those in the first. 
Let us assume that in each case the wheel revolves at a 
rate which makes its circumference travel at one-third of 
the velocity of the stream, which we found to be the 
most advantageous speed for receiving impulse in the case 
of undershot-wheels. In the first case the velocity would 


bes =23 feet per second, In the second case we must 


calculate the velocity of stream due to increased fall. 
The fall to produce 8 feet per second is 1 foot; and 
adding to this the 3 feet of additional fall, we have a fall 
of 4 feet ; the velocity due to which is 8 times its square 
root, or 16 feet per second. The circumference of the 


second wheel, then, travels at the rate of s_ 5} feet per 


second, twice the velocity of the first ; and if in the first 
the buckets be exactly filled, in the second they can 
only be half filled, or need have only half the capacity. 
If we take the area of float in the first case to be 1 
square foot, and in the second 4 square foot, the float 
marked 9 in the first sustains a pressure due to 8 feet 
per second, the age of the water, less by 22 feet 
per second its own velocity; that is, to 54 feet per 
second, equivalent to a column ¢ths of a foot high on 1 
square foot of area, about ¢ths x 62}=28 lbs. moving 
at the rate of 2% feet per second, or 23 x 60=160 feet 
per minute, which givesa power of 28 x 160=4,480 lbs. 
moving at 1 foot per minute. In the second case the 
float 7 is pressed on by a column sufficient to give 16 
less by 54, that is, 10% feet per second, which implies a 
height of 1§ foot ; and this pressing on 4 square foot 
gives 56 Ibs. moving at 54 feet per second, equivalent 
to 17,920 lbs. moving at 1 foot per minute, 4 times the 
effect of float 9 in the first case, as might have been 
surmised, because the velocity is doubled. 

It remains now to compute the effect of the remaining 
floats in producing power. The total quantity of water 
issuing is 8 cubic feet per second, or 8 X 624 X 60= 
30,006 Ibs. per minute. In the first case this keeps 8 © 
buckets continually full, and moves them at 2% feet per 
second, or 160 feet per minute; in the second case it - 
keeps 6 buckets half filled, or 3 buckets quite full, and 
moves them at 5} feet per second, or 320 feet per minute. 
As each bucket holds 1 cubic foot, or 62} lbs., the power 
of those in the first case is 8 x 160 x 62}=80,000 lbs. 
moving 1 foot per minute; and of those in the second, 
3 X 320 xX 624=60,000 lbs. Adding to each of these 
results the power derived from the impulse of the water, 
we have in the first case 84,480 lbs. moved through 1 
foot per minute=2‘54 horse-power; in the second case 
77,920 lbs., equivalent to 2°36 horse-power. The result 
is, therefore, in favour of the first case; and thus 
Smeaton’s view of the circumstances is borne out. 

If the flosts be tolerably well fitted to the sweep, so 
that there is little loss of water by escape past their 
edges, the circuinferential speed of the wheel should be 
considerably more than one-third of that of the stream. 
A rate as high as two-thirds or three-fourths is practically 
attained with advantage. When this is the case, the 
impulse from excess of the stream’s velocity over that 
of the float is much diminished, and the principal 
element of power is the load of the water contained in 
the buckets. If, then, the fall of the ke cae be made 
just sufficient to deliver the water supplied by the stream 
or reservoir, all the rest of the fall is most advantageously 
applied in the sweep, care being taken that suflicient 
fall is left to carry off the tail-water with full velocity, 
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so that it do not become heaped up, and retard the | have to lift 270 cubic feet 13 feet high every minute. 


ascending floats. 
regen ee the power of a breast-wheel, we may 


suppose, for sake of simplicity, that the water is 

delivered on the horizontal line of the centre, and keeps 

all the buckets, from that line to the bottom, full (Fig. 

125).. Now the effect of the weight of any bucket, su 
Fig. 125. 


as A, to turn the wheel, depends upon’ the leverage with 
which it acts, which weal ‘be metered by the length 
OB of the horizontal line intercepted between the centre 
of the wheel and the middle of that bucket. Were we to 
divide the circumference from D to E into a great number 
of equal parts, and aso corebaara's perv as = 
ent on the leverage with which they respectively ac 
we should find it to be the same as if one weight—bear- 
ing the same proportion to the total weight in the cireum- 
ference D E as the length of C D, the radius, bears to 
the portion of the circumference D E—acted on at D._ In 
other words, the effect of all the weight of water in D E 
to turn the wheel, is the same as that of a column DF 
of the same width and thickness hanging at D. The 
same principle is true if the water do not deliver at the 
level of the centre of the wheel ; for if it be delivered at 
G, the effect of the weight of water between G E would 
be the same as that of a column of equal area. and of 
the height GF acting at D. 

If, now, we take the particular case of a wheel 25 feet 
in diameter, with buckets 1 foot broad and 1 foot deep, 
receiving the water at the level of the centre, and making 
3 revolutions per minute, we may compute its power, 
and the proportion which its useful effect bears to the 
expended power of the water. The buckets being 1 foot 
deep, the circle passing through their middle points 
would have a diameter of 24 feet, and therefore a radius 
of 12 feet and a circumference of 75} feet, making 3 re- 
yolutions per minute. The water in the buckets, there- 
fore, moves at the rate of 75} x 3 = 226} feet per 
minute ; and the weight of the column, having an_ area 
of 1 square foot, and being 12 feet high, is 12x 624 = 


750 Ibs. The power then is 70 X 226) _ snout by 


33000 
horse-power. 

The quantity of water required to fill the buckets is 
2264 cubis feet per minute, for it must three times fill 
the whole circumference every minute ; and as there must 
be considerable waste from the inaccuracy with which 
the floats fit the bottom and sides of the sweep in which 

revolve, we may reckon 20 per cent. more, or alto- 
gether 270 cubic feet per minute, to cover this waste ; 
that is, 44 cubic feet per second. If we take the stream 
at the spout 1 foot wide, and 9 inches or ?ths of a foot deep, 
its area must be }ths of a square foot, through which 44 
cubic feet have to flow per second. The velocity of the 
water must, therefore, be 6 feet per second, or that due 
to a fall of nearly 7 inches. The water in working the 
wheel has to descend 12 feet, and we must allow at least 
5 inches more of depth at the bottom of the wheel to 
clear the floats of back-water, and the total descent is 
therefore 13 feet : in other words, in order to raise the 
water up to the proper level to work the wheel, we should 


The power required for this would be 270 X 624 x 13 


= about 6g horse-power We found the effective power 
of the wheel abet horse-power ; that is, 77 per cent. 
of the power ed. 


e believe that, practicall 
this estimate would be found too high, and thd wesc 
not depend on obtaining, in useful effect, more than 60 to 
70 per cent. of the water-power expended. 
he annexed plate represents an ingenious and, we 
believe, a very effective construction of water-wheel, 
coment one the principles of a breast and under- 
shot-wh A strong boss, E,.is fitted on to the main 
shaft or axle, A, on which the wheel turns. Two sets of 
arms, C C and DD, extend as radii from this boss, some 
of them, C, C, supporting the sides, B, of the buckets, 
and the others, D, D, a ar their bottoms or soles, 
The buckets or floats, F, are bent plates extendi 
sre es gone part of me w oni terminated 
en casing, B, part of which is supposed 
to be tet in order to show the form of the buckets 
and the action of the water on them. The head of 
water, M, is fronted by a double sluice presenting two 
openings, Tand J, at ge lower and yee levels won 
tively, these openings being separa’ a i 
formed in front to suit the sweep of the kts 4 
wlieel and suitable gearing, K, are above the 
sluice for causing it to slide up or down, and thereby 
regulating the amount of o atI and J. Under 
the wheel the masonry, H, is formed in a curve suited 
to the motion of the water from the lower opening I, and 
is made to approach close to the edge of the wheel at L, 
so,that no water may pass without acting on the floats. 
N is the tail-water, which is kept quite under the level 
of the wheel, so as to give no resistance to its rotation. 
By oh cond iraoton he cen yuh ae ai the 
igher opening, J, the buckets, and acts by weight 
io aasios them to descend ; while the water which — 
from the lower opening I, with the increased velocity 
due to the head of water in M pressing upon it, rushes 
into the buckets, and presses the floats onwards, as in an 
undershot-wheel. 

The terms undershot, overshot, and breast- have 
been applied in a somewhat different way from in 
which we have used them. The term w t has been 
used when the water is delivered on the wheel anywhere 
below the. level of its centre, and thus the wheels which 
we have called breast-wheels would be among the wnder- 
shot ; the term overshot has been used in those cases only 
where the spout is actually carried over the summit of 
the wheel; and the term breast has been applied to 
wheels where the water is delivered somewhere above 
the central level. We think, however, that the classiti- 
cation we have adopted here is more distinct, as it refers 
not only to the different points where the water is deli- 
vered, but also to differences in the construction of the 


‘wheels. Thus, the wndershot-wheel is that which receives 


the water-pressure on simple paddles or floats immersed 
in the current, and is acted on by its force only ; the 
overshot-wheel receives the water at a high level in 
buckets formed in its circumference, and is moved simply 
by the weight of water contained in them ; the breast- 
wheel receives the water on paddles or floats nearly 
fitting a sweep in which they revolve, and is thus put in 
motion partly by the weight of water lodged on and be- 
tween the floats, and paidy by the pressure on the floats 
arising from the velocity of the current, The peculiar 
construction of each kind of wheel is adapted to different 
conditions of the fall of water. 

The undershot-wheel is to be used when there is a 
volume of water it with considerable velocity, but 
with very little local fall, as in the case of river streams 
and tidal currents. The velocity of the current of a 


river arises from numerous little falls, or from a conti-- 


nuous inclination, without any considerable difference of 
level within a limited space. The velocity of a tidal 


current, arises from the pressure of the tidal wa’ 
or body of ocean water, elevated above its average aval 
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by the gravitating influence of the moon ; but this: wave 
appears only as a gentle and almost imperceptible incli- 
nation of the water surface, except in some estuaries, 
such as the Solway Frith, where it presents itself as an 
elevated body of water rushing with considerable velocity 
towards the land. 

The overshot-wheel is applicable when the water has a 
considerable local fall, nearly equal to the diameter of 
the wheel ; and the breast-wheel when the local fall is 
not great—less, for instance, than half the diameter of 
the wheel—but when it is of considerable volume, and 
moves with considerable velocity. In order to apply 
either an overshot or a breast-wheel, it is generally ne- 
cessary to make extensive arrangements for conducting 
the water from an elevated level to the wheel, instead of 
permitting it to follow its natural channel, When a 
stream has a considerable fall—such as 40 or 50 feet in 
each mile of its length—a dam or weir is built across it 
at some convenient ition, so as to check its progress 
there, and a new channel is formed for conveying its 
waters tothe mill, and thence back to the bed of the 
stream at some point below the dam. As the artificial 
channel is made with only sufficient declivity to secure 
the flow of the water in such quantities as may be re- 
Faber it is thus possible to obtain at the wheel, nearly 

total fall which the channel of stream has, estimated 
from the point where the dam is built, to that where the 
tail-water of the mill re-enters. If, for instance, the 
stream in its natural channel is found to have a fall of 
60 feet in a mile—this difference of level being made up 
either of numerous small local falls or of a continuous 
declivity, or both—an artificial channel is formed by its 
side, or as near it as the levels of the ground permit, 
having a constant declivity for half a mile, amounting to 
5 feet of difference of level; the water acts on a wheel 
with a fall of 20 feet, and a declivity of 5 feet is allowed 
in the length of the tail-course. difference of level 
in the channel for half a mile—that is to say, 30 feet—is 
thus made up, and the power due to ~ of that fall is 
thus secured for driving machinery. e current of the 
stream itself would probably not have so great a velocity 
at any place as to make it practically available for an 
ot-wheel, on account of the irregularities of its 
channel, and the numerous resistances opposed to its 


rogress, 
3 DAMS, OR RESERVOIRS. — Where there is no 
stream of sufficient magnitude to give the necessary 
power, and the power is not required to be constantly 
in operation, it is usual to form a large dam or reservoir 
for collecting the constant small tribute of the stream, so 
that the volume of water thus accumulated may be em- 
ployed to drive the mill as occasion requires. For moving 
«cjg machinery, such as thrashing-machines, this 
plan is very commo to. The corn of a farm 
is generally thrashed in the winter season, when there is 
the best supply of water in the streams, and from the 

i of the soil. A small mill-dam or reservoir col- 
lects, during the night, sufficient water to drive the mill 
through the following day. And it is thus possible, even 
in localities where apparently no water-power can be 
obtained, to secure enough for the work to be done, by 
executing a properly contrived dam, and turning into it 
the drainage of the surrounding fields. 

When water is applied to manufacturing purposes, re- 
quiring the constant supply of large volumes of water, 
reservoirs or dams are sometimes executed on a gigantic 
scale, in order to store up the superfluous supply of 
rainy weather against a season of drought. Insome of the 
hilly districts of England and Scotland, these works are 
of a most im character, and the interests of large 
local populations are dependent on their efficiency and 
permanence. When the differences of level in the dis- 
trict are considerable, numerous mills are worked suc- 
cessively by the same water, that which has driven the 
higher, flowing along an artificial channel till it arrives 
at the next lower; and so on, in constant succession for 
great distances. In such cases, the mill-owners fre- 
quently combine to execute works for the benefit of all, 
and of much greater magnitude than a single capitalist 

VOL. I. 


could undertake. By such arrangements, they are 
enabled to throw an immense dam or retaining-wall 
across some valley, and thus collect in a vast reservoir 
the drainage of an extensive range of hills, which would 
otherwise flow along its natural course to the sea without 
being turned to useful account as a mover of machinery. 
While the rains or melting of the snows contribute much 
more water than is required, the reservoir is filled ; and 
when the water in it attains the highest level required, 
it is permitted to overflow into its natural channel. 
When the season of drought arrives, the mills, that 
would otherwise be at a stand-still, derive an ample 
supply from the reservoir, extending, in some cases, 
over many square miles of valley. When the depth of 
this reservoir is considerable, great strength is required 
in the dam; and, notwithstanding the ingenuity and 
labour expended on some of these structures, they some- 
times give way; and the enormous volume of water 
thus suddenly set free rushes impetuously onward to the 
sea, devastating whole districts in its course, destroying 
crops and buildings, and too frequently causing a great 
sacrifice of life. 

The sluices or valves for opening and closing the water- 
channel of a mill are generally of very simple construc- 
tion ; they consist of a plate of wood or metal, made to 
fit against a framework fixed in the channel, and pressed 
against it by the water. This plate is made to slide up- 
wards in grooves fitting it at each side; and when it is 
of large dimensions, it is raised or depressed by racks 
and pinions, or screws fitted with appropriate gearing, 
as represented at . I, and J in the engraving of the 
compound wheel. By opening or shutting the sluice, 
the wheel is put in motion or stopped at pleasure. A 
channel is always provided to carry off the surplus water 
to the tail-course of the wheel, when it rises in the spout 
or lead, above the sill of the waste channel. 

REGULATORS.—Various contrivances have been 
applied to regulate the speed of water-wheels. The 
most effectual is the steam-engine governor, or conical 
pendulum. A throttle-valve, or plate, moving on an axis 


or pivots at its middle, is fitted into the lead (Fig. 126). 
When it presents its edge to the current, it offers very 
little obstacle to its course ; but when it is turned into 
an oblique position across the current, it arrests all the 
water except what can pass through the openings left 
between its edges and the sides of the leaks As it i 


poised on pivots in its middle, the pressure of water on 
each limb is the same ; and the only force required to 
move it in either direction is that required for overcoming 
the friction of its pre, and the resistance of the water 
to its movement through it, a force very inconsiderable, 
The governor is connected, by rods and levers, to a valve 
of this description in such a manner, that when, from’ 
too great velocity of the water-wheel, the governor-balls 
fly out from their axis, the valve is closed, or partly so, 
and the supply of water to the wheel diminished. en. 
the wheel moves too slowly, the balls fall down to the 
axis, and cause the valve to open for the passage of a 
greater volume of water to the wheel. By this arrange- 
ment, the movement of the wheel is regulated with great 
nicety, and the quantity of water supplied to the wheel 
is suited exactly to the work which it has to do. The 
consequence is, a great saving of tear and wear to the 
5o 
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is applied. 

POWER OF STREAMS.—The power which can be 
derived from a given stream of water may be computed 
with tolerable accuracy. When, by levelling the ground, 
it is ascertained how much fall may be secured, waking 
ample allowance for the declivity of channel to and from 
the intended wheel, the volume of water delivered ina 
certain time is to be computed by measuring the area of 
the existing channel, oat the velocity with which the 
water flows through it. The area of the channel may be 
found dropping a plumb-line, at numerous equal- 

intervals, across some of the current 
where the water moves with tolerably equable velocity, 
‘and tracing out the section according to the measure- 
ments so taken. The area can then be calculated by 
the ordinary rule for mensuration of superficies : for 
example, if the total width of the surface of the stream 
be 


9 feet, and the soundings taken at every foot be those 
marked in Fig. 127 (in feet and fractions of a foot), the 


Fig. 127. 


OAM As 


area is the sum of all those depths, viz., 8 square feet. 
The velocity of the current may then be ascertained by 

ing into it a floating body at some distance above a 
marked of channel, so that before it floats within 
the range of the marked distance, it may have attained 
the speed of the current. The time of its passage over 
the marked distance may be then observed by a stop- 
watch, We may assume, for instance, that the marked 
distance is 20 feet, and that the floating body occupies 
5 seconds in passing this; we conclude that its velocity 


is — 4 feet per second. We must not, however, 
assume this to be the velocity of the whole stream, for 
at the bottom, and particularly at the shallow sides of 
the channel, the friction of the water on the rough 
surface considerably retards it. The effect of this re- 
tardation may be often observed upon a streak of foam 
spreading across the channel, the middle part advancing 
rapidly and breaking away from the side portions, 
which sometimes are even caused to move backwards by 


Fig. 128, 
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the eddying currents. Ina shallow stream, like that in 
the case we have fe ea we should not, perhaps, be 
safe in assuming more than half the middle surface speed 
as the average of the whole stream, say 2 feet per second. 
Multiplying this by the area, we find that 8 x 2 = 16 
cubic feet of water per second is delivered by the stream. 


Having levelled the ground in the neighbourhood of the 
preity ah by building a dam 4 feet high at A 


declivity of channel from 

pooper S50. dow, She sancaene Speman 
the stream at D. e should, have ic 
feet of water per second Sating Conn LS Ot 
height as our moving power. To lift this quantity u 


from it for purposes of cleaning or dg, eagghago— 
ive 
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TURBINES.—When the volume of water is small, but 
the fall considerable, an apparatus called a turbine is 
frequently applied with great advantage. The principle 
of its action is similar to that of the well-known firework 
called the Catherine-wheel, or of the revolving jet some- 
times applied to fountains. For a ioealdeentae period 
it has been known as a philosophical toy, called Barker's 
mill. This consists of a vertical tube, with two horizon- 


tal branches closed at the end, mounted on a vertical 
axis on which it can freely revolve (Fig. 129). 
Fig. 129, 


Near the 


extremity of the horizontal arms, holes A A are made on 
opposite sides ; and when water is poured into the up 
part of the tube, it flows through fiona holes, and 

the arms revolve in the opposite direction. The cause 
of their motion may be very simply explained. If we 
suppose the apparatus at rest, and the holes closed, 
when the tube and arms are filled with water, every 
square inch of thie inner eneteoh ot toe aaee 
pressed on by the column of water in the vertical ; 
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for it is the eat, of fluids to eommunicate pressure 
equally in irections.* Under these circumstances, 
there is no tendency to produce motion in any direction ; 
but if the holes A A be opened, then, while the pressure 
on one side of the tube B remains the same as before, 
that on the other is lessened by as much as its surface is 
diminished. If we suppose each hole to have an area of 
one square inch, then each side of the tube B sustains a 
pressure on one square inch more than the other side ; 
in other words, there is a pressure on B exceeding that 
on A by that due to the area of the hole in A. This 
excess of pressure causes motion in the direction in 
which it acts—that is, opposite. to the flow of the water 
issuing from the holes ; and the force of the movement 
depends w the amount of unbalanced area in each 


arm, and 


losing by this bend a considerable part of its 
velocity. For the same reason it in loses speed in 
issuing from the holes A A ; and, f: , a considerable 


along the arms. A certain 
weight of water, as for instance 2 lbs., having descended 
byes to — merely binge es se ie it 
(1 has su y to be turned at right angles along 


we take any points D, D, the tube, 


circles t them, we observe that the circumferences 
i increase as their radii; and as each of 
the circumferences is passed over in the same period, 


SECTION. 


TUAN. 


ment with little loss of force. And again, the arms, of 
* Sce ante, I/ydrostatics, p. 751. 


which there may be any convenient number, bend also 
horizontally, as seen on the plan; so that while they 
revolve, the water contained in them is really moving 
almost in a straight line, instead of being swept round 
in a circle. 

As the mouths of the arms must be made of such an 
area as to permit the issue of the water at the proper 
velocity due to its fall, if they are made too small, less 
water passes them than can be supplied, and the machine 
is not so powerful as it sigs be with the given supply 
of water. If, on the other hand, the mouths are mady 
too large, the velocity of the issuing water is diminished ; 
and the pressure on the opposite sides of the arms tend- 
ing to drive them round, is diminished with it. The 
area of the mouths being decided according to the quan- 
tity of water, and its velocity from vertical fall, the arms 
are made to taper gradually to that area, so that the 
velocity of the water may ually increase to suit the 
gradually diminished area of its channel, as it would 
naturally do during its vertical descent. Due considera- 
tion having been given to these points, as well as to the 
best mechanical arrangements for strength, durability, 
and economy of execution, the machine becomes a tur- 
bine, practically applicable in many cases with great ad- 
vantage. Fourneyron in France, and Messrs. White- 
law and Stirrat in Scotland, have executed many of 
these machines, and made interesting experiments on 
their power and the best modes of constructing them. 
Their simplicity and efficiency, and the small space 
they occupy, give them an advantage over. water-wheels ; 
bes | it is said that they are capable of deriving from a 
fall of water, quite as much effective power as wheels of 
the best construction, even if the volume of water be 
large. Experiments conducted by Morin in France, lead 
to the conclusion that turbines are actually more effective 
than wheels under similar circumstances, the useful effect 
averaging from 70 to 78 per cent. of the power of the 
water. it has been found that even the immersion of 
the arms to a depth of several feet in water does not 
materially affect their action ; so that even greater height 
than that of the fall, measured to the level of the tail- 
water, can be taken re inthe 

In estimating the power that may be derived from a 
given fall by means of a turbine, }ths of the power 
required to raise the water up again, may be reckoned as 
the usual effect. Thus if the volume of water be 16 cubic 
feet per second, and the fall 15 feet, the power required to 


oe 16 x 60 x 624 x 15 
raise it would be 33000 
and the power of the turbine to drive machinery may be 
taken at #ths of 27, about 20 horse-power. 

It is probable that turbines will in many cases take the 
place of water-wheels. They are as yet comparatively 
novel, and not widely known, or looked on with preju- 
dice ; but as improvements are gradually made in their 
construction and adaptation, and as they become more 
common in their application, these prejudices will doubt- 
less give way, and no longer interfere with the extended 
use of a simple and elegant apparatus, instead of the 
large and cumbrous wheels now generally sed. For 

ting the motion of turbines, arrangements may be 
made similar to those used for governing water-wheels ; 
the quantity of water supplied to the turbine being 
regulated according to the speed required, and the work 
to which it is applied. The power of the turbine is found 
to be very nearly proportional to the quantity of water 
passing through it; so that having found its maximum 
power, or the greatest quantity of water that it will use, 
we can employ 4 or ?ths of that power by reducing the 
supply of water to 4 or ?ths of the maximum. 

CONTRIVAN CES FOR RAISING WATER.—Be- 
fore quitting the subject of water-power, we may notice 
some contrivances by which a volume of water is made to 
raise a smaller volume to a greater height for purposes 
of irrigation or the like. The simplest of these is the 
Persian wheel. A breast or undershot-wheel of the 
ordinary kind, has a number of buckets hung on pivots 
to its circumference (Fig. 131). These buckets dip into 


=27 horse-power ; 
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the water at their lowest level, and being filled, are | The buckets may therefore al! contain 48 
carried up one side till they come in contact with the side | cubic feet ; and if their number be 24, each may have a 

Fig. 131. 


of a spout fitted near the summit of the wheel. They 
are canted over by this spout, and discharge their con- 
tents into it, to be conveyed away for their required pur- 
ee The empty buckets descend on the other side, to 
again filled lifted as before. Thus the force of a 
stream having inconsiderable fall is made to lift a certain 
Sos of water nearly the whole height of the wheel. 
power of the wheel is expended on lifting a con- 
tinuous weight of filled buckets up one side ; and the 
quantity of water contained in them, as well as the 
height to which it is lifted, depends aps the size of the 
floats of the wheel and the pressure of the stream upon 
them. We may suppose a wheel 20 feet in diameter, 
with floats 8 feet broad and 1 ft. 6 ins. deep, worked at 
the circumferential velocity of 4 feet per second by 
a stream flowing at the rate of 12 feet per second. 
Subtracting 4 from 12, we get 8 feet per second as the 
excess of velocity of the stream over that of the float of 
the wheel ; and the due to that excess is for 
1 ge Barre of acolumn of water 1 foot high. The 
area of the float is 8 x 14=12 square feet ; therefore the 
total pressure on the float is equivalent to 12 cubic feet 
of water, and it moves at the velocity of 4 feet per 
second, or 240 feet per minute, giving the same force as 
240 x 12= 2880 cubic feet of water moved 1 foot per 
minute. We may deduct rd of this to allow for various 
losses, tlius leaving an effective power equivalent to 1920 
cubic feet of water lifted 1 foot high per minute, or 
Toe = 96 cubic feet lifted 20 fect (the height of the 
wheel) per minute. As the wheel’s circumference may 
be taken at 60 feet moving at the rate of 120 feet per 
minute, the wheel makes 2 revolutions per minute, and 
Fig. 132, 


therefore twice in every minute lifts the contents of all its 
buckets, amounting to 96 cubic feet as we found above, 


that the height from the valve to the surface of the water 


capacity of 2 cubic feet. If we estimate the quantity of 
water acting on the wheel as the area of the float multi- 
plied by the velocity of the stream, it appears that 8 ft. 


X 1) ft. x12 ft. =144 cubic feet passes second, or 
36d 60-<a640 oublo fost r minute, of which 96 or uth 
is lifted 20 feet high by the wheel which it moves. 


The hydraulic ram 1s an ingenious contrivance, 
which a small fall of a considerable body of pee dty 
made to raise a much smaller volume of water to a con- 
siderable height. From a reservoir A (Fig. 132), at the 
height yet few feet erie og" 84 lower one the —_ 
at B, a large pipe conducts water ; this pipe an 
t Th end, and 

into 


to exceed 


wing along 
the pipe C cannot be sudd destroyed, but must 
roa itself somewhere. It therefore lifts the small 
valve D with considerable force, and part of it flows into 
the air-vessel and up the pipe F. The momentum being 
thus absorbed, and the water in the pipe C having be- 
come still, the valve E again is opened by the weight, and 
the operation ph eg Thus, by the alternate openin, 

and closing of the valve EB, under the quiescent pe 
moving pressures of the water, a certain portion of the 
water is forced up the Pipe F, and is prevented from 
returning by the closing of the valve D. The object of 
the air-vessel is to provide an elastic spring for the water 
propelled upwards : every time that the water is injected 
into it, the air in its upper part is compressed into a 
smaller space ; and being perfectly elastic, tends to re- 
sume its former volume. It therefore exerts a pressure 
on the water, and continues its flow along the pipe F 
during the intervals that elapse between the successive 
discharges through the valve D, In estimating the 
power of this apparatus to raise water, we may suppose 
it arranged with the flow-pipe vertical instead o inolined, 
as it is usually made"for convenience, the principle not 
being altered, but the details of calculation simplified by 


the vertical arrangement (Fig. 133). We may suppose 
Fig. 133. 
a= 
: ~——- 


in A is 4 feet, and that the area of the valve E is 1 scuare 
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foot. The pressure on the valve is, therefore, the weight 
of 4 cubic feet of water; namely, 4 x 624 = 250 lbs. 
The effect of the weight to lift the valve by means of its 
lever must be somewhat greater than this. If the valve 
could be suddenly lifted so as to leave an opening to the 
full extent of its 1 square foot, the water would 
descend in © at the rate of 16 feet per second, the 
velocity due to 4 feet head; but as the valve opens gra- 


. dually, and is only open for a short time, and that 


not to its full extent, we may take the velocity of 
the d ing column at not more than }th of this rate ; 
that is to say, at 4 feet per second. en this move- 
ment the valve is pressed on not only by the 
weight of the column above it, as before, but also by the 
weight of such a column as is due to a velocity of 4 feet 
per second, which will be found by calculation to be }th 
of a foot high, adding 62} x }, about 154 Ibs. to the 
load on the valve. This additional load overcomes the 
leverage of the weight, and closes the valve; but the 
column of water, 1 foot in area and 4 feet high, contained 
in C, amounting to 4 cubic feet, is thus arrested whilst 
moving at the rate of 4 feet per second; and its mo- 
mentum, which is equivalent to that of 4x 4=16 
cubic feet, moving at 1 foot per second, or 1 cubic foot 
at 16 feet per second, must be given out as a force pro- 
pelling the water along the small pipe at the side, If 
we suppose that this pipe communicates with a cistern 
36 feet high, the velocity due to that height is 48 feet 

second ; and the momentum of 1 cubic foot, moving 
at 16 feet per second, being equivalent to {rd of a eubic 
foot moving at 48 feet per second, we should expect that 
this quantity—jrd of a cubic foot—would be propelled 
upwards to the high cistern at each closing of the valve. 

e must, however, recollect, that the momentum of the 
larger volume has not only to balance that of the smaller 
—it must considerably exceed it, because it has to lift 
the valve, to give the motion upwards to the column, to 
overcome friction in the pipes and other impediments, 
and, upon the whole, may reckoned effective to the 
extent of not more than ith of its estimated force. We 
may estimate, then, that »,th of a eubic foot is propelled 
up to the high cistern by the descent of 4 cubic feet 
through 4 feet from the lower cistern. Should the action 
not last so long as a second, a smaller volume will 
descend, and a proportionally smaller quantity will 
be sent upwards, and conversely; but the number 
of times the descent and ascent take place in a given 
period will be greater or less accordingly. 

We have presented this calculation only as a rough 
approximation to the practical results. We are not 
aware that any carefully-conducted experiments with 
hydraulic rams have been given to the world, and we 
therefore do not venture to offer any estimate as.a guide 
for practice ; but have merely discussed a case with the 
view of opening the questions that have to be considered 
in dealing with such apparatus. In many situations 
where it may be desirable to raise water for the purpose 
of ornamental fountains, or of domestic supply, the 
hydraulic ram is applicable with great advantage. A 
neighbouring stream may be dammed so as to provide a 
fall of a few feet, if it have not sufficient local fall natu- 
rally ; and the apparatus once fixed and properly ad- 
justed, will continue effective for a long period. It is 
exceedingly simple, entirely self-acting, and seldom liable 
to derangement, if care be taken to fix gratings on the 
pipe, so that dirt or extraneous matter of any kind may be 
prevented from interfering with the action of the valves, 

3. WEIGHT AND ELASTICITY OF BODIES.— 
The gravitating attraction which the earth exerts on 
bodies near its surface, and the force with which elastic 
bodies tend to resume the condition from which they 
have been withdrawn, are frequently employed for givin 
motion to machinery, chieflyewhen the power re atom 
is small, but exerted for considerable periods. eight 
and elasticity are not really sources of power; they 
rather afford the means of storing up efforts of short 
duration for subsequent use during longer periods. 
Before a body can act by its weight, it must be lifted to 
the height whence it has to descend; and, in the same way, 


before a body can act by its elasticity, its condition must 
be changed to the extent through which it has afterwards 
to return. Thus, in winding up a clock or watch, as 
much power is exerted as is afterwards given out by the 
weight or spring in moving the machinery with which 
either is connected. The weight of the clock, and the 
spring of the watch, are merely instruments for absorb- 
ing,-at the moment, a certain amount of power, and 
giving it out by degrees afterwards. The simplest, and, 
it may be said, the only general mode of employing the 
weight of a solid body to give impulse to machinery, is 
to attach it by a chain or string to a cylindrical barrel 
mounted on bearings at some height from the ground, 
and connected by gearing with the machinery which it is 
intended to move. The barrel being caused to revolve 
by hand, or any other convenient power applied to it, 
the string is wound round it, and the weight raised from 
the ground, When Jeft to itself, the weight, attracted 
again towards the earth, descends, unwinding the string 
from the barrel, causing it to revolve, and thus giving 
the necessary impulse to the machinery. Did the 
machinery offer no resistance, the weight would always 
descend with a speed accelerated at every moment of its 
descent by the continued action of gravity, which exerts 
as much influence on a body in motion as on one at 
rest, In dropping a stone from a considerable height, 
whatever be its weight, we find that, during the first 
second of its descent, it acquires a velocity of 32 feet per 
second. Its velocity at the commencement was nothing, 
for it began to move from a state of rest; at every one 
of the instants into which we may conceive a second of 
time divided, it acquired more and more velocity, until 
it attained the final velocity of 32 feet per second. All 
these acquisitions in speed are equal in equal times, 
because the force of gravity is constant, and therefore 
exerts equal influences in equal times. Had the body 
descended during the whole second at the final velocity 
of 32 feet per second, it would of course have passed 
thro 32 feet of space ; had its velocity remained the 
initial velocity, which was nothing, it would have 
descended through 0 feet; but as the velocity began 
with 0 and ended with 32, its ave throughout the 
second was 16 feet per second ; and therefore the body 
descends in the first second through 16 feet. During 
the next second, the body, starting with a velocity of 32, 
acquires an additional velocity of 32, and therefore ends 
with a velocity of 64 feet per second ; the average being 
48 feet per second, and therefore the descent being 48 
feet of height. Adding this to the space descended 
during the first second, 16 feet, we find that in the first 
2 seconds the total descent is 64. Were we to pursue 
the investigation farther, we should find the velocity at 
the end of the third second 96 feet per second, and the 
total descent 144 feet, and so on according to the follow- 
ing law :—The velocity (in feet per second) acquired by 
a falling body is 32 times the time (in seconds). 

The space (in feet) passed through by a falling body 
is 16 times the square of the time, or the square of 4 
times the time. Hence it follows that the time (in 
seconds) occupied by the descent of a falling body 
through a given height (in feet), is }th of the square root 
of the height ; that the velocity (in feet per second) is 8 
times the square root of the height ; and that the height 
is the square of }th of the velocity. 

Example 1.—Kequired the velocity acquired by a fall- 
ing body in 5 seconds, 

32 x 5=160 feet per second. 

Example 2,—Required the height fallen by a body in 
5 seconds. ‘ 

16 X 5 x 5=400 feet, or (4 X 5=) 20 x 20=400. 

E le 3.—Required the time occupied by a body 
falling ugh 400 feet. 

Sq. root of 400 is 20, and }th of 20 is 5 seconds. 

Example 4.—Required the velocity acquired in falling 
400 feet. 

Sq. root of 400 is 20, and 8 times 20 is 160 feet per 
second, 

Example 5.—Required the distance fallen by a body 
when if has acquired a velocity of 160 feet per second. 
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10 = 20, and 20 x 20=400 fect. 


These rules onl correctly when a body falls in 
vacuo, for the ow sd wt the air mapiepte Pean 
the velocities, a w become considerable, 
and when the body reasgposae le bulk in relation to 
its weight. Were it not for this resistance, every rain- 
dro: ing as it does from a height of many hun- 
Sieh diets onl strike with a force as fatal as that of a 
part of the weight of a falling body is balanced 
ascent of some weight connected with it, its 
is materially diminished. When two equal 
3 lbs., are hung by a string over a pulley 
they exactly balance each other—that is to 
gravitating attraction exerted on one is equal 
exerted on the other; and as the one cannot 
in accordance with this force, without causing 
other to ascend in oy cape to it, no motion takes 

; but if we add to the one 2 lbs., we apply to that 
i e gravitating force of 2 lbs., and the motion takes 

Fig. 134. — in obedience toit. The 


Ae ‘orce of 2 lbs. has, however, 


not only to put in motion 


i 


E 


Te 
i! 


Hi 


its own mass, but also that of 
the two weights, in all 8 Ibs., 
or 4 times its own weight ; 
and therefore the velocity 
which they all acquire in 1 
second can only be the }th 
of that which the 2 lbs. alone 
would acquire—that is to 
say, 8 feet per second instead 
of 32. The distance passed 
over must therefore be only 
jth of what it would be were 
2} the moving weight left to it- 
fa] self without having to put the 
others in motion. n all 
such cases, then, of weights 
ly balanced, if we know the total of the weights 
put in motion, and the excess of the one over the other, 
we find tlie velocity or the space in a given time by the 
following rule :— 

Find the space or velocity as before, multiply by the 
excess of one weight, and divide by the sum of all. 

Example 6.—Required the space passed through in 4 
seconds by a weight of 19 lbs. connected by a string over 
a ss with one of 13 Ibs, 

excess of the one is 6lbs.; the sum of both is 
32 Ibs. The space would be for a single weight, 16 x 4 
xX 4 = 256 feet, and 
256 x 6 Fs a 
“Shacust 48 feet is the space descended in 4 seconds 
under the circumstances given. 

It does not often happen that, in practice, two different 
weights are hung over a pulley as we have just described. 
The effect, however, is just the same if there be one 
weight acting on a and if the movement of the 
barrel be resisted by some known force. If, for instance. 
we had a weight of 19 Ibs. attached to a barrel connected 

machinery with some other load, and we found that 

13 Ibs. hung to the instead of 19 lbs. , would exactly 
balance the load upon the machinery, so that no move- 
ment of the barrel took place, we should estimate, as we 
have done above, that 19 Ibs. had to set in motion itself 
and 13lbs., the drag of the machinery, and that the 
space through in four seconds would be 48 feet, 
as we have computed, All such estimates, however, are 
made without to the resistance caused by friction. 
The rubbing surfaces of machinery are so irregular, and 
subject to such changes of condition by wear, tempera- 
ture, deficiency of lubrication, and other causes, that 
friction cannot be estimated as a regular resistance. No 
machinery moved by a weight, without some special re- 
gulating apparatus, can be expected to move with 
uniform velocity, or with velocity varying according to 

| any uniform law on account of these irregularities of 


resistance. Shahin A SS eee body 
obeys is, therefore, scarcely ever pein app 

In all machinery moved by weights, some contrivances 
are introduced for iding a resistance so much greater 
than that of the mere friction, that the weights upon 
the whole may be made to descend uniformly, and not 
with the erated velocity due to gravitating force 
alone. Thus, in the time-keeping part of a clock, the 
weight which puts the whole in motion, is arrested at 
every moment of its descent by the pendulum and es- 
The motion of the weight downwards 


ook loyed 
weight employ: 
of its partial i 
larity of the clock’s motion, therefore, d 
uniformity of the times which the ulum occupies 
in each of its beats, the interval during which the weight 
poset i and the train aaah tig eh: small see 
i rity to manifest itself. striking part of a 
ae, there is no necessity for extreme icuietne The 
whole striking train is kept at rest until the time-keeping 
comes to such a point, that it removes the obstacle 
to the motion of the stri ing-weight. This, being re- 
lieved, begins to descend, and would go on descendin 
with accelerated velocity, moving its train of wheels, a 
causing the hammer to strike the bell faster and faster, 
were not a resistance provided, sufficient to prevent the 
acceleration from becoming too great. The apparatus 
generally used for giving this resistance, consists of a 
smal] revolving fan or wheel, with flat blades, caused to 
rotate very rapidly by the striking train. The resistance 
which the air offers to the quick passage of the fan- 
blades je it, increases as their velocity increases, 
but in a much higher ratio ; and gradually, as the weight 
becomes accelerated in its descent, and the fan conse- 
quently rendered more rapid in its rotation, the resistance 
of air to the fan becomes as great as the effort of gravi- 
tating attraction on the weight. When this velocity has 
been attained, the weight continues to descend with 
nearly uniform and the strokes of the hammer on 
the bell are e to succeed each other at nearly equal 
intervals. These arrangements are sufficiently complete 
for their purpose ; for, though a perfectly uniform motion 
is not attained, the speed isso n regular that the 
ear does not appreciate any marked difference in the in- 
tervals between the strokes. When a ae uniform 
motion is required, as it is sometimes for measuring in- 
tervals of time accurately, as in astronomical observations, 
it is necessary to have arrangements more delicate, so 
that all irregularities may be properly compensated. A 
very ingenious apparatus was contrived some years ago 
by Mr. William Froude, for giving perfectly uniform 
velocity of rotation to a cylinder. This motion was 


necessary for — the inventor to obtain diagrams 
exhibiting the flow of air into a vacuum, the propelling 
Fig. 135, — of a screw on a 

fitted with it, and 


other interesting mecha- 
nical phenomena. In one 
ployed « at dise B (Fig: 
p a flat disc ig. 
135) at the end of an arm 
suspended by a joint from 
a vertical axis A, caused 
to rotate by a train of 
wheels connected with a 
weight and with the cy- 
Jinder, which was required 
Th herbal vi : Free 

F The disc revolving 
the air —— a poi 
resistance, depending on 
its our F ; and if at any 
vaa instant the velocity in-. 
creased, the disc immedi- 
ately moved outwards from the vertical line, owing to 
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its increased centrifugal force, to some such position as 
that indicated by the dotted lines, When at this distance, 
the radius of its orbit D E was greater than the former 
radius BC ; and therefore the speed with which the disc 
was driven through the air was proportionately greater, and 
the resistance of the air to its motion i accordingly. 
The momentary increase of velocity, therefore, produced 
a considerable increase of resistance, and thus reduced 
itself to its average rate; and, conversely, a decrease of 
velocity diminished the resistance, and thus restored 
itself. By a proper ry OE of the disc as to area, 
the length of the arm by which it swung, and a weight 
on that arm, the apparatus served to move the cylinder 
for many minutes with a velocity in which there was not 
the slightest appreciable irregularity. A piece of paper 
was fixed on the cylinder, and a pencil, connected with 
a spring-balance acted on by the pressure to be measured, 
traced on the paper as it revolved a diagram, indicating the 
intensity of the pressure at every instant of the motion. 
When the elasticity of a solid body is employed as a 
force for moving inery, the ye & is called a spring, 
Fig. 136, generally consists 
— of a strip of steel 
% wound into a spiral 
form round an axis A, 
as shown in Fig. 136; 
one end of the strip 
being fixed to the axis, 
/ and the other at B to 
f the side of the cylin- 
drical box in which the 
spring is contained. 
en the box is fixed, 
as in a Geneva watch, 
the axis is turned 
round by a key, and 
the sp i is thus 
drawn into closer convolutions. A whee "is fixed on the 
axis, and is connected by ing with the escapement, 
and hands of the watch. The effort of the spring to 
unwind itself causes the axis to revolve in the direction 
opposite to that in which it was wound, and thus puts 
the train of wheels in motion. It is the property of all 
elastic bodies to exert a force which is nearly proportional 
to the amount of strain to which the body has been sub- 
jected. As we wind up the spiral spring of a watch, we 
apply greater and ter strain the farther we wind ; 
and so when the spring unwinds itself it exerts the great- 
est force at first, and gradually decreases in power, the 
farther it is unwound. This decrease of force is an irre- 
gularity which no modification of the form of spring can 
obviate, ,but which may be considerably diminished by 
making the spring with a great number of convolutions. 
Thus, we may sup that a spring of 20 conyolutions, 
or turns, is wound up from its neutral condition to the 
full power required, by 10 revolutions of the axis. In 
un ing itself it would lose by the first revolution 
qipth of its force, by the second revolution another jth, 
and so on, until by five revolutions backwards it woul 
lose ;;ths or 4 of its full force. But if we suppose the 
spring had forty convolutions, and that we wound it up 
by 20 revolutions on the axis to the same force as the 
former spring, in unwinding itself it would lose by the 
first revolution ¢sth, by the second another sth, and so 
on till by the fifth it would lose zsths or ith of its full 
force. The decrease of power in the second instance is 
only half that in the first, the axis performing in each 
case an equal number of revolutions. It is, therefore, 
im t to give all springs which are required to exert 
a tolerably equal foree throughout their recoil as great a 
number of convolutions as possible, and to employ as 
few revolutions of the axis as possible for moving the 
machinery. In other watches, where smallness of bulk 
is not so much studied, and in clocks moved by springs, 
the axis of the spring is fixed, and the box c (Fig. 137) 
containing it is caused to revolve by the recoil of the 
spring, and to wind upon its outer surface a small chain 
d attached to afusee a. This fusee is a conical barrel, 
with a screw-groove cut in its surface to receive the coils 


of the chain. When the spring is beginning to soa, 
and therefore acting with its greatest force, the chain 
Fig. 137. 


£ 

pulls the fusee round at its upper part where the di- 
ameter is smallest, and therefore acts with least leverage 
on the train. As the spring loses force, the chain is 
pulled from a larger diameter of the fusee, and acts with 
more and more leverage on the train as its tension be- 
comes less, By properly proportioning the increase in 
the diameter of the fusee to the diminution in the force 
of the spring, the power applied to the train can thus be 
made perfectly regular throughout the whole range of 
the spring’s recoil. The fusee is not a regular cone, the 
outline of its section being part of a hyperbolic curve, 
that being the form which furnishes the proper proportion 
of increase piper Be erection fe diminution he spring force. 

i movi y springs, modes of regulati 
the speed may be employed as in machinery titted be 
weights. Thus, in spring watches and clocks, the 
balance-wheel and pendulum are used for governing the 
time-keeping train, and the fan for governing the striking 
part. In musical-boxes the fan is also employed, and 
serves to give the moyement of the barrel sufticient 
pe ag to suit the regular time of the music. 

. Froude, to whom we have already referred, con- 
trived a very ingenious regulating apparatus for 
machinery moved by a spring, employing the resistance 
of the airas a retarding force in a manner somewhat 
similar to that we have Bioct hed, but with a difference 
in the details, made with a view to render the apparatus 
peas and capable of peng justly, without regard to 
evel. The regulating part of the apparatus consisted 
of an axis with a longitudinal slot cut through it, 
mounted in bearings at A A (Fig. 138), and connected 


with the train of machinery. ithin the slot there was 
fitted a short transverse spindle B, to which were fixed 
Fig. 138. 


\ 
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ei 


two thin blades, kept in the position indicated in the 
figure by means of a small spring made to act on their 
spindle, When this apparatus was made to rotate with 
considerable velocity in the bearings A A, the blades 
tended, by their centrifugal force, to fly outwards to 
some such position as that marked by the dotted lines, 
and ‘thus encountered more resistance from the air. By 
se Supe adjustment of the area and weight of these 
blades and of the spring which acted on their spindle in 
opposition to their centrifugal force, extreme regularity 
in ay va of the train was Frapsciges: ip a 
gen for moving machinery with regular sp 
weights are preferable to springs, because the force of a 
weight is constant, while that of a spring varies according 
to its tension. But weights act only vertically, while 
springs act in any direction, For all portable apparatus 
which cannot be maintained in a constant level so as to 
make the direction in which the weight acts constant, 
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with relation to that on which it acts, springs must be 
employed. And so for the sy epee of portable ap- 
paratus, escapements in which elasticity of a spring 
is used for recoil, instead of the weight of a pendulum, 
must be likewise employed. The details of all such ap- 
paratus, and the many ingenious contrivances a plied to 
them, form the subject of a distinct art, that of Horology. 
PRESSURE D ELASTICITY.—Besides contri- 
vances for employing the weight and elasticity of solid 
bodies in giving motion to machinery, there are others 
by which the weight or pressure of li uids and the elas- 
ticity of gases are also applied for such p ; ; 
Among these the hydraulic lift and the hydraulic 
crane may be particularly noticed. The hydraulic lift, 
in its most simple form, consists of a cylinder closed at 
bottom, and fitted with a plunger or roe ag passes 
through the top and supports a stage (Fig. 139). A 
Fig. 139. 
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leather collar, fitting round the plunger, is placed in a 
recess provided in the neck of the cylinder, so as to 
prevent the escape of water around the plunger. A 
pipe from a high cistern conducts water into the 
cylinder, and another pipe permits the water to issue 
from it. Each of these pipes is provided with a stop- 
cock, so that the water may be admitted to the cylinder, 
or allowed to flow from it at pleasure. Since liquids 
communicate a, equally in all directions, every 
part of the cylinder and the plunger is u) b 
a force proportioned to the eight of the pores ge Bo f 
supplies the apparatus. Every 27 inches of height 
duces a pressure of 11b. on every square inch of euctne 
exposed to it ; and by making the area of the bottom of 
the bee pd sufficiently large, a considerable weight can 
be on the stage which it carries. Thus if the 
cistern at the top of a house be 54 feet above the 
ground-floor, the pressure on the internal surface of any 
vessel on the ground-floor connected with it by a pipe, is 
24 lbs. per square inch, If this vessel be a cylinder, 


such as we have described, fitted with a plunger 10 inches 
diameter, having therefore a sectional area of 78) square 
inches, the forcing this plunger upwards 
st rot 764 Ihe. ie'e weight including that of tan pintane 
uct as a weight includi 

and platform, there remains a pressure of 1120 Ibs. 
festing the SeNaGer mts: A load then of this 
amount, a ton, may be placed on the Ah goes 
when it is in its lowest position, and the i 
opened tothe stay Sete aaree toa 
height equal to that of the plunger, which may be made 
sufficient for lifting goods from one floor to another, By 
closing the cistern-cock and opening the other, the water 
is permitted to leave the cylinder; and the plunger, no 
longer subjected to upward pressure, descends to its 
former position. 

int differeck ie detail tas dine in peinelgio, terating 
what different in detail, but similar in princi, y fitting 
the cylinder with a risk, ooomeehea fan 294 ce 
ghey through the cylinder cover with a rope or chain, 
which may be led by pulleys in any convenient direction 
for lifting weights attached to it. The yer a 
acting on the piston, forces it down the cylinder, and 
thus pulls the chain and lifts the weight. Such an 
arrangement constitutes the hydraulic crane. The ad- 


Fig. 140, 
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ee Gop Seu ton let clenen ant abe geen 
raising the water to a cistern, ifti 
Soiree ein Sip cbhaineddeeva ahioth Takehenine - 
ture of a portion of the water thus raised. The water 
lifted to a height, becomes, in fact, a reservoir of y 
ready to be used when requi and accum’ the 
efforts of a small power acting t h 

bean ded as a great power acting 


can be regulated with the greatest nicety. 
Apparatus has sometimes been applied in which 


ery. 
tus is very similar to that of the steam-engine, and may 
re siuliont Sho meraeges 

ment 
The pressure of the atm has also been em- 
La Ai lt np te the case of the atmospheric 


way. 

4. Hear AND ELECTRICITY.—In treating of 
heat, electricity, magnetism, and chemical action, as 
sources of power, we embrace a very wide range of 


PROJECTILES—HOT-AIR ENGINES. ] 


APPLIED MECHANICS. 


841 


matter, which may with advantage be sub-divided, We 
may here merely notice the branches which this division 
of the subject embraces, 

Both heat and electricity 00d to be universally the 
result of chemical action. ey are not new forces 
created by the combination or separation of materials, 
but are merely the manifestations of force already 
stored up in bodies, and elicited by changes in their 
constitution. Practically speaking, however, heat may 
be said to be the force produced by the chemical action 
of combustion, or the union of oxygen with inflammable 
matter—a force which universally manifests itself as a 
repulsion, acting upon the particles of matter exposed to 
it. A pound of coal or carbon, or any other combustible, 
uniting with its proper equivalent of oxygen, produces a 
certain amount of lait which is capable of expandin; 
the bulk of any solid, liquid, or gaseous body ex 
to it; of changing a solid into a liquid, 7 a liquid into a 
vapour, @ ntly by forcing the particles to a greater 
distance from each other, . Combustible. bodies exe uni- 
versally found throughout the earth ; oxygen abounds in 
the atmosphere ; man has only to bring these two 
kinds of matter together, under proper conditions, in 
order to obtain the force developed by their union, which 
he can apply in many different big a as a motive power. 

The various modes of thus applying heat may be dis- 
tinguished under three heads. 

1. The combustion of explosive substances, or sub- 
stances like gunpowder, which very rapidly change from 
a condition in which they occupy space, to one in 
which they occupy a very large space. The chief uses 
made of such forces are for blasting, and for giving 
motion to projectiles. The enormous force applied to 
these p may be best understood by observing, that 
any particular quantity of gunpowder, when ignited, 
expands to about 2,000 times its volume, in an interval 
of time so inappreciably small, that its expansion may 
almost be said to be instantaneous, Let us suppose, for 
instance, that a cannon of six inches bore is ye (7 
with a quantity of powder occupying about six inches of its 
length, and, on the powder, an iron ball is placed, weigh- 
ing 32lbs. Before the ignition of the powder, the surface 
of the ball is pressed on equally in all directions by the 
pressure of the atmosphere, about 15 lbs. on ev 
inch, or, its sectional area being 28 square in 
total atmospheric pressure tending to push it in any 
direction is 28 x 15 = 420 Ibs.; and as this pressure is 
exerted equally in every direction, no motion ensues, 
On the ignition of the powder, the pressure on one side 
is suddenly increased from that of one atmosphere, 
420 lbs., to that of 2,000 atmospheres, or 840,000 lbs. ; 
and thus a force is applied, at one side of the ball, ex- 
ceeding 26,000 times its weight. Were this force con- 
tinued for 1” of time, the ball would acquire, in that 
time, a velocity 26,000 times that which gravity would 

ive it, because the force is 26,000 times the weight or 
‘oree of gravity ; and as gravity gives in 1” a velocity of 
$2 feet per second, the force of the gunpowder would in 
the same time give it a velocity of 26,000 x 32 = 
832,000 feet per second, or nearly 570,000 miles per hour. 

But, as the gun is comparatively short, seldom exceed- 
ing 9 or 10 feet in length, the pressure acts only during 
the short time which the ball occupies in traversing that 
distance. Also the elastic gases generated from the 
explosion of the gunpowder, instead of maintaining 
their enormous initial pressure during even this short 

iod, lose more and more of it as they are permitted 

gen by the forward motion of the ; so that by 

the time it reaches the muzzle of the gun, their pressure 

would probably be reduced to less than 100 atmospheres. 
* Let V be the volume at 32° 

at ¢, of temperature 

at ¢, of temperature 


square 
es, the 


1. 36» ” 
2 ” ” 


Moreover, as the ball does not precisely fit the gun, a 
considerable leakage is permitted round it, so that the 
pressure is still farther reduced, and even a certain back- 

is caused by the gas which thus gets in front of 
the ball. From all these causes there results a dimi- 
nished velocity of the ball, which seldom exceeds 2,000 
feet per second, or about 1,360 miles per hour. 

The whole subject of projectiles, and of the apparatus 
used for applying the combustion of explosive substances 
to give a patie, gy be said to be in a transition 
state ; an ough of late years very great ingenui 
has been silos in contriving implements for rt 
purpose, it would scarcely suit the limits of a work like 
the present to enter upon their discussion. 

2. The combustion of fuel, without explosive violence, 
has been applied to cause the expansion of air for the 
purpose of producing motive power. The principle of 
this action is of a very simple character. y volume 
of any such as a cubic foot ~{ air at a temperature 
of 32° (Fahr.), on receiving acce.sions of heat, increases 
in temperature and expands in bulk, and the amount of 
expansion depends on the increase of temperature, ac- 
cording to the following law :—For every added degree 
popes oy temperature, the volume expands z},th part 
of ij Thus, if the cubic foot were hea‘ m. 32° 
up to 72°, the increase of temperature being 40° (the 
difference between 32° and 72°), the increase of volume 
would be 49, ths, or A, ths, or ;1,th of a cubic foot ; that 
is to say, cubic inches. Or the volume at 72° would 
be 1 and A% ths, or $2§ths of a cubic foot. If, now, 
this volume were heated up to 73°, or 1° more, its ex- 
pansion would be ziqth, and its total volume would be 
$20ths and zi,th; in all, faoehs. Or its volume at 72° 
would be increased by g},th of itself, on the accession of 
another degree of temperature. Now, if we observe that 
480, the divisor which gives the expansion per degree of 
a volume at 32°, is 448 added to 32, and that 520, the 
corresponding divisor for 72°, is 448 added to 72, we 
readily see that the expansion per d of any volume 
at any temperature is found by ing the constant 
number 448 to the temperature, and using the same as 
a divisor.* This leads to a rule by which, knowing the 
volume at any temperature, ‘we can readily find the 
volume at any other temperature: thus— 

Rule.—Add the constant number 448 to each of the 
temperatures, and state the proportion: as 448 + the 
temperature of the given volume is to 448 + the tem- 
perature of the required volume, so is the given volume 


*e iene pansion of 10 cubic fi 
cample,— i e ex ion oO} cubic feet 
when heated from 60° to 212°, : 
60° 212° 
448 448 
as chiens Given volume. Required volume. 
508 : 660:: 10 cubic feet : 13 cubic feet nearly, 
10 
508)6600 
13 nearly. 


Hence the expansion is nearly 3 cubic feet. 

It may now be unders that, having the means of 
largely expanding any volume of air by adding heat, 
sa of again contracting it by taking heat away, we have 
a force within our reach, capable of being applied as a 
motive power. Several contrivances for utilising this 
force have been made from time to time, but they all 
present so strong a similarity to the steam-engine, and 
they have, as yet, met with so little success in their 


i t; — 32_ #,.— 32) 448 +t, 

Then since v; = V+ V ae + a0 =v 
=a = 448 +¢ 

and since vg = V+ V 23 _y ype Bh F t 
480 0; 480 v2 448 + te 


eliminating V, we have i138 + rH 


me e,) * "2" G48 + 4, 7 
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fenetical eppliention, het not think it necessary 
‘0 occupy space by separately discussing them. 
$. By far the most important application of heat to 


produce motive wg is that nie td re sagiter the 
steam-engi apparatus by which man has suc- 
Saar ie rend ing natural forces serviceable to himself, 


this is, most ingenious, as it is the most 
widely Bncrat} Tt therefore forms a branch of Applied 
Mechanics, so important, and at the same time so exten- 
sive, that we propose to devote considerable space in 
what follows to its discussion. 

Electricity and magnetism are the forces which have 
been sontied Ye re in <4 electric pee en 

which now attained so importance, 
aireatienses so many ingenious pH cetiorg that it 
has been thought advisable to give it special consideration 
in another section. (Szcrron IV.) 

The efforts which have, from time to time, been made 
to render these forces available as prime movers of 
machinery, have not yet been crowned with success. We 
may, therefore, in a practical work like the present, 
dismiss the contrivances for this purpose with a few 
brief remarks as to their general character, referring the 
reader to those parts of this work which treat more espe- 
cially of electro-magnetism, and of the machinery in which 
it has been applied. 

One of the effects of electrical action being to decom- 
pose bodies subjected to its influence in one way, and to 
reproduce them from their elements in another way, an 
engine was contrived to act by the alternate decomposi- 
tion of water into its elements—the elastic gases, oxygen 
and hydrogen—and its recomposition by their combus- 
tion. The one operation, decomposition, changing the 
small bulk of water into a large volume of the mixed 
gases, afforded a pressure ; while the converse operation 


of recomposition removed the pressure by re-condensing 

the Sarge voluKes of the gases to the small bulk of water. 
The application of electro-magnetism as a eg mover 
has been attempted in various ways, all of whi depend 
more or less on two special properties, by which electri- 
city and magnetism appear to be connected. One of 
these is, that a current of electricity moving at Lat ¢> 
angles to a bar of iron renders it magnetic, each of 
the bar becoming a poe When the current is reversed 
in directi wap Bee es are 
uth 


disap By 

coiling the electric-wire many times round the bar, the 

power of the magnet is rendered a vee ; 
each en 


tract, become ] Se amigh 
to at repel, or to entirely neutral ight 

Piiat the force so developed should 
readily applicable to the production of motive power. 
It has been found, however, that the attractive and 
repulsive influences act with extremely little force at any 
distance from the poles of the magnet, and the conse- 
quent limitation of range has rendered their application 
to machinery very diflicult. ; 

The other property by which electricity and etism 
are connected is, that a conducting wire wounk round 
a permanent magnet, has a current of electricity in- 
duced in it, and the cells of an electrical battery sur- 
rounding a magnet are put in rotation round it as an 
axis, e motion produced by the mutual action of these 
forces has not, so far as we know, been ag yet applied to 
any useful purpose ; and, although many neat contrivances 
of the kind have been exhibited on the lecture-table, we 
fear that in practice the cost of producing power in this 
manner, is such as to athens it from coming into com- 
petition with the simp! combustion of fuel. 


CHAPTER V. 
THE STEAM-ENGINE. 
Contents, —EXPANSIVE POWER OF HEAT—ELASTICITY OF GASES—TEMPERATURE AND PRESSURE—VOLUME OF STEAM 


—CONDENSATION—EXPANSION—THE BOILER—CORNISH BOILER—MARINE AND LOCOMOTIVE BOILERS —CONSTRUC- 
TION OF BOILERS—INCRUSTATION—BOILER FITTINGS—FEED—SAFETY VALVE—PRESSURE GAUGE—CYLINDER— 


VALVES—SLIDE—CYLINDER AND PISTON-—SHUT-OFF 


AND THROTTLE VALVES—FEED-PUMP—ORANK AND CON- 


NECTING ROD—ECCENTRIC CAMS—GOVERNOR—DIRECT-ACTING ENGINES—VERTICAL, HORIZONTAL, LOCOMOTIVE, 
AND OSCILLATING ENGINES—ESTIMATION OF POWER—INDICATOR—CALCULATION OF POWER. 


Tr is usual for writers on the steam-engine to bbe an out- 
line of its history, womsace up from the earliest times, 
successive contrivances suggestions for rendering the 
elasticity of Sip a bp aera as a motive power. This 
mode of introducing the student to the consideration of 
the mechanical arrangements, which now constitute a 
complete steam-engine, is not without its advantages. 
It is calculated to open his mind to the defects of suc- 
cessive inventions, and to the modes in which they have 
been Y pepoged removed, until what was at one time 
looked on as an ingenious and interesting philosophical 
toy, has become at last an apparatus that has changed 
the whole face of civilised society, and almost brought 
the elements within the control of man. By watching 
the steps of inventors in this p the student 
becomes well prepared to comprehend the details of the 
perfected apparatus, and the reasons why certain modifi- 
cations have been introduced as improvements while 
Sthers have been rejected as practically inapplicable. 
But it happens with the steam-engine as with almost all 
other mechanical contrivances, that its earliest forms are 
by no means the most simple; and that improvements 
have often consisted more in discarding useless com- 
plications than in adding new parts. e think, upon 
the whole, therefore, that the steam-engine may be best 
studied in its most simple forms, ess of their 
historical sequence, ially when a practical know- 
ledge of its construction and applications is desired, 
rather than a merely theoretical acquaintance with its 
congue We propose, therefore, to discuss, in the 

+ place, the general properties of steam, and the 


modes adopted for generating it in a manner suitable for 
rendering it available as a prime mover. And we will, 
secondly, consider the special forms of apparatus, or 
engines, through which the steam is made to act for 
producing the movement of machinery. By this course 
we shall hope to give the reader a clear view of the 
whole subject ; and we shall take such opportunities as 
offer themselves, of referring to the various inventions 
that have, from time to time, been brought into use, 

To the advantages arising from the use of steam as a 
motive power, to the changes that have been effected by 
its introduction, and the still greater changes that may 
be confidently expected from its more extended applica- 
tion, we fast scarcely refer, These are patent all; 
for in the present condition of society, few operations 
either of transit or manufacture are conducted, in which 
the steam-engine does not play the most prominent 


part. 

. EXPANSIVE POWER OF HEAT.—When & liquid 
is ex to heat, it expands in bulk ; and when the 
heat is carried to a certain point, part of the liquid rises 
from the rest in the form of vapour, bees ts a much 
greater volume than it did in its liquid condition. It is 
probable that all substances, solid as well as liquid, are 
capable of being thus changed into the vaporous form. 
Some bodies, such as ether and alcohol among liquids, 
and iodine among solids, rise in vapour at comparatively 
low temperatures. Others, again, such as many of the 
metals, even after they have become liquid under the 
influence of heat, require very considerable accessions of 
temperature before they pass into vapour. Water, one 
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of the substances most widely diffused in nature, and 
therefore most cheaply obtained, holds a middle course 
in this respect between these extremes, and attains, by 
no great accessions of temperature, properties which 
render it especially serviceable for human use. It is, 
indeed, among the most obvious of the beneficent 
arrangements of Providence, that this fluid—almost every- 


where ape Teng sae of no corroding power like 
acids or alkalies, of no intoxicating qualities like spirits, 


surface, the elastic force of the air is diminished in pro- 
portion as the pressure upon it is lessened. At the top 
of a high mountain, like Mont Blanc, the elastic force 
of the air is not more than half that of the air at the sur- 
face. If we were to introduce a drop of oil into a small 
glass tube closed at one end (Fig. 141), so that the oil 
should form a film, or diaphragm, across the tube at 


not of inconvenient gravity like metals—should be at } 


the same time capable of absorbing vast quantities of 
heat, and of giving it out in the shape of active motive 
power. It has been proposed to employ the vapours of 
ether, alcohol, sulphide of carbon, and mercury, for 
moving engines ; but no advantages from their use in 
this way have presented themselves, such as could bring 
them into competition with water. We will, therefore, 


confine ourselves to it, as the only substance turned prac- 
tically to account. 
The atmosphere which envelops the earth, though in- 


visible, is nevertheless of weight, and presses 
on the surface of all bodies in it exactly as the water 
contained in a cistern presses on bodies immersed in it, 
The of the atmosphere at the surface of the 
earth is about 15 lbs. on every square inch. This pres- 
sure varies with changes in the density of the atmosphere, 
but not to a great extent. The average is generally 
stated at somewhat less than 15lbs. per square inch ; 
_ all practical calculations, 15 lbs. may be assumed 
without involving material error. Water contained in 
any vessel exposed to the air is thus pressed upon, and 
retains its liquid form at ordi temperatures. But 
if the temperature of the water raised to 212°, as 
measured Fahrenheit’s thermometer, its vapour at 
that temperature has an elastic force which exactly 
balances the atmospheric pressure, and part of the water 
ep. mg rises in the form of vapour, and mingles 
wi 


air yo arm J as much of the latter as is equi- 
valent to its own bu Were the pressure of the air 


removed, vapour would rise from the water at much’ 
lower temperatures than 212°, and occupy the vacant 
space in the vessel containing it. Thus, when a saucer 
containing water is placed under the receiver of an air- 
pump, as the air is extracted from the receiver, vapour 
Hate from the water ; and however low may be the tem- 
perature of the water, vapour continues to rise from it as 
the pressure of air on its surface is diminished. Even 
under the full atmospheric pressure, water is constantly 
evaporating at ordinary temperatures, for the air seems 
to have a power of dissolving water or taking it up in a 
va ‘orm, just as water dissolves salt and retains it 
diffused throu h it in a liquid form, 
ELASTICITY OF FLUIDS.—At every different tem- 
ture at which vapour may exist, its elastic force is 
ifferent, being the greater the temperature, but 
yt maya y so. When we inquire what is meant 
by the elastic force of a vapour, we can only say that it 
is a common to all aériform bodies, by which 
they react on any surface compressing them, or tend to 
expand into a larger volume than that in which they 
are confined. There seems, indeed, to exist, a repulsive 
force among the particles which constitute a gaseous 
body, paahing them asunder with equal power in every 
direction, requiring some contrary compressing force 
to retain i in their pene We have no te of 
@ gaseous y existing without being contained in an 
envelope of some kind, or being pressed upon by some 
surrounding medium. The air at the surface of the 
earth is pressed upon by the weight of air above it, and 
exerts an elastic force exactly balancing the pressure of 
the superincumbent fluid.* If its elastic force were 
greater than the force compressing it, it would expand 
and lift the air above it; or if less, it would collapse 
under a pressure greater than it could resist. As we 
ascend higher, the weight pressing on the air is dimi- 
nished, because there being a certain amount of the 
atmosphere left below, there remains a less amount above, 
We find accordingly, that at any height above the earth’s 


® See ante, p. 770, Pneumatics, 


Fig. 141, 
Ex ») 
c A ; B 


cea 
E D 
some ee: A, we should enclose between A and B a por- 
tion of air in the same condition as that surrounding us. 
If, now, we ascended a mountain, we should find the 
air-film at points C, D, E, successively, as we attained 
height. Before our ascent commen the 

elastic force of the air in A B pressed the oil-film out- 
wards with exactly the same force as that of the weight 
of superincumbent air pressing it inwards, and accord- 
ingly the film remained at rest. As we ascended, we 
subjected the film to less external pressure, because we 
had less weight of air above us; and accordingly the 
elasticity of the air in A B overbalanced the pressure, 
and pushed the film to some such point as E ; not by fits 
and starts, but gradually as we ascended. 5 

We have now to inquire why there should be any point 
such as O, where the film could rest; in other words, 
why the elastic force of air in the tube, having once 
overbalanced the pressure of the external air, should 
again become equal to it, and no longer force the film 
outwards. The reply to this question involves the con- 
sideration of a most important law to which all elastic 
fluids are equally subjected. It is called Marriotte’s law, 
after the name of the person who gave it to the world, 
and is to this effect :—The elasticity of a gas is propor- 
tional to its density—that is to say, the greater the num- 
ber of particles of a gas we force into a certain space, or 
the smaller we make the space containing a certain 
weight of gas, the greater we make its elastic force, and 
conversely.+ Referring now to the air in the tube, we 
find that when the film has ‘arrived at C, the space con- 
taining the air is extended from A B to C B, and the 
elastic force is diminished in like proportion. In fact, 
the density and elasticity of the air within the film is 
exactly the same as that of the air without, and the film 
remains motionless at C as long as this equality subsists. 
Again, as we ascend, the external pressure diminishes ; 
the elasticity of the air within pushes the film outwards, 
and thus extends its space until its elasticity is reduced 
to an equality with the pressure of the external air ; and 
so on without limit. In descending, we should find the 
film moving inwards, according as it became subjected to 
a greater external pressure, to positions, such that the air 
confined within it became of a densi 


at 
i 


ensity sufficient to balance 


the pressure. Notwithstanding the extreme simplicity 
of Marriotte’s law, it is one of the greatest importance, 
and should be thoroughly understood by any one desirous 
of an acquaintance with the steam-engine, for it applies 

Fig. 142, 


to steam as closely as to any gas. 
From this law, it follows, that if 
we forced air or steam occupying a 
volume of 2 cubic feet into a vessel 
of the capacity of 1 cubic foot, we 
should find the elasticity doubled, 
because the density would be 
=}" doubled, or the volume reduced to 
half. Conversely, if we permitted 
1 cubic foot of air or steam to 
occupy a volume of 2 cubic feet, 
we should reduce its elastic force 
g to half of what it was before ex- 
pansion, because we should have 
doubled its volume, or reduced its 
density to half of what it was. In 
order to illustrate these facts, let 
us suppose that a cylindrical vessel 
Fis fi with a piston that can 


+ Sec ante, p. 770, Pneumatics. 
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slide in it (Fig. 142), ha an area of 1 square inch, 

sie kat 0 land of BO lba. on the piston forced it 
to a position C D, an inch from A oor, 

it the air or steam occupying the part A B D © 


pressure of the air or steam is 20 lbs. per square in 
i . 


7 


on a piston ha an area of a square inch, exposed to 
its elastic force. we suppose another inch added to 
the length of the cylinder, the added space AEFB 


its volume. We have sorte & stated that the pressure or 
elasticity of the air, near t 


atmospheric p 
the piston upwards, is exactly balanced by the pressure of 
the atmosphere tending to force it downwards. If the pis- 
ton required a load of 15 lbs, upon it, the steam would be 
said to exert a pressure of two atmospheres, or of 15 lbs. 
above atmospheric pressure. So, if the steam sustained 
loads of 30 Ibs., 45 Ibs., 60 lbs. , drc., placed on the piston, its 
pressure would be called that of 3, 4,5, &c., atmospheres ; 
Fig. 143. or of 30lbs., 45 lbs., 60 Ibs., dc., 
. above atmospheric pressure. 

The pressure or elasticity of 
fluids, such as air or steam, is 
often expressed in terms of inches 
of mercury, or of the height of 
column of mercury which they 
can sustain. It happens that 2 
cubic inches of mercury weigh 
very nearly 1]lb., and that 30 
cubic inches weigh, consequently, 
about 15lbs. Now, if we supposea 
tube, having 1 square inch of sec- 
tional area, bent as in Fig. 143, 
and closed at both ends A and D, 
were filled with mercury to a 
height of 30 inches in one limb 
above the level in the other, the 
part AB vary, fy Ap cers vacuum, 
and the part filled with air, 
since the weight of the column 
80 inches high is 15 lbs., this 
pessure of 15 lbs, is communicated 
through the mercury in the bend 
to the air in C D, which con- 
sequently reacts with an elastic 
force equivalent to 15 lbs. on the 
surface of the mercury exposed 
to it. That is to say, the 
elasticity or pressure of the air 
in CD is 15 lbs., or 1 atmo- 
sphere; and the tube might be 
opened at D to the ordinary 
pressure of the atmosphere with- 

Ba Lig out effecting any change in the 
equilibrium of the mercurial column, The instrument in 


ind 
i) 


UAT A 


| H 
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Fig. 144. 


TEMPERATURE PRESSURE —We have 
already said that the elasticity of steam is greater the 
greater its temperature. There is no simple rule for cal- 
culating the pressure due to any given temperature, as the 
law which governs its variations is of rather an abstruse 
character. The following table of the pressures and cor- 
responding temperatures of steam, or the vapour of water, 
is compiled from the results of numerous experiments 
made with a view to establish some law on the subject. 

In a treatise like this we must abstain from the 
discussion of this law, on account of the advanced 
analysis required for its investigation. Nor need we 
offer a formula for calculating the pressure corres} i 
to a given temperature, as the table contains results 
sufficiently accurate for all practical purposes. The 
table only applies to the case of steam in a boiler, or 
vessel, in contact with the water from which it is 

enerated. Were we to remove any portion of steam 
into another vessel, and then subject it to heat without 
water being in contact with it, we should simply expand 
its volume, as we should air or any other gas, by an 
increase of temperature ; or confining its volume, elevate | 
its pressure according to a totally different law, already dis- 
cussed in reference to the heated air engine, (See p. 841 
Or, were we to remove the steam to a separate 
and there cool it, a portion would be condensed, an 
the remainder would expand to fill the void, at a pressure 
reduced according to Marriotte’s law. 

In the first column of the table, the temperatures are 
marked in d of Fahrenheit’s thermometer. 

The second contains the pressures in atmospheres 
corresponding to the temperatures. 

The third gives the pressure in inches of mercary, or 
the heights in inches of mercurial columns capable of 
balancing the elasticities. 

The fourth column gives the pressures in pounds per 
square inch above that of the atmosphere; or the loads 
in — required, in addition to that of the atmosphere, 
to keep down a piston having an area of 1 square inch 
easel upwards by the steam. 
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Tarte I. 
T Pressuré in Pressure Pressure in Ibs. 
eShs cee See dy: caer aokeaan 
aes OO 8 | ae 6 05 141 below. 
120 .s0e O90 acse 86 aes iS - 
180° ap 0500 =... 15 aa 7h yy 
212° sees 1-000 eeu 30 cove 0 above. 
250° oo 2000... 60 pe 1b 
he ocoe 3-000 au 90 30 5 
esos 4000 .... 120 45 4, 
805° eese 5-000 2 fee 150 ae) 60 4, 
820° « 6000 .... 180 Hag 75. vy 
S440 $000 1... 240 Sil 1 age 
7m... «= 10000 360 165 ,, 
BP 1... 20000 .... 600 285. 45 


We would remark, thai for temperatures below 180° 
and above 344° the results are somewhat uncertain. It 
is within these limits, however, that any practical apple 
cation of the table can be required, for we seldom haye 
to do with steam pressing with elastic force of less than 
half an atmosphere on the one hand, or with pressures 
above eight atmospheres on the other. 

VOLUME OF STEAM.—The great secret of the power 
derivable from steam, lies in the fact that a small volume 
of water is expanded by heat into a large volume of 
elastic vapour, tending to occupy ee, increased 
space, and forcing any obstacle presented to its expansion, 
with the pressure due to its icity. The volume of 
steam luced from a given quantity of water has been 
variously stated ; but we believe it may be very correctly 
estimated at 1600 times that of the water when the 
pressure is equivalent to 1 atmosphere. That is to say, 
a eubic inch of water contained in a vessel open to the 
air, when boiled off into occupies 1600 cubic 
inches of bulk, and forces the air contained in the vessel 
away to the extent of that expanded volume ; or expands 
with a force of 15lbs. on every square inch, which is 
the measure of the atmospheric pressure, and therefore of 
the force resisting the expansion of the steam. But had 
the vessel containing the steam a volume of only 800 
cubic inches, po ae that to — sere wi = 
pand at atmospheric pressure, then the density of the 
steam being doubled—or, in other words, the number of 
particles crowded into the space being doubled—the 
pressure on every part of the vessel would be doubled 
also. If the cover of the vessel were a movable piston 
having one square inch area, it would in this case require 
a load of 15 lbs., in addition to the atmospheric pressure 
upon it, to keep down the elastic steam within. 

Looking at the question generally, we see that the 
volume occupied by steam from a certain quantity of 
water is inversely as the pressure, because the pressure is 
as the density, and the density is inversely as the volume, 
The following is the rule for calculating the volume of 
steam at any pressure, produced from a given volume of 


water. 

Rule.—Multiply the volume of the water by 1600, and 
divide by the pressure in atmospheres. 

Example 1.—Required the volume of steam at 4 at- 
mospheres (or having a pressure of 45 lbs. per square 
inch above atmospheric pressure) generated from 3 cubic 
feet of water. 


Sx ton = 1200 cubic feet of steam. 


Conversely, to find the eran of water necessary to 
generate a given volume of steam at a given pressure. 
Rule.—Multiply the volume of steam by pressure 
in yee rorh pees divide by 1600. 
ie 2.—Required the water necessary to generate 
1200 cubic feet of steam at 4 atmospheres. 


ea = 3 cubic feet of water. 


Example 3.—A cylinder 12 inches diameter and 20 
| inches long is filled 120 times per minute with steam, 
having a pressure of 30lbs. above that of the atmo- 
sphere; required the quantity of water necessary to 
generate the steam. 

The area of a circle 12 inches diameter is 113 square 
| inches, and the capacity of the cylinder is 113 x 20 = 

2260 cubic inches. This capacity filled 120 times gives 


a volume of steam = 2260 x 120 = 271,200 cubic inches. 
As the steam presses with 301bs. above that of the at- 
mosphere, or altogether with 45lbs., that is with 3 


atmospheres, the volume of water is pte = 608} 
cubic inches. 

From these examples it is evident that a great force 
can be obtained by subjecting water to the action of heat. 
Just as a few grains of gunpowder on being ignited be- 
come suddenly transformed into a large volume of elastic 
gases, which by their expansive force propel a ball with 
great velocity, or*burst asunder the solid rock; so a 
small quantity of water heated above 212° is changed 
into a perfectly elastic vapour, pressing upon the envelope 
containing it, and forcing any body, opposing its expan- 
sion, through a space sufficiently great to permit its 
enormous increase of bulk. 

CONDENSATION.—But not only to the expansion of 
its volume does vaporised water owe its excellence as a 
moving force, for its increased volume can be suddenly 
reduced to a small bulk by the application of cold, or 
the removal of the heat which is necessary to its vaporous 
condition ; and whatever force the steam exerted in ex- 
pansion, is returned again by its condensation. 

Thus if a vessel containing 1 cubic inch of water, and 
799 cubic inches of air, were heated so as to turn the 
water into steam at twice the atmospheric pressure, the 
steam would force out the air and occupy its place ; act- 
ing as it expanded with a pressure of 15 lbs. on every 
square inch above that of the atmosphere. Were the 
vessel now cooled so as to reduce the 800 cubic inches of 
steam to 1 cubic inch of water, the vacuum left by the 
condensed steam would be immediately filled by air 
aes into it by the surrounding atmosphere with a 

orce of 15 Ibs. on every square inch. Were the vessel 
fitted with a piston or partition capable of sliding up- 
wards or downwards in it, without permitting the 
of fluid round its edges, the effect would be the same ; 
Fig. 145. for if the piston at A (Fig. 145) 
were in contact with the water be- 
fore boiling, and raised to B by its 
expansion into steam on heat being 
applied, it must, in rising, have 
been subjected to a pressure of 
30 Ibs. on every square inch of its 
under surface, so as to overbalance 
| the atmospheric pressure on its 


upper surface by 15lbs. On cold 
being applied so as to reduce the 
steam to its original volume of 
- water, the pressure on the under 
; surface of the piston being removed, 
that of the air on its upper surface 
again forces it dowiiwrarts from Bto 
A, its original position. Thus, both in the ascent and in 
the descent there is developed a force, applicable to the 
movement of machinery properly connected with the 
moving piston. In order that we may attain some 
notion of the amount of this force, let us suppose that 
the piston has an area of 1 square foot, and can rise and 
fall 2 feet, and that we have the means of generating 
and condensing the steam in the vessel 50 times in every 


minute, 

Since lsquarefoot= ... . . . . 1448q. in, 
And on every square inch the pressure is. 165 Ibs, 
The total pressure on the pistonis . . . 2160 Ibs. 


This force is moved 2 feet up and 2 feet down 50 times 
per minute, or through a space of 200 feet per minute, 
and is therefore equivalent to 2160 x 200 = 432,000 lbs. 
moved through 1 foot per minute. A horse-power being 
reckoned at 33,000 lbs. moved 1 foot per minute, the force 
of the piston, as we have estimated it, is equivalent to 
432000 


33000 


appear that by increasing the size of the piston, the dis- 
tance through which it is moved, the rapidity of its 


= 13 horse-power. From this example it will 


—— = 
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alternations, and consequently the means of generating 
and condensing the steam, almost unlimited power can 
be attained. 


In many steam-engines advantage is not taken of the 
derivable from the condensation of the steam— 
Ie mere expansive power is employed ; and, after having 
done its expanded is allowed to esca 
into the 
: steam = exert ; iderably, higher 
must @ pressure considera 
Shon thos of ie meecepbiaae against which it has to act ; 
or non-condensing, because the steam is not condensed 
after having done its work. In other steam-engines, 
called low-pressure or condensing engines, although 
greater power is derived from the steam, yet the ma- 
chinery is rather more complex and heavy, and more 
liable to derangement ; also a large supply of cold water 
is necessary to effect the condensation of the steam. Of 
late years many engines have been advantageously em- 
oyed, in which steam is first caused to act as it 
por in a non-condensing engine ; but instead of being 
blown off into the air, it is made to do duty 


as in a condensing engine. Such are called combined 
Fig. 146, 


Bccececoes-.. C8 


engines, because the principles of expansion and con- 
densation are reall egh in their action to a greater extent 
than in most others. 

EXPANSION.—Before entering upon questions con- 
nected with the practical construction of the steam-engine, 
it will be advisable, in the first place, to discuss theoreti- 
cally some of the principal facts connected with the ex- 


= sg dita steam, or generally of elastic 


If we suppose a cylindrical vessel fitted with an air- 
ight piston, and containing within it a certain volume 
air, steam, or any gaseous fluid perfectly elastic, we 
may represent the amount of pressure which the fluid 
exerts on the piston at B (Fig. 146) by the length of a 
vertical line B ©. For example, if the area of the 


San os at ht, b OG, OC, C 
iate poi we mi tracing a curve 

ts, might, by a td 
the rate of variation of pressure acco to that of 
volume or density. The law, to which we have already 
alluded, called iotte’s law, is very simple, viz., that 
the volume multiplied by the pressure is always constant 
—that is to say, the length of A B (which represents 


the volume of when the piston is at B), multiplied 
by the hei tof BO which represents the at 
B), gives the same uct as that of the of AB, 
multiplied by B, C,, or of A B, multiplied by B, O,, 
the temperature remai the * 

If, instead of filling 


P 

ly diminishing with the density i 
same law, and the curve O, C, C would the 
ordinates re nting pressures along the stroke or dis- 
tance over by the piston. is is precisely the 
condition under which the piston of a steam-engine is 
ordinarily worked ; and by ane a piety example 
elle na fp apr cipal p eveloped by the ex- 
pansion of the steam. We shall suppose that in a steam 
cylinder of 1 square inch area the piston is close to the 
end A; and that by an opening there, steam, having a 
pressure of 4 atmospheres, 60 lbs. per square inch, is 
admitted so as to force the piston away from A to the 

ition B,, 1 inch from A. The steam-opening then 
fae closed, the cylinder contains 1 cubic inch of steam 4 
times the density of steam at atmospheric pressure, 
and pressing on the piston with a force of 60 lbs. 
When the piston has reached B,, 2 inches from 
A, the steam has expanded to 2 cubic inches, and 
is therefore half its former density, or twice that 
of steam at atmospheric pressure, re Mee 
fore, on the piston with the force of 30 At 
B, 4inches from ac she density is one-fourth of 
that at B,, and the pressure on the piston is 
15 lbs. By reckoning the pressures at a number 
of intermediate points, we might ascertain an 
average pressure of nearly 35 lbs. t the 
stroke, and thence calculate the power developed 
by the movement of the os to 
through 4 inches, or 140 lbs. moved through 
linch by the action of 1 cubic inch of steam 
at a pressure of 4 atmospheres—a quantity that 
would be generated from q}gth cubic inch of 
water. 

Now, if we take another using the same 
quantity or weight of steam, but at a different 
pressure, we shall find a marked difference in the 
power developed. Let us suppose that steam at a pres- 


© The curve C2 Cy C (Fig. 146) is called the hyperbola, and it can 
readily be tncod puimetricaly thus: If AB (Higr 141) te the given 


Fig. 147, 
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sure of 2 atmospheres, or 30 Ibs. per ma inch, is ad- 
mitted so as to force the piston through 2 inches of its 
stroke ; we have 2 cubic inches of steam at 2 atmospheres, 
which are equivalent to 1 cubic inch at 4 atmospheres, and 
would be generated from the same quantity of water, 

th cubic inch, at nearly the same expenditure of heat- 
ing power. We should in this case find the average pres- 
sure on the piston, throughout the stroke of 4 inches, to 
be about 24 lbs., or ated toa weight of 96 lbs. moved 
through 1 inch. “At Arst sight it appears startling, that by 
an expenditure of no more heating power in the first case, 
we should have obtained 45 per cent. more power than 
in the second ; but such is the fact, nevertheless: and 
that it is so may be clearly seen by the diagram (Fig. 
148). Let A B represent the stroke 4 inches long, A C 


Fig. 148, 
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the 4 atmospheres (represented by 4 inches in 
height) continued through 1 apy e, as shown 
by the line CD ; then from D let the pressure-curve be 
drawn till it terminates at G, BG bei i i 
ing the terminal pressure 1 a‘ 
the area of the whole weap she aalar aay CDFGB 
represents the total power developed in the first case by 
iture of a quantity of steam represented by 
HDO. Again, let the pressure in the 

2 atmospheres, ——— by 

AE, 2 inches high, be contin through 2 
inches of the stroke to F; a portion of the 
same pressure-curve F G will enclose the 


DC exceeds 
by the portion EF DC 


initial pressure, and ter range of subse- 
vans expansion. We have here supposed 
no resistance is offered to the movement 

of the piston. If it be conceived to move in 
+ ea to the pressure of the atmosphere, =" 
gain by expansion of the steam is even more marked. 

A line GL ts the constant atmospheric re- 
re ee See em both res an area ABGL, 
which leayes the effective overplus of force impressed 
the piston so as to move machinery, represented in 
one case by the area of LG F E, and in the other 
LGDC. Numerically, since we found the total 
in the two cases to be equivalent to 96 lbs, and 
140 lbs. respectively moved through 1 inch, and as the 


are as 140 — 60, or 80, to 96 — 60, or 36 ; that is to say, 
the one is more than double the other. 

This mode of graphically representing forces is 
not only of an interesting, it is also of a most useful 
character. Watt invented an instrument which, bei 
applied to a steam-engine, could draw upon a cai 
a figure such as we have employed, representing 
the power developed by the action of the steam 
in the engine. He, however, seemed to consider it 


only as an interesting toy; but of late years this 
instrument has been found to be of the greatest 
utility. It is called the indicator, and is capable 
of not only representing with great accuracy the 
wer developed in the engine to which it is applied, 
ut also of exhibiting defects in ms and construction, 
and of suggesting improvements. e shall have occa- 
sion hereafter to enter more particularly into the details 
of its construction and application. 

THE BOILER.—In steam-engines, the boiler or 
apparatus for. generating the steam is a part of prime 
importance. In devising a good boiler, the problem is 
to obtain the greatest quantity of steam, or to boil off 
the greatest weight ot water with the least weight of 
fuel consistently with due simplicity, durability, strength, 
and economy of material and labour in its construction. 
It must be a vessel capable of containing water, and 
affording space for steam generated from it: every part 
of it being e: to the pressure of the steam within, 
it must be capable of-resisting this bursting force ; and in 
its construction, precautions must be taken for safety in 
case of the pressure tending to exceed the strength 
provided to resist it. A certain portion of its surface 
must be exposed to the action of the fire; and as the 
materials which we have to use in its construction, suffer 
when exposed to excessive heat, and as we cannot, con- 
sistently with economy, afford to apply any portion of 
our fuel ineffectually, we must make provision for 
having the interior of the fire-surface covered with water 
to receive the heat communicated through it. 

The most simple kind of boiler is one of cylindrical form 
with hemispherical ends (commonly called the egg-ended 
boiler (Fig. 149), placed horizontally, with a fire ar- 
rai it, so that the direct heat of the fire, and 
of the heated products of combustion in their passage to 
the chimney, act through the metallic casing on the 
water within. The water only partially fills the boiler, 
leaving a space above it for steam, which is conducted to 
the engine by a pipe leading from the top of the boiler. 


Fig. 149, 


It is found by experiment, and indeed it seems to be 
a reasonable conclusion, that, within proper limits, 
having a certain quantity of fuel to dispose of, the larger 
the surface of water over which the heat developed from 
combustion is spread, the greater will be the nen 
effect produced, or the la will be the quantity o' 
water turned into steam. In fact, it becomes the object 
of the engineer to allow as little as possible of the heat 
to peed, i the chimney, and consequently to arrange 
his boiler in such a manner as to make the water absorb 
the greatest ble quantity of heat, by exposing the 
largest possible surface to the combustion, and disposing 
that surface in the best manner. 

The strongest form in which a vessel can be made, 
when it is intended that it shall resist internal pressure, 
is that of aspherical shell. If, then, in the construction 
of steam-boilers strength alone were studied, the spherical 
form would be generally adopted. But of all forms of 


vessels, the spherical is that which has the smallest sur- 


face in proportion to its capacity, and it is consequently 


— 
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ill-adapted for the pu of a boiler where a large 
amount of heating surface is important. Next to the 
spherical in point of strength, and superior to it in re- 
spect of superficial area, is the cylindrical form, with 
hemispherical or rounded ends (Fig. 149) ; and accord- 
ingly this form is very generally adopted for steam- 
boilers. 


In order to render available as much as possible of 
the surface for receiving the heat, the heated products of 
combustion are not permitted to escape directly from the 


fire into the chimney, but are carried round the boiler 
by flues generally in the manner indicated in Fig. 150, 
Fig. 150. 


That there should be some relation between those quan- 
tities will be evident from the following considerations. 


If the quantity of fuel consumed be very great while 
the flue-surface is small, the products combustion 
will not have sufficient opportunity for ing with 
their heat, and will, therefore, carry up the chimney, 


and waste, a large amount of beating power, which, b 
better arrangements, might be made to tell reg 
water. If, on the other hand, the fire-grate be too 
small, while the flue-surface is the products of 
combustion will have parted with their heat before 
reaching the chimney—a large portion of the flue-surface 
will thus be rendered useless, the ie pr a by the 
ascent of heated air in the chimney) will be sluggish, 
and the combustion slow. We believe that, practically, 
it will be found advantageous to adopt the following 
rules as to size of fire-grate and quantity of flue-surface 
in a boiler, such as we have described—the cylindrical, 
egg-ended boiler. 

To the diameter of the boiler, multiplied by its length, 
add one-half ; the result may be taken as the inedeniteky 
and this product (in square feet) should be 10 times the 
horse-power. Thus in a boiler 4 feet 6 inches diameter, 
and 15 feet long :— 


Since 15 feet X 44 feet =. . . 67} square feet. 
- Add one-half.- . . . » « + SS} 4, S 


The flue-surface may be taken at 101} 


Or equivalent to 10 horse-power. Again, for every 
orse-power there should be $ths of a square foot 
of fire-grate. For 10 horse-power there should 


therefore be 7} square feet of fire-grate, a surface 
that might be made up by taking the 1 of 
the fire, 3 feet 9 inches, and the width 2 feet, 
since 3 feet 9 inches X 2 feet = 74 square feet. 

The converse rule for finding the dimensions of a 
boiler suitable to a given power is the following: 
—From 10 times the horse-power subtract its jrd 
part, and the result will be the product of the dia- 
meter by the length. Thus, to make a boiler of 10 
horse-power :— 

Since10X10— . 2. 2 6 + 2 © 6 1 

Subtract jrd = ot; oe, 08 8 ae 334 


The product of diameter X length= . 663 
We are at liberty to take any convenient diame- 
ter and length that might make up this product 
within proper limits. Thus, making the 
ft. ft. in. 
Diam. 3, the length must be 223, product 663 sq. ft. 
” 4, ” ” 16 8, ” 663 ” 
3” 5, ”» ” 138 4, ” 663 ” 
2 ” ” 11 2, 
” 7 ”» ” 9 6, ” 663 ” 


Any of these dimensions may be chosen accord- 


ox ing to the particular circumstances of the case. 
Were we to take a diameter smaller than 3 feet, 


The boiler is placed on two banks of brick-work A A, 
| between which are fixed the fire-bars B, so that the flame 


may play on the bottom of the boiler. The products of 
combustion, heated to a high temperature, pass alon 
under the bottom of the se ‘al upwards at the far en 
©, thence along the side flues D D formed by brick-work, 
till they finally proceed by any convenient flue or 
channel E to the chimney. this arrangement a large 
—— of the heat contained in the products of com- 
on is absorbed during their passage along the bottom 
and side surfaces of the boiler, and is given to the water 
contained in it; while the brick-work, being a very im- 
perfect conductor of heat, permits very little to escape 
ineffectively. The power of a boiler arranged in this 
manner depends upon the,extent of fire-grate, or quan- 
tity of combustible mattér consumed in a given time, 
and the superficial areaof boiler on which the products 


of combustion play in their course towards the chimney. 


with a greater length than 22 feet, or a diameter 
greater than 7 feet, with a length less than 9 feet 
6 inches, we should find practical difficulties in fixing 
and working, and lose useful effect from the extreme 
lengthening or shortening of the flues. 

CORNISH BOILER.—When it is desired to obtain 
greater heating surface within a smaller space, it is found 
very advantageous to construct the boiler of cylindrical 
form, with a cylindrical flue or tube passing through the 
water ; so that not only may the exterior surface exposed 
to the flues receive heat from the products of combus- 
tion, but also the interior surface of the tube. When 
this tube is made of sufficient size to admit the fire with- 
in it, as in Fig. 151, the boiler is called a Cornish boiler, 
from the circumstance of its being first extensively 
applied with excellent effect in Cornwall. The arrange- 
ment of flues for a Cornish boiler is generally similar to 
that represented in the figure. The boiler rests on two 
banks of brick-work A A, with a space for the bottom 
flue B, left between them. ‘The fire-grate is fixed at C, 


| inererse— 


THE CORNISH BOILER. ] 


APPLIED MECHANICS. 849 


in the front portion of the tube; and the products of 
combustion pass along the tube, spread at the end E 


Fig. 151. 


into the two side flues FF, 

descend at GG to the 

bottom flue B, and — 
- thence to the chimney. The 
quantity of flue-surface in a 
boiler of this kind exceeds 
that inthe simple cylindrical 
boiler by nearly the internal 
surface of the tube. But as 
the hot products of com- 
bustion pass chiefly along 
the upper side of the tube, 


PLAN. 


and leave its lower side generally covered with a coat of 
non-conducting soot ashes, we cannot safely reckon 


much more than half the surface of the tube as effective 


nesting urface ; that is, 1} time the tube’s diameter 
mul by ite length\- ' 


8 
tipli 

In order, then, to estimate the power of a Cornish 
boiler, we should calculate the external surface as before, 
and add to it the product of 1} time the diameter of the 
tube by the length for the total effective surface ; allow- 
ing 10 square feet for every horse-power. 

Or, more simply :—To the external diameter add the 
diameter of the tube (in feet), multiply by the length, 
add one-half to the eee and divide by 10 for the 
horse-power of the boiler. - 

Lxample.—A Cornish boiler, 5 feet diameter, and 12 
feet long, has a flue-tube 3 feet diameter: required its 


Diameter of boiler . . . . . 5 feet. 
Add diameter oftube . ... 3,, 
. 8 ” 
Multiply by length . . . . .12,, 
96 square feet. 


Add one-half of 6 = . . . . 48 
Divideby . . . . . + 10)144 


Horse-power of boiler - « « 14} nearly. 

The converse operation for finding the dimensions of 
the boiler when the power is given, would be :—From 
10 times the power subtract its }rd part ; and the re- 
mainder gives the product of the length by the sum of 


the external and internal diameters. 
Example.—Thus, for a boiler 144 horse-power— 
Since 10x 14g—= 15. 2 2s eee 145 


Thus, 97 is the product of the length by the sum of the 
external and internal diameters. 

In this case, again, we must consult the circumstances 
of position for determining the suitable length and 
diameters. The diameter of the tube should not greatly 
exceed half that of the boiler, because there should be 
an ample covering of water over all the heated surfaces. 
And again, it should not be less than 1 or 2 feet, because 
it must admit suflicient area of fire-grate without exces- 
sive length. The fire-grate in the case given, reckoning 
hig of a square foot per horse-power, should be about 

1 square feet ; and as a length of fire exceeding 5 or 6 
feet would become inconvenient, we must take it at least 
2 feet in breadth—that is to say, the diameter of the 
tube must be 2 feet. The diameter of the boiler might 
then be 4 feet, and the length would be for these 


diameters ypanis feet. Were we to take the diameters 


as 3 feet for the tube and 5 feet for the boiler, the length 
97 
would be 345 12 feet. 


We believe it will be found practically advantageous 
to make the length a little more than three times the 
diameter of the boiler, the diameter of the tube being 
rather more than half that of the boiler. For 14} horse- 
power, according to this proportion, we should have 

Diameter of boiler . . . . 4 feet 6 inches 
Diameter oftube . . .. 2,4, 6 ,, 
Length of boiler > thy nO 


In cases where the dimensions of the boiler "are con- 
Fig. 152, 


siderable, two or more 
tubes are introduced, as in 
Fig. 152. The tubes are 
always placed “as low as 
ible, allowing 4 to 6 
| sar between them and 
the outer casing, in order 
that their upper and hottest 
surfaces may be well covered 
with water, without inter- 
fering inconveniently with 
the steam above. 
MARIN E AND LOCO- 
MOTIVE BOILERS.— 
For marine steam-boilers, where brick-work setting would 
be inconvenient, it is usual to arrange the whole heating- 
surface within the boiler, by means of flues pevading it 
in all directions (Fig 153). The water is thus divided 
into sheets about 6 inches thick ; heated on one or both 
sides by the products of eombustion as they pass along 
Fig. 153. 


the flues. In all such boilers a heating-surface of at 
least 10 square feet per horse-power, and fire-grate from 
4 to reg of a square foot per horse-power, should be 
provided. Nor should the flues be too small in sectional 
area, nor too much broken up or prolonged, lest the 
draught or rapidity of movement of air, and consequently 
of combustion, be interfered with. Oflate years, tubular 
boilers have been very extensively adopted, both for 


Subtract jrdof 145. . « 2. « » 48} marine and for land engines. These were first employed 
— principally in locomotive engines, as they afforded a 
97 nearly, | means of securing very large flue-surface Sar: a limited 
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represents the arrangement of tubes in a locomotive 
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mee and without excessive t of material. Fig. 
boiler. 


The body of the boiler A is cylindrical: at one end B 
the “ed surrounded by water space ; at the other 
Fig. 154. 


is fire- 


end © is the smoke-box, surmounted by the chimney. 
In the body are numerous small tubes com- 
pletely surrounded by water, through which the products 
of combustion pass in their progress from the fire to the 
chimney, delivering the greater portion of their heat to 
the surrounding water. The evaporating power of a 
boiler of this kind is very great, as we may readily 
believe on calculating the amount of 
heating-surface in a boiler of the fol- 
lowing dimensions :— 

Fire-box inside, 3 feet 6 inches x 3 
feet 6 inches x 3 feet 6 inches, has 60 
square feet actually exposed to the 
fire, and therefore most valuable as 
heating-surface. 120 tubes 2} inches 
diameter and 10 feet long, give 800 
square feet of effective flue surface ; 
the whole, including smoke-box, being 
contained in a space about 13 feet fii] 
long, 4 feet 6 inches wide, and 4 feet | 
6 inches high, and yet being equiva- 
lent to 80 or 90 horses’ power. 

aS Nite al bea, BOILERS. 
—We have now descri y. 
‘he timwoat Mote ct Wes cas 
for generating steam. They are, of 
course, subject to numerous modifica- 
tions in their details and proportion 
according to local circumstances an: 

iarities of use and situation. 
y are generally made of wrought- 
. Fig. 155, 


fron plates, from }th inch to }ths inch in thickness, | of a proper size to fit the tubes tightly ; the 


— ie Acar am being forced asunder salar boil 
AX AX ‘or rs) ers 
3 A the plates through which they 


according to the magnitude. of the work, and the e 
amount of pressure which they are intended to sustain. 

These plates are made to overlap each other at the 
edges, and ure fastened together by rivets or round pins of 
iron, passed red-hot through holes provided in the pla’ 
and riveted over so as to form a head. A 4 
iron is held against the under side of the rivet- 


ry t ing, ‘ 3; and like B 
when finished by the tool, being then said to be button- 
headed. As the operation of riveting ie peters when 
the rivet is red-hot, not only is the quality of the rivet 
not impaired by the hammering, as it would be if ham- 
mered when cold, but also the contraction or shrinking 
of the rivet in its length when it cools draws the edges 
of the two plates together with great force, and renders 
the joint impervious to fluid. en it is found by trial 
that the joints of the plates, or the 
heads, are not quite tight, as manif 


of water or steam through any of them, a blunt steel | 
chisel or caulking tool is applied to the leaking edge, and 
struck smartly by a hammer, so as to caulk the joints, or 
force part of the iron into the crevice. 

If we suppose, for instance, that an opening exists 
oo the plates at B, = ne the rivet-head at A 
(shown y exaggerated in Fig. 156), the caulki 
Sool. snitiad .2d the palate aseraat: rate the iron 
the plate edges and of the rivet-heads into the inter- 
— thus renders the jointing tight. For jointi 
the plates at the angles, a peculiar kind pre tipee 


angle-iron, indicated in section at A, Fig. 157, is em- 
Fig. 157. 


ployed ; and where there are considerable 
flat surfaces of plate exposed to bursting, 
A pressure stays, B, are introduced at 
— intervals to prevent the plates 


holes are first bored in the tes 
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tubes being cut of the p lengths and put in their 
places, the ends are fo: open by means of a conical 
tool driven by hammering into their mouths. Other 


methods of fixing tubes and stays are employed ; and 
there are numerous other details of totien making of a 
technical character, upon which we need notenter. The 


furnace or fire-grate of a boiler is generally made of 
numerous bars of wrought or cast-iron, laid side by side 
so as to form a grating, on which the fuel is placed, 
leaving spaces about 4 inch wide between the bars for 
the of air upwards to support the combustion, 
and of the ashes or incombustible refuse downwards 
into the ash-pit. In front of the bars, there is generally 
placed a dead-plate or surface without openings, to 
receive the fresh fuel, which, lying there for some time 
exposed to the radiation of the fire beyond, parts with a 
portion of its gases, and is partially coked before it is 
pushed onwards to the fire-grate. The gases are ignited 
im their passage over the hot fire, and produce flame, 
which plays on the surfaces of the flues. When the 
supply of air is deficient, large volumes of these liberated 
gases, having numerous particles of carbon suspended 
in them, pass through the flues without ignition, and 
thence through the chimney as black smoke. When this 
happens, not only-is a large and valuable part of the 
fuel wasted, but the air is inconveniently polluted. The 
object of smoke-consuming apparatus is to prevent this 
evil ; and the general principle on which all such appara- 
tus is constructed, is either to manage the production of 
these gases in such a continuous regular manner, as that 
sufficient air may be supplied for their combustion when 
they are sufficiently heated to ignite, or to supply heated 
air in some part of the flues, so as to turn into flame 
there, the gases that would otherwise escape unconsumed ; 
or, finally, when the production of the gases is irregular, 
to supply air to burn them only at the proper times and in 
sui proportions. 
The chimney of a steam-boiler should be of sufficient 
area and height to produce a good draught or qnick 
current of the heated products of combustion. When 
the draught is insufficient, the fresh air supplied to the 
fire is too small in volume, the combustion is retarded, 
and the flues are filled with smoke instead of flame. A 
chimney of 30 or 40 feet in height, and having an area 
of 1 square foot for 10 horse-power, generally gives a 
sufficient draught. Where height cannot be obtained, 
as in locomotive engines, the waste steam is made to 
rush up the chimney with considerable force, and thus 
to create an artificial draught. The chimney or flue 
leading to it is provided with a damper or slide, by 
which the area of passage may be diminished, and the 
draught reduced at pleasure. At convenient places in 
the flues, soot-doors are fixed for giving access to clean 
them from soot or ashes deposited oe 
INCRUSTATION,—As all water supplied to boilers 
is more or less impure, or contains ingredients that be- 
come deposited while the water itself is driven off in the 
form of vapour, it is essential to provide for the frequent 
cleansing of boilers. In marine boilers particularly, 
where sea-water is necessarily employed, the deposit of 
saline ingredients, none of which are volatile, or pass off 
with the steam, is very large, and of a very troublesome 
character. It generally settles in the form of a hard, 
stony crust upon the interior surface of the boiler ; and 
as this crust is a very bad conductor of heat, not only is 
there a waste of fuel where it exists, owing to its arresting 
the passage of the heat from the flues to the water, but 
there is a positive danger from the circumstance that the 
interior surfaces of the flues are thus over-heated, and 
the iron of which they are made becomes rapidly srrexsa 
scaling off in flakes, losing thickness and strength, an 
liable to disruption from the pressure within 
exceeding the strength left to sustain it. As salt-water 
does not deposit rapidly until it becomes super-saturated 
with salt, it is usual to permit, a the escape 
of a considerable quantity of the excessively salt-water 
in the boiler, and to replace it with new water from the 
sea, less salt and less liable to deposit. For effecting 
this object and also for emptying the boiler when re- 


quired, a pipe and cock, called technically the blow-ojf, 
is fitted to the lower part of the boiler. This cock 
should be frequently opened, especially where the water 
is very dirty or of a saline character, and the worst part 
of the contents of the boiler, which, being heaviest, lie 
near the bottom, thus blown out. In order to save the 
loss of heat occasioned by frequently blowing off the hot 
impure water from marine boilers, and replacing it by 
cold, but purer water, an apparatus calle] tue change- 
water apparatus is sometimes employed. It consists of 
a casing, with numerous small tubes arranged in it as in 
a tubular boiler. A portion of the contents of the boiler 
being always permitted to flow through the casing, and 
thence into the sea, a corresponding quantity of purer 
water is made to pass through the tubes to the boiler ; 
and the latter is thus made to absorb in its age 
through the tubes, a considerable portion of the heat 
given out by the former, in its passage round them. 

The large amount of incrustation in marine boilers, 
and the consequent ineffective expenditure of fuel, have 
for many years proved a source of great cost and incon- 
venience in this application of steam-power. When it 
is recollected that a steam-vessel has to carry its fuel in 
a place which might otherwise be available for the stowage 
of cargo, or that fuel has often to be purchased at distant 
depéts, where its price is enhanced by the cost and 
difficulty of transport, it is a wonder that owners should 
have submitted so long toa large waste of fuel, which 
might have been avoided. A good many years ago, Mr. 
Hall introduced a surface-condenser, by which the steam, 
after working the engine, was recondensed into pure 
distilled water, and in that condition returned into the 
boiler to be again converted into steam; and so on, in 
continual circulation. Notwithstanding the great ad- 
vantage of this arrangement in saving incrustation and 
deposit—in avoiding the necessity for blowing-off—in 
economising fuel, and saving tear and wear of boilers— 
it is not until very recently that engineers have practically 
adopted the principle of surface-condensation. As yet, 
very few engines have been fitted with surface-condensers ; 
but it is probable, that before many years have elapsed, 
their adoption will become universal. Hereafter we 
shall have occasion to enter more fully into their con- 
struction. We only allude to them, at present, in connec- 
tion with the subject of boilers, in order to show that the 
deposit and incrustation, which form the grounds of so 
many complaints and of so much danger, are by no 
means necessary evils. 

Mud-holes are small holes provided in the lower parts 
of boilers, and fitted with tight covers, which may be 
removed, when the boiler is not in use, for the ad- 
mission of a rake to draw out the mud deposited from 
the water. 

The man-hole, an opening sufficiently large to admit 
a man, is provided in the upper part of a boiler, and fitted 
with a tight cover, which may be removed, when the 
boiler is not in use, for the admission of a man for clean- 
ing or repairs. 

In boilers having considerable flue surface, but not 
great height of steam-room above the water-level, there 
is always a danger of priming—that is to say, the water 
in a rapid state of ebullition is often made to boil over, 
or blow in considerable quantities into the steam-pipes, 
and thence into the engine, where it is not only useless, 
but highly detrimental to the action of the machinery. 
Tt is usual, therefore, to provide a boiler with a steam- 
chest, or dome, in its highest part, to give greater space 
for steam, and greater height for the mouth of the steam- 
pipe above the surface of the boiling-water. In general, 
there should not be less than six inches of water above 
the flues, nor less than three feet of steam-room above 
the water. In marine boilers, where the water is surged 
about by the rolling of the vessel, there should be at 
least double the height named for water and steam. 
Should the level of the water be so low that the surface 
of a flue is no longer covered by it, the flue is liable to 
become over-heated, sometimes to redness; the iron is 
softened and weakened by the excessive heat, and rapidly 
deteriorated by oxidation and scaling off. But this is 
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not the only danger of an over-heated flue ; for on the 
water again covering it, the enormous volume of steam 
suddenly generated produces an excess of pressure, and 
causes an explosion of the boiler. We believe almost 
every case of explosion can be traced to some circum- 
stance connected with a deficient supply of water ; and, 
therefore, too much caution cannot be used in watching 
the condition of the water-level, and providing the 
proper su or feed. 3 

BO. FITTINGS.—In order to ascertain the 
water-level within the boiler, several kinds of apparatus 
are employed. The float A (Fig. 158) consists of a stone 

Fig. 158, 


“an Soe by a wire ing through the top of the 
boiler, and connected, by a chain led over a pulley, with 
a counter-balance, sufficient to balance so much of the 
weight of the float-stone that it shall always lie at the 

ace of the water. Should the water-level vary, the 
position of the float-stone, which rises or falls with it, is 
marked by an index on the pulley. ’ 

Gauge-cocks B C are two stop-cocks fitted into the face 
of a boiler, one above and the other below the proper 
water-level. When these cocks are opened, steam should 
blow through the upper, and water through the lower 
one. The objection to gauge-cocks consists in the cir- 
cumstance that, in order by them to ascertain the level, 
the attendant must open them. 

The glass gauge consists of two stop-cocks, D and F, 
fitted in the face of a boiler, one above and the other 
below the water-line, These cocks are connected by a 
glass tube E, in which the level of the water is distinctly 
seen. A stop-cock G is provided at the lower end of 
the glass tube ; and this being oceasionally opened, the 
sediment that may collect in the tube or es of the 
cocks is blown out by the pressure within the boiler. 
Should the glass tube burst, the stop-cocks D and F can 
be closed until a new tube is fitted, or they can be em- 
ployed as gauge-cocks. ; r 2 

ionally the float is connected with a whistle, in 
such a manner that when the level of the water becomes 
too low, it opens a small stop-cock, which permits steam 
to blow through the whistle, and thus give audible warning 
of the danger. 

In many boilers a precaution is taken against the dan- 
gerous consequences of insufficiency of water, by the use 
of fusible metal plugs. A hole is made in the highest 
part of the fire-box or flue, which is filled up with a plug 
or rivet of metal fusible at a temperature not tly ex- 
ceeding that of boiling-water. long as this plug is 
pee with water, its temperature cannot attain the 

int ; but should it be left bare, the heat of 
the fire playing upon it causes it to melt out, and thus to 
leave a hole, ugh which the steam escapes into the 
fine. Not only does the rush of the escaping steam give 
warning of the circumstance, but it relieves the 
steam-pressure within the boiler, and prevents the ex- 

losion which might otherwise result from the over-heat- 
of the flue. 

EED.—In low-pressure boilers, the float occasionally 

is made to act as aself-feeding apparatus. A (Fig. 159) is 


melting 


a cistern constantly supplied with water, and fitted at 


bottom with a valve opening downwards into a pipe pass- 
ing down to nearly the bottom of the boiler ; float B 
is connected by a wire and lever with the valve, so that 


when = meant “hn is oe the sven 4x 74 
causes the valve to open, us permits passage 
water from the cistern into the boiler, This 

ment can only be adopted when the pressure of the 
a ee not yon hen of the 
column of water in -pipe, For high- 

boilers, the height of cistern and feed-pipe weelle be in- 
conveniently great to overcome the pressure; accord- 
ingly, for these and for marine boilers, the supply 
of water is effected by means of a 
force-pump, called the feed-pump, 
Fig. 159, 
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By suitable cocks or 
valves. An appara- 
tus for feeding boil- 
ers with water, called 
an Injector, has also 
been very success- 


fully — inmany 

cases. The force of a certain quantity of steam issuing 
from the boiler by properly channels and valves, 
is made to cause a proportional quantity of water to 
enter the boiler. 


The quantity of water required for a boiler may be 
generally taken at 1 cubic foot per horse-power per hour; 
or, as 1 cubic foot contains about 6} gallons, and weighs 
about 63 Ibs., we may take 1 Ib. of water per minute, or 
1 gallon every 10 minutes, as the necessary supply for 
each horse-power. The actual quantity of water required 
for genera’ steam to work an engine of 1 horse-power, 
depends much upon the construction of the engine, the 
extent to which the steam is used expansively, the 
amount of power derived from condensation, or the 
amount of resistance to the egress of waste steam, if not 
condensed ; but the above estimate is tolerably correct 
for non-condensing engines worked without much ex- 
pansion, and is in excess for condensing engines, and 
such engines as those in which the expansive force of 
the steam is taken advantage of, so as to produce great 
effect with small expenditure of steam. 

It has been found by experiment, that 1b. of ordi 
fuel—coal or coke—is capable of turning from 8 to 10 
Ibs. of water into steam, according to the capabilities of 
the boiler, Taking the lower estimate, we should 
reckon that as 63 lbs. of water are required per horse- 
Rowe per hour, about 8 lbs. of fuel per horse-power per 

our would be consumed. In condensing engines, 
working expansively and under the most advan 
circumstances, the consumption of fuel has been reduced 
so low as from 2} lbs. to 3 lbs. per horse-power per hour. 
In non-condensing engines, when the steam is used to a 
considerable extent expansively, from 5 lbs. to 7 Ibs. of 
fuel per horse-power per hour is nearly the average 
consumption. 

SAFETY-VALVE.—It may be readily concei 
that when water contained in a vessel or boiler of limi 
strength, is subjected to beat in such a manner as to 


SAFETY-VALVES. } 


APPLIED MECHANICS. 853 


turn part of it into steam, exerting unlimited 

there would be constant risk of explosion, unless some 
measures were taken for limiting the force of the steam, 
and preventing its pressure from exceeding that which 
the boiler could safely sustain. Every boiler is, there- 
fore, fitted with one or more safety-valves, which 
constitute the most important of the bviler fittings. 

The principle of the safety-valve is exceedingly simple. 
As fluids, and therefore steam, equally in all 
directions, any part of the boiler-casing, such as 1 square 
inch, is subjected to the pressure of the steam. If, then, 
we make a hole in the upper part of a boiler 1 square 
inch in area, and cover it with a lid, laying on this lid a 
weight such as 50 lbs., we can apply heat and generate 
steam, which, as soon as its pressure exceeds 50 lbs. per 
square inch, will lift the loaded lid, and permit a portion 
to escape. Should the generating power of the boiler be 
moderate, the raising of the lid, and escape of a portion 
of steam, would prevent the pressure from ever exceed- 
ing that due to the weight on the lid; but should the 
steam be generated more rapidly than it can escape 
through the hole, the pressure must go on acest 
until the strain to which it subjects the boiler ex 
the strength of the material of which it is made, and an 
explosive rupture is the consequence. It is, therefore, 
tree to provide a safety-valve, with an opening of 

ient size to permit the escape of steam as rapidly 
as it can ever be generated, and to load it with a weight 
not greater than the pressure which the boiler can safely 
bear. Boilers are generally tested before use, under a 
pressure very much greater than that with which they 
are to be used. For condensing engines, the pressure 
seldom exceeds 20 lbs. per square inch ; for ordinary 
non-condensing engines, 50 lbs. or 60 lbs. per square 
inch; and for locomotives, it is as high as 120 lbs. and 
150 Ibs. per square inch above that of the atmosphere. 
The area of the safety-valve should not be less than }th 
square inch per horse-power. 

Fig. 160 represents a safety-valve of the ordinary 
construction. A is a box fixed over a hole B in 
the upper surface of the boiler, having a truly-faced 
seating on which the valve C can rest. The stem of the 
valve passes through the cover of the box, where there 
is a gland or stuffing-box to prevent the escape of steam 
round the stem. i conducts the steam that 
passes the valve, when it is lifted, to the chimney or 
elsewhere. The valve is kept down by a lever E, which 
works on a pin, or fulcrum, at F, and has a sliding 
it suspended from it at any point such asG. The 
arm of the lever is graduated so that the weight can be 
Sept tdagaad pressure on the valve as may be re- 

i we suppose, for example, that the area of 
valve-opening is 1 square inch, that the length from 
the centre of the valve-stem to that of the pin F is 2 

and that a weight of 10 lbs. hangs at G, 16 inches 

from F ; then the effect of the weight to press down the 

stem of the valve is as its weight multiplied by the 

lever at which it acts, divided by the length of 
Fig. 160. 
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lever at which the valve acts ; that is to say, the pressure 


. 10]bs. x 16 inches 
on the valve is Fiche As the area 


of the valve is 1 square inch, this weight is capable of 
resisting a steam-pressure of 80lbs. per square inch 
within the boiler. If the lever be graduated by divisions 
each 2 inches in length, each of these will correspond to 
a pressure of 10 lbs. on the valve; that is to say, the 
weight at— 


16 inches gives a pressure of 80 Ibs. 
14 ” ” 2 ”» 
A ales 5 Pe pa 9» and so on. 


We have not reckoned the effect of the weight of the 
valve and lever, which should generally be weighed, so 
that the pressure due to them, exclusive of the weight, 
may be estimated before graduating the lever. As a 
practical example, we will suppose that it is required to 
make a geek peek, of 4 inches diameter, and load it by 
a weight and lever graduated to steam-pressures varying 
from 20 Ibs. to 50 lbs. per square inch shove atmospheric 
pressure. We will suppose that the weight of the valve 
and stem is 5lbs., that a convenient leverage for the 
valve is 3 inches, and that the whole lever from F to the 
end is 30 inches, the lever itself being of uniform depth 
and thickness, and weighing 9 Ibs, 

The area of the valve (a circle 4 inches in diameter) is 
123 square inches ; the effect of the weight of the lever 
is the same as if it were collected at its middle point H, 
15 inches from F, and its 


Pressure on the valve is therefore Obs X10 


sin, =45 Ibs. 


To which we add the weight of valve and stem . 5 = 


Making a total constant weight on the valve= . 50 9 
And as the area of the valve is 12} lbs., this gives a con- 


stant pressure of roy 7 tbs per square inch. For a 
pressure of 50 lbs. per square inch, or a load of 50 x 124 
= 625 Ibs. on the valve, the additional load must be 
575 lbs. at a leverage of 30 inches against that of the 
valve at 3 inches ; and therefore a weight of 57$1bs. at 
the end of the lever gives the required pressure ; use 


Sain = 575lbs. on the valve. The same weight, 


to give a pressure of 40]bs. per square inch, should act 
on the valve with a force of 124 x 40—50 = 450 lbs ; and 
its distance from F must be about 23-48 inches, because 


574 xX ss melee = 450. Now the difference between 


30 inches, the leverage for 50 lbs., and 23°48 inches, the 
leverage for 401bs., is.6°52 inches—a division that may 

be repeated along the lever for 30 and 20 respectively. 
We might attain the same result by another process, 
thus :—Since the constant pressure due to the weight 
and valve is 4 bs. per square inch, the additional pressure 
to be derived from the weight of 57$1bs., to make a 
total of 10 lbs. per square inch, would be 6 lbs. per 
square inch, or 6 X12}=75lbs, in 
all. The leverage of the i to pro- 
n 


UK @) F duce this load would be found from the 
me simple proportion :— 

(@y rene Tatas teeer ewe 

57} lbs. : 75 3: Sin. ¢ 3°913 in. 


Repeating the same process for 50 lbs. 
pressure per square inch, we should find 
the leverage of the weight to be 30 
inches. The difference of 30 inches 
and 3°913 inches, viz,, 26°087 inches, 
being divided into 40 equal parts, eacu 
0°652 inches—because 40 is the dif- 
ference between 50 Ibs. and 10 lbs.— 
‘ would mark the lever for each lb. of 
pressure. Every 101bs. would thus be graduated by in- 
tervals of 10 x *652= 6:52 inches as before, 
In locomotives and boilers where a weight sliding along 
a lever would be inconvenient, the lever is affixed to a 
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spring-balance A (Fig. 161), graduated to the 
per square inch due to the spring. 
Pig. 161, 


pressures 
By turning a nut B 


on the stem of the spring-balance, any required pressure 
can be thrown upon the valve, which is kept down by 
the spring acting on its lever. Should the pressure 
within the boiler exceed that to which the balance is ad- 
justed, the valve is opened, and a portion of the steam 

The lock-up safety-valve consists of a valve 
pressed down by a set of strong springs C, the whole en- 
closed within a box under lock and key. While the 


ve, so as to increase or diminish the load at pleasure, 
the lock-up valve is inaccessible to him, and opens when- 
ever he has loaded the open valve beyond the pressure to 
which the lock-up valve he been adjusted ; thus serving 
as a check upon him in case of his working at a dangerous 
pressure. 

In a boiler for an ance working at very low pres- 
sures, there is uently provided a vacuum valve, 
which is a safety-valve opening inwards, and admittin 
air into the boiler, in case the pressure within should f 
so far below that of the atmosphere without, that there 
might be of collapse. 

RESS GAUGE —The steam-gauge is an appa- 
ratus generally fitted to boilers for indicating the pressure 
of the steam. The safety-valve may be employed for 
this purpose ; for if the weight be adjusted on the lever, 
or the spring of the balance released, until the valve be- 
gins to open and let steam escape, we know that the 


Fig. 162, 
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| weight or pring in that condition is a measure of the 
pressure. But as this mode of measuring the pressure 


_ pipe bent to a sipho 


as angghaapy’ has command over the spring-balance, 


uires personal attendance, it is better to be provided 
with some slfaoting instrument which shall show at a 
lance the ition o steam in res to pressure, 
: For low-pressure boilers, ths saabeceion aaeeaoaaial is 
generally employed of anges It consists of an iron 
mn form, connected with the boiler, 

and containing mereury, on which floats a rod of wood 
extending above the mouth of the tube, and pointing to 
divisions on a scale. As 2 cubic inches of 
weigh very nearly 1Jb., the rise of the wooden index 
a eee indicates that the mercury in 
1 limb of the siphon risen 1 inch, and fallen 1 inch 
in the other, making a difference of level of 2 inches, 
equivalent to a pressure of 11b: per square inch in the 
boiler. Thus every inch on the scale corresponds to 1 


Ib. pees per square inch. 

or high-pressure boilers, the column of mercury 
necessary would be inconveniently high, and recourse is 
therefore had to gauges of other kinds. Among 
most effective and ingenious of these may be mentioned 


passing 
through one of the 
end coy or the 
cylinder li If we 
suppose A-and B two 
pipes communicati 
with the ree ca 
opening into the cylin- 
der at opposite ends, 
while two other pipes, 
—a C and D, lead from 
the ends of the cylin- 

der to the open air, or to any suitable place; conceiving 
these pipes to be provided with sto we can see 
that by opening A and D, while B and C are closed, we 
admit steam to press upon the upper surface of the 
ton E, and force it to the bottom of the cylinder, whi 
the contents of the part below the piston esca) 
On the piston reaching the bottom, if we open 
while A and D are closed, the pressure acting on the 
lower side of the piston forces it upwards, while the 
steam above escapes. Thus, by alternately opening and 
closing the four stop-cocks in proper order, an alternating 
motion is given to the piston, and the force is communi- 
cated by the rod to any suitable machinery. The amount 
of force so communicated depends on the size of the pis- 
ton, or number of square inches in its surface on which 
the steam-pressure aor. ced intensity of that pressure, 
and the velocity at which the piston is caused to travel. 
If we suppose, for instance, that the diameter of the 
cylinder is 1 foot, the circular area of which is 113 square 
inches, that the — of the steam is 20 Ibs, per 
square inch, and that the average speed of the piston is at 
the rate of 200 feet per minute, the power communicated 
through the rod is equivalent to 

113 sq. ins. x 20 Ibs. x 200 ft. 

33000 

Some of the first steam-engines had cocks arranged as 

we have described, which demanded the continual attend- 


ance of a workman to close or open them at the proper 
times, But it suggested itself that apparatus 
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tu the moving parts of the engine might be so adjusted 
as to perform this operation; and accordingly great in- 
genuity has been exhibited in contrivances for alternating 
the flow of steam to and from the opposite ends of the 
cylinder. 

VALVES.—Instead of stop-cocks in the pipes, which 
are subject to considerable and unequal wear from constant 
working, and thereby become leaky, valves are often em- 
ployed, similar to the safety-valve, and worked upwards 
sai downwards by means of levers acting on their stems, 
which project beyond the steam-tight casing in which 
they are enclosed. Were these valves made in such a 
way that the steam pressed on their lower surfaces, and 
tended to raise them from their seats, it would be difficult 
to keep them tightly down without very considerable 
force. If, on the other hand, the pressure of the steam 


_ acted on their upper surfaces so as to keep them tightly 


down, considerable force would be required to lift them 
so as to permit the steam to pass at the proper times. 
Moreover, as, in large engines, these valves must be of 
considerable size to let sufficient steam pass through the 
openings they cover, and as, for effective working, they 
must be raised and lowered very rapidly, it becomes im- 
portant to reduce, as low as possible, the pressure upon 
them, and thus diminish the force necessary for their 
movement. 

The double-beat valve is a contrivance for covering a 
large area of steam-passage with a valve subjected to 
moderate pressure. The steam entering at A (Fig. 164), 
fills the valve-box, in which an annular or ring-shaped 
valve B is capable of being pressed upwards or down- 
wards by a rod C passing through the cover of the valve- 
box. When the valve is down, its upper and lower coni- 
cal surfaces rest on corresponding seats, to which they 
are nicely ground; while, the valve being raised, the 
steam flows between the surfaces into the pipe D. The 
force necessary to raise such a valve, is that of the steam- 
pressure on the excess of the area of the lower seating 
above that of the upper, and may be made much less 
than that on an ordinary valve of equivalent size. We 
shall suppose, for example, that a valve of 10 inches 

Fig. 164. 
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diameter is subjected to a pressure of 20 lbs, on the 
square inch. e force to lift it would be 


(cire. area of 10 ins. diam. =) 78} sq. ins. x 20=1570 Ibs. ; 


and the height through which it must be lifted to give 
the full passage for steam round it, is 2} inches ; for 2} 
X (circumf. of 10 ins. diam. = 314) = 78} sq. ins., the 
area of acircle 10 ins. in diameter. But were we to use 
a double-beat valve, having its lower seating 10} ins. in 
diameter, and its upper 9 ins. in diameter, the area of 
the one being 86} sq. ins. and that of the other 63}, the 
te on the difference, 23 sq. ins., is 23% 20=460 lbs., 
ittle more than one-fourth of that on the single-seated 
valve. Again, the height through which the double-beat 
valve must be raised is only half that required for the 


single valve; because, when it is raised, pas is 
vided for the steam both above and below. digianes 
work the double-beat valve, only }th or ith part of the 
force requisite for the single-seated valve is required. 
‘Wherever valves are used, especiaily in large engines, or 
under great pressures, for alternating the flow of steam, 
recourse is had to the double-beat valve, or some expe- 
dient of a similar character, by which considerable size 
of passage may be secured without having to lift a great 
weight, or move it through a great distance. 
SLIDE.—But the frequent raising and lowering of any 
set of valves, however woll balanced, would, in quickly- 
moving engines, be accompanied with noise, and would 
prove very inconvenient, on account of the complication 
of machinery required for the purpose, and the greater 
amount of wear and tear resulting from its use. To 
avoid these evils, the slide has been contrived ; and it is 
almost universally employed for alternating the flow of 
steam to or from the ends of the cylinder, except in en- 
gines moving very slowly. There are various kinds of 
slides in use, but they are nearly all contrived on similar 
principles, with such differences in the details of con- 
struction as the peculiar views of makers, or the cireum- 
stances of their position, suggest. The most simple 


kind is called the D-slide, from the circumstance of its 
form resembling that of the letter D. 
Figs. 165 and 166 represent two longitudinal sections 


Fig. 165. 
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a pipe B from the boiler into a cavity called the stide- 
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jacket, on the opposite side of which are three openings, 
the upper and lower, called the ports, communicating by 
tubes or passages with the upper and lower ends of the 
linder respectively ; and the middle one, or exhaust 
Jamiel, communicating by a cavity E with an opening 
at the side, by which steam can escape. These three 
openings are partially covered by a hollowed plate of 
metal, the D-slide, which, as its name implies, can be 
made to slide up or down by means of a rod C passing 
tightly through the jacket. The hollowed part of the 
D-slide is made to embrace the middle exhaust-passage 
and either of the ports, so as to let steam escape from 
the cylinder, while it leaves the other port open for the 
ingress of steam to the cylinder ; and as for every ascent 
and descent of the piston in the cylinder, a correspond- 
ing ascent and descent of the slide is effected by means 
of apparatus connected with the moving parts of the 
engine, the complete successive alternation of the steam 
is maintained without the expenditure of more power 
than is necessary to overcome the friction of the slide 
over the facings in which the ports are situated. The 
face of the slide, and the surface on which it rubs, are 
made very true and smooth in the first place ; and when 
they are not subjected to undue wear by the ingress of 
dirt or grit, their contact remains steam-tight for a long 
riod. The slide we have described is called the short 

| D-slide, and is generally used in locomotives and engines 
| which have not long cylinders. But when the cylinder 
is of considerable length, the poemnees from the ports to 
the ends of the cylinder are also long; and having, at 
every stroke or alternation of the piston, to be filled with 
steam, which is ineffective in producing power, consider- 
able loss is occasioned from this waste of steam in merely 
filling the passages. To obviate this defect, the slide is 
sometimes lengthened, so that the passages from the 
ports to the cylinder are proportionally shortened. It is 
sometimes found convenient for the construction to make 
this kind of slide of a hollow cylindrical form, fitting 
into a cylindrical jacket at each end, and being smaller 
in diameter at the middle. The steam entering at B 
(Fig. 167) fills the cavity surrounding the slide, and gets 

Fig. 167. 
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access to the cylinder by the upper or lower port as the 
slide is moved upwards or aoeawindin while the steam 
passes from either of these ports into the cavities at the 
upper or lower ends which communicate through the 
tubular body of the slide, and from one of which the 
waste-pipe C conveys the steam which has done its work. 

We might mention many other varieties of slides ; 
but all being constructed on similar principles to those 
we have described, we need not discuss them in detail, 
We will now proceed to describe the practical construc- 


sy 


tion of a cylinder and piston suitable for a non-condens- 
ing engine. 

CYLINDER AND PISTON.—Referring to Figs. 165 
and 166, which give a general view of the cylinder and 
slide, we have to inquire into the proportions of the 
parts, and the details of their construction, in such a 
manner as to be economical, durable, and efficient. 

The cylinder is made of cast-iron, ‘bored in a suitable 
lathe, so that the interior is as nearly as possible perfectly 
cylindrical. The covers are also of cast-iron, having a 
projecting part turned to fit into the ends of the cylinder, 
to which they are secured by bolts and nuts. The 
mouths of the cylinder are generally bored somewhat 
larger than the rest, so that if, after some years’ wear, it 
become necessary to bore out the cylinder afresh, 
thereby making its diameter a little larger, the same 
covers may still fit it. The flanges or projecting rims of 
the cylinder, and the faces of the covers which lie against 
them, are turned very true ; and if well smoothed, require 
only a little thin flour-paste, or white and red lead paint, 
spread over them, to render the joints impervious to 
steam when the bolts are screwed tightly up. The 
length of the cylinder is determined by the length of 
stroke or movement of the piston: it should be such as 
to allow from th to 4 an inch clearance between the 
piston and the cover at each end of the stroke. Theo- 
retically, the less clearance the better, because any 
left between the piston and cover at the end of the stroke, 
has to be filled at every stroke with steam uselessly. 
But, practically, it may be difficult to determine the 
length of stroke with perfect accuracy ; the wear of the 
machinery may alter it a little, and water or dirt may 
get into the cylinder, so that it is necessary to allow a 
little space, such as we have named, for clearance, When 
the steam first enters a cold cylinder it becomes con- 
densed into water ; and not unfrequently, during the 
working of the engine, the boiler primes or boils over, 
sending water along with the steam into the cylinder. 
But as water is practically incompressible, its presence 
between the piston and the cylinder-covers at each end 
of the stroke, would be quite as detrimental as the 
presence of a mass of iron or any hard material, 
unless an exit were provided for it; for the sudden 
approach of the piston would be arrested by the 
water, and either the cover would be forced off, or 
the parts connecting the piston to the rest of the 
machinery would give way. Accordingly, cylinders 
are often fitted with relief-valves—small safety- 
valves loaded by weights or springs, and communi-_ 
cating with each end of the inte that when- 
ever, by the presence of water, the pressure becomes 
increased toa dangerous extent, the valve is opened, 
ya and permits the water to escape. In the ~ amend 
= of relief-valves, pet-cocks or small stop-cocks are 
= fitted for the same purpose. On first admitting 
steam to the cylinder, these are left open to permit 
' the escape of the water arising from condensation ; 
and during the working of the engine, they may 
generally be left a little open, yey oe the 

resence of water is manifested by a sharp blow, 

eard when the piston strikes upon it, The thick- 
ness of the oyihiler depends on its diameter, and 
the pressure to which it is subjected ; and the 
strength of the flanges, covers, and bolts and nuts, 
must be determined on the same ground. For such 
details it is difficult to give precise rules, as expe- 
rience and study of well-proportioned works can 
alone give the power of determining them. 

The piston is constructed in various ways, one of 
which, being simple and effective, we will describe :— 
The body of the piston consists of a dise and boss A 
(Figs. 168 and 169), the outer edge of the dise fitting 
the cylinder, and the boss having a central conical hole, 
in which the piston-rod B is secured by means of a key, 
or thin bar of iron slightly tapered in width, driven 
through a slot or opening in the boss and rod, so as to 
tighten the conical end of the rod in the corresponding 
conical hole. ‘To the body of the piston is secured by 
screws, a cover C fitting the cylinder, and leaving between 
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it and the edge of the disc below, a groove which con- 
tains the packing ring D. This ring is made to fit the 
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cylinder, and is cut obliquely across at some point of its 
cireumference E, a elogram-shaped hole being cut 
out of the middle, and filled with a piece of metal truly 


fitted to it. By thus cutting the ring across at E, it is 
itted to expand in diameter ; and the slits made at 
akeovced by a plate F inside the ring so that no 


Fig. 169. 


steam can pass by them from one side of the piston to 
the other. Several bent pieces of steel-plate G are 
placed between the ring and the boss of the piston, so 
as to push the circumference of the ring outwards. 

As the inside of the cylinder and the edges of the 
piston and its cover become worn by constant rubbing, 
the packing-ring is made to expand, and still to work 
tightly in the cylinder, without permitting the flow of 
steam past the piston. Sometimes, for small pistons, 
the pac soe sing is merely made thicker at the side op- 
posite its slit ; and being at first slightly larger than the 
cylinder, so that it must be compressed when pushed 
into it, its own elasticity makes it expand to fit the 
eylinder even after considerable wear, without the 
necessity for steel springs within it (Fig. 170). 

The piston-rod, in passing through the cylinder cover, 
is surrounded by a cavity called a stuffing-box, and filled 
with soft twisted hemp and tallow, called pac!ing, which 
is compressed in the cavity by means of a g and, forced 
down upon it by tightening screws. By the use of this 
packing, while the rod travels upwards and downwards, 

VOL. I. 


steam cannot pass round it ; for even if the rod be worn 
somewhat irregularly, the elasticity of the packing serves 
4 Fig. 170. 


to prevent the pte ofsteam. Occasionally vulcanised 
india-rubber is employed for the purpose of packing. 

The slide-rod, and, indeed, all rods about an engine 
for moving valves or parts within cavities containing 
ay or water, have to pass through packing of this 

nd. 

SHUT-OFF AND THROTTLE VALVES.—For 
opening or closing the communication between the boiler 
and the cylinder, so as to admit steam from the one to the 
other, to diminish the quantity or entirely arrest it, a 
stop-cock is generally employed for small engines, and for 
larger ones a shut-off The stop-cock, being suffi- 
ciently well-known, we need not describe. The shut-off or 
stop-valve is generally made as indicated in Fig. 171. The 
steam-pipe A communicates with the valve-box, having 
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a pipe B proneading from it. The mouth of this pipe is 
fitted with a conical edging or seating, to which a conical- 
edged valve C is nicely. fitted. Through a stuffing-box 
D in the cover of the valve-box, passes a screwed rod, 
connected by a free joint to the valve C ; when the rod 
is turned round by a handle E, so as to screw it inwards’ 
through the gland D, the valve is pressed firmly down 
on its seating, and thus all communication from A to B 
is cut off. By unscrewing the rod, the valve is raised 
from its seating as much as may be required for the 
passage of steam, 

The throttle-valve is for the purpose of choking or 


throttling the passage of steam ina pipe, soas to regulate © 


the quantity passing through it in a certain time, with- 
out perfectly arresting it. It consists of a disc A (Fig. 
172) mounted on a rod passing across the pipe through 
a stuffing-box at one side. On turning the disc edgeways 
towards the current, the steam is allowed to pass; but 
when it is turned across the pipe, none can pass except 
such a small quantity as can leak round the edges of the 
disc. This valve is almost universally applied to engines 
5R 
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which are fitted with a governor, to which it is attached 
by means of proper connecting rods ; and by its means 
speed of the engine is regulated with great nicety, 

as more or less steam is permitted to pass the valve. 
Pig. 172. “ 
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FEED-PUMP.—The feed-pump of an engine is for 
the purpose of supplying the boiler with water to take 
the place of that which is boiled off, and passes away in 
the form of steam, after working the engine. It consists 
of a barrel C (Fig. 173), in the upper part of which a 
plunger G is worked alternately upwards and downwards 
through a stuffing-box. At the lower end of the barrel 
Fig. 173, 


a — 


is a valye-box, containing a suction-valve B, covering a 
pipe A by which the water is drawn from a convenient 
reservoir, and a discharge-valve D, past which the water 


has to flow in its progress to the boiler by the feed- 
pipe E. When the plunger is raised, the valve D being 

ept down in its seat by the pressure of water in the 
boiler (equivalent to that of the steam) communicated 
through the feed-pipe E, the vacuum left by the rise of 
the plunger is filled by water entering from A and raising 
the valve B for its On the descent of the 
plunger, the water being forced out of the barrel, presses 
down the valve B, but raises the valve D, and flows on- 
wards to the boiler. At some convenient part of the 
feed-pipe E there is always fitted a stop-cock, or shut-off 
valve, for completely cutting off communication between 
the pump and the boiler in case of the valves being de- 
I But water being almost totally incompressible, 
| it would be extremely hazardous to close this communi- 

cation while the pump is in action; for in that case the 
barrel must be burst open, or some part of the machinery 
that works the pump must be broken. It is, therefore, 
usual to provide also a relief-valye, constructed exactly 
like a safety-valve on the feed-pipe, to permit the efflux 
of the water when its ordinary passage is closed. The 
cover F of the feed-valve box should be capable of being 
readily moved to give access to the valves; and it is 
often made of considerable size, hollowed out to contain 


air, which is compressed by the influx of water during 
the descent of the plunger, and reacts to force the water 
onwards to the boiler while the plunger ascends. In 
all cases, indeed, where water under considerable pres- 
sure is exposed to the recurring action of a ing 
force, as in the feed-pump, an air-vessel shold Go ro- 
vided to act as a spring, relieving the blow on the water, 
and regulating its motion to a gradual flow instead of a 
sudden movement, 

CRANK AND CONNECTING-ROD.—Having now 
described the cylinder in which, and the piston on which, 
the steam acts to put the machinery in motion—the slide 
by which the alternation of the course of the steam is 
effected—the throttle-valve by which its quantity is re- 
gulated—and the feed-pump by which the n 
supply of water is maintained in the boiler ; we have to 
inquire how the reciprocating motion of the piston is 
converted into the rotary movement required for driving 
machinery, and how this movement produces the 
reciprocating motion of the slide and feed-pump, and 
governs the action of the throttle-valve. 

To the end A (Fig. 174) of the piston-rod there is 
jointed the connecting-rod AB, having an eye at B 
working on the crank-pin, or pin fixed to the crank—an 
arm BC projecting from the main shaft or spindle C. 


The crank-pin can move round in a circle, the diameter 
Fig. 174. 


of which is exactly equal to t 
length of stroke, or distance 
through which the piston travels 
in the cylinder. As the piston- 
descends from F to G, making 
the down-stroke, the crank is 
caused to revolve from E round 
to D, one half-revolution. Again 
while the piston ascends from G 
to F, making the upstroke, the 
crank revolves from D round to 
E, another half-revolution. Each 
revolution, then, of the crank 
requires a double stroke of the 
piston; and to effect it, the 
upper and lower portions of the 
cylinder have each to be filled 
and emptied of steam; or, as 
their capacities are equal, the 
cylinder has for each revolution 
to be twice filled and emptied. 
Tt is obvious that, at every dif- 
ferent point of its revolution, the 
crank is acted on by a different 
force, owing to the varying ob- 
liquity of the connecting-rod. 
At the two extreme points, D 
and E, where the ack is ina 
line with the connecting-rod, 
the effect of the piston to cause 
it to revolve is reduced to no- 
thing ; for it merely Hae pd or 

uulls it against the central shaft. 
i hese points are technically 
' called the dead centres, because 
there the force of the piston is dead or ineffective. But 
to make up for the total want of action at those points, 
we find that at some other points the effect of the force 
passing through the conn: -rod to turn the crank, is 
greater than the pressure on piston, in consequence 
of the obliquity of its action. 

Again, the piston, during a revolution or double 
stroke, passes through a distance equivalent to twice the 
diameter of the crank-circle ; while the crank-pin passes 
over the circumference of that circle, more than 3 times 
its diameter. The influence of the pressure on the piston 
to turn the crank may be best conceived by a graphical 
delineation of the force in the following manner :—If 
we divide the circle described by the crank-pin round 
the centre C into any number of equal parts (Fig. 175), 
and draw a straight line A B equal to the half-cireum- 
ference divided into corresponding parts, A B represents 
the distance through which the crank-pin moves during 
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half a revolution, developed into a straight line. If at 
any point, such as 2, we draw a line 2 C representing 
the crank, and a line 2 P representing the connecting- 


rod, and draw Q 2 touching the circle at 2, and there- 
fore representing the direction in which the crank-pin 
Fig. 175. 
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is moving at the point 2, while the line PC represents 
the direction of the piston, we may take any length P D 
in that line representing the force of the piston (as, for 
instance, ifthe pressure on the piston were 5 tons, we 
rey take P D=5inches), draw DE perpendicular to 
PD, PF lel to Q 2, and E F perpendicular to PF 

toC 2. Then, on the principle of resolved 


or 
forces, the length of P me erty force transmitted 


the connecting- and PF the force tending 
to turn the while DE measures the side thrust 
on the piston-rod, and EF the longitudinal strain on 


the pushing the shaft against its bearings. If, 


the force turning the crank-pin at the cor- 
responding point of its circumference ; and therefore the 
area or enclosed between the curve and its base 
AB, which may be considered to be made up of an in- 
definite number of these ordinates, measures the total 
force expended on the crank during a half-revolution. 
If, now, we take a line G H equal to the diameter of the 
crank-circle or the stroke of the piston, and, dividing it 
into any number of equal parts, erect ordinates each 
equal to P D, and therefore oe the constant 
force of the piston, the area of the rectangular figure 
G HK L thus formed will, in like manner, measure the 
total force of the piston during one stroke. It will be 
found that the area of this figure is exactly equal to that 
of the curvilinear figure, as might be predicted from the 
knowledge of the universal mechanical principle, that by 
no combination of machinery can we create or annihilate 
force ; and that consequently, whatever power the piston 
during its straight stroke impressed upon the crank, is 
found in the crank during its circular movement. By 
altering the length of the connecting-rod, as compared 
with that of the crank, we alter dia tigare of the force- 
curve, but we do not change its area; and whether the 
connecting-rod be 1] or short, the power conveyed 
through it during the half-revolution is the same, e 
other half-revolution being effected under similar cir- 
cumstances, would give a force-curve precisely like that 
of the former. 

In this investigation we have observed that the oblique 
action of the cormecting-rod causes a lateral thrust on 
the piston-rod, measured by the line DE. It will be 
‘ound, that the longer the connecting-rod, the less will 


a oa thenet be orgs as it . a for tial, weaing 
ess machinery, but positively prejudicial, tendi 
to bend the piston-rod or force it out of its presi 
path, it is advantageous to reduce it to as small a quan- 
tity as possible, and to provide means for counteracting 
its influence. For this reason, a long connecting-rod, 
three or four times the length of the crank radius at 

should be employed, and the end of the piston-rod 
should be made to move in guides so as to prevent it 
from being deflected. 

As the piston at the dead centres has no influence in 
causing the crank to revolve, it is necessary to provide 
some means of making up for this deficiency. On the 
crank shaft there is fixed a large heavy wheel, which 
revolves with it, and acts as a reservoir of force to 
the crank round the dead centres, and otherwise to 
equalise the movement. A large mass of matter, such 
as the fly-wheel, weighing sometimes many tons, cannot 
be put in motion at a high velocity without the expendi- 
ture of great force ; but when it is in motion it requires 
as great force to arrest it. In the motion of a crank 
connected with a fly-wheel, while the crank is receiving 
its most advantageous impulse from the piston at such 
points as 2, 3 or 4, it communicates some of its overplus 
to the fly-wheel, which is there stored up in the form of 
momentum or active, power, to be given out upon the 
crank and any machinery connected with it, when, at 
the points 1 and 6, it is receiving no power from the 
piston. 

In cases where a fly-wheel, on account of its weight 
and bulk, cannot be applied—as in marine and locomo- 
tive engines—the engine is made in duplicate, with two 

linders, pistons, connecting-rods, and cranks, both of 
the cranks being fixed on one shaft at right angles to 
each other. While the one crank is on its dead centre, 

Fig. 176, as © A (Fig. 176), and receiving no 
nn rotatory impulse; the other crank 
to ‘“,  CBis nearly at its best position for 
; c ‘\\ receiving the force of its piston. 
{ @-----4g _ As the whole apts of an engine 
\ r has to pass through its connecting-rod, 
‘ the joints which connect it with the 
bet piston-rod and the crank require to be 
cs made of great strength, and with pre- 
cautions against friction and wear. 
j The pins of the crank and piston-rod, 
on which these joints work, are made 
/ of wrought-iron or-steel, for the sake 
of strength; and as the friction. of 
like metals upon each other is found 
to exceed that of different metals, the 
eyes at the ends of the connecting-rod 
are lined or bushed with brass, gun- 
metal, or some soft metal, such as tin 
i] alloyed with copper. The special con- 
struction of those eyes depends upon circumstances, 
different engineers having preferences for different 
forms. ! 
' In Fig. 177 is represented what is called the arate 
The A of the connecting-rod is squared, so that a 
wrought-iron strap B, bent to horse-shoe form, can slide 
on to it. Between the arch of the strap and the flat 
end of the rod are inserted the upper brass C and the 
lower brass D, generally made of gun-metal, sometimes 
lined with soft metal. The brasses have projecting lips 
or flanges at each side to prevent them from moving 
sideways within the eye. Through the sides of the strap 
and the head of the connecting-rod is cut a slot, into 
which are fitted two pieces of iron, the key E and the 
gid F, each slightly tapered, so that when the key is 
driven gently into its place by a hammer, it acts as a 
wedge, pulling the strap down, and thereby tightening 
the brasses on the pin to which they are fitted. A littie. 
space is left betweem_the edges of the brasses to permit 
their closer approach as they or the pin become worn in 
the hole ; and the slot for receiving the gib and the key 
is extended upwards in the strap and downwards in the 
connectin ee to permit the key to bedriven. Lest the 
key should be en loose by the motion of the 


860 APPLIED MECHANICS. 


machinery, it is often split open at the small end, and a 
wedge Gis driven in to spread it laterally. 
Fig. 177. 


The fork-end (Fig. 178) is made by forming the end 
of the connecting-rod like a, fork, fitting it with gun- 
Fig. 178. 


and key. 
The bushed-eye (Fig. 179) is formed by shaping the 


Fig. 179. 


end of the rod into an eye, in which gun-metal bushes 
are fitted, capable of being tightened by a key passing 
through a slot in the rod, and bearing against the lower 
bay which is proce to receive it. 

Sometimes the eyes are made as represented in Fig, 
£30. The end of the rod: A fe spread cut to form a flat 


face, on which are fitted two brasses made with a 
hole to fit the pin, and 
secured by means of bolts 


and nuts D i 

through Kg ae erie | 
the rod, and in the brasses 
fitted accurately to receive 


them. 

Such are the modes prin- 
cipally used in forming the 
eyes of connestng-rods, oF 
of any joints aay oy i 
considerable strain has to be 
communicated. 

The crank A (Fig 181), is 
made, sometimes, of cast- 
j iron for stationary engines, 

Ys but, generally, for marine en- 

io gines, of wrought iron, having 

a hole fitted to B the round end of the on which 

it is fixed, and prevented from turning by a key O, or 

tapered piece of iron, driven tightly into a slit, formed 
Fig. 181. 
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partly in the crank and partly in the shaft. Generally, 
the round hole in the crank is made slightly smaller in 
diameter than the round end of the shaft; the crank is 
heated so as to expand it, and permit it to be driven on 
the shaft; and as it cools it tends to contract, and there- 
by becomes very firmly bound on to the shaft, the end of 
which is riveted or hammered over the hole. The 
crank-pin D is made to fit truly into a hole in the crank, 
in which it is sometimes secured by a key or pin driven 
through it transversely. The distance E F, between the 
centre line or axis of the shaft and that of the pin, is 
called the throw of the crank, and it is exactly half the 
length of the stroke of the piston. For locomotive engines, 
and, indeed, for many of the largest marine engines, 
where double cranks are required, it is usual to forge 
both cranks and the shaft in one piece, as indicated 
in Fig. 182. By this means great s h and sim- 


plicity are secured, and all the risk of the loosening of 
parts, put together by keys or otherwise, is avoided. 
Fig. 182, 


ECCENTRIC.—As, by means of a crank, the reci- 
procating motion of a piston is converted into a conti- 
nuous rotary motion of the shaft, so the continuous re- 
volution of the shaft may, by means of a crank, be con- 
verted into a reciprocating movement for the slide or 
feed-pump ; but for this purpose, instead of a crank, an 
eccentric is generally employed. It consists of a circular 
dise A, (Fig. 183), having a hole B, not in its cent 
through which the shaft passes. Round the disc is fi 

a ring O, generally made in halves, secured to each other 
by bolts and nuts at D; and to one side of the ring is _ 
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attached the yn talk ert The eccentric a or 
sheave, being firmly fixed on the shaft, is caused to re- 
volve ‘with the latter, and its centre is thus made to de- 
scribe a circle round the centre of the shaft. The whole 


downwards, during every revolution, throug! 

equal to the diameter of the circle through which the 

tre of the sheave revolves. The radius of this circle 

is called the throw of the eccentric ; and its diameter, or 
Fig. 183, 


the distance through which F is caused to move durin 
a half-revolution, is called the stroke of the eccentric-~ 

The setting of the eccentric upon the shaft, or the fixing 
of its position with respect to that of the crank, isa 
matter of nice adjustment for causing an engine to act 
well, as we shall endeavour to describe. Let A (Fig. 184) 
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represent the outline of a cylinder and piston, with the 
eet one side, and a long D-slide D fitted to them ; 

the circle in which the crank-pin revolves, and E that 
in which the centre of the eccentric revolves in con- 
nection with it. We suppose the piston at the top 
Stroke, and the crank-pin at C. If it be intended that 


the crank shall revolve in the direction of the arrow in 
1, the eccentric revolving in the same direction, the slide 

should be just opening to admit steam above the piston, |’ 
and to permit its exit from below it. The centre of 
the eccentric must, therefore, be at some such position 
as E’—so that, as it continues to revolve, it may con- 
tinue to open the slide to steam above and to eduction 
below for some time, and then be ready at e’ when the 
erank reaches OC’ to reverse the movement. Again, if 
the rotation of the crank be in the opposite direction, ag 
in 2, the eccentric centre must for the like reason be at 
E”, a point on the side of the vertical central line op- 
posite to that occupied by E’. In an engine always 
moving in one direction, the eccentric can be fixed on 
the shaft in such a manner as to give the proper move- 
ment to the slide ; but when it is desired that the engine 
should move in the opposite direction, some expedient 
must be devised for altering the position of the eccentric 
on the shaft through an angle measured by twice E’ F’, 
or E” F”, so as to throw its centre as much to one side 
as it was to the other side of the crank-pin. The sim- 


plest mode of effecting this object is to make the eccen- 
tric sheave loose on the shaft, with a piece A B (Fig. 185) 
projecting from its face, and a piece, or stop, C D pro- 

Fig. 185. 


jecting from the shaft. When 
the shaft moves in one direction, 
the eccentric remains at rest until 
the end C of the stop comes 
against B, when it is caused to 
revolve with the shaft. But, if 
j the shaft rotate in the opposite 
direction, it leaves the eccentric 
behind, until D comes round to 
A, when it is again caused to 
revolve, but ipa, ie centre 
changed with res: to any fixed point on the shaft, by 
a quantity dehor ined by the extent of slip before the 
opposite edges of the stops come in contact. When 
this arrangement is adopted, the end of the eccentric- 
rod is generally made of the form indicated in Fig. 186, 


Fig. 196. 


having what is called a ga or round-bottomed notch A 
fitted to the pin of the slide-rod B. When the eccen-° 
tric-rod is pushed or drawn aside, so as to relieve the 
slide-rod pin from the gab, the slide can be moved up- 
wards or downwards by hand, independently of any 
motion of the eccentric-rod, and the movement of the 
steam above or below the piston thus changed at pleasure, 

C is a guard or stop to prevent the withdrawal of the 
rod too far from the pin. The slide-rod is generally 
made capable of being worked by a lever conveniently 
situated for the hand of the attendant. When he wishes 
to reverse the motion of the engine, he quickly with- 
draws the gab from the slide-rod pin, andhy means of 
the hand-lever moves the slide in the direction opposite 
to that in which it was formerly moved by the eccentric. 

He thus throws the steam-pressure on the opposite side 
of the piston—if it were formerly ascending, it begins to 
descend, and conversely—the movement of the crank 
and shaft is thus reversed; the stop that drives the 
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ic i to the a side; and 
when, after a few alternations of the slide by hand, the 
established, the gab of 


fe work them in such a way as to neutralise each other, 


Fig. 187. 


it, in which the pin B of 
the slide-rod can freely 
slide. The two eccen- 
trics are fixed,on the 
shaft in such positions 
that one is adapted for 
the motion of the shaft 
in one direction, while 
the other suits its motion 
‘in the opposite direction. 
When the rod of the one 
is nearly in a direct line 
with the slide-rod, it 
gives it its reciprocating 
motion, while the other 
merely causes the arc 
to oscillate without 
affecting the motion of 
the slide ; but when the 
are and rods are pulled 
aside, so as to bring the 
slide-pin under the other 
eccentric rod, its motion is given to the slide, and the 
engine is thus reversed. With such an apparatus, then, 
one simple movement of a hand-lever, connected with 
the ares of both engines, causes their immediate reversal. 
But this is not the caly advantage of the link motion. 
It will be readily seen that the middle point A of the 
are being brought round to the slide-rod pin, the latter 
will be left nearly at rest ; for the ye Pare ends of the 
are being moved nearly in opposite directions by the 
eccentrics, will merely oscillate round A, as a fulcrum or 
centre. By bringing the arc to this position the engines 
are stopped, because the slide being at rest, admits no 
alternation of steam above or below the piston. Again, 
by shifting the arc so as to bring the pin to any point on 
either side of A, more or less movement of the slide in 
Fig. 188. ~ either direction is produced 
at pleasure, and thus the 
uantity of steam passing 
ugh the ports into the 
cylinder may be varied, and 
consequently the speed of 
the engine, according as the 
slide is caused to expose a 
greater or less amount of 
opening at the ports for its 
mission. 

CAMS.—When valves are 
used instead of the slide, 
for alternating the flow of 
steam to the cylinder, it is 
not unusual to move them 
by apparatus called cams. 
A (Fig. 188) is a pipe leading 
from the boiler, B a port to 
the cylinder, and C a valve, 
either simple or of the 


double-beat kind, closing the passage from A to B, The 


valve-rod CD, ing through a -box in the 
cover of the valve-box, terminates Payee D, which 
bears upon a cam F fixed on a shaft E, caused 
by the engine. This cam is a disc partly circular, and 
with part of it, F, projecting to a greater distance from 
the centre. As long as the roller D bears upon the cir- 
cular portion, the valve C remains down upon its seat ; 
but as the projecting part of the cam is brought by 
its revolution under the roller, the valve-rod is pushed 
up, aud the valve lifted to permit the of the 
steam. By ha ky Shay extent of the projecting part, 
the valve can ept open during a greater or less 
portion of a revolution of E, When it is desirable to 
vary this period, the cam is sometimes made with 
numerous steps of various extents, on any of which the 
roller may be made to bear at pleasure (Fig. 189). 
Fig. 189. 


For engines revolving slowly, this mode of working 
valves is very valuable, as it gives the power of admit-— 
ting steam to the cylinder during a less or greater part 
of a stroke, and thereby of taking advantage of its 
expansive power within the cylinder. But when the 
rate of revolution is rather rapid, it is difficult to make 
the cam and roller capable of working without noisy and 
injurious blows, cnuhine from their rapid alternations. 

GOVERNOR.—In stationary engines, which are sub- 
jected to continual variations of work, and yet are re- 
quired to move with great ity, it is essential to 
provide some means of governing the speed. The most 


simple and efficacious apparatus for this P is the 
conical pendulum or governor, invented by Watt (Fig. 
190). e have already described it in general terms as 
applied to windmills, 


Fig. 190 


For steam-engines it is used ina similar manner. The 
vertical spindle is put in motion by the engine, and 
revolves quickly or slowly, according to the velocity of 
the engine. hen it revolves rapidly, the balls fly out- 
wards, and raise the grooved brass which slides on the 


spindle A (Fig. 191), and thus moves a forked lever B, 


which, by proper rods and levers C, causes the e- 
valve D to turn round in the steam-pipe, and check the 
passage of the steam to the cylinder. the engine 


revolves slowly, on the other hand, the balls fall in, the 
brass sinks, and the throttle-valve is presented edgeways 
to the steam, and permits a more free 

As, in the pendulum of a clock, the from the 
point of suspension to the bob must be ted to beat 
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seconds, or half seconds, or any other intervals that may 
be required ; so in the conical pendulum or governor, 
Fig. 191. 


the length of the arms that carry the balls must be 
regulated by the speed at which they revolve. In 

ing this question, we need Bey snaite one ball, 
as each is regu by the same law, and they are 
generally made in duplicate for the sake of balancing the 
apparatus, and to give it symmetry. The force which 
tends to throw the ball outwards from the vertical 
spindle, is the centrifugal force of its revolution, or its 
tendency in obedience to the first law of motion to 
proceed in the straight line E F (Fig. 192), touching the 

Fig. 192. 


ANS 


circle in which it revolves, rather than to be continually 
diverted from its straight to a circular path. The force 
which opposes the centrifugal force, and causes the ball 
to be continually deflected from the straight line, is the 
weight of the ball tending to push it close home to the 


vertical spindle. If we take any position of the ball, 
such as D, A B being the vertical spindle, and complete 
the parallelogram of forces A B 5 H, while the line 
DH or AB peewee in quantity and direction the 
weight of the ball, drawing it down, and DB or AH 
the centrifugal force pushing it outwards, A D represents 
the resultant of those two forces as a tension on the rod 
by which the ball is suspended. If we know the velocity 
with which the ball moves in its path, and the radius of 
that path, we can estimate its centrifugal force in com- 
parison with its weight, and can make the limb A D of 
such a length that these two forces shall be properly 
proportioned for a certain velocity.* 


*EG being part of the circular path, which may 
be taken as small as we please, and EK perpen- 
dicular on OF, F K is naetiy bisected in G, and EK 
is nearly equal to E F, and K F nearly parallel to O E. 
Also CE : EF :: EK: KF==5" EF me 


A body projected from E wila such a velocity as would 


The length of the arm of the governor, measured from 
the point of suspension to the centre of the ball, may be 
found from the following rule :— 

Divide 200 by the number of revolutions per minute, 
and multiply the quotient by itself for the length in 
inches. 

Ezxample.—Required the length of a governor arm 
suited to 50 revolutions per minute : 


50 = 4, and 4 x 4= 16 inches, 


To find the speed suited to a governor of a given 
le of arm. 
ivide 200 by the square root of the length (in inches), 
and the quotient will ba the number of revolutions per 
minute. 
E: —Required the proper speed for a governor 
having an arm 16 inches long. 


The square root of 16 is 4, and ~ = 50 revolutions 


per minute, 

The rods and levers connecting the governor with the 
throttle-valve should be capable of adjustment, and it is 
useful to have an adjusting counterbalance to the centri- 
fugal force of the by changing which, the regulated 
rage of the engine can be varied at pleasure. Although 
the governor we have described is a most valuable ac- 
cession to an engine, yet it is not a perfect regulator ; 
for its very mode of action implies that the velocity of 
the engine must have undergone a change, before the 
governor can have begun to act on the throttle-valve. But 
within certain limits, the variation in s of an engine 
thus regulated is inconsiderable, and there is no appa- 


in a small period At cause it to describe EF, if 
acted on during that period by a constant deflecting. force 
parallel to: CE, giving it during Aft a velocity which 
would cause it to describe uniformly F K in the time 
At, would be deflected through F G, the half of F K in 
the time Af. 

If f = the deflecting force (measured by the velocity 
acquired in one second), f Af* is the space traversed 
during At at the velocity acquired during Af, and if v 
be the velocity per second of the body in EF, and 
therefore E F = v At, and r= CE, the radius (measured 
in inches), 


EF? vA 


2 
SAP =FK=45-= = SF fl 


Taking n = the number of revolutions per minute, 


a5 = number per second, and 27r = the circumference 


. A a Qrrn rn 
traversed in each revolution, .°. 0 = 0 55 
2 2 
Hence, f = on — very nearly. 


545? ~ 91-1 ke. 
The force of gravity is measured by a velocity of 32} 
feet or 385 inches acquired per second, and taking w = 
2 
the weight of the body, f : w :: nie : 385 
3 wrn® vr n2 
“S= 911 in, x 385 35344 °F 
Now, as f is represented by B D, while w is measured 
by AB, andas BD=r 


very nearly. 


wrnt 
AB: BD:: wif ti w.aea 
35344 BD _ 35344 7188 2 
or AB=—, BD BD" 7 “(a 


It is convenient in practice to make the angle BAD 
about 39° when the governor is at its average speed 
when AD =2DB; and as A D?= AB?+ D Bi, we find 


2 200.2 
poe 5 ) = (a) very nearly, 


i and d that i ble of main- a rod with a small piston working in a cylinder ; the 
taining | epee er ity. me ger' Seazen ey pe puts in ernie small pump, forcing into this 
14, 


Pig. 193. 


864 APPLIED MECHANICS. (DIRECT-ACTING ENGINES, 
‘ning like 


cylinder air or water, which escapes from it by an 
aperture, the size of which can be ted at pleasure, 
If the speed of the engine increase, the small cylinder is 
filled more rapidly than it can empty itself, and the 
piston thus raised closes the throttle-valve. Should the 
engine move more slowly, the small cylinder becomes 
emptied more rapidly than it is filled bs ed te 3; and 
the piston descending, opens the throttle-valve so as to 
Bs more steam to the main Seo ? 

ther coptrivances for governing the speed of engines 
have been applied with papi Seating them we ma: 
mention the chronometric governor, of which our Timited 
space does not permit us to give a detailed descrip- 
tion. 

Having now described separately the principal parts 
of which a non-condensing engine consists, we mr discuss 
some of the modes in which these parts can be most con- 
veniently arran, 

DIRECT-ACTING ENGINES.—Figs. 193 and 194 
are sections, transverse to each other, of a vertical, 
direct-acting non-condensing engine; and Fig. 195 a 
plan of the same. A is the foundation-plate, forming 
the bottom of the cylinder B, which is to it 
bolts and nuts. ©, the slide and steam pa 
the piston and rod, terminating in a cross-head E, which 
works between guides, and to which is jointed the con- 
necting-rod F, G, the crank ; and HH, the bearings 
in which the crank-shaft revolves. I, the eccentric and 
rod for working the slide ; and K, an eccentric for work- 
out success. The lever of the throttle-valve is connected | ing the feed-pump L. ™M, the fly-wheel. This engine is 
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of very simple construction, and has no parts that are 
unnecessary to the efficient working. 

_ The — plate ie TO oo ye potrk 
ing non-condensing engine ; and as this form of engine 
has of late years been very extensively used, we think 
its details may be studied with great advantage. The 
principal objects attained by adopting the horizental 
arrangement are these :— 

The framing (marked V V on the plate) is of a very 
simple character, and can y be cast all in one piece. 

The whole strain caused by the alternate pation and 
pushing of the piston in giving motion to the crank, is 
thrown rectilineally on the i oe oes readil y 
made strong enough to bear it, whi ing su 
jected to no racking strain, is laid upon a bed of 
masonry, and secured in its place by a few bolts. 

The whole machinery of the engine being spread out 
as it were under the eye, is visible and accessible in 
every part for cleaning, oiling, and repairs, and is in 
itself so simple that *~ economy of construction is 
secured, along with efficiency and durability. 

The plate gives an external side elevation, in which— 
A is the cylinder surmounted by the slide jacket, B; 
C is the piston rod, which, attached at one end to the 
piston inside the cylinder, passes through a stuffing-box, 
O, in the cylinder cover, and terminates in a cross-head 
and pin, D, on which is jointed the connecting rod, E, 
by means of astrap-joint, as shown in the plate, or any 
other of the joints already described, that may be found 
most suitable. As the connecting rod, by its oblique 
action on the crank, throws a considerable lateral strain 


i line of action,* the 
cross-head, D, of the piston is made to slide between 
guides, NN, which are nicely smoothed and kept well 
ubricated. ‘ 

F is the crank fixed on the main shaft, and to which 
the ing-rod, E, is jointed bya strap-joint. The 
i of which is fixed on the 
made oblique (as indi- 
the 
the piston being in the horizontal line, if the 
were jointed horizontally, the strain would be 
thrown on the joints of the bushes instead of their solid 
bodies. The outer end of the shaft revolves in a bearing 
or plummer-block, which is fixed on a wall or other suit- 
able masonry at the side of the engine. The fly-wheel, 
H, is fixed on the shaft, and revolves with it A ‘small 
crank, I, is mounted on a small shaft, J, concentric with 
the main shaft, in order to give motion to the governor- 
spindle, G, and to the eccentric, K, which regulate the 
supply of steam to the cylinder. 

ie governor and eccentric gear are connected by an 
i i ment, which we will endeavour to de- 
scribe. From the eccentric, K, extends a rod, L, to the 
joint, M, of a lever, which vibrates on a pin, . This 
ever contains a slit (which is part of a circular arc), in 
which slides a pin, s. A rod, tw, extends from this pin 
to the extremity of a lever, which vibrates on a spindle, 
v, and which has its other extremity, w, connected by a 
rod, w «, to the slide-rod. The slide-rod moves recti- 
lineally through a guide, y, and through a stuffing-box, 
z, and puts the slides into alternating motion within the 
jacket, B, so as to admit steam to the opposite ends of 
the cylinder, and permit its egress from these ends 
successively. 

The governor, which is mounted on a vertical spindle, 
G, is put in motion through bevil gearing, driven by 
the small spindle, J. The governor-balls, ¢¢, are at- 
tached to equal rods, which work on pins mounted on 
the head of the governor-spindle, d. om these rods 
two bent rods extend downwards, and are jointed to a 
tubular boss, f, which slides upwards or downwards on 
the governor-spindle, according as the balls fly out from 
or fall in towards its axis. This boss, f, has a groove 
cut into it, which receives the ends of a forked lever, g, 
mounted on a fixed pin, h. A lever at right les to 
this, terminating in a pin, k, communicates motion by 

* See ante, p. 859. 

VoL, 1. 


the rod, J, to the extremity of another lever, m, which 
is mounted on the same pin, », with the slotted lever, M, 
already described. From each side of the central pin, 
m, arms extend to o and », the one suspending a weight, 
q, balancing the rod, ¢ u, which is suspended at 71, by a 
small vertical rod from the other extremity, p, of the 
double-ended lever. In order to understand the action 
of this apparatus in governing the engine, we shall first 
suppose that it is going at its proper speed, so that the 
governor-balls, ¢e, maintain their mean distance from 
the axis, G, neither flying out from it, as they would do 
if they revolved too fast, nor falling into it if they re- 
volved too slowly. Under these circumstances, the 
eccentric-rod, M, works directly on the pin, s, and 
through it, and the rod, tu, and lever, wow, on the 
slide-rod, x, giving the slide its mean amount of stroke 
backwards and forwards, so as alternately to uncover the 
steam ports to the extent necessary for the admission of 
such a quantity of steam into the cylinder as is required 
for working the engine at the speed to which it is timed. 
Let us now suppose that some additional work is thrown 
on the engine, more than the steam allowed to it is 
capable of performing. The first and immediate result 
of this is a reduction of speed. 

The governor-balls, ee, no longer maintained in their 
position by their former centrifugal force, sink inwards 
towards the axis G; the tubular boss, f, is thus caused 
to slide down the axis, the bell crank lever, g hk, pushes 
the rod, J, towards the cylinder, and thereby throws the 
double-ended lever, m o p, into the position represented 
on the diagram (Fig. 2). The effect of this movement, 
by dropping the point r, is to let the pin, s, slide down 
the circular slot of the lever to a point farther from its 
centre, x. As the eccentric-rod, L, maintains the same 
amount of stroke as before, the pin, s, being removed 
farther from the fulcrum, , of the lever, receives a 
more extensive vibration, which it gives to the slide-lever 
and rod, and the slide itself is thus caused to move over 
a larger extent of the facings within the jacket, B, and 
so to open the steam ports more widely, and admit into 
the cylinder the increased amount of steam required for 
the increased work thrown on the engine. If, on the 
other hand, work were thrown off the engine, the speed 
would increase, the governor-balls would fiy outwards, 
their operation on the slotted lever would be reversed (as 
moan Bs, the dotted lines in Fig. ) and the stroke of 
the slide and supply of steam would be proportionally 
diminished, to suit the reduced work which the engine 
might have to perform. 

is the steam-pipe leading from the boiler to the 
cylinder ; R the shut-off valve for stopping the passage 
of the steam, or regulating the quantity supplied ; Sa 
short piece of connecting-pipe, which may be removed 
by undoing the bolts, by which it is connected to the 
valve and to the slide-jacket, so that room may be 
afforded for lifting the slide-jacket itself off the cylinder 
without disturbing the steam-pipes, when it may be 
necessary to repair the slide or adjust the facings on 
which it works. The eduction passage is carried by a 
tubular jacket T round the cylinder to a convenient place, 
U, below the framing, whence the waste steam may be 
conducted away. The feed-pump X is placed in an 
excavation made to receive the lower portion of the 
fly-wheel. It is worked by an eccentric from the main 
shaft acting through the rod W, and draws by the pipe 
Z its supply of water, which, after passing through 
valves situated in the lower part of the pump X, is 
forced through the pipe Y to the boiler, and supplies the 
feed required for the generation of steam to work the 
engine. 
igs. 196 and 197 are views of what is called a table- 
engine. The cylinder is elevated ona table ; the piston- 
terminates in a cross-head, having a roller at each 
end working in a guide, and a connecting-rod descending 
on each side of the cylinder to a shaft made with two 
cranks below, working in ings, and carrying a fly- 
wheel and eccentries for the slide and feed-pump. The 
governor is driven by bevil gearing from the crank- 
shaft, - ‘ 
8 
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In the locomotive engine, the action is precisely similar | 
to that of the direct-acting vertical engine, although the 
cylinder is laid horizontally, and the framing is com- 
bined in such a manner with the boiler, as to secure 
ightness. 


Fig. 196, 


“a ty — I ya fie . 

The three annexed plates represent respectively a side 
elevation, a plan, and a partial front elevation and sec- 
Fig. 197. 
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tion of Crampton’s Locomotive. We omit a special 
description of these, because the drawings, if carefully 
examined, are sufliciently explanatory of the uses and 
connections of the various . er locomotives 
differ somewhat in the details, both as to arrangement 
and proportions, but all embody the same principles of 
construction. 

Of late years portable or locomoble engines have 
attained great importance, and likewise traction engines, 
or engines suited for travelling and drawing heavy loads 


on common roads, All these have so many features in 


common with the locomotive—such as tubular boilers, 
and cylinders placed horizontally, or at a slight angle to 
the horizon—that their construction may be 
understood without special drawings or — 


readily 
being 
of our subject, we ssny ulsovehes $00 yartalen eae 


je-engin 
Great Eastern are of this kind, and many other large 
vessels are now fitted with engines of like construction, 
The cylinder of an ergy baw 2 instead of being 
fixed firmly on its bed, is provided with i 

each side, about midway in its length, somewhat like a 
cannon, and these trunnions are fitted into bearings 
formed in the framing, in such a manner that the cylin- 
der is free to oscillate upon them as on pivots. The 
piston-rod which passes through a long and strong 
stufting-box on the cylinder cover, is made of larger 
diameter than usual, for the sake of giving it great 
strength transversely ; and it is jointed directly on to 
the crank without any intervening connecting-rod. As 
the crank-pin travels round in a circle, it carries with 
it the top end of the piston-rod, not only in a direction 
upwards and downwards (co-incident with the axis of 
the cylinder), but also from side to side (or transversel 

to the axis). The motion of the piston, from end to 

of the cylinder, accords with the one direction of the 
crank’s motion, and the oscillation of the cylinder 

its trunnions allows for the other. As the steam has 
be admitted to the oscillating cylinder, and has also 
escape from it after having done its work, the trunnions 


roperly working the slide on an oscilla cylinder, 
Tiself oscillating with it. At lensth av iignaiies ’ 
ment for overcoming these difliculties suggested i 
and shortly afterwards the use of oscilla’ cylinders 
became very general on the small scal gradually 
came to be adopted for the very - t marine 


es. 
ESTIMATION OF POWER.—In estimating the 
power of a non-condensing engine, we have to ascertain 
the pressure on the surface of the piston causing it to 
move, and the distance passed over by it under this 
pressure in a given time, or the velocity with which the 
pressure acts. The product of the pressure by the 
velocity gives the power ; and if the former be taken in 
lbs., and the latter in feet per minute, we have to divide 
their product by 33,000 to reduce it to the standard of 
horse-power. For example, if the piston move over 
200 feet every minute under an ave pressure of 
1,650 lbs. on its whole surface, the effect is the same as 
if 1650 x 200 = 330,000 Ibs. moved over 1 foot per 
minute ; and as 1 horse-power is reckoned equivalent to 
33,000 Ibs. moved over 1 foot per minute, the power in 


= 10 horse-power. 


, 330000 
the case assumed is 33000 


But in estimating the pressure on the piston, we are 
not entitled to assume it as that of the steam in the 
boiler, as measured by a steam-gauge. In the first 

lace, there is always some length of pipe between the 
boiler and the cylinder, and the steam passing through 
this pipe loses some portion of its heat. Referring to 
the table of temperatures and corresponding —_ 
we can see that the reduction, by a very few 
the former, Sees a very consid e diminution of 
the latter. ile it is usual to cover the steam-pi 
with felt, or some such non-conducting casing, in 
to prevent a loss of this kind as far as possible ; yet with 


See page s66. 
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precaution, there isa diminution of pressure to | stop-cock, with either the upper or lower part of the 


every 
the extent of several pounds per square inch, especially 
when the initial pressure is considerable.* Moreover, 
before the steam enters the cylinder, it has to pass the 
throttle-valve, which may be partially closed by 
the governor, and the steam is thus, as it were, 
wire-drawn, or made thinner, less dense, and con- 
sequently capable of pressing with less force on 
the piston. Were the piston at rest, however 
small might be the passage for the steam, yet, 
like water finding its level, its pressure would 
very quickly become uniform throughout every 
cavity to which it might have access. But as the 
piston is in motion, the steam has to flow along 
the pipe and passages with sufficient rapidity to 
follow up the piston in its progress ; and if its 
course be arrested or impeded, that portion of it 
beyond the impediment must necessarily be of 
less density than that before it. in, as the 
alternate flow of the steam above and below the 
piston is controlled by means of valves or a slide, 
the apertures covered by them eannot be opened 
or closed instantaneously, and there must, there- 
fore, be at every alternation, moments of transi- 
tion, during which the are throttled and 
the steam wire-drawn. When the slide is moved 
by an eccentric, the opening and closing of the 
Fog is ual, and the amount of passage open 
or whet is continually changing. If the 
slide and eccentric be so adjusted that the upper 
port is just beginning to open when the piston 
is at the top, it continues to open for some time 
during the descent of the piston, until it attains 
its extreme width. It then begins to close; and 
some time before the piston reaches the bottom 
it must be closed by the slide, which has moved 
onwards a sufficient distance to be ready for 
opening the bottom port to admit the steam below 
the piston. The slide and eccentric are generally 
so adjusted that each port is closed when the 
iston has passed through grds of its stroke. 
ring the remaining 4rd of the stroke, the 
pressure on the piston must therefore gradually 
diminish, for no fresh steam being admitted into 
the cylinder, that which is already in it becomes 
expanded in volume, and proportionally dimi- 
nished in density and pressure. Moreover, when 
the double eccentric and link motion are employed 
to work the slide, or when a special valve is 
provided for cutting off or arresting the ingress of 
steam to the cylinder at an earlier period of the 
stroke than that which is determined from the 
motion of the slide alone, the engine is said to 
be worked expansively, and the gradual diminution of 
pressure during the stroke becomes still more marked, 

Again, after the piston has completed its stroke, the 
cylinder being filled with steam of such final pressure as 
may result from the causes we have named, has to empty 
itself on the return of the piston, through the ports and 
waste-pipes. To move the steam through these passages 
demands some force, which acts as a back pressure or 
resistance on the piston, and thereby diminishes its effec- 
tive working force, 

Having in view, then, all these causes of change in the 
steam- ure during each stroke of the piston, it be- 
comes important to ascertain what is the mean or aver- 
age pressure throughout, which may be reckoned as the 
working pressure, or the actual force applied to each part 
of the surface of the piston to move it against the resist- 
ance of the machinery on which it acts. 

THE INDICATOR,—The indicator, to which we have 
already referred as having been invented by Watt (see 
p. 847), is a simple and beautiful instrument, by which 
this element of power can be ascertained with the greatest 
accuracy. A (Fig. 198), is a small cylinder open at top, 
fitted with a piston, and communicating by a pipe and 

* We shall afterwards have occasion to describe the means of reme- 


dying this evil by super-heating the steam before it passes to the 
cylinder. 


main cylinder. The piston is pressed down into the 


cylinder by a nicely adjusted spiral spring, and a pencil 
B is fixed to the piston-rod. C is a roller, round ah 


Fig. 193, 


@ piece of paper is wound ; on the 
axis of this roller is fitted a pul- 
ley D, connected bya string with 
some of the moving parts of the 
engine. The roller is also fitted 
with a spring, like the main- 
spring of a watch, in such a man 
ner that, after being pulled round 
in one direction by the motion of 
the engine communicated through 
ee yong, it is made to recoil 
y the spring. If we su 
the stop-cock closed, the piston, 
being pressed on by the spring and 
the atmosphere, will remain at 
the bottom of the cylinder; and 
the pencil being stationary at its 
lowest point E, while the roller is 
made to rotate backwards and 
forwards, will describe a line on 
the paper which would ap 
straight on its being unfolded 
from the roller. But if, while 
the roller continues its motion, 
the stop-cock be opened, then the 
piston will be subjected to the 
pressure of steam in the main 
cylinder, and will be forced up- 
. wards in opposition to the pres- 
sure of the spring and of the atmosphere, and the 
ncil will trace a line on the paper, varying in 
eight as the piston rises and fi But farther, 
if the spiral spring be so adjusted that we know 
exactly how many pounds will compress it an inch, and 
if we know the area of the piston, we can, exactly, 
measure the amount of pressure on it by the height to 
which the pencil is raised above the neutral line E, 
where it remains when subjected to no upward pressure. 
And thus the position of the pencil on the paper, or the 
mark left by it at any point, furnishes the measure of the 
pressure on the main piston of the engine at the cor- 
responding point of Fig. 199. 
its stroke. On un- 
folding the paper 
from the roller, we 
should find a figure 
(Fig. 199) described 
on it by the pencil, 
which, when properly 
analysed, gives us the 
means of reckoning 
the varying pressure 
on the piston, and |! 
often points out defects in some of the adjustments, and 
suggests modes of remedying them. 
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through twice 
tions are 


|| 


Cc 
equally distant ; and measuring off the lengths of ordinates 


kK A 5 


AL, &c., drawn through these points, we can thus 
estimate the pressures acting on the piston of the indi- 
cator-cylinder at equidistant points of the stroke through 
which paper is made to travel. These pressures cor- 
fespond exactly, per square inch, with those to which 
the main piston of the engine is subjected: during its 
stroke, because the small cylinder of the indicator com- 
municates freely with the cylinder of the engine. If we 
suppose the indicator to be fixed at the top of the cylinder, 
the upper of the curve a, L, M, &., R, Z, is that 
during the descent of the piston when the steam 

is pressing on it. The lower part of the curve Z, Y, &c., 
S a, is that traced during the ascent of the piston when 
the steam is escaping from the cylinder. Were the indi- 
cator fixed to the bottom of the cylinder, we should get 
corresponding curves for the steam- there. 
ey, w ro at eccentric-slide and its ages, 8 are 
properly adjus ese figures are very near! 2; 
ge the enpat of the curve may be taken as 
that traced by the active pressure either above or below 
the piston, while the lower part of the curve may be 
taken as representing the correspondiug resistance of 
steam during its egress from the cylinder. Now, as the 
total height CN of any ordinate, measures the total 
pressure on one side of the piston when it is at the 
int of its stroke corresponding to C; and as the part 

U of the same ordinate represents the resisting pres- 
sure on the ite side of the piston at the same point 
of its stroke ; the difference U N, oe fe ee ae 
nate intercepted between the upper and lower limbs of 
the curve, measures the effective pressure on the piston 
clear of all resistance. The same applies to all the ordi- 
nates ; and, as we may suppose, the whole curved space 
made up of numerous equal, narrow, vertical strips, each 
measured in height by an ordinate, we may on the 
area of the figure contained within the curve as an ex- 
pression of the power developed by the piston during its 
stroke. Or, having taken a considerable number of heen 


pressure-ordi and found their av we may con- 
sider this the mean effective pressure on the ee For 
gure, found 


example, the average of those marked in the 
by adding them into one sum, and dividing it by their 


number, is “ = 20 Ibs., the mean effective pressure on 
every square inch of the piston. In taking the average 


in this way, the most correct method is to take the first 
and last ordinates, AL and GR, at distances, K A, HG 


from the ive ends of the stroke a and Z, half f 
A.B or BO the distance which separates the other ordi- 


If we suppose the engine from which this figure was 
taken had a cylinder 12 inches in diameter, a stroke of 
15 inches, and that the crank made 80 revolutions per 
minute, we can readily calculate the effective power of 


“ multiply the area of 


square inches) by the mean pressure ( 
inch) by twice the length of stroke (in feet) 
number of revolutions per minute, and divide 
duct by 33,000 for the horse-power. : 

Example.—On the indicator being applied 
gine, having a cylinder 30 inches diameter, a 
4 feet, and making 27 revolutions per minu 
nates of the figure were found to be respecti 34, 
34, 33, 24, 18, 14, and 9: required the power of 
e 


e. 
um of 8 ordinates = 200, which, divided by 
number 8, gives 25 lbs. as the mean pressure. 


Area of cylinder, 30 ins. diameter = 707 square inches. 
Multiply by mean pressure. ‘ 25 Ibs. 


oe erte 
$223 3e8 


the 
their 


ee eee oa 
141400 

Number of revolutions . - 27 per minute. 

Divideby .  . + 83000) 3817800 

Horse-power + + «+ * 1153 nearly. 


But in making these calculations, it must not be for- 
gotten that we only reckon the force with which the 
piston moves. In eae wager Mee: force to the 
crank-shaft, and thence to the inery driven by the 
engine, there are losses from friction and other causes 
for which some allowance must be made. The piston 
rubs along the surface of the cylinder; its rubs 
through the stuffing-box ; so with the slide. The end of 
the piston-rod rubs on the guides, which save it from 
yielding to the oblique action of the connecting-rod ; the 
connecting-rod eyes rub on their pins, the crank-shaft 
rubs in its i the eccentric and its rod also pre- 
sent rubbi aces, the fly-wheel encounters con- 
siderable resistance of the air to its rotation, and the 
feed-pump demands power for its working. All these 
resistances vary with the conditions of the rubbing sur- 
faces, the accuracy or inaccuracy of their fitting, their 
state of lubrication, and other circumstances ; so that it_ 
is difficult to state any constant deduction to be made 
from the calculated power on account of them. An 
engine in a er! good state should thus waste not more 
than ,yth to {th of its power ; while one in a bad state 
may lose as much as jrd. It may generally be fair to 
reckon the loss at }th or }th of the calculated power. 
Thus, in the example given, the calculated power being 
1153, we take the real power about 90, deducting rather 
more than }th for losses. 


The indicator is not only a measure of power, it 
is also a picture of defects, and may often furnish useful 
hints as to the proper mode of improving the action of 


the engine. If A B (Fig. 201) represent the stroke, 
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FH a line drawn at a distance A F below equal to 

15 lbs., and if we su steam at 30Ibs. above atmo- 

spheric pressure is itted to the cylinder during half 

the stroke, then suddenly cut off, we draw A C = 30 lbs., 

C D half the stroke; take E midway in PH, and fill 
Fig. 201. 


c L L) 


wer of a non-condensing engine without reference to 


its indicator figure, we may generally make a very near 


approximation to the truth by the following mode of 
reckoning. We assume the engine to be in fair work- 
ing order, and fitted with an ordinary slide, cutting off 
the steam at about 2rds of the stroke; that the 
steam-pipe is not of great length, and well clothed 

P with non-conducting material; that the ports are 


well-proportioned, and the piston and slide tight. 
We farther suppose the piston to travel at the velo- 
city of 200 feet per minute, which is found to be 
practically a fair working rate ; and that a horse- 
power, to be effective, after all allowances for fric- 


tion, &c., should be estimated at 44,000 lbs. moved 
¢ ; 1 foot per minute, or 220lbs, moved 200 feet per 
minute. We observe the pressure in the boiler, 
and deduct from it }th for loss by cooling in the 
steam-pipe and expansion in the cylinder, and 2 
>| Ibs. for resistance to exit and other losses, the 
oY WY 74% remainder being reckoned as the mean effective 
A ° N |, pressure. Multiplying this by the area of the 
piston, and dividing by 220, we get a fair estimate 
of the power. 
Example.—An engine having. a cylinder 30 
a inches in diameter, is worked at a pressure of 36 
Ibs. in the boiler : es its power. 
From pressure in boiler . ; ° 36 Ibs. 
7 H Deduct one-fourth for cooling, &e. 9 Ibs. 
And for back pressure . . 2lbs.—11 ,;, 
in the lic curve DE. Then will the figure = 
ACDE t the best possible effect that could | Mean effective pressure . ° . ‘ 25 
be got under the conditions given ; for the straight line | Multiply by area of 30 inch oe 
A C represents the sudden rise of the pressure from that — 
of the atmosphere to 30lbs. above it at the beginning of | Divideby . . + « « 220)17675 
the stroke ; the straight line C D represents the con- Fresh 
tinuance of that pressure during the stroke ; the Horse-power . : 80 


curve D E indicates the gradual reduction of pressure, 
as the steam enclosed in the cylinder expands to fill its 
increasing on yr bi the point E midway in P H marks 
the pressure at the ae of oe stroke, that a 
beginning or middle, use the capacity of the cylinder 
at the end has been doubled, while the quantity of. steam 
within it has remained constant. The straight line EB 
marks the sudden fall of the final pressure to that of the 


when the exit port is opened; and the 
cunigts line BA oe ts the constant resistance of 
the here to issue of the steam during the 
return stroke of the ‘piston, Such might be the theo- 
retical figure. The ical figure inscribed within it 
must necessarily fall short, in some respects, of that which 
is theoretically perfect. For instance, at the inni 
of the stroke, the port opening not suddenly, but 
grad » produces a curved line from K to L, the 
piston having travelled some distance before the full 
pressure is attained ; the gradual closing of the port or 
expansion valve, and some diminution of pressure from 
the couling of the steam, or from leakage rag the 
piston, are indicated by the inclined line L M. The 
cooling varies the expansion curve M Q from the true 
hyperbola, and the gradual opening of the exit port 
causes a curved turn from Q to N instead of a sudden 
drop E B. The line N O above the line of atmospheric 
pressure B A, indicates some additional resistance to the 
issue of the steam dependent on limited area, or bad 
form of opening, or leakage from the steam side of the 
piston, and the turn at O K marks the gradual closing 
of the exit port, and opening of the inlet port for the 
analysis of a figure pro- 
duced by an engine not working satinfactorily, will thus 
int out causes of loss, and suggest means of remedy- 
ing them, by widening the ports, readjusting the eccen- 
tric and slide, clothing the cylinder to prevent covling, 
and such other arrangements as may ie found advan- 
tageous. In the hands of an. experienced engineer, 
indicator di s become highly suggestive of merits 
and defects, and often furnish more information as to the 
economical working of an engine or the reverse, than con- 
tinued observation of its structure and action could supply. 
CALCULATION OF POWER.—In estimating the 


In general it is the business of engineers to provide 
engines of certain powers without special reference to 
the pressure at which they should be worked. By em- 
ploying very high pressures, the size, weight, and cost 
of an engine are certainly reduced ; but, on the other 
hand, some danger is incurred, and the tear and wear 
are considerable. By using very low press again, 
the cylinder must be large, the engine is generally cum- 
brous and heavy, and little advantage can be taken of 
the expansive power of the steam. We consider a 
boiler pressure of 40 to 50 lbs. to be a fair average on 
which to estimate the engine-power ; and would suggest 
the following rules for calculating the power of a given 
engine, and the diameter of cylinder necessary to pro- 
duce a given power. 

1. To find the power of an engine when the diameter 
of the cylinder is given. 

Rule—Divide the diameter (in inches) by 3, and square 
it for the horse-power. 

Example.—Required the power of an engine having a 
cylinder 15 inches in diameter. 

15 
3 


2. To find the diameter of cylinder necessary for a 
given power. 

Rule.—Multiply the square root of the power by 3 ; 
the product is the diameter of the cylinder in inches. 

Ezxample.—What should be the diameter of a cylinder 
for 100 horse-power ? 

Square root of 100 = 10, and 3 x 10 = 30 inches. 

The length of stroke must depend on the number of 
revolutions made by the crank in a given time. It is 
convenient to assume that the piston, in engines going 
at a fair average speed, shall travel over 200 feet 
minute. Sometimes it moves at the rate of 250, and 
even exceeding 300 feet per minute; but, u the 
whole, 200 is a convenient and economical This 
is the product of twice the stroke by the number of 
revolutions ; and hence its half, 100, is the product of 
the stroke by the number of revolutions, If, then, 
either the length of stroke or the number of revolutions 
be given, the other may readily be thus found :— 


= 5, and 5 x 5 = 25 horse-power. 


vs 
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1, Given the length of stroke to find the speed. generally arranged so as to make one stroke for each 
Rule.—Divide 100 by the stroke (in feet), the quotient | revolution of the engine, or each double stroke of the 


is the number of revolutions per minute. : 
Example.—W hat is the speed of an engine having 2 ft. 
6 ins, stroke? 


ay io = 40 revolutions per minute. 


2. Given the speed to find the stroke. 

Rule.—Divide 100 by the number of revolutions per 
minute, the quotient is the le of stroke in feet. 

E —What must be the stroke of an engine 
making 35 revolutions per minute ? 


100 _ 9.86 feet, or about 2 ft, 10 ins. 


STEAM PASSAGES.—The dimensions of the steam 
should be proportioned to the area of the 
Sytiader for while the piston travels at its quickest 
speed, increasing rapidly the space to be filled wit 
steam, the passages should admit the steam with suffi- 
cient velocity to sustain the pressure on the retreating 
piston. It is found, practically, that the area of the 
steam-pipe may be advan usly ath of that of the 
cylinder, or the diameter of the one }th of that of the 
other. Thus, for an engine having a cylinder 30 ins, 
diameter, the steam-pipe should be 5 ins. diameter. 
When it is intended that the piston should travel more 
rapidly than the average rate of 200 feet per minute, 
the rea Yate should be preneeeeety large. In such 
cases, its diameter may be advantageously reckoned at 
}th of the diameter of the cylinder. The ports which 
admit the steam into the cylinder should always present 


an area of poems considerably greater than that of the 
steam-pipe, for ing a great part of every stroke they 
are lally ohinadl by the slide. The exhaust-pipe, 


which conveys the steam from the cylinder, should be 
larger than the steam-pipe ; for the waste steam should 
be permitted to become rapidly expanded in volume, in 
order that its back pressure on the piston may be di- 
minished as much as possible. 

FEED-PUMP.—The size of the feed-pump should al- 
ways be greatly in excess of that which is skaciutely re- 
. for supplying the amount of water boiled off in steam 

or the engine. Occasionally, the valves of the pump leak ; 
there may be leaks in the boiler ; some of the water may 
over in priming ; and a good deal may be wasted in 

lowing off. The pump should, therefore, be capable of 
supplying at least 3 times as much water as is actually 
due to the steam supplied to the cylinder. The pump is 


piston. 
the cylinder is 30 inches, the stroke 4 feet, and 
average pressure 30 lbs. above 
that is to say, the steam at 3 atmos 
during each revolution, the cyli 

steam, uses a volume of about 68 
Steam at 1 atmosphere of pressure 
times the volume of water, its volume at 3 atmosp 
is }rd of that, or about 533 times that of water. 
water necessary to generate 68,000 cubic inches of 
at 30 lbs. pressure, therefore, amounts to 128 i 
inches; and as the feed-pump should be capa 
supplying thrice this quantity, it must deliver at each 
stroke 384 cubic inches. Should we make the stroke of 
the pump 2 feet, half that of the piston, its area must be 


= = 16 square inches, or its diameter 44 inches. 


As ageneral rule, for the dimensions of the feed- 
ump in non-condensing engines, we may offer the fol- 
owing :— 

Multiply the square of the diameter of the cylinder 
(in inches) by the length of stroke (in feet), divide by 90, 
and the quotient is the product of the square of the 
diameter (in inches) of the pump, by its length of stroke 
in feet). 
¢ Example.—Required the size of the feed-pump for an 
engine having a cylinder 30 inches diameter, and a stroke 
of 4 feet. 


Bxext = 40, the product of diameter squared 
by stroke. If we take the stroke of the pump 2 feet, 


then 4? = 20 is the square of the diameter, or the dia- 
poate A Mes re | inches, because 44 x 44 x 2 = 40 
nearly. 

Many treatises on the steam-engine give rules for the 
dimensions of all the principal parts of an engine. We 
think, however, that these rules are not, in many 
ractically available, because a difference in ent 
Salah and arrangement, or in average pressure and 


FE 
Dene 


speed, occasions very considerable variations in the pro- 
portions of the W goin Careful study of well-made 
engines, and actual experience in their construction and 
working, form the true sources of information as to 


their due proportions. 


CHAPTER VI. 
THE STEAM-ENGINE—(Continued). 


Contents. —CcONDENSING ENGINES—SAVERY’S-—NEWOCOMEN S—WAT?’S IMPROVEMENTS—-CONDENSER AND ATR-PUMP— 
INJECTION—SURFACE- CONDENSER—PARALLEL MOTION—BEAM ENGINE—MARINE ENGINE, PADDLE, SCREW— 


COMBINED ENGINES—ROTARY 
DRIVING MACHINERY—LOCOMOTION—PROPULSION OF 


Tae Condensing Engine, in all main points, resembles 
the non-condensing engine; but it requires some ad- 
ditional parts, in order that the vacuum produced by 
condensing the steam may be employed as a source of 
additional power. If we suppose that the steam, on 
leaving the bottom of the cylinder, instead of flowing out 
into the co na which resists its egress with a 
pressure of 151 r square inch, were conducted into 
& vessel totally void of air or this resisting force 
would be entirely removed, and the effect of the steam 
pressing on the upper side of the piston, would be in- 
creased by that quantity. If the vacuum in the vessel 
were not perfect—that is to say, if there were contained 
© it some oe fluid, — as air or steam, or a aoe 
of both, tly attenuated, and capable of pressing wit! 

a force of only 2 or 3 lbs, on the suid inai-sthes pres- 
sure of the steam on the piston would be increased by a 


ENGINES—SUPER-HEATING STEAM—APPLICATIONS OF STEAM POWER—PUMPING— 


VESSELS, 


2 or 3 lbs. less than 15 Ibs. per square inc 
ly, if we reckon the pressure of steam in 


atmosphere, and deduct the ere 
vacuum vessel, the difference be the effective pressure 
on the piston. Thus, with steam in the cylinder ex- 
erting a pressure of 10 lbs. above that of the atmosphere, - 
or having an absolute pressure of 25 Ibs. per square inch, 
while the vacuum vessel contains a fluid with a 
force of 2 lbs, * og opr inch, the eflective pressure on 
the piston is 25 — 2 = 23 Ibs. per square inch, The 
condition of the fluid in the vacuum vessel, as to pressure, 


is generally measured by a barometer. 

e upper part of the vessel A (Fig. is connected 
with a glass tube O, about 30 inches long, dipping into a 
cup of mercury B. Were the space in A an ute 


vacuum, the atmospheric pressure on the 
. 
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of the mercury in the cup would force the mercury 
Fig. 202. 


nA the tube to the height of 
about 30 inches, because a 
column of mercury 30 inches 
in height, presses with a force 
of 15 lbs. on the square inch, 
But if A contained fiuid press- 
ing with 2 Ibs. per square inch, 
the mercury would attain a 
height of only 26 inches ;_be- 
cause the pressure of a column 
26 inches high is 13lbs., and 
the additional 2 lbs. of fluid 
pressure make up 15 lbs., the 
atmospheric pressure. 

If, then, we know the pressure 
of steam in the cylinder (above 
that of the atmosphere), and 
the height of the mercurial column in the barometer, 
we can find the effective pressure on the piston by adding 
bo steam pressure to half the height (in inches) of the 
column. 

SAVERY’S AND NEWCOMEN’S ENGINES.—It 
is remarkable that some of the earliest efforts made for 
obtaining power from steam, were directed, to the cone 
struction of apparatus in which its condensation, as well 
as its elasticity, should afford the force required. At the 
end of the 17th century, Captain Thomas Savery suc- 
ceeded in constructing an engine for raising water by 

Fig. 203. Means of steam. A 
vessel, A (Fig. 203), 
connected by a steam- 
pipe and cock B, with 
a suitable boiler, com- 
municated with a ver- 
tical water-pipe C, in 
which were fitted two 
valves, D and E, open- 
ing upwards. Steam 
being admitted into A, 
forced out the air con- 
tained in it by the up- 
per part of the water- 
pipe, and occupied its 
place. The  steam- 
cock B being closed, 
and a stream of cold 
water made to pour 
over A, the steam 
within it became con- 
densed, and formed a 
partial vacuum; the 
pressure of the atmo- 
sphere acting on the 
water at the bottom of 
RES eo a C, forced it up the 
pipe through the valve D, and into A, so as to fill the 
void space. The steam-cock being again opened, the 
pressure of steam on the water in A forced it through 
the valve E and up the pipe. The vessel A was thus 
successively filled and emptied by the alternate closin 
and opening of the steam-cock, and the water pane 
through the height of the pipe C. 

A few years afterwards, Thomas Newcomen applied 
steam to give motion to a piston in a cylinder. The 
cylinder A (Fig. 204) communicated by a pipe and cock 
B with a boiler generating steam at low (or nearly atmo- 
spheric) pressure. A piston C, fitting the cylinder, was 
connected by a chain with one end of a beam or lever D, 
to the other end of which, FE, was attached a pump-rod 
with a heavy weight F. The ends of the beam were 
made ares of circles, so that while the chains were wound 
on them or unwound from them, the piston and pump- 
rod might move in straight lines. Steam being admitted 
into the cylinder below the piston, so as to balance 
the atmospheric pressure on its upper surface, the weight 
¥ caused it to ascend ; and when it reached the top, the 


Cor peserrrrrsererssts seer tin 


coldness of the water rapidly condensed the steam, and 
formed a partial vacuum below the piston, and the atmo- 


Fig. 204. 


spheric pressure forced it down to the bottom, raising the 

weight F. The water-cock being now closed, and the 

steam-cock opened, the ascent of the piston was re- 
ted. 


peated. io 

WATT’S IMPROVEMENTS.—Numerous inventors 
contributed to the improvement of Newcomen’s engine ; 
and about the beginning of the 18th century it had be- 
come a practically useful, but not economical apparatus 
for pumping. The principal objection to the use of this, 
as well as of Savery’s engine, consisted in the cireum- 
stance that the alternated flow of cold water into the 
steam-cylinder cooled it down, and greatly diminished 
the force of the steam as it entered, a great portion of 
its heat being ineffectively expended on the cold metal of 
the cylinder. It was reserved for the illustrious James 
Watt, shortly after the middle of the last century, to in- 
troduce those improvements in the arrangement and con- 
struction of the steam-engine, which have rendered it the 
most useful and economical of all known sources of 
power. His principal improvement on Newcomen’s 
engine was the use of a separate vessel for condensing 
the steam, with an air-pump for removing the water of 
condensation, and the air liberated from the water. But 
his ingenuity was likewise devoted to the improvement 
of every detail of arrangement and construction ; and, 
having found the steam-engine in many respects rude, 
ineffective, and costly in its working, he left it an appa- 
ratus, as nearly perfect as any human work can te. 
Since his time, changes have been made in the arrange- 
ments of the parts to suit peculiar circumstances of 
operation, and new forms have been devised for particular 
purposes ; but in all their leading features, the steam- 
engines of the present day are essentially the products of 
Watt’s fertile genius. 

+ ss condensing engine, as improved by Watt, is of two 
inds :— 

Single-acting, where the steam is permitted to press on 
one side of the piston only, so as to cause it to make a 
single stroke; the return stroke being effected by a 
counterbalance weight. 

Double-aciing, where the steam presses alternately on 
each side of the piston, and its reciprocating movement 
is converted, by a crank, into rotary motion. 

The single-acting engine is well suited for such an 
operation as pumping, where the reciprocating movement 
of the pump-bucket corresponds with that of the piston. 
The double-acting engine, again, is adapted for driving 
machinery. In both these kinds of engine, where the 
steam is condensed, there are required a condenser and 
an air-pump, which we will now describe. 

CONDENSER AND AIR-PUMP.—The condenser is 
a vessel B (Fig. 205), generally made of about ith of the 
capacity of the steam-cylinder, with which it communi- 


steam-cock was closed, and a water-cock G was opened to 
admit a jet of water into the midst of the steam. The 


cates by the pipe D. The steam, after acting on the 


872 


APPLIED MECHANICS, 


(THE CONDENSER. 


piston, instead of escaping into the atmosphere as in 
Fig. 205. 


ah 


os ebiens bolt és cb beats 


non-condensing engines, flows by this pipe into the con- 
denser, which is placed in a cistern of cold water, and 
has a pipe and cock, I, for the admission of a jet of cold 
water to condense the steam. This jet is called the in- 
jection, and its quantity is regulated by means of the 
cock, worked by a rod passing upwards, with a handle 
in some place convenient for the attendant. The bottom 
of the condenser communicates by a passage, having a 
valve G, with the air-pump A. The bucket or piston P 
of the air-pump is fitted with valves opening upwards, 
and is moved upwards and downwards bya rod connect 
with some reciprocating part of the engine, and passing 
through a stuffing-box in the air-pump cover. Near 
the top of the air-pump there is a passage Q, fitted with 
a discharge valve opening into the hot-well K, from which 
the feed-water is pumped to the boiler, the overplus or 
waste being discharged by a waste-pipe. The cistern in 
which the condenser and air-pump are placed, is kept 
constantly filled with cold water by a pump called the 
cold-water pump, supplying it by a pipe N at the bottom, 
while the heated water overflows by a suitable waste- 
pipe. While the steam from the cylinder flows into the 
cold condenser, and meets the cold water diffused through 
it by the injection jet, it becomes condensed into water, 
and falls with the injection-water to the bottom, occupy- 
ing very little volume compared with that which it 
occupied while in the state of steam, and leaving the 
space of the condenser as a partial vacuum. But water 
always contains a quantity of air mingled with it, which 
passes over with the steam from the boiler to the 
eylinder, and thence to the condenser, and the injection- 
water also parts with a portion of the air it contains, so 
that after a time the condenser would become filled with 
the air so liberated, and with the water of injection and 
— unless means were taken to remove 
them. : 

As the air-pump bucket descends, the discharge-valve 
Q being closed, no air or water can enter from above to 
fill the space left void by the descent of the bucket, but 
the air and water from the condenser pass through the 
valves G and P, and enter this space ons below. On 
the ascent of the bucket, the toebkot:valibe P being 
closed by the pressure of air and water above them, the 
contents of the pump are discharged through the valves 
Q into the hot well. Thus by the alternate descent and 
ascent of the air-pump bucket, when its capacity and 
the amount of injection are properly proportioned, 
almost a perfect vacuum is maintained in the condenser ; 
and the effective pressure of the steam on every square 
inch of the piston is increased by nearly 15 lbs. above 
that which it would be, were the steam permitted to 
escape uncondensed into the atmosphere, 

The condenser is generally fitted with a blow-valve H, 
which comes into play on starting the engine thus. The 
engine having been stopped, the condenser and air-pump 
may have become quite filled with water through the 


injection-cock ; and on starting the engine again, no 
vacuum could be produced while they are thus water- 
logged. But by opening a small valve called the blow- 
through valve, ® communication is made between the 
steam-pipe from the boiler, and the eduction-pipe Jeadi 
from the cylinder to the condenser. The pressure 
the steam in the boiler is thus brought to bear on the 
water in the condenser, and forces it out by the blow- 
valve H, the steam ooeupying its place. On shutting the 
blow-through valve an opening the injection-cock, the 
steam in the condenser is condensed, and a vacuum 
formed, so that the engine may be started. As long as 
there is even a partial vacuum in the condenser, 
= a pressure on- the blow-valve keeps it 
closed. 

The bottom-valve, bucket-valves, and discharge-valves 
of the air-pump, are pecs made of vulcanised 
caoutchouc sheet, cut into discs and laid over gratin 
Water or air forced through the perforations in the 
gratings, raises the flexible discs of caoutchouc, and 
passes round their edges ; but neither air nor water can 
return, for the atmospheric pressure forces the caoutchouc 


discs firmly down on the gratings, and thereby effectually 
closes their openin; 
INJECTION.—It isa iar property of all vapours, 


that, besides their sensible heat, or the temperature to 
which they raise the thermometer, they contain a great 
amount of latent heat, not measured by the thermometer, 
but by its effect, when the condition of the vapour is 
changed. The latent heat of steam, when its temperature 
or sensible heat is 212°, is estimated to be about 1,000°. 
This does not mean that the latent heat could raise a ther- 
mometer 1,000°, but simply thata pound of steam at 212° 
being condensed by its mixture with 1,000 lbs. of water 
at any temperature, such as 60°, could raise the tem- 
perature of the whole mass of water 1°. In other tec 
if it were found that the combustion of a certain weig 
of fuel could raise the temperature of a. given mass of 
water from 211° to 212°, it would require 1,000 times 
that quantity of fuel to convert the water into mere 
having still the sensible temperature of 212°. This 
latent heat is something essential to the condition of 
water in a state of vapour ; for as soon as any portion of 
it is removed, by bringing the steam into contact with a 
cold substance, a part of the steam is immediately con- 
densed into water ; and the remainder, expanding to fill 
the space thus left void, loses density and pressure as it 
gains volume. In estimating the quantity of injection- 
water necessary for condensing the steam of an engine, 
we must therefore bear in mind that it is not alone the 
sensible temperature, but also the latent heat of the 
steam which we have to absorb by the cold water in- 
jected, Let us assume that 1 cubic foot of water, havi 
Boba converted into steam in the boiler, and having ac 

on the piston in the cylinder, flows into the condenser 
at a temperature of 212°, and containing 1,000° of latent 
heat, and { that it there mingles with a quantity of water 
at 62°, sufficient to condense it and produce an ultimate 
temperature of 112° throughout the mixture. The total 
heat of the steam being 1,212°, has to be reduced to 
112°—that is, the steam has to lose 1,100° of temperature; 
the injection-water entering at 62°, and being raised to 
112°, ee to gain 50°. The quantity of injection-water 
must therefore be 22 cubic feet ; for 22 cubic feet raised 
50°, are equivalent to 1 cubic foot reduced 1,100°, because 
22 x 560=1100. 

The temperatures we have assumed are such as would 
frequently occur in practice; and generally it will be 
found that the quantity of injection-water required for 
an engine is from 15 to 25 times the quantity required 
for feed. 

The capacity of the air-pump is generally }th of that 


of the cylinder, the stroke being usually }, and the dia- 
meter } that of the cylinder, The power n to 
work the air-pump of a condensing engine is about yth 


of the total power. : 
SURFACE-CONDENSER.—Condensation by injec- 

tion, such as has been described above, is the afta 

that has been almost universally adopted since Newcomen 
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densing, then, rapidly and effectually, probably no better 
arrangement could be desired. But, after condensation, 
the injection-water, which, as we have seen, amounts to 
15 or 20 times the quantity of water produced from the 
steam, forms the principal part of the water fed from the 

well to the boiler. If, therefore, the injection-water 
be impure, asit generally is ; and still more, if it be salt, 
as it always is at sea, the boiler is fed with the impure 
water, and is thus subjected to all the evils of deposit and 
incrustation, to which we have before alluded. The 
quantity of water actually required for feeding the 
boiler, is precisely the quantity derived from the con- 
densation of the steam, with a small allowance for 
“unavoidable losses by leakages. If, then, the steam could 
be rapidly and effectually condensed without mixing it 
with impure water, it would itself supply almost enough 
water for feed, and that of the A secon possible quality, 
because it would be distilled. ere appears to be no 
mode of obtaining the rapidity of condensation required 
for the efficient working of an engine, except that of 
exposing the steam to a very extended cold surface, just 
as it is exposed to the minutely subdivided surface of 
the water of injection, but without mingling with it. 
The new condensers, called surface-condensers, are there- 
fore constructed generally like tubular boilers. A box 
or casing, like the body of a boiler, has a number 
of very small tubes passing from end to end, and tightly 
jointed, so that no communication can take place between 
the interiors of the tubes and the through which 


they In some condensers, cold water is made to 
flow h the tubes, while the steam from the cylinder 
is admi to the box, and plays round the outside of 


the tubes in the spaces surrounding them. -In other 
condensers the steam is made to pass through the tubes, 
which are surrounded by cold water supplied to the box 
in which they are contained. There are numerous 
modifications of form and arrangement of » and 
varieties in the modes of constructing the casing and of 
jointing the tubes to it, of causing the water to circulate, 
and in other details, But in all surface-condensers the 
general principle is the same—namely, that of exposing 
a very large cold surface to the steam, and of subdividing 
the steam so that every minute portion of its bulk is 
brought rapidly into contact with the cooling surface. 
In the best condensers of this kind now in use, a vacuum 
is obtained quite as good as was formerly obtained by 
the injection method ; and, although an increased quantity 
of cold water may be demanded for keeping the surface 
cold, yt this is readily attainable at sea, and in most 
situations where condensing engines are employed. The 
very | es are provided inst by supplying for the 
loss of feed from this cause, by distilled water procured 
from a small supplementary boiler, so that scarcely a 
particle of impurity can enter the main boiler, and all 
the evils of deposit, incrustation and priming over of 
viscid water, are effectually remedied. As water, before 
attaining its boiling point, parts with the air which it 
may have held in solution, the condensed steam contains 
no air, and thus the vacuum in the surface-condenser 
is maintained by the use of a much smaller pump. With 
the ordinary condenser, worked by injection, the pump 
is properly called an air-pwmp, because a large portion 
of its capacity is at every stroke filled by the attenuated 
air given off from the steam and from the water of in- 
vou. I. 


of atmospheric pressure. ‘Thus if A (Fig. 206) be the 
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line of atmospheric pressure, another line B, drawn at 
the pressure of 15 lbs. below A, would be the line of ab- 
solute vacuum, or of no pressure. The lower limb of 
the figure would more nearly approach this line, the 
more perfect the vacuum in the condenser. The area of 
the figure represents the power during a stroke ; and the 
mean effective pressure is found by taking the average 
of the lengths of numerous ordinates drawn within the 
figure as before. * 

PARALLEL MOTION.—Non-condensing engines 
are generally of the form called beam-engines. The pis- 
ton-rod does not act directly on the poe | in the case of 
the double-acting engine, nor on the pump in the case 
of the single-acting engine, but on one end of a lever or 
beam, working on central bearings, from the other end 
of which the crank or pump is worked by a connecting- 
rod. By jointed rods connected with pins on the beam, 
the air-pump is worked with half the stroke of the 
piston ; the feed-pump and the cold-water pump are 
also worked with their proper strokes. As the piston- 
rod, and also the air-pump rod, pass through stufling- 
boxes in the cylinder and air-pump covers respectively, 
and must therefore move in straight lines, while the parts 
of the beam to which they are connected vibrate in cir- 
cular ares, some arrangement is required for controlling 
the motion of the rods so that it shall not partake of 
the circular vibration. This could be effected by making 
them slide between rectilineal guides, but not without 
considerable friction and some difficulty in arranging 
the guides in a suitable manner. We are indebted to 
Waitt for a simple and elegant manner of effecting this 
object by the apparatus called the parallel motion. 

if AD, and BC, (Fig. 207) be two equal levers vi- © 
brating in cireular ares D, D D,, OC, CC, respectively. 
their extremities being connected by a rod D, Qj, it will 
be found that E, the middle point of this rod, moves 
from HE, to E, in a line which is very nearly straight. 
Again, if FG, one of these levers, be prolonged to H so 
as to be doubled in length, and a Lae pe GHML 
be formed of jointed rods so that F K and L are always © 
in one straight line, then K being controlled so as to 
move in a straight line or nearly so, Lwill also move in 
nearly a straight line. Applying this principle to the 
beam of an engine, K is the point to which the air-pump 
rod is connected, and L that to which the piston-rod is 
connected ; GM and H Lare called parallel motion links, 
and MN, the subsidiary lever which controls the move- 
ment of K, is called the radius rod. In the case of 
single-acting engines, where the end of the beam oppo- 
site to that worked by the piston works a pump, a 

* See ante, p. 868, 5 
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parallel motion is also fitted there to give rectilineal 
motion to the pump-rod. 


BEAM ENGINES.—In marine engines, where it is 
desirable to keep the weight as low as possible, the ar- 
rangement of beam is different. Instead of one beam 


Fig. 208. 
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above the cylinder and crank, two beams are fitted be- 
low, one on each side of the cylinder, and the parallel 


oe 


motion employed in that case is somewhat different from 
that which we have described, although the principles 
embodied are very similar, 

The alternate movements of the steam to and from 
the opposite ends of the cylinder, are effected in con- 
densing engines in the same manner as non i 
engines, by a slide worked by an eccentric, or by valves 
worked by cams. In single-acting engines valves are 

nerally employed, and they are waked by levers struck 

ry ae: or tappets fixed to the air-pump rod, as it as- 
cends and descends along with the piston. 

The sin; ing beam-engine is almost exclusively 
employed for pumping. The form of engine most com- 
monly used for this ee Aves is what is called the Cornish 
engine, because at the mines in Cornwall these engines 
have been employed with great economy and efficiency 
for draining to great depths, 

The steam is admitted above the piston at considerable 
pressure, and the supply is cut off when the piston has 
performed a small of its down stroke, so that the 
rest of its stroke is effected by the expansion of the 
steam. When the piston has reached the bottom of the 
cylinder, the steam is permitted to pass from its up 
to its lower side, so that it does not press it in either 
direction ; but the weight of the pump-rods at the other 
end of the beam, loaded, if necessary, with additional 
weight, causes the piston again to ascend to the top of 
the cylinder. The steam is again admitted above the 
piston, while that which is below it flows into the con- 
denser; and thus the alternation is continued, the 
valves which control the movements of the steam bei 
worked by levers and tappets from the ea toed rod. 

Fig. 208 represents a double-acting condensing beam- 
engine working a crank. Here the weight of the piston 
eee -pump bucket, and their rods at one end of the 
beam, is balanced by that of the connecting-rod at the 
other end, and the steam is alternately admitted by the 
slide to the upper and lower sides of the piston, and 
thence to the condenser, so that each end of the ™m 
is alternately pushed upwards and pulled downwards by 
the pressure on the piston. A the steam-pipe from the 
boiler, supplying steam to the slide-jacket or round 
the slide B, C the cylinder fitted with piston, and 
piston-rod connected to one end of 
ss the beam M by the parallel motion L. 
S) E the condenser, communicating with - 

| the slide-jacket by the eduction pipe 
© D. F the injection-cock, admitting 
water into the condenser by a jet 
from the cold cistern in which it is 

laced. G the air-pump, worked 

y a rod from the motion, 
and discharging into the hot well H, 
in which is placed the feed-pump, 
worked by a rod from the beam, so as 
to draw water from the hot well, and 
propel it by a feed-pipe to the boiler. 

the cold-water pump, worked by 

a rod from the beam, drawing water 
from a well or stream, and supplying 
the cold cistern for condensation. 
= perarring Ag by from one 
end of the , and giving rotary 
motion to the crank O. P the fly- 
wheel, fixed on the crank-shaft, and 
revolving with it, with the wee! 
momentum for bringing the 
over the dead centres, or highest and 
lowest points of its revolution, where 
the connecting-rod is ineffective to 
Ly turn it. Q the governor, caused to 
a 


/ revolve by astrap or band, and suitable 
Yi, gearing connecting it with the crank- 
UY shaft. The steam-pipe A is fitted with 
Uy fs a throttle-valve connected with the 
: governor by levers and rods, so that 
the velocity of the engine is controlled 

by the throttling of the steam, as ly described.* 

* See ante, p. 862. 


BEELEVATION . 


RS SSG 


N 
N 
N 
NS 


SS 


----4 


seen 5 


nner nese nse 


THE MARINE ENGINE. | 


APPLIED MECHANICS. 875 


MARINE ENGINE.—Fig. 209 represents the ar-| vessel, and tied to the cylinder and foundation-plate by 
rangement of a condensing marine engine suited for | strong wrought-iron bolts or columns. It may be readily 
driving paddle-wheels. A the slide-jacket supplied with | seen from the drawing that this arrangement permits the 
steam from the boiler. JB the cylinder fitted with piston | use of a long connecting-rod well guided at its lower 


Fig. 209. 
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and red. CO the piston cross-head, from the ends of 
which, side rods descend on each side of the cylinder to 
the extremities of two side beams D. H the condenser, 
supplied with injection-water, by the injection-pipe and 
cock I, passing through the ship’s bottom. K the air- 

p, worked by side rods from pins in the side beams 

, and discharging into the cistern-head L, whence the 

supply of water tr feed is drawn, and from which a 

i pipe conveys the waste water through the 
ship’s side into the sea. E the cross-head of connecting- 
rod, connected by side rods at each end to the beams 
D. F the connecting-rod, causing the revolution of the 
crank G, on the shaft of which are fixed the paddle- 
wheels. M is a parallel motion for constraining the 
cross-head C to move in a straight line. The feed-pump 
is generally placed on one side of the air-pump, and a 
bilge-pump (for emptying the bottom of the vessel of 
water leaking into i) on the other, both being worked 
by the cross-head which* moves the air-pump bucket, 
The general arrangement of the marine engine is such as 
to keep the principal weight at as low a level as possible, 
lest the stability of the vessel should be endangered by 
too much weight above the floating line. These engines 
are generally in duplicate, p! side by side longi- 
tudinally in the vessel, the crank-shafts working the 
paddle-wheels being laid transversely. * 

A great variety of arrangement has been adopted in 
marine paddle-engines, so as to secure compactness, 
simplicity, and lightness, consistently with the great 
strength required to sustain the shocks to which sea- 
going vessels are subjected. Among these arrangements 
we may instance the oscillating engine, to which we have 
already alluded (page 866), and a remarkably compact 
engine, called the Annular Cylinder Engine, represented 
in the annexed plate. In this engine, the cylinder a 


contains an inner cylinder b, open at top and bottom, | 
and the piston cis of a ring or annular form, working | 


tightly between the inner and outer cylinders. Two 
piston-rods dd, passing through stuffing-boxes in the 
cylinder cover, are firmly fixed to the opposite ends of a 
cross-head e, which is double, having two thicknesses 
with a space between them, The lower part of this 
cross-head extends downwards into the inner cylinder b, 
in which it is fitted to slide, Toa pin fin this sliding 
part the connecting-rod g is jointed, and also to the 
crank-pin h; iis the crank fixed on the main paddle- 
shaft, which revolves in <sconigy, in strong framing, 
secured to the wooden beams t extend across the 
* See ante, p, 859. 
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end f, and a stroke of piston of con- 
siderable length, even when the height 
allowed for the engine is very limited, 
as is usually the case in vessels, especially 
; such as are of light draught of water. 
} The condenser is the box or hollow 


i foundation on which the engine stands, 


and mis the air-pump, which is worked 
by a small double beam J, mounted on the 
framing, and receiving its motion from 
rods j, connected to the lower part of the 


cross-head at f. The feed and bilge-pumps | 


are fixed at each side of the air-pump 
m, and are worked by rods connected to 
the same cross-head as that which works 
the air-pump rod, to which they serve 
as guides. The alternations of the steam 
to and from the opposite ends of the 
annular cylinder are effected by a long 
hollow D slide, which is worked by an 
eccentric from the main shaft. For stop- 
ping, starting, or reversing the engines, 
the eccentric-rod, having a gab end, as 
described (page 861), is thrown out of 
gear by a small lever, and the slide 
worked by a cross-handle, so as to make 
the required change of direction in the movement of 
the piston; and on this being effected the gab of the 
eccentric is again dropped into gear, and the motion of 
the engine continues. 

The conditions of a marine engine suited for driving a 
screw-propeller, differ considerably from those of the 
engines we have hitherto described. The shaft of the 
serew-propeller is necessarily at a low level, and lies longi- 
tudinally in the vessel to which it is fitted, and it must a 
made to revolve at considerable velocity. When this 
system of propulsion was first tried, it was usual to emplo 
ordinary marine engines placed transversely in the veeinks 
and to fit on their shaft a large cog-wheel, driving a 
pinion on the shaft of the screw-propeller below it. B 
this arrangement the low level of the latter was secur 
as well as its high velocity ; but the weight, bulk, shake, 
and noise of the toothed gearing were found objection- 
able. Screw-propeller engines are generally made now 
with very short stroke, so that the number of strokes 
made in a given time is much greater than in ordinary 
engines of equivalent power. The cylinders are arran 
horizontally ; and the piston-rods act on the cranks 

laced at a low level, without the intervention of side- 
ms. 

The annexed plate represents the transverse section of 
a screw-steamer, with the engine placed in the lower 
part of its hold: gis the cylinder placed horizontally, 
and supplied with steam from the boiler by the steam- 
pipe m. The piston-rod f works a cross-head, which 
moves in horizontal guides, and acts by the connecting- 
rod e directly on the crank-shaft d, which is extended 
horizontally to the stern of the vessel, and projects 
through a stuffing-box into the water near the stern- 
post, carrying on it the screw-propeller, indicated by thé 
dotted circle s, For working the air-pumps of screw 
engines, several different arrangements are employed. 
In some cases the air-pumps are placed horizontally, 
like the cylinders, on the opposite side of the vessel, 
and worked directly by the piston-rods, which are ex- 
tended in length for that purpose. In the plate, another 
method of working the air-pumps is represented. A 
second or counter-shaft 4 is worked by gearing ¢ from 
the main-shaft d; and this second shaft, by means of 
cranks and connecting-rods j, works the pistons of ver- 
tical air-pumps/. In order to secure, in a height so 
limited, a greater length of connecting-rod, and at the 
same time to furnish a guide to resist the transverse 
strain resulting from the obliquity of its action, the 
piston of the air-pump is made with a trunk or tubular 
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jointed within this trunk. The water discharged from 
the air-pump passes by a pipe n into a cistern, whence a 
ion is drawn by the feed-pump for the supply of the 
iler, the rest escaping by the di pipe 0, which 
is carried through the side of the vessel above the level 
of the external water: p is the hand-lever, by which pa 
engine-driver stops, starts, or reverses ; 1t is connec 
a rod g and bell-crank lever, with the link motion 
po described 862). When the lever p is held 
in its middle position by a catch dropping into a notch 
on an are against which it slides, the engines remain at 
rest; when it is raised upwards, or depressed to either 
of the extreme notches, the engines work at full speed, 
either ahead or astern; and when it is set at either of 
the intermediate notches, they work at half speed, or are 
eased in either direction. i 

Many other forms of engine for screw-propulsion 
might be described ; but as they all, more or less, dis- 
play the same general features, we do not think it neces- 
sary, in our limited space, to enter on a full description 
of their details. 

COMBINED ENGINES are those which embody the 
principles of both the condensing and non-condensing 
engines. In these, a small cylinder and large cylinder are 
placed side by side, and their piston-rods are connected so 
as to work together. High-pressure steam admitted to the 
small cylinder, works its piston as in a non-condensing 
engine ; but, instead of being permitted to escape into 
the atmosphere, is conveyed to the larger cylinder, in 
which it expands to greater volume but lower pressure, 
and acts on a greater area of piston. Thence the ex- 
panded steam flows into a condenser, as in the ordinary 
condensing engine. - 

This arrangement gives the opportunity of securing a 
large amount of useful effect from the steam, and thereby 
economising fuel in the boiler. If we suppose, for ex- 
ample, that steam with an absolute pressure of 75 lbs. 
is admitted into the smaller cylinder during }th of the 
stroke, and allowed to expand during the remainder of 
the stroke, its final pressure, allowing for a little loss by 
cooling, will be about 18 lbs., and the mean pressure 
throughout the stroke will be about 421bs. The steam 
at 18 lbs. being now admitted into the larger cylinder 
daring } the stroke, will have a final pressure of about 
8 lbs., and a mean pressure of about 13 lbs. throughout 
the stroke. The back pressure of rarefied air and vapour 
in the condenser may average 2 lbs. throughout the 
stroke, and the mean effective pressure on the larger 
piston would then be 13—2=11 lbs., while that on the 
smaller is 42—13=29 lbs. oe square inch. Now, if the 
area of the small piston to that of the large in the 
proportion of 11 to 29, the total mean pressure on each 
will be alike ; and the power of the engine will bedouble 
that of either, with an expenditure of steam at 75 lbs. 
pressure, or 60 lbs. above that of the atmosphere, only 
sufficient to fill }th of the capacity of the smaller cylinder. 
By cutting off at an earlier period of the stroke, and 
using a still larger second cylinder, still greater economy 
of steam may be attained. ° 

In determining the power of a condensing engine, it 
is necessary to know the pressure of the steam employed, 
the amount of vacuum produced in the condenser, the 
size and velocity of the piston, and the various losses of 
force occasioned by the friction of the machinery, and 
the resistance of the air-pump, fved-pump, and cold- 
catia Assuming that, generally, the speed of the 
piston is about 200 feet per minute, and that the pres- 
sure in the boiler does not exceed 5 or 6 lbs. per square 
inch above that of the atmosphere, we may take the 
following rule as to power :— 

Given the diameter of the cylinder to find the power. 

Rule.—From the diameter (in inches) subtract 6, 
square the remainder, and divide by 20 for the power. 

Example.— What is the power of a condensing engine 
having a cylinder 54 inches diameter ? 

48 x 48 


54—6=48, and = =115 horse-power, 


6, for the diameter in inches. 

Evxample.—Required the diameter of cylinder for 115 
horse-power. 

20 X 115=2300, square-root=48 nearly, and 48+ 6 


=54 inches. ° 
These, however, merely furnish rough guesses at the 
power of any engine, e proper method of ini 


the real power is to apply the indicator, when the engine 
is only moving itself, so as to ascertain the power 
necessary to oyercome the friction and resistance of its 
working parts ; and to deduct this quantity, with some 
allowance for additional strain, from the power indicated 
when the engine is in full work. No definite rule can 
be offered for estimating these allowances, as varieties in 
construction and workmanship introduce differences 
among experimental results, In it is safe to 
reckon not more than #ths of the indicated power as 
really effective to move machinery, the remaining }th 
being absorbed in friction and the pumps. 
ROTARY ENGINES.—In all steam-engines, except 
those that are single acting, a good deal of mechanism 
is ne in order to convert the reciprocating rec- 
tilineal motion of the piston into the continuous circular 
motion of the crank. It has, therefore, been a great 
object with many mechanics to devise a rotary engine, 
or one.in which the steam pressure shall at once give 
the required rotary motion, without the in i 
machinery of connecting-rod, beam, motion, an 
erank. Many of the arrangements devised for this pur- 
pose present great ingenuity, and it is not improbable 
that some may prove ultimately successful ; but hitherto 
no rotary engine has proved so far satisfactory as to 
warrant hay Nea bo place of those already in es 
A sin error ing rotary steam-engines 
crept into some of the best books on the sabgeots and 
as it is calculated to discourage inventors who may “pply 
themselves to devising engines of this kind, we wi 
endeayour to point it out. It is asserted that steam 
applied to give direct rotary motion to a piston is less 
effective, or loses part of the power which it would pro- 
duce if applied to move a piston ina straight line. If 
we suppose E D (Fig. 210) to be a piston fitted to an 
annular cylindrical vessel BG AF, so that it may be 
Fig. 210, 
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moved round the centre C by the pressure of steam ad- 
mitted bebind it, we have to ascertain whether a certain 
quantity of steam applied to a piston thus arr. 

will generate as much power as it would produce wi 
applied to a piston in the ordinary way. me authors 
(among them Tredgold, in his large work on the steam- 
engine) say that ‘‘the quantities of steam being equal, 
the power of rotary action will be less than that of rec- 
tilineal action ;” and this fallacy is but too generally 
admitted among engineers. ‘lhat it is a fallacy may be 
very easily shown by a practical example. Let us sup- 
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pose that the piston DE measures 10 inches each way, 
and therefore presents a surface of 100 square inches, 
and that it is acted on by steam having a pressure of 
20 lbs. per square inch; so that the total pressure on its 
surface is 100 x 20=2000 Ibs. Now, considering CD 
as the arm of a lever, of which a portion ED is loaded 
with pressures distributed uniformly ever it, we know 
that their combined effect to turn the lever round its 
fulcrum Cis the same as if the whole pressure were 
collected into one force at H, the centre of gravity of 
the part DE. We have, therefore, effectively a lever or 
arm of the length CH, pushed round C by a force of 
2,000 Ibs. applied at H. If we take CE=9 inches, then 
as E H=5 inches ($ of 10 inches), C H=14 inches ; and 
during one revolution, H passes over a distance equivalent 
to the circumference of-a circle having a radius of 14 
inches—that is to say, over 88 inches, or 7} feet. Hence, 
the work done during a revolution is 2000 lbs.x 7} feet 
= 14667 Ibs. moved over 1 foot. Also the quantity of 
steam required to fill the annular space passed through 
by the (yer is thus found, C E being 9 inches, and C D 
being 19 inches :— 

Area of outer circle (38 inches dia.) = 1134-12 sq. ins. 
Area of inner circle (18 inches dia.) = 25447 _ ,, 


Area of annular s (difference) . 87965 =, 
Multiply by breadth . . . « 10 inches. 
Volume of annular space Se 8796°5 cubic ins. 


Were we to apply this quantity of steam in an or- 
dinary cylinder, whatever be its dimensions, we should 
produce equivaient power. Let us, for example, take a 
cylinder 1 foot diameter, having an area of piston 113-1 
square inches, subjected to a pressure of 113-1 square 
inches x 20 lbs. = 22621bs., moving through a stroke of 
6-488 feet (a length which requires equivalent volume of 
steam), we find the work to be 2262 lbs. x 6-488 = 
14667 lbs. moved over 1 foot as before. Instead of 
Snape d the whole revolution of the rotary piston, we 

ight take any ion of its revolution, and we should 

the power derived from the a yaad of steam used, 
exactly equal to that which w be produced by the 
same quantity of steam, in any corresponding portion 
of a i where the piston moves rectilineally. 
Without reference to any special numerical example, we 
observe these general laws. Whatever be the form of 
the rotating piston D E, steam pressing uniformly on its 
surface produces the same effect to turn it round its 
centre C, as if the whole pressure were collected into one 
force acting at the centre of gravity H of the surface of 
piston ; and the work done by the steam during any part 
of a revolution, is equivalent to the total pressure in the 
piston, multiplied by the distance trave by the centre 
of gravity H, or the portion of the circumference of a 
circle of which CH is the radius; and, further, the 
volume of steam required during the given portion of a 
revolution is (by the well-known law of mensuration of 
apnular solids) measured by the area of the piston, mul- 
tiplied by the distance passed over by its centre of 
gravity. In the case of a piston moving rectilineally, 
the work done by the steam, and the volume of steam 
used during any portion of a stroke, are measured in 
recisely the same way, and bear the same relation to 
each other. There is, therefore, no theoretical objection 
to the application of steam in such a way as to produce 
direct rotary motion, That there are considerable prac- 
tical difficulties in the arrangement of the parts, and 
their construction, so as to present steam-tight rubbing 
surfaces, and to avoid undue friction and un wear, 
is doubtless true ; but were these difficulties airly sur- 
mounted, we should be in possession of an engine where 
simplicity, and economy of weight and bulk, might en- 
able us to apply steam-power in many cases where it is 
not now applicable without inconvenience. 

Before leaving the subject of rotary engines, we may 
mention that steam has been applied successfully to pro- 
duce rotary motion on the same principle as that of 
Barker’s mill, or the turbine applied to water-power. 


Steam of considerable pressure, passing through open- 
ings on the sides of several tabiiat mei igunted eaten 
axis, causes them to revolve in the direction opposite to 
that in which the steam issues, on the same principle as 
the movement of a rocket, where the issue of the elastic 
gases, generated by the combustion of the charge at one 
end, leaves an unbalanced pressure to act on the other 
end, and thus to force it onward through the air; but 
we believe this mode of applying steam-pressure, though 
exceedingly simple, is by no means sufliciently economical 
to warrant its general adoption. ? 
SUPER-HEATING STEAM.—For several years after 
the adoption of steam-power for marine propulsion, it 
was almost exclusively confined to vessels destined to 
convey passengers over short distances, along coasts or 
in rivers, The fuel required to maintain the steam- 
power was to be obtained easily and cheaply, and, as the 
distance was not great, the space required for the stowage 
of coals was not so large as to trench inconveniently on 
the accommodation of the vessel. Under these circum- 
stances, engineers devoted their attention less to economy 
of fuel than to speed. But since steam-vessels have 
begun to make long voyages, lasting for several weeks— 
since the invention of the screw-propeller has rendered 
them even more servicable as sea-going vessels for carry- 
ing cargo than sailing vessels could be, and especially 
since the application of steam-power to ships of war, 
the economy of fuel has become a matter of the first 
importance. Many modifications in the construction of 
the boilers and of the engines have been introduced for 
the purpose of saving fuel, and still ter changes will 
alee be effected in the processes by which the com- 
ustion of fuel is applied to the uction of motive 
power. Among these changes, which begin to receive 
general adoption, may be noted surface ion, to 
which we have already alluded (page 873), and 
ing steam. The latter process appears to promise great 
results in economy of fuel, especially when applied in 
connection to can. a engines with surface-condensers, 
and we will therefore endeavour to descri 
cess is effected, and ae ee ee 
which it secures. On looking to the Table of the Tem. 
perature and corresponding pressure of steam (page 845), 
it will be seen that a very small reduction of temperature 
seeged a very considerable diminution of pressure. 
us, steam at a pressure of 4 atmospheres, or exert- 
ing on every square inch a pressure of 45 lbs. above that 
of the atmosphere, has a sensible temperature of 290°. 
On diminishing the temperature by 15°, the pressure is 
reduced to three atmospheres, or a loss of pressure is 
incurred amounting to 151bs. on the square inch. At 
higher temperatures the Joss is proportionally greater. 
Thus, steam at 344°, having a pressure of 8 atmospheres, 
when cooled down to 320°, has its pressure reduced to 6 
atmospheres, losing 2 atmospheres, or 301bs. per square 
inch, by a reduction of its temperature to the extent of 
a 


It may be readily understood, then, 
passage from the boiler, where it is enerated, to the 
cylinder, where its elasticity is required, exposed, as it is, 
to the cooling influence of an extended surface of pipe 
passages and cylinder, all made of rapidly conducting 
materials, must sustain a loss of effective pressure, which 
is absolute waste of power or of the fuel used to pro- 
duce it. Nor is the loss of pressure the only evil .csult- 
ing from the reduction of temperature. A cubic foot of 
steam at 290° of temperature and 4 atmospheres of 

ressure, on having its temperature reduced to 275°, 
oses, as already stated, 1 atmosphere of pressure ; but, 
as it has still 1 cubic foot of volume, and as, by Mar- 
riotte’s law, the density is always proportional to the 
pressure, the loss of pressure is accompanied by a corre- 
sponding diminution of density. That is to say, in the 
case we are examining, one-fourth part, or 25 per cent. of 
the steam, becomes actually ¢ondensed into water, leaving 
the remaining three-fourths, or 75 per cent., occupyin, 
the volume of 1 cubic foot at the reduced density a 
pressure. ‘This water accompanies the steam into the 


how the pro- 


that steam, in its 


cylinder, where it is of no assistance to the steam on the 
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pressure side of the piston; and where, by evolving va- 
pour on the vacuum side it produces a back or retarding 
pressure. It passes with the steam into the condenser, 
and there absorbs uselessly a large portion of the coolin 
power, whether of injection or of cold surface, an 
therefore, for a given power of engine, necessitates a 
roportionally greater cooling power, a proportionally 
© air-pump, and proportionally increased waste of 
effect in working it. To avoid these evils it has 
long been usual to clythe the steam-pipes and cylinder 
with thick felt and wood casing, or non-conducting ma- 
terials of a similar kind ; atid, in many engines, the 
cylinders have been made double, having a jacket or 
space all round them filled with'steam from the boiler, 
which serves to keep the inner cylinder hot, and to pre- 
vent loss of pressure and condensation during the actual 
expansion the steam within it. Notwithstandin 
these precautions, however, a great loss of effect is sti 
incurred, amounting probably to 20 or 25 per cent. under 
the most favourable conditions, and, under average con- 
ditions, to a great deal more. Engineers accordingly 
begin to adopt the super-heating process, which is found 
to present an almost complete remedy against these 
losses. It may simply be described as a mode of sur- 
ing the steam with heat, and raising its temperature 
considerably above what may be called its natural tem- 
perature, or the temperature due to its pressure. In 
order fully to understand this, it should be remembered 
that the temperatures given in the Table are those of the 
steam when it is in contact with water. For instance, 
when the pressure is equivalent to 4 atmospheres, the 
steam in contact with water, and the water, have the 
temperature of 290° ; if the temperature were reduced, 
aportion of the steam would be condensed, and the re- 
mainder would present a proportionally diminished pres- 
sure. Were the temperature increased, a fresh portion 
of water would be converted into vapour, which, 
mingling with the rest, would: proportionally increase 
the pressure, But if the steam were removed into a 
vessel separate from the water, while it would still be 
true that a reduction of temperature would cause a con- 
densation and diminution of pressure, it would no longer 
be true that an accession of temperature would cause an 
increase of pressure from the generation of fresh steam, 
because there would be no water from which to generate 
it. In that case, the steam would probably follow the 
law of expansion, which is common to all gaseous bodies, 
increasing in bulk by a certain fraction of its volume, 
proportioned to its elevation of temperature; or, if its 
volume were confined, increasing in pressure in the same 
proportion. But steam, so elevated in temperature, 
would be in a condition to sustain a certain loss of heat 
without any part of it becoming condensed. It would, 
in fact, have a relay of heat stored within it, and might 
be exposed in pipes or cyliriders to cooling surfaces 
without losing any appreciable per centage of its pressure 
or depositing water of condensation. The practical 
modes by which this super-heating process is effected 
are various. Their general principle, however, is simp] 
to expose the steam, in its e from the boiler souutde 
the cylinder, to the heat of the boiler flues ; and, in order 
that this heat may be rendered effective as rapidly and 
completelyvas Hepeible, the steam-pipe is subdivided into 
numerous small pipes or passages, exposing a very ex- 
tended surface to the hot ucts of Sueobiertion which 
play upon it. Almost all the super-heating apparatus 
thus bear a close resemblance to the surface-condensers, 
though intended for an operation of an opposite cha- 
racter, Asin the surface-condenser the steam is sub- 
divided into numerous tubes or channels exposed to cold 
water for the purpose of cooling and condensing it, so 
in the super-heater, it is likewise subdivided into channels 
exposed to hot flame, smoke, and gases, for the purpose 
of surcharging it with heat. 

It is said, that by the use of super-heating apparatus, 
an economy of fuel has begn effected, amounting, in some 
cases, to 20 and 25 per cent. Probably a portion of this 
economy may be due to the circumstance that super- 
heating apparatuses are generally placed in the last part 


of the boiler flue leading to the chimney, where they 
utilise a quantity of heat which, under ordinary cir- 
cumstances, passes up the chimney, and is totally wasted. 
APPLICATIONS OF ST -POWER.—The chief 
urposes to which steam-power is applied are the 
following _— ; 
I. Pumping water for the drainage of mines and 
docks, or at water-works for the supply of towns. 
IL. Driving machinery for raising ore from mines, for 
moving heavy weights, or for agricultural and manufac- 


turing purposes. 

TIL Por locomotion on railways. 

IV. For propelling steam-vessels. ; 

We will b: discuss the modes in which steam-power 
is generally available for these different uses, and 
the forms of steam-engines most advantageously applied 
in each case. ; 

I. Pumrine.—In pumping water, until of late years, 
single-acting engines were almost universally applied. 
We may most readily account for this, not on the ground 
of any adyantage derived from the use of si ii 
engines, but from the circumstance that the earliest form 
of engine that was rendered practically available was that 
of Newcomen, which was single-acting, and suited only 
for working pumps ; that Watt’s improvements were first 
applied to engines of this kind, and that his engines 
were introduced at mines to supersede the labour of men 
and horses. formerly- applied .to. pumping ; that these 
engines were of first-rate quality, effective and durable, 
and naturally impressed the miners with a preference for 
their form and arrangement; and that engineers in 
mining districts, applied themselves rather to the per- 
fecting of forms already in use, than to the introduction 
of new arrangements, So strong, indeed, has been the 
preference for single-acting engines, oy ee those of 
the kind employed in Cornwall, when applied to pump- 
ing, that few double-aeting engines have ever been em- 

loyed for this purpose until very recently. We believe, 

bah that the results have shown decided advantages 
in favour of the double-acting engines, and that ere lon 
they will supersede the more cumbrous and less advan 
rat of those that pi Ley givriney of the lifting 

he pumps employed in mines are of the lifting or 
forcing aon "om ote a stroke seldom exceeding 8 or 10 
feet. When the mine is deep, the water is raised by 
stages, each 150 to 200 feet in height. The lowest 
pumps discharge into a reservoir about that height above 
the bottom of the mine ; the second set of wart draw 
from that reservoir, and discharge into the next higher ; 
and so on, until the water is finally delivered at such a 
level that it may be permitted to flow off by natural 
drainage. As apparatus is generally required at mines 
for stamping and crushing the ore, it is not unusual to 
deliver the water at such a height above the general 
level of the ground, as may permit its use for driving a 
water-wheel, from which motion is given to the ore- 
crushing machinery, But as power is also required for 
raising. the ore, it is generally more advantageous to 
employ a double-acting engine, besides the main pumping 
engine, for this purpose, as well as for the preparation 
of the ore, The power required for raising water depends 
upon the quantity raised in a given time, and the height 
to which it is raised. If we suppose that it is necessary 
to raise 100 cubic feet of water per minute 150 fath 
or 900 feet, since each cubic foot of water weighs 624 lbs., 
the total to be raised is 100 x 62) = 6250 lbs. per 
minute. This load, raised through feet, is equivalent 
to 6250 x 900 = 5625000 lbs. raised 1 foot, and would 

._ 5625000 
requure “33000 
for friction and excess of power, to give the velocity of 
movement to the column of water. To estimate this 
quantity, we should add at least 10 per cent., or 7,th, 
making the power 187-horse, which would be the effective 
power, after making all allowances for the friction of 
the engine, and the various losses occasioned by the 
cooling or leakage of steam, and the working of the air- 
pump and feed-pump. 


= 170 horse-power, without allowance 
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The performance of the Cornish engines has received 
special attention, from the circumstance that a number 
of mine proprietors placed their engines under the 
superintendence of engineers, and had monthly reports 
published as to the quantity of water lifted, the quantity 
of coals consumed, and other i Six of the 
most effective engines reported on, presented the follow- 
ing average results :— 

jiameters of cylinder from 60 to 90 inches, 

Mean pressure of steam per square inch, 10 lbs, 

Length of stroke from 8 to 10 feet. 

Average number of strokes per minute, 7. 

Diameter of pumps, 9 to 18 motes "ype 

Average length of pump-stroke, 7 feet 6 inches. 

Average work, oned in Ibs. of water lifted 1 foot 
high by the consumption of 1 bushel of coals, 40,500,000 
lbs,, or the work of 1,227 horse-power. 

In pumping docks, the quantity of water to be lifted 
in a given time is generally great, but the height incon- 
siderable, and the pumps may, therefore, be of large 
diameter. As a practical example, we may take the 
case of a rectangular dock, 200 feet long, 40 feet broad, 
and 20 feet deep, the water being lifted 2 feet above the 
highest level to give a fall for its drainage. The total 
quantity to be lifted is 200 x 40 x 20 = 160,000 cubic 
feet, or 160,000 x 625 = 10,000,000 Ibs. At the be- 
ginning of the work, e water has to be lifted only 2 

eet ; at the end it has to be lifted 22 feet ; and the mean 
height of lift is, therefore, 11 feet, the work done being 


equivataak bs 10900000 Ibs. X 11 
or, allowing yyth for friction and velocity, about 3660 
horse-power. If the work be done in 1 hour or 60 


= 3333 horse power ; 


minutes, the power of the engine must be —G5- = 61 


horse-power, clear of all losses. As in a case like this, 
the work at first is very light, and becomes ter as 
the level of the water is lowered, and the height to be 
lifted consequently increased, it is advisable to have 
several pumps, all of which may be kept in action at 
first, but which may be thrown out of action successively 
as the load on them becomes inc the strain of the 
engine being thereby not greatly vari 

water-works for supplying towns, not only has the 
water to be lifted to such a height that it may.command 
the highest level to which it has to rise, but it has also 
to be conveyed through great lengths of pipe, often ex- 
tending many miles, It is convenient to arrange, as 
near as possible to the pump, a high reservoir, of such 
altitude as may be sufficient to cause the necessary flow 
in the t length of pipe connected with it, This is 
eff by pumping the water through an elevated 
siphon, open at the top to permit the issue of air that 
may be mingled with the water. The pump, in maki 
its stroke, has thus to put in motion only the column o: 
water contained in the ascending limb of the siphon, 
instead of the whole mass contained in the pipes. But 
in order still farther to relieve the pump and engine 
from the strain required to put in sudden movement 
eyen this mass of water, the pees is provided with a 
capacious air-vessel—a dome-s A vessel—the upper 
part of which contains air, and the lower part communi- 
cates with the discharge-pipe of the pump. When the 
pump discharges its contents, the air in the vessel is 
compressed by the influx of water below it; and while 
the pump is making its return stroke, the elasticity of 
the compressed air continues the flow of the water that 
had been forced into the vessel. The air thus acts as a 
spring, yielding to the force of the discharge from the 
pump, and sustaining the pressure on the flow-pipe at 
intervals when the pump is inactive. When the pump 
is double-acting, or discharges at both the up-stroke and 
the down-stroke, the intervals of inaction are only those 
occupied by the turn of the stroke, and the air-vessel has 
less to do than when the pump is single-acting. Two 


single-acting pumps, of which the one i while 
the other is avive produces a like effect, Upon the 


whole, we believe that for simplicity, economy of cost 
and of working, a good double-acting engine, with 
ouble-acting pump, is preferable to two single-acting 
engines and pumps, of half the power, or to one 
single-acting of equivalent power. We know of no ad- 
vantage ae by the single-acting engine, which 
cannot be fully secured in the double-acting engine. It 
has so happened, that many single-acting engines have 
been e of large dimensions and long stroke, and that 
the expansive power of the steam has been employed by 
cutting it off at an early part of the stroke, to such an 


| extent as to secure great economy of fuel. But in the 


double-acting engine, particularly when the duplicate 
cylinder, with high-pressure and low-pressure action, is 
applied, the same economy of fuel can be secured, and 
the bulk and weight of the whole are greatly reduced. 

An operation, nearly allied to that of pumping water, 
is the production of the air-blast required for furnaces. 
At the iron-works, which constitute so important a part 
of our industry, a very great amount of power is employed 
for this purpose. e smelting furnaces, in which the 
metal is separated from the ibis ingredients of the ore, 
are supplied with the air required for intense combustion 
forced into them by pumps, which are worked generally by 
steam-engines, The volume of air supplied is very great, 
ranging from 1,500 to 2,000 cubie feet per minute ; but 
its pressure is inconsiderable, seldom exceeding 3 lbs. per 
square inch above atmospheric pressure ; and the pumps 
are therefore made of large capacity. In many places, 
the air, on its way to the furnace, is heated to a high 
temperature, so as to. maintain a more intense combus- 
tion, and thereby extract a greater quantity of metal 
from the ore atarapid rate. But it is found that the 
metal so produced, called hot-blast iron, though cheaper 
than cold. blast iron, is of inferior quality for all pure 
poses where strength and tenacity are required. hen 
the blast is not required at so high a pressure as that 
which is necessary for smelting furnaces—for ordinary 
foundry furnaces, and for blowing forge fires—the 
current of air is usually produced by a fan. The an- 
nexed plate represents a construction of fan which has 
obtained considerable, and we believe well-merited, 
repute for efliciency and durability. The fixed portion 
of this fan consists of a framing, which is generally 
bolted securely down to a block of stone or heavy timber, 
in order to avoid vibration, and a cylindrical casing, 
with circular openings on either side, and a mouth at 
one part of the circumference, which is connected to 
the pipe or channel for conveying the air-blast to the 
furnace. The framing is formed with long and carefully 
made bearings, in whioh a spindle revolves concentric 
with the cylindrical casing. On this spindle are fixed a 
number of recurved arms, fronted by plates bent to fit 
them, and the whole enclosed within two conical sides, 
which have lips projecting and fitting into the circular 
openings in the casing. The spindle and the arm-plates 
and conical sides being put in rotation at-a high velocity 
—1,000, 1,500, or sometimes 2,000 revolutions per 
minute—air enters by the circular openings of the casing, 
passes between the two cones, and issues at their cir- 
cumference into the casing, whence it proceeds with con- 
siderable velocity to the furnace. The force which pro- 
duces the current of air is the centrifugal tendency of 
every particle to fly from the axis when it is put in rapid 
rotary motion, and the recurved blades act not only to 
carry the particles of air round in a circular direction, 
but also to drive them outwards from their inclined sur- 
faces. The side casings of the blades are made conical, 
so that the area or channel through which the air passes 
should be nearly uniform throughout its course. 

{On a similar principle, Messrs. Gwynne’s centrifu 
pump is constructed. The folio plate represents one of 
these engines, which was at work in the Exhibition at 
London, in 1862, and which raised a complete torrent of 
water by the great power it exerted. tt is peculiarly 
suitable for draining purposes, and, generally, for lifting 
water in great quantities to moderate heights. —Ep. ] 

II. Drivixa Macutnery.—Where the power re- 
quired is small, or where fuel is cheap and water scarce, 


— 
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non-condensing engines are generally, preferred. But, | stances where there is a difficulty in supplying water for 


on the other where there is a plentiful supply of | 
water, and where fuel is expensive, condensing engines 
are employed ; as by a certain expenditure of fuel, there 
is certainly a greater amount of power generated when 
the steam is condensed. For large manufactories, cotton, 
flax, and flour mills, breweries, and like establishments, 
the -engine is generally employed. Its advantages | 
consist in the accessibility of its parts in case of 
damage or repair, and the steadiness and regularity of 
its movement, resulting from its massiveness and solidity. 
The substantial and imposing look of a large beam- 
engine is certainly, however, *with many persons, an 

ment for its use, where engines of less weight and 
bulk might be applied with quite as great advantage. 
The marine engine, having received great attention to 
its perfect construction, has often with advantage 
taken the place of ordinary beam-engines in manufactur- 
ing establishments ; and we believe the only objection to 
their general use is, that they are rather more expensive 
in the first place. Where there is a deficiency of water 
for condensation, it is necessary to provide large reser- 
voirs, in which the water discharged ite the air-pump 
may have time to cool before it is again used in the con- 
denser. Warm water, when used for injection, must 
either be admitted in quantities so t as to impede 
the engine by the additional work thrown on the air- 
pump—or, if limited in quantity, can only effect partial 
condensation of the steam, so that the piston is impeded 
by the imperfection of the vacuum. 

The power of an engine required for manufacturing 

yurposes, i ily depends on the kind of work to be 
eae and its amount, A manufactory generally con- 
tains numerous machines, like and unlike ; and unfor- 
tunately very few accurate experiments have been made 
as to the power required for working them. It is stated, 
that in the cotton manufacture, one horse-power is suf- 
ficient for 100 spindles of cotton yarn, and the machinery 
necessary for the preparation of the cotton ; and, again, 
that one horse-power will work 12 power-looms. But, 
every day, improvements are being made in the con- 
struction of such machinery, and changes are introduced 
among the methods of preparing the material ; and it 
therefore becomes difficult to assign any determinate 
method of estimating the power. 

In the iron manufacture, steam-power is applied to 
the processes of rolling, gag flatting, punching, 
turning, planing, and the like. And so with operations 
on other metals, on wood, and generally all crude mate- 
rials, the facility of deriving adequate power from the 
application of heat to water enables us to employ ma- 

ery instead of manual Jabour in a multitude of ways, 
so as not only to execute works that could not have been 
attempted without having such a force at command, but 
to do so with an economy and ease that could not other- 
wise be attained. In all these manufacturing operations 
it is essential to the safety as well as to the accurate 
working of the machinery, that the speed of the prime 
mover should be uniform. 

Where there are numerous machines driven by the 
same power, it may often happen that several are in 
operation at once, while at another time none may be at 
work. To overcome the resistance caused by suddenly 

inging a heavy machine into action, as in the case of a 
set of rollers for preparing iron, and at the same time to 
peorens the dangerous increase of speed that would result 

trom suddenly throwing it out of work, it is essential 
that there should be a good governor and a very heavy 
fly-wheel. The fly-wheel acts as a reservoir of force in 

e one case, ready to give out a portion of its momen- 
tum when the additional, resistance comes upon it ; and 
as a reservoir of resistance or inertia, in the other case, 
ready to absorb a portion of the unnecessary power. 
The governor, again, permits the supply of additional 
steam to the cylinder as soon as the velocity of the 
engine begins to undergo diminution, and checks or 
throttles the supply whenever the speed rises above the 
average. 


When the power required is small, or under circum- 


condensation, or wheré there would be a great disadvan- 
tage in having any complicated machinery to be attended 
to, it is usual to employ non-condensing engines ; these 
being more simple, are less costly in the first place, less 
liable to derangement and wear, and more easily under- 
stood and managed. It is true that for a given amount 
of power, the expenditure of fuel is somewhat 

than where the steam is condensed; but with a good 
boiler generating steam at a pressure of 40 to 60 lbs. if 
the cylinder be made of considerable size, and the steam 
cut off at an early part of the stroke so as to act 
expansively, the excess of fuel expenditure is not great. 
For agricultural p , in thé colonies, or generally 
in districts remo from engineering establishmen 
a gue or of more importance than even econom, 
fuel. y of these non-condensing engines, from 5 to 
15 horse-power, are made le, so that the power 
may be readily brought to the work instead of the work 
being brought to the power. The é engine con- 
sists of a cylindrical boiler, perforated with flues or 
tubes like that of a locomotive, mounted on wheels, with 
a direct-acting engine laid horizontally upon the boiler, 
or arranged in some convenient way for lightness and 
economy of space. For thrashing and winnowing corn 
draining or irrigating land, brick and tile making, and 
field operations generally, these engines are very ser- 
viceable, especially in cases where the work of a farm is 
not enough to keep an engine constantly ba. os and 
where the same engine may do duty throughout a con- 
siderable district. e believe, however, that as agricul- 
ture approaches more to the condition of a manufactur- 
ing art than it has hitherto done, the fixed engine will 
gradually supersede those that are portable ; the farm 
buildings will become the head-quarters of the various 
operations; the materials will be brought thither to be 
operated on ; and agricultural processes will be carried 
on with the regularity and precision of other branches 
of art. Of late years, many persons of high standing 
and energetic character have devoted themselves to the 
furtherance of this object ; and their example is being 


ey, followed throughout the wie ee His late 
yal Highness the Prince Consort erected a very com- 
plete farming establishment near Windsor. A fixed 


engine there puts in motion a train of machines for 
thrashing, dressing, and grinding corn, cutting chaff, 
bruising beans and oats, steaming the food of cattle, 
and other processes, all systematically and economically 


arranged ; and similar plans are adopted in many other - 


places at home and abroad. 

III. Locomorrves.—In no application of steam-power 
has greater ingenuity been manifested than in loco- 
motive engines, The great essentials of a locomotive 
are, lightness, compactness of strength of construction, 
rapidity of action, and facility of management. Some 
of the earliest attempts at these engines were necessarily 
rude and imperfect; but the rapid extension of the 
railway system, and the immense advantages derived 
from speed in the transmission of passengers and goods, 
have hurried on improvements so quickly, that in a 
very few years the locomotive has risen to a high degree 
of perfection. For some time it seemed difficult to con- 
template the possibility of covering the land with a net- 
work of iron-ways, extending over many thousand miles 
in length ; and accordingly attention was chiefly devoted 
to the construction of locomotives for running on ordi- 
nary roads. Some of the engines made for this purpose 
were tolerably successful in their operations, and em- 
bodied in their construction a great amount of ingen’ ity, 
which has not been without its use in leading to the 
more perfect locomotive of the presenttime. Even when 
railroads began to be formed, the employment of steam 
on them was a doubtful Yan ger and their most san- 
guine promoters scarcely dared to hope for a speed ex- 
ceeding 10 miles an hour, or to expect that passenger- 
traflic would equal in importance the cone of 
heavy goods, It was f that the friction of an iron 
wheel on an iron road would not be sufficient to move 
onward the locomotive itself, much less a heavy train of 
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carriages ; and asoding! 'y it was proposed. to apply 
levers to act as legs and feet propelling the carriage, or 
to lay down a continuous rack, in which a toothed wheel 
driven by the engine might work, or an endless chain 
to be wound round a revolving barrel. It was not until 
the actual trial was made, that the simple expedient of 
causing a pair of wheels to revolve on the rails, was 
adopted without reserve. 

e construction of the boiler and engines of a loco- 
motive has been already referred to (page 866). The 
whole power is applied to turn the crank-shaft, on which 
are fixed the driving-wheels. For each revolution of 
the engine, therefore, there is one revolution of the 
driving-wheels. Sometimes these are made 6 to 7 feet 
in diameter, and have therefore a circumference of 20 
feet. If we suppose the engines to make 200 revelutions 
per minute, or 200 x 60=12,000 per hour, as the whole 
circumference of the driving-wheel is brought to bear 
on the rail during each revolution, if there be no 
slip, the locomotive must advance 20 feet for each re- 
volution—that is te say, 12,000 x 20=240,000 feet, 
above 454 miles per hour. When the rails are damp 
and slippery, the wheels occasionally slip round without 
taking sufficient hold of them te propel the train. In 
such cases, a little sand strewn on the rails generally 
causes sufficient friction to commence the movement of 
the train ; and its momentum once established, the loco- 
motive has only to keep it up against the resistance of 
the air, and the friction of the running wheels. When 
the locomotive is applied to the propulsion of heavy 
goods-trains, especially up inclinations, it is necessary 
to obtain more friction than could be derived from one 
pair of driving-wheels. For this purpose the locomotive 
is fitted with one, and sometimes two additional pairs of 
driving-wheels, of the same size as those worked by the 
Spdciing cu pine refering feo Bins orien, ve that Ory 
wor on pins projecting from their arms, so ey 
all revolve sinmiampecll , and thus present double or 
treble the amount of rubbing surface on the rails. The 
locomotive has attached to it a tender, which is an iron 
tank mounted on pres divided into two compart- 
ments, one containing and the other water for the 
supply of the engine. The water-tank is connected by a 
flexible tube to the feed-pump of the locomotive, by 
which the pump draws its supply, and forces it into the 
boiler. In order to save fuel, the water in the tank is 
heated by steam blown through it from the boiler, while 
the train is stopping, when the steam is blowing off to 
waste by the safety-valve. Occasionally the water-tank 
is fixed on the top of the boiler, and the tender is dis- 

with. The engine-driver and stoker stand on a 
at the fire-box end of the boiler, and have under 
their eye the water and steam-gauges. They have 
conveniently arranged levers for working the steam- 
valve, so as to permit more or less steam to enter the 
cylinder ; for moving the link-motion of the slides, 
so as to reverse the motion of the engines; for 
adjusting the pressure on the safety-valve, the 
supply of feed-water, and the break on the wheels 
when it is necessary to stop or move more slowly. 
They sole (ei ear means of ag ne hag ersten f 
parts, opening pet-cocks in cylinders ; 
to permit the issue of water, and the cock for / 
sounding the steam-whistle as a signal of their! 
approach. Altogether, the locomotive is perhaps \ 
the ost perfect apparatus that has been designed *, 
by re age? ; the materials and workmanship 
applied in its construction are necessarily of the 
best kind, to withstand the constantly reiterated 
shocks of the movement, and to convey power so 
great through parts so light and apparently so complex, 
IV. Propvutsion or Vessers.—Although numerous 
modes of applying steam to the propulsion of vessels 
have been proposed, only two have met with general 
adoption—viz., the paddle-wheel and the screw-pro- 
peller. The action of paddle-wheel engines is pre- 
cisely similar to that of locomotives : the paddles in the 
one case occupying the place of the driving-wheels in 
the other, and] having float-boards successively immersed 
VOL. I. ; 


in the water, and withdrawn from it as the wheels re- 
volve. The paddle of a steam-vessel is, indeed, an un- 
dershot water-wheel reversed in its action; that is to 
say, instead of the wheel being put in motion by the 
current of water, the wheel put in motion by the steam- 
engine causes a current of water by its revolution ; and 
the reaction of the water propelled by it backwards, 
forces the wheel forwards, and with it the vessel to which 
it is attached. As the float-boards enter and leave the 
water, they act on it obliquely, tending in some measure 
to press it down in front and raise it behind. In sea~- 
going vessels, where the wheels often act on the undu- 
ting surface of the water, this obliquity of action 
becomes a very considerable resistance, and tends to 
retard the engines and give them severe shocks. To 
obviate this defect, paddles are frequently made in such 
a manner that while passing through the water the floats 
nearly vertical Sucha eked is called a featheri 
at le, because the float-boards feather, or enter an 
eave the water edgeways, like the oar in the hands of a 
ractised rower. The power required for a steam-vessel 
epends upon its form and tonnage, and the speed at 
— it is = eudlig ee ‘ 
team-vessels are y e very long in pro- 
portion to their breadth, and finely wedge-shaped at each 
end, so as to cut threugh the water with as little re- 
sistance as possible. In vessels of similar form and pro- 
portions, the power required to produce a given speed is 
nearly as the tonnage. But a very slight increase of 
speed demands a very considerable augmentation of 
power, as may be thus estimated :—To double the speed 
of a vessel it is necessary to push aside double the 
quantity of water in a given time, and to impel this 
water with double the velocity, and therefore to encounter 
four times the resistance; and, as the speed of the 
engines must be at least doubled, the power expended 
in a given time must be at least eight times. Generally 
the power may be taken as the cube of the speed, or 
rather more. If, for example, a pair of engines working 
te 100 horse-power, propelled a vessel at the rate of 8 
knots (nautical miles) per hour, we should have to work 
the engines up to 200 horse-power to attain a speed of 
10 knots per ‘hour; because while the cube of 8, or 8 X 
8 x 8=512, the cube of 10 is 1,000, nearly double of 
512, and therefore the power in the one case must be 
double of that in the other. The same law applies in 


the case of vessels propelled by a screw. . 

The principle upon which the screw acts as a propeller, 
may be best understood by considering the action of a 
windmill reversed. ‘The screw generally consists of two 
inclined blades (Fig. 211) projecting from an axis 
mounted in bearings, in what is called the dead-wood of 

Fig. 211, 


a vessel, or the part of the stern immediately before the 
rudder. The screw-shaft works through a water-tight 
tube fixed in the dead-wood, and is put in motion by 
the steam-engines in the body of the vessel. The whole 
screw is immersed under water, and the blades are of 
such size that, looking endways on the shaft, they appear 
to as each about one-sixth of the circle which cir- 
cumscribes them. 


The pitch of the screw depends on the obliquity of the 
50 
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blades to the plane of the circle, and this obliquity in- | cent., or one-fourth, for slip, the actual speed would be 
creases from the circumference towards the centre, be- | nine knots per hour, 
cause the nearer the centre travel with less cir- (Tue Sream Hasorer.—Of late years, the immense 


cumferential velocity, and yet the water passes them 
with equal longitudinal When we say that a 
screw has twenty-feet pi we mean that if the screw- 
blade were continued through a complete revolution 
round its axis, any straight line drawn parallel to the 
axis would cut two portions of the blade at points twenty 
feet Did the screw, in revolving through the 
water, put the latter in motion at such a rate as pre- 
cisely to glide along its blades in straight lines arallel 
to the axis, every revolution of the screw would move 
any portion of water exposed to it through a length of 
20 feet. But, practically, the water is almost at rest, 
and the screw worms its ~~ through it, peti | to 
in motion the vessel to which it is conn » and a 
certain slip occurs, or the speed with which the screw. 
and wn travel through the water is less than that due 
to the obliquity of the screw by about 25 or 30 per cent. 
If we suppose that a screw of 20 feet pitch makes 60 
revolutions per minute, any point in its surface without 
slip would move through 20 x 60 = 1200 feet longi- 
tadlinally per minute, or 1200 x 60 = 72000 feet = 12 
knots per hour nearly. But, allowing twenty-five per 


demand for heavy forgings has necessitated novel 
methods for red them to the proper shape, espe- 
cially when required in connection with screw-propellers, 
one of the largest of which was that used in the Great 
Eastern, The steam hammer has been much em 

for this p' ; and in the hands of Nasmyth, ie, 
and others, has been brought to a high degree of perfec- 
tion. ge General principle of construction is that of a 
solid vertical piston, moved in a cylinder by steam; the 
motion being regulated in a similar manner to that of 
the ordinary steam-engine, by the action of a slide-valve 
moved by an attendant. The piston-rod is extended, so 
as to form the hammer-head ; and below, on a suitable 
block, the iron to be forged is placed, The admission of 
steam beneath the piston raises it, and the hammer-head 
can then be driven, so as to i ings diseotly, at the ex- 
tremity of the rod, on the article to be forged. By 
regulating the admission of steam, any amount of 
power may be exerted—a fact of great value to the 
practical engineer. The folio plate represents a machine 
of this kind, which was shown in action in the Exhi- 
bition at London, in 1862.—Ep.] 
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WORK AND POWER.—The communication of power 
is really the communication of motion, for power implies 
change, and change of place is motion. A column 
porting a weight communicates the pressure of 
weight to its foundation ; and a string fig wees. 'g load 
from a hook, communicates its tension to the hook ; but 
in neither of these cases. is —power communicated, for no 
is effected: time forms no element in the ques- 
tion, the same strain being conveyed to the point of 
support in an instant, as in a century. But if the 
umn or string be in motion, like the piston-rod of a 
steam-engine, pushing or pulling against a resisting 
force, not only is the pressure acting on the piston con- 
the rod as a simple strain, but it is also 
conveyed rae certain distance in a certain time, or 
at a certain velocity, and can, by its motion, effect 
changes on materials presented to it, proportioned to the 
amount of power developed, and the time during which 
it acts. e@ power of -any mechanical arrangement, 


through any trains of machinery, we com their 
powers by comparing the products of these factors, 

Tt isa simple law of wechanics, admitting of no ex- 
ception, that, whatever be the nature or complication of 
any mechanical arrangement by which power is conveyed, 
whatever be the power applied to moye it, the same 


power would be given out from every of it, provided 
no waste occurred from friction. the fa ges 
the construction of the machinery in respect of smooth- 


ness of rubbing surfaces, the more nearly is this law 
practically fulfilled. me 


Fig. 212, 


therefore, meansits capability of effecting change ; while 
its work means the quantity of change effected. The 
most simple kind of change which we can contemplate is 
that of position; and we, therefore, take change of 
position or motion as the measure of one element of 
work done. The most simple notion as to quantity of 
change, is that of mass or weight of material moved ; 
and we therefore take weight as the measure of another 
element of work, Lastly, we estimate the capability of 


eff tis to say, power—by the time re- io’ 
nired for the work done. ‘Tho greater the mass moved, 


less the time occupied in the motion, the ter the 
power developed. = x a 

An engine of 10 horse-power, means an engine capable 
of moving 10 times the mass that can be moved by an 
engine of 1 horse-power over « given distance in a given 
time, or of moving the same mass over 10 times the 
distance ifthe same time, or of moving the same mass 
over the samo distance in jth of the time. Power 
ind is simply pressure multiplied by velocity ; an 
if we know the pressures and velocities communicated 


‘e 


\ 


¢ greater the distance over which it is moved ; and the | 


If we take any of the simple mechanical powers, such 
as the lever A B (Fig. 212), capable of vibrating on the 
fulcrum F, we observe that when A F is equal in length 
to F B, a weight of 10 lbs. hung from A, balances the 
same weight hung from B; or, when A F is twice F O, 
a weight of 10 lbs. at A balances 20 Ibs. at C. 

Such is the law for mere pressure or weight without 
motion ; but when we consider the question in respect of 

wer, we have to imagine that the lever vibrates on its 

ulcrum, so that every point of it describes a portion of 
a circle round the centre F. We may suppose one such 
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vibration effected in a second, and that the are described 
by A measures 2 feet in length, then will the are de- 
scribed by OC be 1 foot long; and 10 lbs. at A, moving 
through 2 feet in 1 second, develops the same power as 
20 lbs. at C moving through 1 foot in 1 second, because 
10 x 2=20 x 1; the products of the pressures by the 
velocities ar’ equal in both cases. We might trace the 
same law through all the simple mechanical powers, and 
through = — combinations — i that is to say, 
through all possible arrangements of machinery. 

The practical application of this law in calculating the 
proper strengths and proportions of parts of machines, is 
exceedingly simple. 

In a machine, for instance, moved by 1 horse-power, 
whenever we can ascertain the velocity of any part, we 
can find at once the pressure or strain passing through 
that part. One-horse power is reckoned as 33,000 lbs. 
moved 1 foot per minute; if, then, some part of the 
machine in question were found to move over 10 feet in 
1 second, or 600 feet in 1 minute, we should at once 
know that the strain on that part is equivalent to a 

ressure of 55 lbs., for 55 Ibs. x 600 feet=33000 Ibs. x 1 
‘oot. As a practical example, let us suppose that in 
some part of a machine worked by 5 horse- 
power, there is a wheel 7 feet in diameter, 
revolving 30 times in a minute, and that 
we desire to estimate the pressure on the 
rim of that wheel, or the resisting force 
which would have to be applied to balance 
its rotary force. 

The circumference of a wheel 7 feet in 
diameter is 22 feet, and this moving 30 
times round in # minute, has a velocity of { 
22 x 30=660 feet per minute; the power, 
5-horse, is equivalent to 33000 x 5= 
165000 Tbs. moved through 1 foot per 
minute, or 250lbs. moved through 660 
feet per minute. The strain on the rim of the wheel 
is therefore equivalent to 250 lbs. Geuerally, the 
rule for estimating the strain (in lbs.) of any part, is to 
divide the power (expressed in Ibs. moved over 1 foot per 
minute) by the velocity of the part (in feet per minute). 

ROTARY MOTION.—The kind of motion most con- 
veniently conveyed through machinery is rotary motion ; 
and the chief subject of our enquiry will be as to how this 
can be conveyed and conve’ into motions of another 
kind, such as vibratory or reciprocating movements. 

A shaft or spindle is a rigid bar of metal, or sometimes 
of wood, caused to rotate round its axis, and capable of 
conveying the rotary motion given to it along its whole 
length, and giving it off at any point to machinery con- 
nected with it. e lengths of shafts are limited in con- 
sequence of the difficulties attending their construction 
i Large shafts, such as are used for the 


in t lengths. a 
paddles of marine engines, are sometimes 20 or 30 feet 


S SS 


long; but smaller shafts seldom exceed 10 or 12 
in length. When greater lengths are required, the 

| ghafts have to be coupled or connected together. 
COUPLINGS.—Fig. 213 represents a simple coupling 
| for round wrought-iron shafts. A and B, the ends of the 
| two shafts, being nicely rounded, are inserted into a cylin- 
| drical box Cbored to fit them, and having a groove or key- 
| way cut along its interior surface, correspondin to grooves 
| cut in the shafts. These grooves are filled by keys, 
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D E, made slightly taper, and driven tightly in from 
each end. One of the shafts A being caused to rotate, 
must carry the coupling C round with it, and also the 
other shaft B, because the keys prevent either shaft from 
slipping round within the coupling, or the couplfng from 
slipping round either. In making such a coupliug of 
cast-iron, the following proportions will be found prac- 
tically suitable :—External diameter of coupling double 
that of shaft ; length of coupling three times the aarnster 
shaft ; width of key, one-fourth the diameter of shaft ; 
mean depth of key, one-half its width. 

The keys should be made with gib-heads, as shown in 
the figure, so that they may be driven out when required. 
by applying a piece of iron rod to the projecting part and 
striking it with a hammer, as marked by the dotted lines 
F, or by driving a wedge between the gib-head and the 
coupling. * 

Some engineers, in coupling the shafts, halve them over 
each other, as in Fig. 214, and insert a tapered key ina 


groove formed in the coupling only, its inner surface 

fitting the shafts. Sucha key, called technically a hollow 

key, from the hollowing or concavity of its inner surface, 
Fig. 214. 
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tightens the coupling very firmly on the shafts. The 


soot § a (Fig. 215) consists of two discs, with pro- 
jecting bosses keyed on the ends of the shafts facing each 
other, held together by four or more bolts and nuts pass- 
ing through corresponding holes in the two dises. 
Sometimes, when it is desired that by no accident shall 
the movement of any length of shafting be reversed, a 
ratchet-coupling is applied. a (Fig. 216) is a toothed 
boss, kevell firmly on the shaft d, and b a similar 
toothed boss capable of sliding longitudinally on the 
shaft c along a feather or parallel key, which prevents 
it from turning round independently of c. So long 
as the shaft d revolves in one direction, it carries 
the other shaft ¢ round with it; but should the ro- 
tation of d be reversed, the pressure on the inclined 
faces of the teeth causes the boss b to slip out of gear 


with a, and thus to uncouple the two shafts. 
CLUTCH.—When it is desired to couple or uncouple 


Fig. 213, 
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two lengths of shafting at pleasure, a clutch, like that 
represented in Fig. 217, is generally employed. 

A, the driving shaft, on which is keyed firmly a half 

* A “key,” used for fixing a coupling or any other piece of machinery 
on a round shaft, is a piece of iron or steel of parallel breadth, but 
slightly tapered in thickness, so that on driving it into the “ key-way” or 
recess provided for it, it acts as a wedge, pressing the opposite surface of 
the shaft against that of the hole. A “ feather” is a key of equal breadth 
and thickness throughout, fitted into a recess in the shaft, and projectin, 
from it into a slot formed in the hole of the coupling or other boss, which 
can thus slide along the shaft longitudinally, but must turn with it. 
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clutch O, having two projections from its face ; B the 
driven shaft, the end which rests in the hole of OC, and 
Fig. 215, 
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Fig. 216. to those on C. A groove is 
formed in D, and fitted with 


@ .a ring E, put together in 
$ halves, and having pins pro- 
= jecting from its opposite sides, 


which may be taken hold of 
by hand or by a lever. The hal: 
| pable of sliding on the shaft B, can, by means of 
the ring, be pushed in or out of gear with C; 
and as the feather prevents it from turning on 
| its shaft, when the projections on it are in. 
| serted between those in the other half clutch, 
| the shaft B is caused to revolve by the rotation 
| of A. Sometimes, when it is desired that the 
| strain passing through any shaft shall be limit- 
| ed, recourse is had to friction-clutches. A very 
common mode of forming a friction-coupling is 
| to key on one length of shaft, a boss with a co- 
nical hole bored in its face, and on the other 
| to fit by a feather, a conical boss fitting nicely 
into the conical hole. When the one is pressed 


into the other, the friction of the conical sur- 

faces causes them torevolve together ; but should 

an excessive resistance be opposed to the rota- 

tion of the driven shaft, the friction of the sur- 

faces proves insufficient to overcome it, and the 
Fig. 217. 


cone on the driving shaft slips round that on the other 
without driving it. 


UNIVERSAL JOINT.—When two shafts, not lying 
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in the same straight line, are to be coupled, recourse is 
had to a universal joint. a each ofthe et shafts A 
an . 218) is keyed a fi 
in the onda of which; at ©, Dy 
E and FP, are pivoted the ends 
of a cross G, so as to it its 
ial rotation on either of its 
wo axes CDor FE. On A 
being caused to revolve, the cross 
is carried with it round its centre 
G, _ 4 ends E F also rotate 
round the same cen ivi 
rotary motion to oben kek 
and shaft B, the pivoting of the 
wd permitting it presptcs 
te its position to the varyin 
obliquity of the forks aodan 
their rotation. 

When two shafts are not quite 
in the same straight line, but 
nearly so, they ae Bhs — by cranks. The 
shaft A (Fig. 219) a crank C and pin keyed on 
to it,-and the shaft B has also a crank D, with a slot cut 
in it to receive the crank-pin of C. The pin must be 
sufficiently long to allow for the departure of the two 
eranks from each other by obliquity of position (as indi- 
cated by the dotted lines ——- them at the 
site point of their Bros and the length of the 


clutch D being ca- ' slot must be such as to allow for the difference of level 


Fig. 218, 


of the two shafts, 
PLUMMER-BLOCKS.—The bearings in which shafts 
revolve, are technically called pillow-blocks or plwmmer- 
Fig. 219, 


blocks. They are generally made of two pieces of cast- 
iron, the base A, and the cap B, lined with gun-metal 
bushes O, each half a cylinder (Fig. 220). 

The base is recessed to receive projecting parts of the 
cap; and two bolts D, with nuts at their upper ends, 
pass through holes in both, so as to secure the cap firmly 
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on the base when the shaft has been laid in its place. 
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ing the plummer-block to the 


which it er be fixed. These holes 
little 


on 
are lengthened to permit a transverse adjustment 
The cap has generally an oil- 


e square or 
} in their outer to prevent them from 
| turnmg round within the plummer-block ; or, when they 
| are quite cylindrical, studs or ay aed H, pro- 
jecting from them into holes in the cap and , answer 
| the same The shaft has co F, or parts of 
' larger diameter outside the brasses, and the brasses have 
lips or fi to prevent the shaft from moving longitu- 
dinally. ‘As the shaft or brasses wear from the constant 
friction, the cap and upper brass can be more tightly 
screwed down the nuts of the bolts D, which are 
often made double, so that the one nut tightens the 
other in its place, and prevents it from becoming loosened 
by the shaking of the machinery. 
| Of late years, many beari instead of being fitted 


rings, 
with gun-metal bushes, have been lined with a soft metal, 
in which tin is the principal ingredient. 
Fig. 221 represents a transverse section of a bearing 
Fig. 221, 


lined with soft metal; A the cast-iron cap, and B the 
base, cast with a hole larger than the shaft. D D soft 
' metal linings, filling the space between the surface of the 


shaft and that of the cast-iron. The shaft, or a piece of 


The base has projecting flanges, with holes E, through | iron of equal size, being supported in the hole of the 
- 220, 222. 


1 


im 


bearing, the soft metal, melted, is poured into the space ; 
and if the iron have been previously heated to nearly 
the melting temperature of the soft metal, the latter, on 
cooling, presents a smooth internal surface, in which 
the shaft revolves with little friction or wear. When it 
is inconvenient to form collars on the shaft to prevent 
longitudinal motion, rings E, bored to fit the shaft, are 
put on, and kept in their places by tightening-screws 
pressing against the shaft, 

When it is not convenient to rest a shaft in plummer- 
blocks supported on walls or beams, they may be made 
to revolve in hanging bearings screwed up to a beam 
above. These bearings may be lined as plummer-blocks, 


with -metal or soft metal, and the cap tightened 
down by a setting-screw, as indicated in Fig. 222, 
PUL OR DRUMS.—When it is desired to 


convey motion from one shaft to another lying parallel 

to it, each shaft has a pulley or drum attached to it, and 

round their circumferences a flexible strap or band is 

tightly strained. Thus e and f (Fig. 223) being parallel — 
Fig. 223, 


. ~N 
© 


shafts at some distance apart, a pulley a is keyed on the 
one, and a pulley b on the other, the flexible strap passing 
round both. On rotary motion being given to the shaft 
a and its pulley, the friction between the strap and its 
circumference puts the former in motion, and it conveys 
the rotation to 6 and its shaft in the same direction. 
When it is desired to reverse the direction of rotation, 
the strap is crossed (Fig. 224). Also when a different 
angular velocity of 
rotation is desired, 
the pulleys are made 
of different sizes. 
If we suppose that 
the driving pulley 6 
has a circumference 
of 6 feet, and the driven pulley a cireumference of 
3 feet, half the former; since the strap travels at the 
same rate with the circumference of the driving pulley, 
and causes the circumference of the driven valley to 
move round with equal velocity, it is clear that the latter 
must make two revolutions round its axis while the 
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city of each, as we find the same result by multiplying 
the initial s of the driver A, by the product of the 
diameters of all the drivers A, C, and me ne 


Given the angular velocity of one of two pulleys (i. na 
e diame 


= at oe 120 revolutions per minute. 


velocities of two pulleys and the 
diameter of one, to find that of the other. 

Rule,—Multiply the speed of the first by its diameter, 
and divide by the . 


revolutions per minute, drives another at 80 revolutions 
per minute : required the diameter of the latter. 
120 X 24 = 36 inches, | 
Pulleys are often combined with direct or crossed straps, 
as may be required, in order to vary the velocity and 
Fig. 225. 


direction of rotation. Thus the pulley A (Fig. 225), 24 
inches diameter, revolving at the rate of 10 revolutions 
per minute, drives B, 12 inches diameter, at 20 revolu- 


tion, because 74 x10 — 20. On the shaft of B is 
fixed a pull 


; C, 36 inches diameter, revolving at the same 
speed with B, and driving D, 12 inches diameter, by a 
crossed strap at 60 revolutions, because 7” x $8 = 60. 


Again, on the shaft of D is another paler B, 27 


inches diameter, revolving with a s of 60, and 
driving F, 9 inches diameter, at a speed of 180, because 
OO x 27 


Tn estimating the final speed produced by such a train 
i pulleys, it is not necessary thus to calculate the velo- 


anon of the other. 
Example.—A pulley 24 inches diameter, making 120 


half the length. I 
in any other ratio, we should find the | the product of the diameters of those driven, B, D, 
engular years 28 tarens ratio demeagenses of Sah ates dl 
ferences circles are exactly proportion ir | 10 revols. x 24x36X 
diameters, the angular velocities ix pulleys onnaeat 12x 12x9 =180 revolutions, the speed of F, 
tra) inversely as their diame or the diame- .% Fag 
ot pat pulley, multiplied by its oad gives a like | Sometimes, when it is desirable to have the power of 


the speed the 
pulleys are elongated and made conical, and the strap is 


shifted longitudinally to such a position as shall give the 
speed required. Thus, if aa be the driving. re- 
volving 24 times per minute, and it be desirable that bb 
shall be driven at speed from 8 to 72 revolutions per 
minute, each cabbae baler made conical with the larger 
end 3 times the diameter of the smaller, the strap ¢ 

be shifted from one end to the other to give the edie) 
variation of speed. Nor is the tightness of the strap 
materially altered ; for as it is made to pass round a 
larger circumference of the one, it passes round a smaller 
circumference of the other, and so gains nearly as much 
as it loses. Most of the machines that are driven by 
straps do not require so nice an adjustment of velocity, 
but act very well at various Peay within certain limits, 

eys are made 


In such cases the conical pu with 

steps, or consist each of a set of pulleys placed side by 
side, having diameters increasing as much in the one as 
they decrease in the other (Fig. 227). Thus, if the 
Fig. 228, 


Fig. 27. 


driving-shaft make 48 revolutions per minute, the driven 
shaft may be made to revolve at the following different. 


speeds ;-— 
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6 12 

BX 16 199, 48 x2=72, 
8 48x 4 

48 x jg= 32, and 6-2 


revolutions minute ; the diameters being 16, 12, 8, 
and 4 lovin eae : 

Occasionally, a strap may be employed when it is 
desired that the motion shall be changed transversely, as 
indicated in Fig. 228. In such a case it is ni to 
have very wide pulleys, a and b, because the two parts of 
the strap c and d must pass obliquely over their surfaces. 
This mode of employing a strap is, however, very disad- 
vantageous, for the strap must be continually slipping 
longitudinally along the face of each pulley, and thereby 
be subjected to friction and wear. 

In a manufactory where numerous machines are em- 
ployed, it is essential to have a ready means of throwing 
omg them into action or out of action at pleasure. 

the machine is driven by a strap, this operation is 

conyeniently effected by what are the fast and loose, 

or the live and dead pulleys ; that is to say, two pulleys of 

equal size placed side by side on the s one being 
Fig. 229. 


LJ 


firmly fixed to the shaft by a key so as to revolve with it, 
while the other revolves freely on the shaft. 
desired to put the machine in action, the band is put on 
the fast pulley, and thus gives motion to the shaft or re- 
ceives motion from it. For throwing the machine out of 
action, the band is shifted to the circumference of the 
loose pulley, which revolves idly on the shaft. The 
shifting of the — from the one pulley to the other is 
effected by means of the striking gear, a forked lever fed 

ig. 230) moving on a pivot e, and holding the strap c 
within its forked part d, By pulling round the handle f 
of the lever, the band, being pressed ways by one 
side of the fork, is pushed ually on to the fast pulley 
a or the loose pulley b at pleasure. It would be difticult 
thus to shift a tight strap when at rest; but while it is 
in motion, with the pressure of the fork directed on it, 
it is gradually off from its former position. For 
this reason, the fast and loose pulleys should always be 
placed on the driven shaft, because, were they placed on 


the driving shaft, the band when on the loose pulley, 
being at rest, could not easily be shifted. 
Fig. 230, 


‘uk ta 
LI 


In order that straps, which are generally made of 
leather, india-rubber, or a, may act well with- 
out slipping ineffectively along the surfaces of the pulleys, 
th should be tightly strained into their place. e 
pulleys should be turned true and smooth on their cir- 
cumferences ; for the smoother the pulley, the more 


When it is Gee 


driving friction appears to take place between its sur- 
face and that of the strap. When the strap is not 
sufficiently tight, or does not take sufficient hold of the 
pulley to drive the machinery with which it is connected, 
it must be made of greater breadth, and strained more 
tightly. Sometimes, when a strap slips, powdered resin 
is strewn upon its inner surface with good effect. Tho 
ee the are of the circumference which a strap em- 

races, the firmer is its hold, or the less tendency has 
it to slip ; and the i eyo the width of the strap, the 
firmer also is its hold. The diameter of the pulley does 
not affect the slip of the strap, except when the diameter 
is very smal] ; while the strap is rigid, and not easily bent 
closely round the circumference. 

Were straps perfectly flexible, it would be found that, 
with a given breadth and tightness, the driving power 
would be the same for all diameters of pulleys. 

It is often convenient to use cylindrical bands or cords, 


made of catgut, or ro instead of flat straps 
(Fig. 231), such cases, the p' is grooved in the cir- 
Fig. 231, 
—s 
0 (2) 
A 


cumference, and the band wedges itself into the groove, 
and thus exerts sufficient friction on the circumference for 
the communication of power from one pulley to another, 
The principal advantage of bands of this kind is, that 
by means of guide pulleys, A and B, grooved in the 
circumference, the d may be led in almost any 
direction on the plane of the pulley, or oblique to it. 

Straps are best suited for machinery driven at high 
speeds, with small pressures; they are cheap, con- 
venient, and smooth and noiseless in their action; and 
when any undue strain comes upon the machinery, they 
slip, and thus act as a safeguard against damage. But 
for all machinery intended to communicate heavy strains 
through their parts, as in cranes, and whenever certaint 
of connection between one moving part and another is 
required, as in clockwork, recourse must be had to 
gearing, or toothed wheels. 

TOOTHED WHEELS.—Were we to mount two wheels 
on parallel axes, so that their circumferences touch each 
other, by causing the one to revolve we should also cause 

Fig. 232, the other to revolve, pro- 
aouy vided the friction between 


their surfaces at the point 
Py, ‘ of contact were sufficient to 
S/@ Sy overcome such resistance as 
© = sit might be presented to the 
“ Jee rotation of the driven wheel. 

© Practically, this friction is 

ta = “Pr OS ; not sufficient in ordinary 
xe sh and it becomes neces- 

sary to fit the circumferences with teeth or cogs, or pro- 
jections and recesses at corresponding intervals, so that 
each tooth of the one fits successively in each recess of 
theother. By this arrangement, the direction of rotation 
is reversed, as indicated by the arrows in Fig. 232. 
When it is desired that the direction of rotation be re- 
tained the same, it is twice reversed by the intro- 


—— 


APPLIED MECHANIOs, 


ig. 233). Some- 
times geared 
oade ly (Fig. 234), 
where a@isa eee of 


888 
duction of an intermediate wheel } 
. 233, 


Fig. 


the other. In this case, 
the direction of rota- 
> uuy’'@ tion is not reversed. ; 
y means of toothed gearing, the angular s ° 
rotation may be altered at pleasure, 
as will be evident from the follo 
considerations. The wh 
(Fig. 232) has 45 teeth, and therefore, 
during each revolution, presents 45 
successive recesses for the teeth of the 
smaller pinion, which number 22. 
For every revolution of the wheel, 
therefore, the pinion must make 2 
revolutions and advance the space of 
1 tooth, because 2 x 22-+4+1= 45; 
during 2 revolutions of the wheel, the 
pinion makes,4 revolutions and 2 teeth; 
and so on, until the wheel has made 
22 revolutions, or caused 22 x 45 = 
990 of its teeth to pass the point of gear, in which time 
the pinion must have made 45 revolutions, or caused 
45 X 22=990, the same number, to pass the point of 
gear. And so it would be found with any other number 
of cogs, that the angular velocities of the geared wheels, 
or the number of revolutions they make in a given time, 
are inversely as the numbers of their teéth. When an 
intermediate wheel is employed, as in Fig. 233, it only 
affects direction of rotation, not thes of the extreme 
wheels. Thus if a (Fig. 233) have 34 teeth, and b, the 
intermediate, have 20 teeth, the angular velocity of a is 
to that of } as 20 to 34; or if we take the speed of a as 


1, the speed of bis 3 Again, if c have 27 teeth, its speed 


is to that of b as 20 to 27, or it is 37ths of the speed of 


b, that is eX pom onthe of the speed of a, But, did we 
leave the intermediate wheel out of consideration, we 
find that were a with 34 teeth to drive c with 27, the 
speed of ¢ would be srths of that of a, the same result 
as before, though in the roped direction. The same 
principle applies, whatever be the number of intermediate 
wheels; for the speed of the first and last will always be to 
one another inversely as their respective numbers of teeth, 

If from the centres of two geared wheels AB (Fig. 
235) circles be drawn, touching each other at a point 
midway between the extreme projections of their teeth, 


are called the pitch lines or circles of the 


circumferences bei ually divided, 
from tooth to tooth in each, o what 


technically called the pitch of the teeth. en we 
of Linch pitch, or 2 inches pitch, we 


mean that the distance measured from the centre of one 
tooth to that of the next (these centre points being 
taken on the pitch circle) is 1 inch or 2 inches, 
case may be. In Fig, the distance between 
pares cage = where the dotted radii from A 
B cut the pitch ci , of ei 


tion, and the er the pitch or portions into w! 
the circumference is divided, the more — 
eq 


the 


Wh geared wheels, so arranged 
that the first shall drive the second—that the third, 
fixed on the shaft of the second, shall drive the fourth— 
the fifth, fixed on the shaft of the fourth, shall drive the 
sixth, and so on—we readily find the angular velocity 
of any wheel in the train thus. 

Rule.—Maultiply the angular velocity of the first driver 
by its number of teeth or diameter, and by the numbers 
of teeth or diameters of all the drivers, and divide the 
result by the product of the numbers of téeth or the 
diameters of all the driven wheels. 

Example.—Wheel L., 36 inches diameter with 72 teeth, 
making 120 revolutions minute, drives wheel IL, 
12 ins. diam. with 24 ; on the of wheel II. is 
fixed wheel III., 10 ins. dia. with 30 teeth, driving wheel 
IV., 6 ins, diam. with 18 teeth: required the speed of 
wheel IY. 

120 rev. X 36 ins. X 10 ins, 

12 ins. X 6 ins. 

120 rev. x 72 teeth x 30 teeth 
24 teeth x 18 teeth 


From the general principle of mechanics, that no 
wer can be gained or lost in any train of mechanis: 
ut that only the two elements of power, pressure an 
velocity, can be in’ irrespective of friction or 
other useless resistances, it follows that, at the end of 
any train of wheels, the power is the same as at the be- 
ginning ; but the velocity being different, the pressure 
or strain on the teeth must be different also. In the 
example we have given, if we suppose that 1 horse-power 
has given motion to wheel I., we should expect to get 
1 ce wer from wheel 1V.; but as the s of 
w 


= 600 rev. per min. | 


wer passing 
front its axis, The teeth of wheel II. being in contact 


its shaft to 

the teeth of wheel III., distant 5 ie eed 
pa of $ths 

Again, this strain being given 


wheel. In any train of wheelwork, then, we 

safely diminish the sizes and strengths of the 

as their velocity increases ; and, conversely, we should 

increase their strengths as the velocity diminishes. 
FORMS OF T H.—One of the most important 

matters connected with toothed wheels refers to the 

forms or outlines of the teeth. It is to be desired that 


r 
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engineers y should determine on some standard 
form, so that all wheels of equal pitch should work or 
gear properly together. Unfortunately this is not the 
case ; the wheel made by one machinist is unsuited to 
that made by another. It often becomes necessary to 
make costly patterns of wheels to suit some that may 
have been already made; these patterns, again, are not 
suited for other cases ; and thus — amount of time, 
labour, and material is misapplied in a matter where a 
little harmony among the yiews of machinists might do 
much to avoid these evils. That such a mutual under- 
standing is not impossible, may be proved by the fact, 
that in a similar case, that of screw-threads, among 
which there once existed quite as great a variety, almost 
all engineers now adhere to certain forms and proportions; 
so that the screw which fits one nut, ‘readily fits any 
other nut of equal diameter, wherever the screw or the 
nut may have been manufactured. Perhaps the prin- 
cipal cause of difference in the forms of teeth, has been 
the want of knowledge among practical men as to what 
the true forms should be. uch has been written on 
this subject, but a t deal is of too abstruse a cha- 
racter to be generally understood or appreciated ; and 
the ical mechanic, desiring information, is dis- 

by the difficulties with which the subject appears 
to be invested. We will endeavour to point out, as 


simply as possible, the laws which should govern the 
forms of teeth, and to lay down a few easy rules for 
delineating and executing them. ‘ 

Fig. 236. 


If we suppose A and B (Fig. 236) to be the bosses or 
central of two wheels having straight teeth or flat 
blades C and D projecting from them respectively, on 
tracing several positions of these, such as C OC, and 
D, D,, we observe that there must be considerable 
inequalities in their relative movements; or if C, C 
make equal angles with the line of centres A B, D, an 
Dz do not make equal angles with the same line. i 
we observe that the points of each tooth must rub along 
the flat surface of the other in the course of the motion ; 
and were this form of tooth practically carried out, the 
cutting and wear would be considerable. But if, as in 


Fig. 287. 
‘“ 


‘ 
Fig. 237, the wheel B have a tooth D of some curved 
ine, we may perhaps find some particular curve for 
the face of tooth C, such that an equable movement of 
the one wheel shall produce an equable movement of 
the other, and that the surfaces of the two teeth shall 
rather roll along each other than rub with a pushing or 
sliding movement. Now, although it may be generally 
VOL, I. 


possible to find a proper form for ©, whatever be the 
form of D, yet it is desirable for many reasons that both 
these curves should be traced according to some fixed 
which shall be constant, whatever the dimensions of 
wheels or their numbers of teeth. If we examine 
somewhat closely the relative motions of two toothed 
wheels, we may perhaps discover an appropriate form 
for their teeth. : 

INVOLUTE TEETH.—If A B (Fig. 238) represent 
a strap passing round the circumferences of two equal 
pulleys, and therefore touching both, and if-through ©, 
the middle point between their centres, two circular arcs 
be described, these may represent the pitch circles of two 
equal toothed wheels, whose relative rotation should be 
precisely the same from the gearing as it is from the 
motion of the strap, unwinding from the one pulley and 
winding on to the other. But farther, if we continue 
the lines A B and D E, and from some other point F in 
D E describe a circle touching A B in G, and another 
circle (dotted) through the point C ;—since F © bears 
the same ratio to C Has F G'to EB, it ap rs that the 
rotation of the large wheel, if geared with the other at O, 


should be precisely the same as if it were caused by the 
Fig. 238, 


strap winding on to its pulley, of which F G is the radius. 
If we assume the velocity of the pulley D to be 
uniform, the rectilineal velocity of the strap A B G must 
also be uniform, and likewise the angular velocities of 
the wheels E and F. Whatever, then, be the relative 
sizes of the geared wheels, the rectilineal motion of the 
strap, with relation to the rotary motion of any one of 
them, is always constant ; and if from this relation we 
can trace out a form of tooth, that form will apply in all 
cases, whatever be the diameters of the wheels that are 


geared together. 


Fig. 239, 


AQ 

In order to avoid complexity, let us first take one 
wheel, supposing it a circular dise of paper, of which 
HM K (Fig. 239) is a portion, and let us suppose that 
the strap A B has a pencil projecting from it at some 
point P, so that as the dise rotates while the — 
travels, the pencil shall trace on the disc a line L P M, 
compounded of these two motions. If, ws take the 

x 
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other wheel (marked by the dotted lines), and suppose 
i ; Y pping Be former, the 
ding line N P Q on 
uced are traced by the 
same point in the band under precisely similar con- 
ditions of uniform rotation, we might cut the paper discs 
to their outlines, and making them rotate in contact, we 
should obtain that uniform relative motion which is re- 
quired. The mathematical name of each of the curves 
so described is the involute of the circle, because it is pro- 

duced by the point of a thread wound on to (inv 

& circle, or wound off from a circle. The na- 


i 


ture of the curve may be best understood by 
a reference to Fig. 240. 
If a be the centre of a circle or plan of aroller, on ¢ Ke 


hich is wound a thread having its end at ¢, a pen- 
cr teasing point being fixed at the end of the thread, 
6 


wil bo found eonfntcat.” ) ™™ ne suloning ros 


will be 


ZY 


= 


Cie 


ay 


will trace the involute ¢ to q’, as the thread is unwound ; 
or 6 ¢ being the unwound thread, its point will trace the 
involute back to c as it is wound round the circle. If 
we divide the circumference into any number of equal 
parts at d, e, f, g, &c., and from these points draw 
tangents or lines touching the circle, at right angles to 
the radii ad, ae, af, &c., respectively, making the lengths 
of the tangents equal to the lengths of circumference 
measured round from ¢, the curve joining the extremities 
of the oaeas is the involute—the proper outline for the 
teeth of wheels that we have just described. In applying 
this theory to the practical formation of teeth, we do not 
find it n to describe the actual involute form, 
because the portion of the curve that belongs to any 
tooth is so small, that we can draw a circular curve so 
near to the involute as to cause no material error in 
working: Thus, if C-(Fig. 241) be the centre of the 
wheel, and A, B the centres of two adjoining teeth on 
the pitch circle, small circles being described round 
those centres to fix the breadth of each tooth D E and 
FG, and H MN being part of the generating circle of 
the involutes, the portion H K of any involute H K L 
very nearly corresponds with a circular arc of which M is 
the centre, and the radius D M is a tangent to the 
generating circle H M Nat M. In practice, therefore 
it is only n to determine the circle H M N, and 
the length of the radius D M, for describing the curved 
sides of the teeth. From what has preceded, it is clear 
that we may take any convenient generating circle 
H MN, but that whatever be the one we may select for 
any one wheel, that for any other wheel gearing with the 
former must be proportional to it. It is found practi- 
eally convenient to make the radius D M, with which the 
side of the tooth is described, }th of the pitch radius C A, 
and the generating circle or locus of centres H M N 


Ist. From the centre ©, with radius CA, de- 
scribe the pitch circle, and divide it by the com- 
passes into i parts, AB, each 

ven pitch. The pitch radius may be determined 

y the following rule :— 
Multiply the number of teeth by 7 times their 


distance a or pitch, and divide by 44. 
Brample Heute the pitch radius of a wheel 
having 28 teeth of 3 inch pitch. 
% EX TW 5.341 inches the pitch radius, 

Nore.—When the number of tecth is small, and their 
pitch considerable, the pitch radius must be a little in- 
creased, as will be found necessary on trying the division 
of the circumference, 

2nd. Round the centres A, B describe circles, each of 
diameter somewhat less than half the pitch : to determine 
the breadth of the teeth. The reason for making the 
breadth of teeth less than half the pitch, is to give a 
little room or clearance in the s between them, so 
that in the event of slight irregularities ing in the 
workmanship, the teeth of two wheels Paprapians, beetion 
bound or locked into each other. When the teeth are 
cut by machinery to their exact form, this clearance is 
not necessary ; but when they are merely cast and not 
shaped afterwards, there should be an allowance of abuut 
gund of an inch for each inch of pitch—that is to say, 

AB be 1 inch, D E should be } an inch, wanting dnd 
of an inch, or finds of an inch, while EF is } 
inch and yynd of an inch, or }nds of an inch. Were 
AB 2 inches, then D E would be ifths of an inch, and 
de oF an inch, and so on in Pheer 

3rd. Take AQ =} of AO, and AP = Ith of A 
and from the centre C describe through P a circle 
centres H M N. 

4th. From the points D, E, F, G, with radius A Q in 
the compass, mark off the points R, 8, T, U on the circle 
HMN, and from these points as centres, with the same 
a describe the curved sides of the tecth as 

5th. It now only remains to determine the tops of the 
teeth and the bottoms of the spaces between them. The 
spaces should have gorattrged oso) depth below the 
pitch circle than the height of the teeth beyond it, to 
allow the teeth to clear ; and it is convenient both for 
giving strength of form to the teeth and for provi 
this clearance of the teeth, especially in case of 


should be described within the pitch circle, the interval 
betwoen them A P being jth of D M or dund of O AY If 
this rule be adhered to, all wheels of equal pitch will 
gear with one another, whatever be their diameters, In 


getting between the gearing, to make the bottom of the — 


spaces semicircular, It will be found convenient to 


make A W, the height of the point of the tooth above 


ual to the | 
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the pitch circle, half the space EF between two teeth, | of a tooth at K is part of a circle described with radius 
and A K the depth of the space below, greater than AW | K H. The tops of the teeth in this case project within 
by 3th of an inch for every inch of pitch; and circles | the pitch circle, as far as in external gearing they project 
Fig. 242. beyond it, and the bottoms of the spaces may 
be made semicircular, and of depth similar 
to that determined for external gearing. 
The gearing we have hitherto described 
applies only in the case of wheels revolving 


in one plane or on parallel axes. 
BEVIL GEAR.—When the axes are not 


el, it is necessary to employ bevil gear. 

+ A B and AC (hig. 243 os the two 
axes meeting in A, and DE and EF the 
proper diameters of the wheels to give the 
required speed; if we suppose the cones 
DAE, FAE to roll upon one another 
touching along the line A E, then the velo- 
cities of their touching surfaces will be equal 
at any point, such as M, along the cone, 
because L M and K M, the radii of rotation 
at that point, bear the same proportion to 
each other as GE and H E the radii at any 
other point E, and therefore the circum- 
ferences at these points are in like propor- 
tion. Taking a portion of each cone (that 
shaded), if we conceive their meeting sur- 
faces at M E to have sufficient friction, by 
causing one to rotate round its axis, we 
should also cause the other to rotate. But 
as practically the friction is not sufficient, it 
is necessary to cut the surfaces of the cones 
into teeth and spaces, as in plain gearing. 
It is evident that these tecth must taper 
towards A, both in width and in height. If 
a line C E B be perpendicular to A E, and 
N and P the tops of the teeth at E, the con- 
verging lines AN and AP will define the 
tops of the teeth along their whole extent, 


Fig. 243. 


described through W and X will determine the tops of 
teeth and bottoms of 

In the case of internal gearing (as represented in Fig. 
242), the form of teeth may be developed on principles 
similar to those we have adopted for external gearing. 
If A B (Fig. 242) be the pitch radius of the 
wheel, F B G being a portion of the pitch 
circle, and CB the pitch radius of the 
pinion working within it, and if on the 
axes of the wheel and pinion we suppose 
pulleys to be fixed, having radii A D and 
C E, respectively proportional to the pitch 
radii, a aED winding off the one and 
on to the other pulley would give them the 
same relative angular velocities as would 
be produced by the friction of their cir- 
cumferences at B, And D E, the common 
po of the two pulleys, which, when 
prolonged, must always pass through B, 
may be supposed to have a pencil fix 
to its prolonged part, tracing on the planes 
of the revolving wheel and pinion, the 
outlines of their respective teeth, which 
would manifestly be involutes of the gene- 
rating circles D and E. 

The inclination of D B being the same 
as that adapted for external gearing, the 
teeth of the pinion would evidently be the 
same, but the teeth of the wheel would be 
similar in form, ay Eaag eI of an gies ng 
ternally geared wh ut to the spaces een them. 
L wend the centre of the wheel, L H={4nds of the 
pitch radius, and H K=}th of the pitch us, the side 


\ 


c 
And again, if Q R be the breadth of a tooth at H, the 
converging lines AQ and A R will define the ta’ ring 
bread The Jine P N is part of the boundary of coni- 
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D BE respectivel ines the pitch circles 
i teeth at E may be described. 
these teeth in _ and then wrap 
the cones FOE and DB E, we — — 
terlacing and gearing into other a‘ rTo- 
in the same manner at the point M, by drawing 
M icular to A E, and describing 
Cand B the pitch circles W and X, with 
equal to V M and U M, we get the 
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M - a 
evelopment of the teeth at M, which are precisely simi- 
but on a smaller scale, their outlines 
being defined by the radii converging from those in S and 
T towards C and B, the centres of development. 
Bevil gearing applies when the motion is to be con- 
Fig. 244. 


veyed at any rate of speed from one axis to another, as 
in Fig. 944, where.u @ is the large bovil wheel, and b b the 
Pig. 245. 


smaller one, or the bevil pinion; or the 
motion may be communicated at any 
other angle, and in various directions 


y combinations of bevil wheels and 

ig. 245, where the pinion a drives 
mounted obliquely to it; and the 
shaft of bb, drives the wheel d 
with it. 

When the wheels are equal, and their axes at right 


lea to one another, as in Fig, 246, th h 
foally walled titre wheel, “eS 


inions, as in 
e wheel bb 
inion ¢, fixed on the 
at some other angle 


rotary into a rectilineal motion, by the use of a rack and 


pinion. 
The pinion a (Fig. 247) has teeth which fit between the 
teeth Ayes racks bande; and by giving a a reciprocat- 
ing rotary motion round its centre, these two racks are 
put in reciprocating rectilineal motion. 
The proper form for the teeth of a so as to gear 
with those of pinions formed as we have ma; 
be ascertained thus (Fig. 248) :—In describing the tooth 
of a wheel, the radius O F of the generating pig. 247, 
circle bears a certain proportion to CO B the 
pitch radius ; or, as we have taken it, C F is 


a constant ratio to 
wheel, B F makes a constant angle F 
with AC. Apply this to a rack N G, the 
radius of the tooth must be a 
to D E as that of F B to BC, or the 
NGE must be equal to the angle F BC; 
pitch line of the rack is a straight line, or may be su 
a circle of infinitely great radius, so the radius N 
of the tooth, being jth of the pitch radius, must also be 
infinitely t, and the portion of the circular side of 
the tooth described with this infinite radius mus 
straight line H G perpendicular to NG. To 
amount of obliquity or inclination of H G to D o 
observe that it is the same with the inclination of B 
B M (which is perpendicular to AC). Now M Fi 
nearly bisected in L ; and as F Lis jth of F B, 
Fig. 248. : 


oe F come 


z 
Fa 
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very nearly gths or}th of FB. So, in the rack, H K 
must be }th of K G; and hence we have a simple mode 
of setting out H G, the side of the rack tooth, Mf taking 
G K any length, such as 1 inch, along the line G D, an 
measuring up an offset K H=}th of KG, The line 
H G is the side of the tooth, of which the top and bot- 
tom may be determined as in wheel gearing. 

WORM AND WHEEL.—There still remains ‘a kind 
of gearing most applicable in cases where it is desired to 
reduce very greatly the angular velocity, or to increase 
the moving pressure. We allude to the screw, 
or worm and wheel, as it is usually (Fig. 249) : 
bb the driving shaft has a screw or worm cut on its 
cylindrical ‘ace, the coils of which fit between teeth 
on the driven wheel a a. These teeth have sides in- 
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clined to the plane of their wheel, in such a manner 
as to suit the obliqui Fig. 249. 

i the _screw-t ¥ 

en the worm is caused Anns 

to revolve, one portion of eu, 
the worm pressing against 
a tooth of the wheel, causes 
it to advance over a dis- 


y 
alike); and by the time 
one tooth is disengaged 
from the worm by the re- 
volution of the wheel, 
another tooth has come 
into action, and is caused 
to advance in like manner. 
Every revolution of the 
screw round its axis thus causes the wheel to rotate 
through a portion of a revolution, equivalent to the dis- 
tance of the centre of one tooth from that of the next ; 
and if the wheel have, for example, 100 teeth, it thus 
requires 100 revolutions of the worm to cause one reyo- 
lution of the wheel. It is evident that, whatever be the 
size of the worm, the same relation of angular velocities 
subsists, while the number of teeth in the wheel remains 
constant ; but when we alter the pitch of the screw, that 
is to say, the distance from one of its coils to the next, 
we must altér, to a corresponding extent, the pitch of the 
toothed wheel ; and, if its diameter be fixed, the number 
of its teeth must be altered accordingly. 

In deciding on the form of teeth for screw-gearing, we 
must be guided by considerations similar to those which 
| we have dealt with in respect of ordinary gearing. If 
| we suppose the screw-wheel B (Fig. 250) to be a thin 

Fig. 250. 


of the screw, and clearing the solid central portion, we 
have only to make the teeth F inclined so as to suit the 
obliquity of the screw-thread, as indicated by the dotted 
lines H H on the plan of the screw G; and, instead of 
moving the screw longitudinally like a rack, we may 
cause it to rotate round its axis ; and while we prevent 
its longitudinal motion, the teeth of the wheel will be 
caused to move onwards by the inclined action of the 
screw-thread. As no part of the screw-thread is a 
straight line, the teeth of the wheel, indicated by the 
dotted lines H H, ought theoretically to be curved ; but 
when the diameter of the screw is in proportion to 
its pitch, the portions of the thread, with which the teeth 
are in con approach very nearly to straight lin 

and the serra sides of the tecth why Hieretons: without 
much practical error, be made straight. Their proper 
obliquity may be found thus :—Let I bea cylinder of the 
same diameter with the screw, on which is wound a tri- 
angular piece of paper, so that its edge shall form the 
outline of the screw. If at any one of its convolutions 
K, instead of continuing to wind the paper on the 
cylinder, we stretch it out straight as K M L, if K L be 
half the pitch of the screw, or L half-way between K 
and the point where the next convolution after that at 
K would cross the axis, then L M must be equal to half 
the circumference of the cylinder (about 3} times its 
radius), in order that the point M may be brought round 
to L when Pee is wound on to the cylinder. By 
taking K L the pitch of the screw, and L M half its 
circumference, and joining K M, we get a line at the 
proper obliquity to the axis to suit the thread of the 


screw. By taking a cylinder equal to the inner of 
the screw, bapiry, five equal to that of the px. at 
the bottom of its thread, and proceeding in a similar 
wo (as indicated by the dotted lines), we get the line 
KN of the proper ta ag, Be suit the bottom of the 

thread. Now, as the tops or points 
of the teeth of the wheel gear with 
the bottoms or hollows of the screw- 
threads, and the bottoms of the teeth 
gear with the tops of the screw- 
threads, we should make the tops of 
the teeth less inclined to the plane 


of the wheel than their bottoms, 


and we should gradually increase the 
obliquity from the tops of the teeth 
downwards. It would be very diffi- 
cult to effect this in Seg a and, 
indeed, even if it could be done with 
ease, it would be positively disadvan- 
tageous, because some of the teeth 
are always coming into such a posi- 
tion with respect to the thread as that 
marked Q, where the outer portion of 
the tooth is in contact with the upper 
part of the thread. Practically, then, 
it is best to make the obliquity of the 
teeth like K P a mean between those 
due to the upper and the lower parts 
of the screw-thread. In other words, 


tracing a pitch-line R R for the screw 


plate of metal, with teeth of the proper 
involute form cut in its circumference, 
and A the section of the screw to be also 
a thin plate with teeth like those of a 


rack, by drawing the rack along rectili- p 
neally in the direction of the arrow, we 
should cause the wheel to rotate in the 
direction of the arrow, and the teeth j 

would be of suitable form for their yy 

relative movements. So when the wheel : 
is of some thickness, as shown in section at E, with 


touching the pitch circle of the wheel, 
and then developing the obliquity K P 
due to the diameter of the screw mea- 
sured to that pitch-line, we get an 
average inclination for the teeth, 
somewhat in error at points above 
and below the pitch-line, but correct 
where the principal contact and com- 
munication of power takes place. The 
greater the diameter of the screw, 
and the smaller its pitch, the greater 
is the inclination of the thread to 
its axis, and the less is the error of 
obliquity in the contact of the teeth 
and screw-thread above and below 
the pitch-line. Therefore, when the 
screw by rotating drives the wheel, the screw should 


teeth F projecting within the outer circumference | be made as large in diameter as is consistent with 
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But when it is intended that the 
cause the screw to rotate, the 
be made as small and its 
as possible, so that the thread and the 
iquity to the axis of the screw. 
screw- may be considered as a 
tinuous inclined plane presented to the teeth of the 
the effect of greater or less obliquity becomes 
ident. In the first case, where the screw drives the 
A B (Fig. 251) being the axis of the screw, K L, 
its inclined surface, travelling in the direction of 
Pig. 251, 


Hain 


K 


the arrow C, has to move the tooth of the wheel in the 
direction of the arrow D ; the greater the inclination of 
K L to the axis, or the more nearly it approaches to a 
ndicular to it, the better its effect to move the tooth, 
or the less is the lateral strain it produces on the tooth. 
In the second case, where a tooth moving in the direction 
of the arrow G, and pressing against the‘inclined side of 
the screw-thread M_N, causes it to travel in the direction 
of the arrow H, the less the inclination of MN to the 
axis E F, or the more nearly it approaches to coincidence 
with it, the better is the action of the tooth to give it 
lateral motion, or the less is the longitudinal strain in 
the direction of the axis. 
Before leaving the subject of toothed gearing, it is 
to remark, that the form of tooth which we have 
Neesribed—the involute of the circle—presents one dis- 
advantage in use. The surfaces of the teeth do not roll 
over one another when in motion, but rub or slide along 
each other, and consequently absorb a portion of the 
power in mere useless friction, and in time wear each 
other out. There is a form for teeth which secures 
rolling contact of their surfaces, called the epicycloidal 
tooth, from the name of the mathematical curve, the 
epicycloid, adopted in its formation. If one circle be 
caused to roll round the ‘ue ram eo of prea = 
at every point in the circumference of the rolling 
eas dinette. a curve, called the epicycloid, which is 
the resultant of its two motions, the rotation round its 
own centre and the revolution round the centre 
of the other circle. If now the circle which 
was fixed be caused to roll round the other, 
every point in its circumference would similarly 
describe the epicycloidal curve proper to its mo- 
tion. And if both circles were caused to roll on 
each other at their due relative s , the relative 
motion of every point in their circumferences 
would be traced along their respective epicycloidal 
curves. If these curves were cut out in the circum. 
ferences of the two wheels, like teeth, projecting 
between and interlacing with each tihee, their 
surfaces would bear each other without any slid- 
ing or rubbing motion, but simply rolling along one 
another like wheels upon rails. The loss of power from 
friction, and the amount of wear would be therefore 
very small. So far epicycloidal teeth are of great 
advantage. But there is one great difficulty attend- 
ing them which practically forbids their general adoption. 
As the form of the epicycloidal depends not only on the 
size of the rolling circle, but also on that of the circle 
round which it rolls, a wheel made to gear with one of 
a given size cannot properly gear with one of any other 
size. With the involute teeth, on the contrary, it was 
shown that the same form applies to gearing with any 
size whatever. In a great many applications of ing, 
it is necessary to the wheels and pinions in order 
to change the rates of motion ; and if epicycloidal teeth 


would 


particular case. When teeth are cut out of the solid 
metal, the form of the cutter,can as readily be mwle 
suit the epicycloid as the involute; and in such 
especially for clock-work, and all work of 
an exact and light character, the epicycloid 
is certainly preferable to the involute, 
RECIPROCATING MOTION.—AI- 
though continuous rotary movements are 
the most convenient for communicati 


demanding motions of an- 
porapree aide iefly of a reci- 

procating ; and, whether the reci 

cating movements aks place ina straight 
line or about a centre or axis, it becomes important to in- 
quire into the modes by which continuous rotary motion 
may be converted into them, or the converse. Sometimes 
it is desirable that these reciprocating movements should 
be continuous ; at others that there should be intervals 
of rest between them ; occasionally that thay should be 
equal in velocity ; and, again, that the time occupied by 
them should vary, ing to the special character of 
the work to be done, and the intensity of the force trans- 
mitted. To describe all the known modes of effecting 
these objects would be to compile a list of almost all the 
mechanical inventions ever made, and, were it possible, 
would demand space far beyond the limits of a treatise 
like this. We will, therefore, merely draw attention to 
some of the modes of converting motion most generally 
applied in machinery. The arrangement best adapted 
to any particular case, or the special modification of 
action that may be most suitable, are matters that must 
be left to the ingenuity of the designer. 

The most simple arrangement for converting conti- 
nuous rotary motion into pegs sare motion, is the 
crank or eccentric, which we have already described in 
connection with the steam-engine. It is generally con- 
venient to obtain the reciprocating movement in the are 


of a circle instead of ina straight line. For pee 


the revolving crank A (Fig. 252), connected by a rod 

with the arm C of a lever mounted on an axis or spindle 

D, causes it to vibrate in the are of a circle round the 
Fig. 252, 


centre D ; another lever E, fixed 
at any part of the spindle db, can 
thus be put in reciprocating mo- 
tion through equal angles, and 
communicate through a connect- 
ing-rod F, reciprocating motion 
to some other body at G. When 
the arms © and E are in one 
plane, they form a bell-crank lever, 
and are generally connected by 
the rib H for the sake of strength. 
The dotted lines on the 

mark the centre lines of the levers 
at the extreme points of their ex- 
cursions. The first lever ©, in its 
central position, is at right angles to a line drawn 
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through the centre of the crank bisecting the vibration 
of the lever, or cutting the are in which the pin of the 
lever vibrates in such a manner, that its deviations from 
the straight line at its middle and extreme points are 
equal. also the line in which the point G is required 
to reciprocate, when prolonged, bisects the vibration of 
the arm E. By this arrangement the deviation of the 
pins moving in circular arcs from rectilineal motion is 
rendered as small as possible, and lateral strain from 
obliquity of connecting-rods is proportionally reduced. 
By varying the length of the arms C and E, the amount 
of vibration may be varied at pleasure ; for while the 
angles in which vibrate, remain equal, the lengths 
of the circular ares in which their pins vibrate, are pro- 
portional to the lengths of their radii. 

By proper arrangements of cranks, levers, and con- 
necting-rods, in of lengths and relative positions, 
it is generally possible to convert a given rotary or re- 
ciprocating movement into one of greater or less extent, 
in a different plane or direction. When the recipro- 
cating movement of a lever is applied to produce the 
rotary motion of a crank, it is necessary either to fit the 
spindle of the latter with a heavy fly-wheel to bring the 
erank over its dead-centres, or to adopt some other com- 
bination of cranks, as in the duplicate marine or loco- 
motive engines, so that while one is on the dead-centre, 
the other is receiving motion from its connecting-rod. 
The crank or eccentric can give réciprocating movement 
to a lever, only in such a manner, that for each revolu- 
tion of the crank the lever makes one. complete double 
stroke, or an excursion from one extreme of its vibration 
to the other and back. Sometimes it is desirable that 
each revolution of the rotating shaft shall cause a num- 
ber of reciprocating movements of a lever or rod con- 
nected with it. There are several methods of effecting 
this object. For moving a stamper b (Fig. 253) so as to 
crush or pulverise materials subjected Fig. 253. 
to it, aw @ is fitted with several fl 
curved arms or wipers, which, as the 
wheel revolves, come successively in 
contact with a pin or projection ¢ on a] 


the stamper, lift it, and let it drop. If Ge 

the wheel have six arms, the stamper °Y 

makes six strokes during each revolu- ~ 

tion. Such an apparatus is frequently h 

applied in cases where repeated strokes == 
uired for NCL 


of falling heavy bodies are 
special ions, as for tilt-hammers 
used in iron manufacture, seed-crushers, fulling-mills, 
and washing-machines. For lighter work, such as the 
movement of pendulums or balance-wheels of time- 
keepers, there are numerous ingenious arrangements of 
escapement-wheels having their circumferences cut into 
of suitable form, and capable of acting on the pallets 
ne to them, with the regularity and precision 
uired. 

TERMITTENT MOTION.—Sometimes it is de- 
sirable to convert continuous rotary movement into one 
that shall proceed by fits and starts. A crank or eccen- 
tric A (Fig. 254) on the continuously rotating shaft con- 
nected by a rod B with a lever C, causes it to vibrate 
once Lear hag revolution of the crank round a spindle 
D, on which is mounted a ratchet-wheel E, having teeth 
like those of asaw. The lever C is fitted with a pall F 
hanging freely from a pin, and formed so as to drop into 
the space between the ratchet teeth. One half-revolu- 
tion of the crank A causes the pall to move over oue or 
more teeth without putting them in motion, as it can 
slide freely along their inclined sides; but the other 
half-revolution bringing back the Iever and pall which 
bears against the abrupt face of a tooth, causes the 
ratchet-wheel to rotate through the same are with the 
point of the pall. In many cases where this arrange- 
ment of ratchet and pall is applied, it is necessary to 
vary the amount of movement of the ratchet-wheel at 
each stroke. This is effected either by varying the throw 
of the crank A, or the position of the connecting-rod 
pin on the lever C, so as to make the back stroke of the 
pall pass over two or more teeth, as may be required. 


In machines for boring, turning, planing, and shaping 
metals, in machinery for sawing timber and such like 
operations, this arrangement is applied for moving the 
material operated on, so as to present a new portion to 
the action of the tool or saw at each stroke. 

Fig. 254. 
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CAMS.—In describing the methods of regulating the 
flow of steam in engines, we alluded to the cam as an 
apparatus by which the continuous rotation of a shaft 
is made to lift a valve, sustain it for a certain period, 
and then let it drop. Cams are also applicable to many 
other mechanical movements of a similar character ; and 
as their forms may be varied indefinitely, so-almost any 
recurring movement can be effected by their use. As 
an example of what may be effected by a cam, let us 
arg that, having a rotating shaft, we desire it, during 
ith of a revolution, to raise a weight 1 inch ; during ith 
to retain it at that height; during the next ith to raise 
it 1 inch more ; to retain it there during }th ; during the 
next ith to drop it the two inches through which it had 
been raised ; and during the remaining jth to retain it at 
its lowest position until it is again rai 

Let A (Fig. 255) be the shaft revolving in the direction 
of the arrow, and let three circles be described round its 
centre, the inner circle being of any convenient radius, 
and the others having radii respectively 1 inch and 2 
inches greater. Let the circles be divided into eight 
equal segments, and let H be a roller connected with the 
weight to be lifted, bearing on the inner circle at B. 


Fig. 255. 


From B to O, }th of a revolution, let the circumference 
be part of a spiral curve touching the inner cirele B and 
the middle circle at C ; from © to D, }th of arevolution, 
let it follow the middle circle ; from D to E, ith of a 
revolution, let it be another spiral curve touching the 
middle circle at D and the outer at E; from E to F, th 
of a reyolution, let it follow the outer circle ; from HF to 
G, 4th of a revelation, let it again be a spiral touching 


APPLIED MECHANICS. 


(REVERSING GEAR. 


ter — ser tas ret a ripen Dae B, poo 
maining a revolution, let it fo! inner circle. 
e that, as the shaft rotates and brings the dif- 

ions of the cam’s cireumference successively 
e roller, the centre of which we suppose to be 
of vertical movement only, it successively lifts it 
retains it, lifts it again one inch, retains it, 
its it to drop, and remain down according to 
tions of the problem. The principal point to 
to in the construction of a cam is, that the 
iral portions leading from the one of the circum- 
to the next be not too abrupt, and that they be 
ly graduated from the one curvature to the other, 
so that the roller be not subjected to sudden jerks, but 
be made to rise from or fall towards the centre as gently 
as ible. When the rotation of the cam 
is rapid, this is of the greatest importance: the amount 
of eccentric movement given to the roller should be as 
small as ible ; or it should be spread over as large’ a 
part of the circumference as possible, so that the inclina- 
tion of the revolving slope may be gentle. 
In some kinds of printing: machinery a iar form 
of screw-cam is applied, for the conversion of a continuous 
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rotation into a reciprocating rectilineal motion. 
A cylinder A (Fig. 256), rotating in bearings B B, has 
Fig. 256. 


a donble ve of ascrew form cut in its surface, in 
which a pin O, projecting downwards from the table of 
the printing machine, is free to slide. The table, being 
guided to lide tackwands and forwards in a straight 
is caused to move by the revolution of the cylinder 
presenting always the inclined face of its screw-groove 
tothe pin. The screw is double, of opposite direction, 
with a portion at each end not oblique to the axis of the 
cylinder. One half-revolution of the cylinder causes the 
in to travel throughout the length of its screw ; another 
-revolution retains it at the end of its stroke; the 
next half-revolution carries it back to the opposite end ; 
the next retains it; and so on successively to suit the 
alternate rest and motion of the printing-table to the 
successive impressions and intervals between them. 
MANGLE MOTION.—Racks and _partly-geared 
inions are sometimes used for a similar p , thus : 
—A double rack a a (Fig. 257), guided at the ends b and 


Fig. 257. 
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rp ©. : 
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eto move only longitudinally, is acted on by a partly- 
geared pinion ¢ denpemoasty rotating. When the teeth 
of the pinion gear with those of the upper limb of the 
rack, it is caused to move from b towards c, until the 
pinion, having left that limb, enters into gear with 
the other, giving it the contrary movement, and so on, 
successively. 

Fig. 268 represents an arrangement of a similar cha- 
racter, applied to produce alternating rotary motion. A 
pinion ¢ continuously rotates on an axis fitted with a 
universal-joint, snch as may permit the pinion to gear 
either with the exterior or interior of the double 
circular rack b, fixed on the face of a or pulley a, 
and thus to give it rotary motion round its centre ¢, in 
directions alternately opposite. This apparatus having 


beanie to driving mangles, has received the name | 


of the Mangle Motion, 


REVERSING GEAR.—On referring to our remarks 
respecting the communication of motion i wae and 
iven from 


‘| straps, it will be seen, that while a pulley, 


another by a direct strap, revolves in the same direction, 
one driven b: ersauake strap revolves in the opposite 
direction. is principle is frequently applied in ma- 
chinery where it is desired to reverse the direction of 
motion. Two pairs of fast and loose pulleys are ar- 
ranged on a so that one pair may be 

a direct, and the other pair by a crossed, strap, wi 
pulleys on the prime mover ; when the direct strap is 
on its fast pulley, while the crossed strap is on its loose 
pulley, the machine is driven in tho direction of the 
prime mover ; but when the direct is thrown on 
its loose pulley, while the crossed strap is brought on its 
fast pulley, the contrary motion is uced. In ap- 
paratus where an arrangement of this kind is applied, as 
in machines for planing iron, the movement of the table 
of the machine to each extreme of its stroke is made to 
shift the straps by very simple mechanism, which is 
capable of being adjusted so as to vary the amount of 
stroke at pleasure. 

Fig. 259 represents another method of reversing rotary 
motion, ae aacts employed; a and b are two bevil 
pinions revolving loosely on a shaft d e, and ing with 
a bevil wheel c. Between the pinions is fitted a lutch, 
sliding on, but revolving with, Fig. 259. 
the shaft de. The pinions = 
being into opposite sides 
of the wheel, rotate in opposite 
directions ; and as the clutch 
is thrown into with the 
one or the other, the shaft de 
is caused to rotate in the one 
direction or the other accord- 
ingly. Instead of a toothed clutch, a conical friction 
clutch is occasionally employed with good effect, because, 
in the first place, a very slight movement of the lever 
pressing the cone into its seat on either side, is sufficient 
to couple the shaft with either wheel; and, in the next 
place, the shaft being driven ents the friction of the 
conical surfaces, cannot be subjected to any strain ex- 
ceeding the friction in amount, the cones slipping when 
subjected to extreme strain. In powerful rolling ma- 
chinéry, this plan prevents a sudden shock, always in- 
separable from the use of the clutch, and which may 
cause the breaking down of some part of the ma- 
chinery. 

Figg 260 indicates a mode of reversing the direction 
of rotation by means of toothed gearing. A being a 
toothed wheel on the driving-shaft, and B one on the 
shaft to which it is required to convey motion in either 
direction, C, D, and E are intermediate pinions mounted 
on a frame capable of vibrating on A as an axis, When 
C is geared with A and B, as in I., both revolve in the 
same direction; but when C is thrown out of with 
B, and E brought into gear with it, as in IL, the di- 
rection of its rotation is reversed, aa indicated by the 
arrows. By some such arrangements, or modifications 
of them, suited to the circumstances of any i 
case, the direction of rotation may be readily varied. _ . 


. 
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SCREW-CUTTING GEAR.—It is often required to 
change a rectilineal motion, having a certain velocity, to 
Fig. 260, 


one having’another velocity, particularly in machinery 
for cutting screws. A screw, as we have already de- 
scribed, is a line traced on the surface of a cylinder by 
the motion of a point moving longitudinally along the 

linder, parallel to its axis, while the cylinder revolves. 

e pitch of the screw is the distance through which the 
tracing point moves longitudinally while the cylinder 
makes one revolution ; and in practice, it is necessary to 
form screws of numerous different pitches, according to 
their dimensions, and the circumstances under which 
they are to be used. The pitch of ascrew is generally 
named according to the number of turns or convolutions 
which the screw makes in a certain length of the cylinder. 
Thus, when a screw has 8 turns to the inch, we say that 
it has a pitch of }th of an inch—that is, during one re- 

Fig. 261. 


volution of the cylinder on which the screw is formed, 
the tracing point advances longitudinally 3th of an inch, 
or while the tracing point advances 1 inch, the cylinder 
revolves 8 times. a : fae sais 
A (Fig. 261)is a cyli revolving in ings at eac! 
foas ei a toothed wheel B fixed at one end, and Da 
screw mounted in bearings parallel to the cylinder, and 
carrying a nut F, with a tracing point G projecting from 
if, to meet the surface of the cylinder, the screw having 
a toothed wheel E, gearing into an intermediate wheel 
©, which also gears into B. On causing the cylinder A 
to revolve, the screw D is also caused to revolve ; the nut 
F and tracer G are made to move longitudinally parallel 
to the axis of A, and the screw-curve traced on A is that 
due to the velocity with which A revolves, as compared 
to the speed with which G advances. By altering the 
proportions or numbers of teeth in the wheels B and E, 
the relative velocities of the cylinder and screw may be 
changed at anaes and the pitch of the screw traced on 
A from a screw D of constant pitch may be proportionally 
VoL. 1, 


varied. In lathes, or machines for cutting serews, the _ 
cylinder A is the piece of metal on which the screw is to 
be cut ; its axis is what is technically called the mandril of 
the lathe ; and the tracing point G is a steel tool cutting 
into the metal, so as to leave the screw-thread projecting. 


_The screw D has generally a pitch which is some simple 


fraction of an inch, such as $ or rd of an inch, and the 
lathe is furnished with numerous toothed wheels, which 
may be put in the place of B and E to vary the pitch of 
the cut-screw, as may be required. If we take the case 
of a lathe having a screw D of $ an inch pitch, or makin 
2 turns per inch, when the wheels B and E have pe, 
numbers of teeth, whatever be the size of the interme- 
diate wheel C, the screw D revolves with the same 
angular velocity, and in the same direction with the 
work A. The tool G, therefore, advances $ an inch 
along the surface of A during each revolution of A, and 
cuts a screw of precisely the same pitch, and lying in the 
same direction with that on the screw D. But if in 
ut: of two equal wheels B and E; we put wheels, B 
ving 20 teeth, and E having 40, then the screw D will 
be caused to revolve at 7$ths, or } the speed of A, and the 
tool will advance dof 4 an inch, or }th of an inch, during 
each revolution of A, and thus to cut a thread of }th of 
an inch pitch upon it. Screw-cutting lathes are generally 
furnished with a table of screw pitches, and the appropriate 
wheels for producing them, such, that the workman, by 
inspecting the table, can at once select the proper wheels 
for giving the desired pitch. The wheels belonging to 
the lathe have their numbers of teeth stam upon 
them, to save the trouble of counting them. Sometimes, 
when the difference of the wet of the screw and of the 
work is required to be considerable, instead of the simple 
intermediate wheel O, it is n to introduce a 
wheel and pinion C and c fixed together. Thus, if it 
were required that the screw should revolve at J,th of the 
Levens 4 of the mandril, were the smallest possible 
wheel B to have 20 teeth, it would be n that E 
should have 500 teeth, because 4; = 2th, if the simple 
intermediate wheel C were employed. This size of wheel 
for E might be extremely inconvenient, and it would be 
better to employ the compound intermediate whéel and 
pinion Candc. In this arrangement, B having 20 teeth, 


C 100, ¢ 20, and E 100, the speed of E is an 


= J;th of that of B. In the lathe table, the first 
column gives the pitch of the screw to be cut ; the second 
gives the number of teeth on the mandril wheel B ; the 
third and fourth give the numbers of teeth in the 
intermediate wheels C and c respectively ; and the 
fifth gives the number on the screw-wheel E. When 
the compound intermediate wheels are not required, 
the columns of intermediates are left blank, as any 
simple intermediate may be employed without altering 
the relative velocities of the mandril and screw-wheels. 
The following is part of a table for a lathe having a 


ES screw of $ inch pitch :— 


TABLE OF SCREW GEARING FOR LATHE, 


Pitch : Turns | Teeth in Man-| Teeth in Intermediate and Teeth in 
per inch. dril Wheel. Pinion Wheel. Screw-wheel. 

20 30 120 40 100 
18 30 90 _ 80 90 
16 30 120 40 80 
15 40 100 30 90 
15 or 20 sae owe 150 
14 20 £0 40 "0 
12 20 ais ta 120 
11 20 oat 110 
10 20 a‘ ae 100 
9 20 ae a 90 
8 30 - i ide 120 
7 20 ° ods 70 
6 40 des exe 120 

5 40 vee eee 100 - 
4 40 aca one 80 
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If we examine any part of the table, as, for instance, 
the numbers given for 14 turns to the inch, we find the 


following rule obtains :—The pitch in the first column is 
equal to twice the product of the numbers in the third 
and fifth, divided by the product of those in the second 


oa Again, where no 
compound intermediate is employed, the pitch is twice 
the number in the fifth column divided by that in the 


; 120 teeth. 
second. Thus 6 pitch=2 X~{07ocih, 


and fourth. Thus 14=2 x 


MICROMETER.—For machinery by which straight 
lines or the circumferences of circles are divided into a 
number of equal parts, as for the marking out of scales 
for measuring or astronomical instruments, or for cutt 
teeth in and wheels, the screw and the worm an 
wheel are often employed in order to give the means of 
delicate subdivision. When a screw is used for such a 
purpose, it is generally called a micrometer (small 
measurer) screw, and the principle on which it acts may 
be thus described :—If we suppose an accurately cut 
screw, having yyth of an inch pitch, to be fitted with a 
nut, the motion of a screw through one revolution would 
advance the nut through j;th of an inch. If on one 
end of the screw there were fitted a wheel having its cir- 
cumference divided into 100 equal parts, the screw might 
be turned round any number of revolutions or hun- 
dredths of a revolution, as marked by a fixed index 

inting to the divisions on the wheel. But for every 

undredth RY a <ereerd o the pat ad gos pr 
would be advan: ° t is, ygypth part o 
an inch ; and b; ae a jab of still finer pitch, and 
having a wheel mounted upon it divided into still 
smaller and more numerous the longitudinal ad- 
vance of the nut through still smaller fractions of an 
inch could be effected and estimated. It is by such an 
arrangement that the fine divisions of mathematical in- 
struments are traced, and the fine lines traced upon 
medallion ving are engraved. For circular division, 
the screw, i of moving a nut longitudinally, acts 
as a worm on the teeth of a wheel, and causes it to 
revolve through any required part of its circumference. 
Thus, if we had a worm-wheel with 360 teeth, and a 
worm with a wheel fitted on its axis, having 360 divi- 
sions, we could move the worm-wheel through g}jth of 
sfoth, that is, rr¢sqoth of a revolution, or any number 
of such fractions of a revolution. And farther, if the 
wheel upon the screw were a toothed wheel, and we had 
numerous other toothed wheels, with various numbers 
of teeth like those we have described for a screw-cutting 
lathe, we might, by the proper selection of wheels 
ing with that on the screw, effect the division of the 
circle into any number of required equal parts. Such 
a are employed for dividing the circumferences 
of astronomical instruments, and also for cutting the 
teeth of wheels. When the number of teeth to be cut 
is a multiple of some simple numbers, such as the num- 
ber 60, which is a multiple of some of the numbers 2, 3, 
4, 5, 6, 10, 12, 15, 20, 30, it is generally easy to select 
wheels which, in connection with the screw, shall give 
the required number of equal divisions ; but when the 
number of teeth is what is called a prime number, such 
as 59 or 61, which is not capable of subdivision, we must 
either provide wheels having such a number of teeth 
already cut in them, or resort to methods of approxima- 
tion for their subdivision. Thus, if with the 360 teeth 
on the worm, and 360 divisions on the screw-wheel, we 
desired to divide a circle into 61 equal parts, we should 


129,600 


for each part turn the screw through 61 


=2124} 


oe 
divisions, or “405 revol. $24} div. nearly. The 


error at the end of the process would be found thus: 


Since the total number of divisions due to a complete re- 
volution are 129, 
and since 21244 x 61=129, 


the revolution of the wheel would want 5} divisions 
of being complete, that is, pata °* about yx}pzth 
part of its ciroumference : a quantity quite ina) 


ELLIPTICAL GEAR.—In several machines it is 
necessary pF re decag rotary motion more rapid at one 


ion of a revolution than at another, as, for instance, 
in machi eee ing iron. The iron to 
be planed, or the tool whi it, makes a rectilinear 


stroke slowly in the one ion while the metal is 

being cut, but may be drawn back rapidly in the op- 

posite direction when no work is done. For producing 

motion of this kind, elliptical wheels are some- 

times employed (Fig. 262). The ellipse is a curve, of 
Fig. 262. 


and each of 
a focus. If 
lines 
C Eand D E be drawn from the foci, the sum of their 
lengths is equal to that of the axis AB. Farther, if the 
lines © E and D E be prolonged beyond the curve, and 
a line F G drawn so as to divide equally either of the 
angles formed by their in the line F G is a 
tangent to the curve at E; that is, it touches it, but does 
not cut it; or every of it, except merely the point 
E, lies entirely outside of the curve. If, in the es 
lon, rtions of the lines C E and D &, lengths E K 
and E H be ‘measured off equal to D E and C E re- 
spectively, H and K may be taken as the foci of another 
ipse, precisely equal in every respect to the origi 
ellipse, and having the axis L M, and the tangent 
touching it at E ; and as F G touches both ellipses, 
touch each other at the same point E ; and the length 
the line © K, which is made up of OC E and 
equal E D, is equal to A B or L M. 

These oe properties of the ellipse enable 
employ elliptical wheels, each revolving round a 
acentre, C for the one and K for the other, the 
maintaining a constant distance a whatever be 
relative position in which the wheels lie with respect 
each a tone a are Be d Avior gre and 
spaces like ordinary ci gearing, the curves 
being their pitch lines, on which the equal divisions are 


which the line A B is called the greater axi 
the two points C and D in that line is call 
to any ay E in the circumference of the elli 
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cities of the wheels at these points vary inversely as the 
len of these radii. If, for instance, C A be jth of 
AB, and therefore C B = #ths of C A, K M being equal 
to C A, and K L to CB, when the points B and M are 
engaged, the wheel 2 is revolving with 3 times the angu- 
lar velocity of 1, because the radius C B is three times 


the length of K M ; but when the points A and L are 
engaged, the wheel 2 is revolving wit qd of the angu- 
lar velocity of 1, because A C is 4rd of K L. So at all 


points intermediate to these, except at N, O, P, and Q, 
where the radii are equal, the relative angular velocities 
of the wheels vary between the limits we have named. 
For some purposes in the manufacture of textile fabrics, 
gearing like that in Fig. 263 is employed. These vary the 
Fig. 263, 


; 
© O 


velocities 4 times in every revolution ; and the 


es. 
win 


an 
principal condition of their construction is, that the dis- 
tance between their centres must be a constant quantity. 


SUN AND PLANET.—The sun and planet-wheel is a 
contrivance for eo ate awe | a reciprocating into a rotary 
motion. It was employed by Watt instead of the crank 
in a steam-engine, not because he preferred it to the 
latter, but because, through the bad faith of a workman 
who patented the crank as his own invention, he was 
precluded from employing it. The sun or central wheel 
A (Fig. 264) gears with the planet-wheel B, which is 
caused to revolve round 
A without rotating round 
its own centre, being 
fixed to the end of the 
connecting-rod, and re- 
tained in gear with A by 
means of a link which 
connects their centres, 
and revolves freely with 
'B, When the sun and 
/ planet-wheels have equal 
/ numbers of teeth, every 
revolution of the latter 
causes 2 revolutions of 
the former, as may be 
understood by watching 
the relative positions of 
a tooth in each at different parts of a revolution. When 
the planet is vertically above the sun-wheel, the tooth B of 
the one is engaged with the space A of the other ; and when 
the planet has made half a revolution, so as to be verti- 
cally below the sun, the sun has made a complete revolu- 
tion, so as to bring the space A quite round to the point 
where it was at the commencement. One half-revolution 
of A is owing to the half-revolution of B propelling it 
round, while the other half-revolution of A is effected by 
the roll of the toothed half circumference of B presenting 
fresh teeth and s to A at the successive points of 
its revolution. hen the numbers of teeth in the two 
wheels are different, the velocity of the sun-wheel varies 
accordingly, as may be best understood by an example. 
Let us suppose that the sun-wheel has 40 teeth, and that 
the planet has 50; then, during one revolution of the 
planet, it has presented the whole of its 50 teeth to the 
sun-wheel, therefore turned it through 50 teeth, as 
well as its own complete revolution of 40 teeth. ‘The 
sun-wheel, therefore, during 1 revolution of the planet- 
wheel, turns round a distance equivalent to 90 of its 
teeth, or 22ths = 21 revolutions. 

FRICTLON-B S.—It is often necessary to pro- 


vide the means of stopping the motion of machinery 
when the mere cessation of power in the prime mover is 
not sufficient for the purpose. Ina crane, when lower- 
ing a heavy weight, it may be desirable to lower it toa 
certain point and no farther, and therefore to stop the 
machinery of the crane when the weight has descended 
sufficiently far. Or, again, in any apparatus provided 
with a fly-wheel, or parts moving with considerable 
momentum, such as might continue the movement after 
the power has been withdrawn, it may be essential to 
provide the means of stopping the movement more sud- 
denly. The most simple arrangement for this purpose 
is the break or friction-strap (Fig. 265). a@ is a wheel 
Fig. 265, 


revolving with the rest of the machinery, and bb a 
flexible strap of iron passing round part of its circumn- 
ference. One end of this strap, being fixed by a pin to 
some motionless part of the machine, and the other 
attached to a lever ¢ pivoted on a fulcrum d, on applying 
force to the long arm of the lever, the strap is drawn 
tightly round the circumference of the wheel, and the 
friction caused by the close contact soon brings the 
wheel to rest. The great advantage of employing fric- 
tion as a means of arresting motion, consists in the 
circumstance that it acts, not suddenly, but ually. 
Were some solid obstacle presented to the motion of any 
part of u train of heavy or rapidly moving machinery, 
the momentum of all the moving parts would have to 
be.suddenly destroyed ; and as no time would be afforded’ 
for this operation, the strain would be incalculably great, 
and inevitable damage would ensue. But when the 
friction-break is employed, the wheel to which it is 
applied makes perhaps two or three revolutions before it 
comes finally to rest, and the time so occupied allows 
the momentum of all the parts connected with it to 
expend itself, in overcoming the great additional resis- 
tance caused by the friction. 

In putting an extensive train of machinery in motion, 
the inertia of all the parts at rest has to be overcome in 
like manner; and were this done suddenly, the strain 
would be as great as in the opposite case of suddenly 
arresting their motion. This contingency is generally 
met by the use of pulleys and straps in communicating 
the power. A strap, communicating motion from one 

ulley to another, acts only by its friction on their cireum- 

erences ; and when the strain which it has to overcome 
exceeds the force due to its friction, the strap slips at first 
to a considerable extent, but gradually less and less, un- 
til the proper velocity is attained, and the strap and 
circumference of the pulley move in unison. In cases 
where straps cannot be conveniently applied for driving 
a train, a friction coupling is employed. fe ery is a 
diagram of one very generally used. A is the driving 
shaft, and B the driven shaft, the ends of which are free 
to revolve in the boss of a wheel C, true and smooth on 
its circumference, to which is applied a friction-strap D, 
worked bya suitable lever. Within the wheel © a bevel- 
pinion F is mounted in , its axis being at right 
angles to that of the wheel and shafts ; and bevel-wheels 
G and H, one on each shaft, are fitted to gear with the 
pinion F. If the friction-strap D be loose, so as to leave 
the wheel C free to revolve, the rotation of the shaft A, 
and its wheel G, gives motion to the pinion F’, and causes 
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its teeth to travel in those of the stati 


wheel H, and 


thus to make the wheel C rotate at half angular ve- 
Fig. 206, 


{| | \ 
| ‘ems 


machinery whose 
pulley is surroun 


wer is required to be known. This 
by a flexible friction-strap OC B D, 


Fig. 267. 


rn / | | Mi \ 


MM | 


the ends of which may be drawn close ther by a 
screw at D, so as to tighten the strap as much as may be 
necessary on the circumference of the pulley. From a 
hook C, attached to the strap, is suspended a scale E, in 
which sufficient weights may be placed to prevent the 
strap from being carried round by the pulley in its revo- 
lution. A loose cord or chain CG, fixed at G, is also 
Sk ny to keep the strap in its place, in case of the load 

being insufficient to counterbalance the friction of the 


strap. Without this loose cord, 


a sudden increase of 


speed or friction might lift the scale and weights, and, 
whirling them round the pulley, do serious ve to 
D the machinery. In using this machine, the speed of the 


locity of A, without putting Bin motion, But if C be 
arrested by the friction of the strap D, the axis of F be- 
comes fixed, and the rotation of A and G is communi- 
cated through F to B and H at the same speed, but in 
the opposite direction. The use of the friction-strap in 


this apparatus, presents the advantages in gradually 
poe ae momentum in the driven machinery, similar 
| to those derived from its use in destroying the momentum 
of machinery in motion. Although, for the sake of sim- 
plicity, we have represented only one bevel-pinion F 
mounted in the friction-wheel, it is customary to provide 
| at least two on opposite sides of the centre in order 
to balance it ; and sometimes four are fitted for the sake 
of equilibrium and “as 

DYNAMOMETER,.—It often becomes important to 
inquire what amount of power is communicated through 
a certain train of machinery. When a steam-engine is 
_ employed as the prime mover of any machine, the power 
communicated can be readily ascertained by the indicator. 
The engine is first worked alone, or with merely the train 
of wheel-work, in order that the power n to over- 
come friction may be estimated. It is then worked in 
connection with machine, and the driving-power re- 
— for the machine is ascertained by subtracting the 
‘oree necessary to overcome friction from the total power, 
including friction and the resistance of the machine. 
When machinery is driven by some other power, or when 
the indicator cannot be conveniently applied, the dyna- 

| mometer (power-measurer) is employed. 
_ The most simple kind of dynamometer consists of a 
, Pulley A (Fig. 267), fixed on the driving-shaft of the 


shaft is carefully ascertained by counting the number of 
its revolutions per minute, and the screw D is gradually 
tightened until the scale and its load are just kept up wy 
the friction, the imaginary line A C being horizontal. 
the tigh of the screw cause the scale to be lifted, 
without reducing the speed of the pulley, more weight 
has to be added to the scale; but if the scale with its 
load cannot be lifted without retarding the pulley, the 
weight must be reduced. Having found the weight that 
is just supported when the velocity is correct, the power 
may be ascertained as follows :—The length of A 0 
the leverage at which the weight E acts to retard the ro- 
tation of the pulley, the power passing through the pul- 
ley must be such as would lift the given weight at the 
distance A C from its centre, or that would, during each 
revolution, move the weight E through as equivalent 
to the circumference of a circle having A C for its radius, 
Since twice A C is the diameter of this imaginary circle, 
and the circumference is 3} times the diameter, 2 3}, or 
63 times A CO, is the space through which the weight is 
driven during each revolution; and this quantity multi- 
plied by the number of revolutions per minute, is the 
total space through which the resistance is moved during 
each minute. e power is the weight multiplied by its 
velocity, or the distance through which it is moved per 
minute ; and as 33,000 lbs, moved through 1 foot per 
minute is the standard horse-power, we have the follow- 
ing rule for estimating the horse-power as indicated by 
the dynamometer. : 
Rule.—Multiply the weight E (in lbs.) by the length 
of AC, the lever at which the weight acts (in feet), by 
63 and by the number of revolutions of the pulley per 
minute, and divide by 33,000 for the horse-power. 
Example.—The length of A C being 2 feet 4 inches, or 
2} feet, the load E (including 
being 78 lbs., and the velocity of the pulley 120 revo- 
lutions per minute, required the power. 


78 Ibs. x 24 x 63 X 120_ 
————33000 4:16 horse-power. 


the weight of the scale). 
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- In dynamometers of this kind the friction-strap is 
lentifully supplied with oil,-and it is found better to 
Face the interior of the friction-strap with blocks of wood 
bearing on the surface of the pulley ; because the friction 
of wood on iron is of a more constant character than 
that of iron oniron. When iron rubs on iron without 
the presence of oil or grease, great heat is produced, and 
the metal surfaces cut into each other and become 
roughened. But when wood bears on iron, if the sur- 
_ faces are not oiled, the heat produced by the friction will 
only char the wood without ena ns the iron, and will 
not effect any great variation in the amount of friction. 
BREAKS.—Friction is also employed as a means of 
arresting motion in the case of carriages on declivities 
and railway trains. By the use of wheels to iages, 
the friction is transferred from the surface of the or 
rail to that of the axle. As the radius of the wheel is 
the length of lever at which any obstacle opposed to its 
progress acts, while the very much smaller radius of the 
axle is the lever at which its friction acts to oppose the 
rotation of the wheel, the larger the wheel and the 
smaller the axle, the less is the resistance from friction. 
If we were to suppose the axle extended to almost the 
whole dimensions. of the wheel—that, in fact, the wheel 
were only the thin iron tyre revolving round a solid 
central part, the resistance to the motion of the carriage 
would be almost as great as if it were dra; along like 
asledge. So if the wheel be prevented from revolving, 
it has to be dragged along the road, and the opposition 
which the friction théreby created presents, acts as a 
great retarding force, In ordinary carriages the wheel 
is generally prevented from revolving by placing under 
it a skid or piate of iron attached to the carriage by a 
chain, which has to be along like a sledge. In 
railway carri the rotation of the wheels is arrested 
by means of blocks of wood pressed against their cir- 
cumferences. These blocks are connected by levers and 
rods with screws conveniently situated, so that the engine- 
driver and guards can force them against the w or 
-remove the pressure at pleasure. 
RESISTANCE OF FRICTION.—Except in these 
few instances, and that of pulleys and straps, in which 
Fig. 268. 


ze 


or arresting motion, it acts as a resistance in all me- 
chanical arrangements. Although this resistance cannot 
be totally overcome, yet by carefully designing the ar- 
rangements of machinery with regard to the simplicity 
and proper formation of its parts, by good execution of 
the work, by the selection of suitable materials, and due 
provision of lubricating materials wherever surfaces move 
in contact with each other, it may be diminished to a 
very great extent. 

In order that we may form a clear estimate of friction 
as a retarding force, we may suppose A (Fig. 268) to be 
a piece of material, such as iron, wood, brass, or the 
like, having a smooth lower surface in contact with a 
smooth table B of the same or any other material. If 
A be pressed down by a perpendicular force C, it will be 
found, that in order to move it laterally along the table, 
some force D will have to be impressed upon it, and 
this force will be ter the greater the perpendi- 
cular pressure C. ere is, therefore, under these cir- 
cumstances, a force acting in the direction of the arrow 
E,not tending to put A in motion, but resisting its 
motion in obedience to the force D. The resisting force 
E is the friction of the surfaces A and B. In order to 
measure the amount of this resistance, let us suppose a 
force F A acting obliquely at such an angle as just to 
cause A to slide along the table; then, on completing 
the parallelogram FG A H, while F H or GA measures 
the amount of forse acting perpendicularly to the table, 
FG or HA measures the force acting parallel to the 
table, and causing A to slide along it. 

Now it is found, practically, that whatever be the abso- 
lute force F A, and whatever be the extent of A’s sur- 
face in contact with B, the obliquity of F A, or the angle 
F AG, which it makes with the perpendicular, when 
it just causes A to slide, is very nearly constant for any 
given material. 

The ratio which A H bears to A G, or the fraction ex- 
pressing the division of A H by A G, is called the co- 
efficient of friction, and the angle F A G is called the 
pes Mes of resistance. Some very careful experi- 
ments have been made to determine the values of these . 
for different materials ; their results are embodied in the 
accompanying table. The coefficient of friction is the 
tangent of the limiting angle of resistance ; and if we 
know the one, we can easily find the other from a trigo- 
nometrical table. We have, however, given an approxi- 
mate value of both, to save the trouble of reference. As 
an example of the practical application of these numbers, 
we may take the case of brass and iron, for which the co- 
efficient of friction is -142, and the limiting angle 8°. If, 
then, a piece of smooth iron weighing 1 cwt. rested on a 
brass plate, it would require a lateral force of 16 lbs. to 
cause it to slide, for 112 lbs. (the vertical pressure 
x 143=16lbs. Or, if the brass plate were inclined 8 
to the horizon, the iron would slide along it from its own 
weight. Or, again, if we suppose a smooth round shaft 
of iron, weighing 1 ton, revolving in a brass bearing, the 
force necessary to be applied at the circumference of the 
shaft to overcomeits friction, would be 2240 x ‘143 =320 Ibs. 
Assuming the shaft to be 6 inches diameter, or to haye a 
radius of 3 inches at the bearing, the length of the radius, 
3 inches, is the leverage at which the friction acts to resist 
its rotation, and the resistance, 320 lbs., at this leverage 
is equivalent to 320 x 2 80 Ibs. at a radius of 1 
foot. By a similar method of calculation, the resistance 
due to the sliding friction either of plane or of cylindrical 
surfaces of these or other materials may be readily 
estimated. 

The numbers in the following table apply in the case 
of smooth surfaces, such as are employed in well-con- 
structed machinery, When the surfaces are rough, the 
resistance may be increased indefinitely, and there can be 

o means of calculating its amount. hen the surfaces 
are oiled, the friction is considerably reduced ; but as, in 
all machinery, the rubbing surfaces are liable to become 
dry, or roughened by wear or the presence of grit, we 
think that in estimating the loss by friction, the numbers 
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in the table should be employed without any allowance 
for lubrication. 
TABLE OF FRICTION. 


i 
Materials of which the Rubbing Surfaces Pectin Pe ange 
Steel and Ice : 0-014 3° 
Too and [0045 ++ eos) toe 0-130 7° 
Hard Wood and Hard Wood . 0-135 Viwg 
Brass and Steel or Iron. . - 0-142 8° 
Soft Steel and Soft Steel O47 8} 
Cast Iron and Steel . . . - 07150 84° 
Wrought Iron and Wrought Iron 0°160 9 
Cast Iron and Cast Iron. . 0-163 93° 
Hard Brass and Cast Iron. . 0-167 A 
Cast Iron and Wrought [ron . 0-170 93° 
Brass and Brass .). . . « 0175 10 
TinandTron ....---.-- 0-180 10}° 
Soft Steel and Wrought Iron . 0°190 10% 
Leather andIron. . » + + 0:250 14° 
Tinvend Bim sys «4 «08 dhe) 0265 143° 
Granite and Granite... « 0-300 163° 
Yellow Deal and Yellow Deal 0347 19)° 
Sandstone and Sandstone . . 0-364 20° 
Woollen Cloth and Woollen Cloth 0435 234° 


The best experiments made to fix these numbers are 
those by Rennie, who. tested the materials under a pres- 
sure of 36 lbs. per square inch of rubbing surface. For 

ter pressures the friction is rather less in proportion, 
ut the numbers given are sufficiently near for practical 
use. In general, it appears that when both surfaces are 
of the same material, the friction is greater than when 
they are of different materials. This is believed to be 
owing to the presence of a certain amount af that cohe- 
sive Tone which holds the molecules of any material 
together ; and it is found to be greater the smoother the 
surfaces, and therefore the more intimate. their contact. 
Independently of this cireymstance, however, it is gene- 
rally found inexpedient to make the rubbing surfaces in 
machinery of the same material, especially when there is 
any risk of their becoming heated by great pressure or 
rapidity of motion. In such the particles of the 
one appear to blend with those of the other; the surfaces 
become cut into ridges and hollows, and sometimes co- 
hesion takes place with such furce that the materials 
themselves give way rather than separate from each other 
at their nat hy This result is particularly observed in 
cases where iron and iron rub upon each other, especially 
when the iron is soft. When it is desired that the rub- 
bing surfaces should be both of iron, it is better to case- 
len the rubbing surfaces, as is usually done in the 
case of carriage axles." The process of case-hardening is 
effected by exposing the smooth surface to a red heat 
for several hours in a furnace, in contact with substances 
capable of furnishing it with carbon and nitrogen, such 
as prussiate of potash, leather shavings, and the like. 
The outer skin of the iron ig sensecased by the carbon 
and nitrogen, and becomes a species of steel, which is 
rendered very hard by plunging it while still red-hot into 
cold water. After hardening, the surfaces have to be 
carefully ground smooth and true with oil and emery, or 
such-like polishing substances; and, before use, the 
emery must be carefully cleaned off, as its presence would 
otherwise cause the surfaces to cut, to become hot, and 
tocohere. In the case of shafts revolving in i 
the shafts being generally of iron, are made to rest in 
bushes made of brass, gun-metal, tin, or some soft alloy. 
The rubbing surfaces are made to fit each other accu- 
rately, a bere bored, filed or scraped where neces- 
sary, until the contact is made nearly perfect. When the 
contact is very imperfect, or only takes place at a few 
points of the surface, these become rapidly worn and cut, 
and the heat produced by their wear expands unequally 


other portions of the surfaces, which become abraded in 
Oe mg In cases where great pressure is 


on a bearing, the surfaces of con’ are extended as 
much as possible, so that the intensity of pressure on any 
portion of the surface may be as s as ible. For 
shafts lying in cylindrical bearings, the extension of sur- 
face is best effected by the bearing, not by 
increasing its diameter. By nese tne length, the 
surface is proportionally increased 


square inch is PrprencHayy diminished ; the amount of 
friction is not al » but the tendency to cutting or 
wear is reduced. But were the diameter increased, 
although the surface would be also increased, and the 
wear reduced, yet the friction would act at an increased 
leverage, and have greater effect as a resisting force. 
When the pressure is directed longitudinally along the 
shaft, the bearing surface is increased by forming on the 
fndo to pres against Axed. Fg mace ted Detirees 
made to i ring- ween 
them. e total pressure of the shaftis thus subdivided 
Sars ioes Litae Suda cabelie ot nikeneadt ania 
capable ustment 
screws, RO — of them is unduly pressed upon. Such 
key of pening is particularly useful in eapuradsrrasg 
with screw-propellers. peller, in revo) 
tends to throw the water eek witha fee the v iat 
the reaction of the water is the force which propels the 
vessel. But this force, sometimes eam, | to several 
tons, is communicated through the shaft of the propeller 
to some fixed point in the vessels and_at this point is 
situated the bearing such as we have described, techni- 


nically called the ing or thrust bearing. 

FRICTION OF ST .—The friction of straps 
upon pulleys depends upon the extent to which they are 
tightened, the extent 


circumference with which 
are in contact, and their breadth. It is commonl 
believed, that the greater the diameter of pulley, the 
more surely does the strap cause it to revolve without 
slipping. Theoretically, however, and we believe prac 
tically, it will be found that, with equal degrees of tight- 
ness, equal breadths of strap, and equal circumstances 
as to perfection of contact, the friction of a strap on the 
circumference of a puiley is the same, whatever be its 
diameter. The only circumstance that. can affect the 
constancy of the result is, that straps not being perfectly 
flexible, lie more closely to surfaces curved to a 
radius than to those of smaller radius. When a certain 
amount of power has to be communicated through a 
strap, the speed at which the strap moves has to be 
taken into account, because power being pressure multi- 
pled by velocity, the greater the velocity with which the 
power is transmitted, the less the pressure that has to be 
communicated at that speed, In this sense, then, it 
ape that the r the pulley the less is the slip of 
the strap, because the greater the circumference of the 
pulley revolving at a given angular velocity, the greater 
ig its absolute velocity through space, and therefore the 
less the pressure required to communicate a given power. 
It is found, practically, that a leather strap 8 inches wide, 
embracing half the circumference of a smoothly-turned 
iron pulley, and travelling at the rate of 100 feet per 
minute, can communicate 1 horse-power. For commu- 
nicating any given power at — iven velocity, the 
breadth of the strap may be found thus :— 

Rule.—Multiply the power (horse) by 800, and divide 
by the speed (in feet oe minute); the quotient is the 
breadth of strap in inches, 

Example 1 Pacgired the breadth of strap, travelling 
600 feet per minute, to communicate 12 horse-power, 

wiath, 77500 _ 16 inches. 

Note.—When the diameter of pulley (in feet) and the 
number of revolutions per minute are given, the speed 
of the strap is found by multiplying the given number 
of revolutions by the diameter (in feet), and by 3}. 

Jxample 2.—Required the breadth of strap for com- 
municating 10 horse-power to a pulley 3 ft. 6 ins. dia- 
meter, revolving 150 times per minute. 
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Speed of strap, 150 33 ft. x 3;=1650 feet per minute. 


Breadth, and = 5 inches nearly. 


When less than half the circumference of the pulley is 
embraced, the strap must be proportionally wider; and 
when more than half the circumference is embraced, its 
width may be less. 

The law according to which the friction of a strap in- 
creases with an increased are of contact, is of a peculiar 
character, but may be readily understood by comparing 
the friction on ares of different lengths. If a pulley (of 
any diameter whatever) were prevented from revolving, 
and a strap passing over part of its circumference were 
stretched a certain weight at each end, additions 
might be made to the weight at one end until the strap 
began to slip over the pulley. The ratio which the 
weight so increased might bear to the weight at the other 
end, would measure the amount of friction. For ex- 
ample, in experiments made to test a theoretical investi- 
gation on this subject, a strap passing over a pulley in 
contact with 60°, or jth of its circumference, was 
stretched by a weight of 101bs. at eachend. One of the 
weights was increased until it amounted to 16 lbs., when 
the strap began to slip. The ratio of 16 to 10, on tt = 
16 was then the measure of the friction. When 20 lbs. 
at each end were used to stretch the strap, the one weight 
was increased to 32lbs., giving the ratio of 33=i§=1°6, 
the same as before. And likewise when 5 lbs. were used 
for stretching, the weight at one end was increased to 
8 Ibs., giving still the same ratio $ = 16. So far, then, 
the friction was precisely proportional to the stretching 
weight, as might have been expected from the ordinaril 
received doctrine on the subject of friction. On extend- 
ing the are of contact to 120° = ?ths or 4rd of the cir- 
cumference, the ratio was found to be 2°56, or 1°6 mul- 
tiplied by 1-6, or the square of 16, And again, on em- 
bracing 180° = jths or 4 of the circumference, the ratio 
was found to be 4:1, very nearly the cube of 16. The 
theoretical investigation (given shurtly in the note be- 
low*) brought out this result independently, and 
pe emowing law may therefore be taken as estab- 


If, for any given are of contact, the one weight bears 
to the other, at the point of slipping, a certain ratio— 
for double the are, the ratio will - squared ; for triple 
the are it will be cubed; for 4 times the arc it will 
raised to the 4th power; and so on. 

In all cases, however, much depends on the tightness 
of the strap, the limits to the force with which it is 


* If w be a weight straining one end of a strap, and Wa 
greater weight applied at the other end, just sufficient to cause 
the slipping of the strap when it is in contact over an arc of the 


circumference 0; then, while @ remains constant, the ratio Ww * 
w 


which may be called /, is constant, whatever the absolute weights 
W and w may be, or the friction is proportional to the pressure ; 
for W —w is the measure of the Fiction ; and while W and w 
maintain the same proportion, W—w also maintains the same 
—. to either of them. But if the strap supporting W 
t farther round the circumference, so as to embrace an 
erc increased by AO, W will have to be increased by a quantity 
4 W to produce slip, which must be proportional to W, the 
friction on any arc being proportional to the pressure. Hence 
ultimately 
aw 
dé 
of the rubbing surfaces. Integrating, we have log. W = a+ C. 
When 6=0, W=vw, because the friction iso. Hence 


=a W, when a is some constant depending on the nature 


igs tbr orne =f= 9. If when the arc is 9, the 
w w ; " 

friction be F = ¢1® and hence f = «20 = (200) © as, 

or the ratio expressing the friction over any arc is, as the friction 


over any other are raised, to the power expressed by the ratio 
of the one arc to the other 


| strained being, first, the tensive strength of the strap 


itself, and, secondly, the amount of pressure that it may 
be convenient to throw upon the shaft and its bearings. 
New straps become extended by use, and it is therefore 


Fig. 269. 


frequently n to take them u 

Before use, the should be eat 
weights suspended from them, so as to leave less room 
for extension while in use. Wherever straps are em- 
ployed, they should be of the greatest breadth, and travel 
at the greatest speed consistent with convenience, as it 


or shorten them, 
for some time by 


is most important to have the requisite strength in the 
form best suited for flexure, and the least possible strain 
on the shafts and bearings. 

When ropes or chains are employed, as in cranes, cap- 
stans, win , or the like, for raising heavy weights 
or crea | great strains, the requisite amount of friction 
is obtained by coiling them more than once round the 
barrel of the apparatus. It is found that one complete 
coil of a rope, as in Fig. 269, produces a friction equiva- 
lent to 9 times the tension on the rope, the barrel being 
fixed ; that is to say, 11b. or, 1ewt. of tension on the 
end of a rope at A, can export 9 lbs. or 9 cwt. of ten- 
sion at B, Were the end B of the rope coiled again 
round a barrel, it would support 9 times its tension ; that 
is, 9 X 9, or 81 times the tension of A, and so on, coil 
after coil increasing the friction in a very high ratio, as 
may be calculated according to the law given above, 

us :— 

Multiply 9 by itself as many times as there are coils, 
and the product will be the number of times the tension 
at one end that will be supported at the other, or ex- 
ample, 1 cwt. at one end of a rope coiled three times 
round a barrel, would support 9 x 9 x 9 = 729 cwt., or 
36} tons at the other end of the rope. The diameter of 
the barrel does not affect the result. Having regard to 
these facts, we may readily understand the force with 
which a knot on a cord or rope resists the slip of the coils 
of which it consists, for the several parts of the cord act 
as small barrels, round which the other parts are coiled ; 
and the yielding nature of the material of which the 
barrels are composed, permits the coils to become im- 
pressed into their substance on the application of force, 
and prevents them from slipping more effectually than if 
they were coiled on a hard and resisting barrel. 

MOTION OF FLUIDS.—Before concluding this part 
of the subject, we may briefly allude to suggestions that 
have from time to time been made for communicating 
power by means of the movement of fluids. Some of 
these have been practically carried out with very good 
effect, and we believe that much may yet be done in this 
direction. : : 

Manufactories, containing numerous machines, are 
generally arranged in such a manner-that the power of a 
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great prime-mover, such as a steam-engine or water- 
wheel, is communicated by shafts, pulleys, straps, and 
wheel-work, to the different machines. owever ex- 
cellent may be the arrangements or workmanship of the 
connecting machinery, still there must be considerable 
waste of power in overcoming the mere friction attend- 
ing its motion ; and this waste is very much in 
when the accuracy of arrangement is affected by wear, or 
by the unequal settlement of any part of the building 
supporting the bearings of shafting. Of late years, 
engineers have devoted attention to the communication 
of power, to some extent, without the intervention of 
wheel-work and shafting, but by the supply of steam 
froma central boiler to numerous small engines, arrap 
throughout the building, in the immediate neighbourhood 
of the machinery to be put in motion. The pipes that 
' convey the steam are cheaper in first cost than shafting 
of equivalent length ; their efficacy is not dependent, on 
accuracy of levels, nor is it impaired by wear ; and the 
friction attending the of steam through them is 
much less than the friction of shafting. It is true that 
the force of steam penne through great lengths of pi 
is considerably diminished by cooling ; but much of thi 
loss may be saved by covering the pipes with non-con- 
ducting materials, such as felt or sawdust, and by super- 
heating the steam in the first instance. The objection 
generally made to this mode of communicating power is, 
that the first cost of the numerous small engines generally 
exceeds that of one large engine, and that each of the 
small engines requires separate attendance. We believe, 
however, that, in an extensive work, the cost of steam- 
pipes and numerous small engines will not be found to 
exceed that of a large engine, with all the shafting and 
connecting machinery ; and that, with proper arrange- 
ments, the attendance given by workmen to the separate 
machines will be sufficient for the engines that put them 
in motion. A number of machines are now made to act 
directly by steam-power, without the intervention of 
| machinery. Among them we may cite, as rigs the 
| steam-hammer and steam riveting machine. In both 
these cases, the direct pressure of steam upon a piston 
takes the place of the former complicated arrangements 
of wheel-work, eccentrics, cams, and levers, which were 
necessary for converting the rotary motion of shafting 
into the reciprocating movements required: for hammer- 
ing and riveting. To many other manufacturing opie 
tions we think the same principle of movement might be 
applied with good effect ; and we believe that the sim- 
phicity, directness of action, and facility of control at- 
tending such arrangements, would soon cause them to 
take the place of the more complicated methods of 
deriving power from rotary motions.* 

The atmospheric railway is an example of an arrange- 
ment for communicating power on a large scale by means 
of the fluid motion, A pipe, several miles in length, 
with a longitudinal slit or opening along its upper side, 
is laid down between the 3 he pipe is fitted with 
a piston, and the slit’ is covered by a flexible valve, 
which can be lifted so as to permit an upright rod at- 


and piston are at one end of the pipe, the 
valve babe dood tightly over the slit, and Fated by 
extracted the pipe 


heric pressure, acting on 
the other side, forces it alo’ pipe with t velocity 
and thus gives motion to the carriage whi wabenenel 
ages attached to it. 


the 
may be ready for exhaustion to draw a train in the o} 
In the trials made with this system of 
propelling trains, it was found possible to secure 
velocities, and to move very heavy trains over severe in- 
clinations when the Pipenne its valve were in good order. 
But the great practical difficulties attending the construc- 
tion and Sig cones of the valve proved an almost in- 
superable objection to the use of the atmospheric railway, 
as even a small leakage of air into the vacuum-pipe 
necessitated the expenditure of great power in the pump- 
ing engine to sustain the required vacuum. 

t was at one time proposed, that tn he ee ee 
like London, with numerous small steam-engines 
boilers scattered through it power should be communi- 
cated to different establishments from some central _ 
source, by means of compressed air forced through pipes 
laid down like the gas and water-pipes in the streets. 
One large engine, continually sustaining a supply of air 
condensed to a pressure of several atmospheres, would 
thus take the place of the numerous separate boilers now 
supplying steam, and the air thus suppli 
the present engines as effectually as steam. 
is little doubt that, were such an arrangement carried 
out, the first cost of the air-pipes being met, there would 
be considerable advantages attending it, in t of 
economy and the diminution of danger from boiler ex- 
plosions, as well as the removal of numerous sources of 
offence from the chimneys of manufacturing establish- 
ments, 

Arrangements of a similar character might at present 
be carried out in cities like London without any great 
outlay, where the supply of water is adequate. The 
pumping engines of the water companies might be made 
the means of supplying power to numerous establish- 
ments of machinery at a very cheap rate. It is found, 
practically, that in pumping water, 1 ton of fuel is capable 
of raising 25,000 gallons of water 100 feet high ; and as 
water from a cistern 100 feet high would press with a 
force of 46 Ibs. on every square inch of a piston exposed 
to its action, this power might be readily made available 
for raising weights, giving pressure, or even criving, 
machinery by the intervention of properly construc 
water-pressure engines. t 


Tue practical mechanic has frequent occasion to calculate 
the lengths of lines, areas of figures, capacities of solids, 
and weights of masses of material. We think, therefore, 
that we cannot better conclude the general view we have 
endeavoured to give of mechanics practically applied 
than by furnishing a few of those simple rules an 
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methods of calculation, which most commonly occur in 
ractice. 
[Many of these rules have been dealt with already in 
a scientific form in the section on Mathematics, but this 
statement, in a simple and concise form, may render 
them more éasily understood by persons not familiar 
with abstract science}. 
+ Since the completion of the Loch Katrine water-works, by means of 
which Glasgow is supplied with water at a high sg ges small 


water engines have erected for w are 
eharged at a fixed annual rental.—Ev, a 
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We must presume that the mechanic is tolerably in- 
timate with the ordi operations of arithmetic—Ad- 
dition, Subtraction, Multiplication, and Division ; and 
that he will bear in mind the following symbols, as a kind 
of arithmetical short-hand, often useful in expressing 
rules and modes of operation. 

+ Ba before a quantity, means that it is to be 
added to the quantity preceding it. 

—placed before a quantity, means that it is to be 
subtracted from the quantity preceding it. 

X placed between two quantities, means that the first 
is to be multiplied by the other. 

> sae between two quantities, means that the first 
is to be divided by the last. 

When instead of two dots in this symbol of division, 
one quantity is written above the line and the other 
below it, the upper is to be divided by the lower. Thus 
12+ 4 may be written“, which means that 12 is to be 
divided by 4. 

= placed between two quantities, means that the one 
is equal to the other. 

Example 1.—Power = weight x velocity, means that 
the power of any machine is equal to the weight raised 
py it, multiplied by the velocity with which it is raised. 

us, if an engine raise 330 lbs. at the rate or velocity of 
100 feet per minute, we should say its power is equiva- 
lent to 330 lbs. x 100 feet = 33,000 lbs. at the rate of 1 


foot per minute. ; : : 
weight (lbs.) x velocity (ft. per min.) 
33000 


2. Horse-power = 


means that the power of a machine reduced to the 
standard of horse-power, is equivalent to the weight in 
Ibs. multiplied by tlie velocity in feet per minute, and 
divided by 33000. Thus, if an engine raise 330 lbs. 100 


feet high per. minute, ite horse-power is 920 % 100 ond 
that is to say, one-horse power. 
WEIGHTS AND MEASURES.—The table of weights 


and measures most necessary in computations connected 
with Practical Mechanics, are those of Avoirdupois 
Weight, Lineal, Superficial, and Solid Measure, Time, 
he age and the Division of the Circle. Unfortu- 
nately for ease of recollection and computation, the 
English Tables of measures have no regular system, and, 
therefore, require to be remembered cg gereape or to 
be constantly referred to. The French have adopted a 
regular and simple system, both in the names and in the 
relations of their different denominations. As their 
measures are frequently referred to in scientific works, 
we subjoin tables of them along with the English tables ; 
and short rules for the reduction of quantities given in 
the one, to their corresponding values in the other. 


Troy WEIcHT. 
Used for the precious metals and for chemical analysis. 


Contracted. 
24 Grains = 1Pennyweight. 24 gr. = 1 dwt. 
20 Pennyweights =10Ounce. . . 20 dwt.=1 oz. 
12 Ounces =1Pound. + 12 0z. = 1 Ib. 
1 pound troy therefore contains 5760 grains. 
1 pound avoirdupois contains 7000 troy grains, 


Avorepupois WEIGHT. 


Used for weighing all materials except those to which 
troy weight is confined. 


Contracted. 
16 Drachms =10unce . . . 16dr, =10z,. 
16 Ounces =1Pound. . . 160%. =1\b. 
28 Pounds =1Quarter . . 28 lbs. = 1qr. 
4 Quarters =1Hundredweight 4 qrs. = 1 cwt. 
20 Hundredweights =1Ton. .« - 20cwt. = 1 ton. 


Frencu Decimat System or WEIGHT. 


10 Milli mes = 1 Centigramme 

10 Centigrammes = 1 Decigramme. , 
10 Decigrammes = 1 Gramme = 15°434 troy grains. 
vou. L 


10 Grammes = 1 Decagramme. 

10 Decagrammes = 1 Hectogramme. 

10 Meenerenes sy 1 Kilogramme = 2°20486 Ibs, 
ayoirdupois. 

10 Kilogrammes = 1 Myriagramme. 

10 pollen er oem 1 Quintal = Lewt. 3 qrs. 25 lbs., 
nearly. . 

100 Quintals = 1 Millier or Bar = 9 tons. 16 

ewt. 3 qrs. 12 lbs. 


The general principle adopted in the French system. 
is that of the dociiaal seats They settle on picae est of 
weight or measure—as the gramme for weight, and the 
métre for measure. For the names of all fractions of that 
unit, proceeding by tenths, hundredths, and thousandths, , 
downwards, they prefix the Latin numerals deci for 
tenth, centi for hundredth, milli for thousandth, to the 
name of the unit. Thus, a centigramme is the hundredth 
part of a gramme, and would be written in figures 0-01 
gramme ; a millimetre is a thousandth part of a métre, 
and would be written 0-001 métre. Again, for the names 
of all multiples of the unit, proceeding by tens, hun- 
dreds, thousands, and ten thousands upwards, they use 
the Greek numerals—deca, ten; hecto, hundred; kilo, 
thousand; myria, ten thousand, prefixed to the unit. 
Thus, for a thousand métres, they say a kilométre, writ- 
ten 1000 métres; for ten thousand grammes, they say 
myriagramme, written 10,000 grammes. There are a 
few exceptions for the larger denominations in the scale 
of weights, which we have given in full. According to 
this system, each denomination finds its place in the 
ordinary decimal scale of notation, and arithmetical 
operations are reduced to the simple rules, without the 
necessities of complicated reduction. 

For example, if we wished to ascertain the cost of 7 
myriagrammes, 3 kilogrammes, 4 hectogrammes, 6 deca- 
grammes, 5 grammes, 3 centigrammes, of a material at 
2 francs 20 cents per ki e, 
we should write the quantity . 7346503 grammes 
which is equivalentto . . « 7346503 kilogrammes, 

pointing off 3 figures. 
Multiply by the price per kilo. . 2-2 
14693006 
14693006 


161623066 francs, 
Or, 161 francs, 62 cents. 


In the English system, on the other hand, a similar 
question—as, for instance, the cost of 17 tons 4 ewt. 3 qrs, 
and 18 lbs., at 12s. 9d. per ewt.—would involve the 
necessity of reducing the several denominations, or of 
artifices for employing fractional parts as in the ordinary 
arithmetical rule of Practice. 

To reduce kilogrammes to lbs, avoirdupois. 

Rule.—Multiply by 2°20486. 

Example 1.—To reduce 17 kilogrammes to lbs, 

Multiply by 220486 


3748262 lbs. 

For general practical computations, the decimal frac- 
tion, after its first figure, may be neglected, and the 
multiplier may be taken as 2:2 simply. 

Example 2.—To reduce 23 kilogrammes to lbs. 


23 X 22 = 50°6 lbs. 


For closer approximation, after multiplying the num- 
ber of kilogrammes by 2:2, add to the result the 200th 
part of the number, or the half with two decimal places 


pointed off, 
Thus, 23 x 2'2=50°6 
add z}5th of 23 115 
50°715 Ibs. 


The accurate number 50°71178 
To reduce lbs. avoirdupois to kilogrammes. 
Rule.—Divide by 2°20486, or multiply by its 
procal *45355. : é 
Zz 


ode 


-— 
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1.—To reduce $7 -48262 lbs. to kilogrammes. 42000 
Dividing by 2°20086) Multiply by 3 
17 kilogrammes. ew: 
oe may be effected with sufficient accuracy a One-twelfth . . ae 
following artifice +— One-eighth . . 13125 
Ae together one-third of the given number of lbs, - 
i 26-1 miles nearly. 
Example 2.—To reduce 37 48262 Ibs. to kilogrammes. 1ki aa y 1093-6389 
1 mile is exactly 1760 yards, 


one-third 12°49421 
one-third of one-third 4-16473 
one-twelfth of thelast 34706 


1700600 


Example 3,—To reduce 5 ewts. 2 qrs. 12 Ibs. to Freneh 
weight. ri 


22 qrs, 
28 
3)628 Ibs. 
3)209°33 
12) 69°77 
581 


284-91 kilogrammes. 


Loyeat Measures, 


12 Inches =1 Foot 6 Feet =1 Fathom 
8 Feet =1 Yard 
54 Yards =1 PoleorRod 7-92 Inches =1 Link 
Poles =1 Furlong 100 Links =1 Chain 
8 Furlgs. =1 Mile 80 Chains =1 Mile 


The measures employed for the smaller dimensions of 
mechanical work, are the foot, its twelfth part the inch, 
and the fractional divisions of the inch, dividing succes- 
sively by 2; viz.—the half, the quarter, the eighth, the 
sixteenth, the thirty-second, &c. For larger works, as 
cutti embankments, shafts of mines, and the like, the 
yard . 3 feet, or the fathom of 6 feet, are the ordi 
units. For surveying purposes, the chain of 11 fathoms, 
or 22 yards, or 66 feet, or 100 links is the unit. And for 
greater dimensions, the mile, or 1760 yards, or 5280 feet, 
and its fractional divisions by 2, the half-mile, the quarter 
mile, the eighth of a mile or furlong, are employ: 

The nautical mile or knot measures 6080 feet. 

The unit of French measure is the métre, which is 
equal in length to 39371 English inches, or about 3-281 
English feet, or 3 feet 33 inches very nearly. 

‘o reduce French measure to English. 

ey the number of French métres by 3, 
and take the product as so many English feet, so many 
inches, and so many eighths of inches ; or add together the 

roduct, its twelfth part, and the eighth part of the 
twelfth, for the value in English feet. 

Ezample 1,—To reduce 53 métres to English measure. 


ft. in, 
BSxS—m. - « 5 « 169 
1b9inches= . ... 13 8 
159 eighths of inches=. 1 7} 
173 10§ nearly. 
Example 2.—To reduce 42 kilométres to English 
miles. The kilometre is 1000 métres, and 42 Kilo- 


métres are therefore equivalent to 42000 métres, 


hird of 1, expressed decimally, is « « « °3333 &, 
One-third of 333, &c., expressed éustmaliy, is « ‘Ull » 
One-twelfth of 111, &., expressed y, is. *0002 ,, 
Theireum. . . « « 6 “4536 


Therefore, to reduce kilométres to miles, multiply 
by 10936389 


1760 2 621386. 
For rough calculations, take §ths decimally, -625. 
To reduce miles to kilométres, multiply by me 


or 160931 nearly. 
For rough calculations take 1$th decimally, 1°6. 
The French pied or foot, is equal to 1-09 English foot. 
" Se pouce, or inch, is equal to 1°09 English 
in 
SurerricraL Measure. 


The acre, therefore, contains 4840 square yards, or 10 
square chains, each of 484 square yards. 

The French superficial measure is, for small areas, 
reckoned by the squares of the métre and its parts, the 
métre carré, or square métre, being 10°765 square feet, 
or 1°196 square yard. For areas, the French unit 
is the Are, which is a square decamétre, or 100 square 
metres, equivalent to 119°605 square yards. 


Sorry Measure. 


1728 cubic inches = 1 cubic foot. 
27 cubic feet = 1 cubic yard. 
42 cubic feet = 1 ton of shipping. 
as = 1 load of rough timber. 
ees = 1 load of squared timber. 
The French solid measure is reckoned by the cube of 
the métre and its J 
lecubic foot = 0283 cubic métre, 
leubic yard = ‘7645 _,, 
l cubic métre = 35°32 cubic feet, 


Liquip Measure. 


There are several varieties of English liquid measure, 
and provincial variations in their scales ; but the princi- 
pal unit of liquid measure is the imperial gallon, which 
contains 277-274 cubic inches, and of which a cubic foot 
contains 6°2321, or nearly The unit of French liquid 
measure is the litre, or cubic decimétre, the thousandth 
part of a cubic métre, equivalent to 61:028 cubic inches, 
somewhat less than the imperial quart, which contains 
69°3185 cubic inches. 


Time Measure. 
60 seconds = 1 minute. 24 hours = 1 day. 
60 minutes = 1 hour. 7 days = 1 week. 
The French measurement of time is the same. 


TEMPERATURE, 


There are three scales of mer are) in use :-— 

1. Fahrenheit’s, used in England, in which the point 
of pied freezing is 32°, and point of water boiling 
is 212°. : 

2. The Centigrade, used in France, in which the freez- 
a, 9 ag of water is the zero, or 0°, and its builing-point 
is 


3. Reaumur’s, used among some Continental nati 
in which the freezing-point of water is zero, or 0°, an 
its boiling-point 80°, 
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To reduce temperature by Fahrenheit to temperature 
by Centigrade. 
Rule. ~SSubtract 32°, multiply by 5, and divide by 9. 


Example 1.—To reduce 180° Fahrenheit to Centigrade. 
180 


Subtract . . 32 
, 148 X5 _ 997-292 Centigrade. 
Example 2.—To serra 15° Fahrenheit to Centigrade. 
Subtract . . 32 
—17x5 
re edo 9°44, &e., 


or 9°°44, &c., below zero. 

To reduce’ temperature by Centigrade to temperature 
by Fahrenheit. 

Rule.—Multiply by 9, divide by 5, and add 32°. 


E. 3—To reduce 82° ” Centigr. to Fah. 
Multiply by . 


Divide bye . . 


5)740 nearly 


148 
32 


180° Fah. 
Example 4.—To reduce — LP Centigr. to Fah. 


- « 5)—85 nearly 


Divide by . 
-17 
Add . . * . . 32 
15° Fah. 


Note.—When the temperature has the mark. — (minus 
prefixed, it means below zero, and is to be sub 
in cases where it would be added if it had not the 


Example 5.—To reduce — Wy Centigr. to Fah. 


5)—900 
—180 
32 


— 148° Fah., or 148° below zero. 


To reduce temperature by Fahrenheit to temperature 


by Reaumur. 
Rule.—Subtract 32, multiply by 4, and divide by 9. 


Example 6.—To reduce oA Fah. to Reau. 


Subtract. .. 

5 
Maltiplyby «4 
Divide by . . 9)120 

13°3 Rean. 


Example 7.—To reduce 15° Fah. to Rean. 
82 
-17 
4 


9) —68 
—7°'5 Reau , or 775 below zero. 


To sake temperature by Reaumur "to temperature by 


Fahrenheit. 
Rule—Multiply by 9, divide by 4, and add 32, 


Example 8.—To reduce 13°3 Reau. to Fah. 
9 


4)120 
30 
82 


62° Fah. 
Example 9.—To reduce — 7°-5 Reau. to Fah. 
9 


4)—68 
-17 
32 


15° Fah. 
To reduce Centigrade to Reaumur. 
Rule.—Subtract ith. 
Example 10.—To reduce 85° Centigrade to Reaumur. 
One-fifth 7 


68? Reau. 
To reduce Reaumur to Centigrade. 
Rule.—Add th. 
Example 11—To reduce 68° Reaumur to Centigrade. 
One-fourth . . . Ww 


85° Centigr. 
Division or THE CIRcLe. 
60 Seconds = 1 Minute 60” = 1’ 
60 Minutes = 1 Degree 60’ =1° 
90 Degrees =1 Quadrant or right 


angle, often marked 3 


360 Degrees or 4 Quadrants = 1 Circumference, 
often marked 2 z. 


Tue Frencu Division 1s 
100 Seconds = 1 Minute. 
100 Minutes = 1 Degree. 
100 Degrees = 1 Quadrant. 
4 Quadrants= 1 Circumference, . 
The quadrant, right angle, or quarter of the circum- 
ference, is the same for the French and English ae 
and 100° French are therefore equivalent to 90° 


To reduce French degrees to English. 
Rule.—Subtract j5th. 
Example 1.—To express 73° French in English measure. 
Subtract one-tenth . ke 
657 65° 42’ English. 
Multiply by . . 60 
To find minutes . 420 


Example 2.—To express 26° 7’ 35” French in English 
measure. 
The French number would be written 26°-0735 
Subtract one-tenth . . . .« . 2 60735 


23 46615 
60 
27 969 
60 
Ans, 23° 27’ 58”*14 English. 
58:14 
To reduce English degrees to French. 


Rule.—Add }th. 
Example 3.—To express 65° 42’ English in French 


measure. 42’= ¢5 or 0°'7; therefore the English, ex- 


pressed decimally, is 65°-'7 
Add one-ninth . 7 ‘3 


73°: French, 
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Example 4.—To express 23° 27’ 58”-14 English in 27x20 _ z 
sate quantity, decimally expressed, is Area, —9 270 a ins. 
a 23°-46615 English, Example 2.—To find the area of a trlgngular fal hay- 
Add one-ninth . 2 “60735 ing base 23 chains 8 links, and height 14 chains, 73 li 
26°-0735 French. 23°08 ch. X,14°73 ch. : 
The circumference of every circle is 31416 times its 3 = 169-9842 sq. chains ; or 16:99842 
diameter, or 6°2832 times its radius or gp prego wecjuuaiciea? 
i fi e whose | acres, acres. 
nee bs ce piace ina, ites The elogram is a figure bounded by four straight 


Rule.—Multiply the diameter by 3°1416, or the radius 
62832. 
Example 1.—To find the circumference of a pulley 
whose diameter is 4 feet 6 inches. , 
4 feet 6 ins., or 54 ins. x 3°1416=169°6464 ins., or 
14 feet 1§ inches nearly. 

Exa 2,—To find the circumference of the pitch 

circle of a wheel, the pitch radius being 11 inches. 
11 ins. x 6-2832=69-1152 ins., or nearly 69% ins. 

Since the decimal °1416 is nearly equal to 4th (which 
is accurately *142587), we have the approximate rule for 
finding the circumference of a circle. 

Rule.—Multiply the diameter by 3}, or (since 3} =%*) 
multiply the diameter by 22 and divide by 7, or multiply 
the radius by 44, and divide by 7. 

Example 3.—To find the circumference of a 
4 feet 6 inches diameter. 

4 feet 6 ins. x 3 = 13 feet 6 ins. 
4 feet Gins. x }(or+7)= 7§ ins. nearly. 


pulley 


- _ Circumference 14 feet 1§ ins. nearly. 
Example 4.—To find the circumference of a wheel 
whose radius is 11 inches. 


y + 44 __ 60} ins. nearly. 


The circumference of an ellipse is that of a circle whose 
diameter is a mean between the two axes of the ellipse. 

Example 5.—To find the circumference of an ellipse 
having a longer axis 18 ins., and a shorter axis 12 ins. 


B+ W165 ins. X 3°1416 = 47°124 ins. or 3 feet 


11} ins. 
e converse operation of finding the diameter of a 
circle having a given circumference is, 
Rule.—Divide the circumference by 31416, or mul- 
tiply it by -31831, the reciprocal of 3-1416. 
Reng 6.—To find the diameter of a pulley whose 
circumference is 14 feet 1§ in. or 169°625 ins. 
169625 
31416 
or 169-625 x 31831=54 ins. nearly. 
The following approximation is generally sufficiently 
seen for practical p 


=54 ins., or 4 feet 6 ins. very nearly. 


urposes. 
Rule— Multiply the circumference by 7, and divide’by 


22, the quotient is the diameter. 

Example 7—To find the diameter of a wheel having 
23 each of 3 ins. pitch. 

23 x 3 ins. = 69 ins. the circumference of the pitch 


circle, and XT 99 ins. nearly. 
The pitch radius is } of 22 ins.=11 ins. 


Mensvuration or SUPERFICIES. 


The object of Mensuration of Superficies is to discover 
the number of square units in a figure, the form and 
dimensions of whose see | are known. ‘The simplest 
kind - figure is that bounded by three straight lines, the 

e. 

To find the area of a triangle. 

Rule —Multiply the length of any one of the sides by 
~ of ha wraggeties Lats a from the oppo- 

an, or, briefly, multi e by the height 
and halve the rent : sli 4 ent) 

Example 1.—To find the area of a triangle having base 
2 feet 3 ins., and height 1 foot 8 ins. pe 

2 feet 3 ins. 27 ins., and 1 foot 8 ins, = 20 ins. 


as by the breadth. 
ample 3.—To find the area of a parallelogram, base 


27 ins. X 20 ins. = 540 sq. ins. 


Example 4.—To find the surface of a cylinder, diameter 
4 feet, length 14 feet. 

The surface of a cylinder, if developed or unrolled, 
would form a rectangle whose length is the length of the 

linder, and breadth the circumference. Its area is 
therefore found by multiplying the length by the dia- 
meter, and by 3}. 


14 feet x 4 feet X 3} = 176 sq. feet. 


The trapezoid is a figure bounded by four ‘ht 
lines, two of which are parallel. To find the area of a 
trapezoid. 

ule, —Multiply half the sum of the two parallel sides by 
their perpendicular distance apart. 

Example 5.—Required the area of a trapezoid having 
parallel sides, respectively 5 feet and 7 feet, 3 feet apart. 


figure bounded by straight lines may be divided 
into triangles ; and the sum of the areas of all the tri- 
eee into which it is divided, is the area of the whole 
gure. 
Of surfaces bounded by curved lines, the most regular 
and frequent is the circle. 
To find the area of a circle. 
Rule.—Maultiply the square of the diameter by “7854. 
Or, multiply the circumference by the radius, and halve 


the product. 

Moonele 6.—Required the area of a circle 4ft. diam. 
4X 4X °7854 = 125664 sq. feet. 

Otherwise, the radius is 2 feet, and the circumference 
is 4 x 3°1416 = 12°5664, and the area is 


12-5664 circumf - KFA 1.5664 0g. fh 


The following method furnishes a near approximation 
to the area. 

Rule. —Multiply the diameter by itself. 

Take half the product, to which add its half, and the 
seventh part of that half.* 

Example 7.—Required the area of -a circle 4 feet 
diameter. 

4x meee car 8 


of 8=4 
of 4 = 057 


Area 12°57 sq. ft. nearly. 
Example 8.—Required the area of a oircle 37§ 
diameter. 


© This approximate rule is thus derived :— 
Since one-half, decimally, is ‘5000 
One-half,of *5000 = °2500 
One-seventh of +2500 = 0357 


* Their sum = *7857 “ 
which is nearly equal to ‘7854, the proper multiplier of the square of the 
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37§ or 37-625 X 37°625=1415-64 sq. ins. 
of 1415:64 = 707-82 nearly. 
of 707°82 = 353-91 
} of 353-:91= 50°56 


Area 1112-29 nearly. 
The correct areais 1111-84 
Error in the approximate method 0-45 sq. ins. 


The converse operation of finding the diameter of a 
circle when its area is given, is the following :— 

Rule.—Divide the area by *7854, or multiply the area 
by 1°273 (the reciprocal of *7854), and extract the square 
root of the result. 

Example 9.—Required the diameter of a circle having 
12-5664 sq. ft. area. 
age on 12-5664 x 1°273=16 ; and the square root of 


Approximate method. 

Jiule.—To the given area add its fourth part, and =,th 
of that fourth, or the fourth with one decimal place 
pointed off, and extract the square root.* 

Example 10.—Required the diameter of a circle whose 
area is 1111°84 sq. ins. 

Area=1111 ‘84 
Add } of 1111°84= 277-96 
yo Of 277°96= 27-796 


1417-596 

The square root of which is 37°65, or 878 inches 
nearly. 

The area of an ellipse is “7854 times the product of its 
two axes. , ‘ 

Example. 11.—Required the area of an ellipse whose 
Ses eee hes and 1 foot 8 inches respec- 
tively. 

oF ins, < 20 ins. x *7854 = 424°116 sq. in. 


424-116 
1a = 2-9452 sq. feet. 


The area of a sector of a circle is the same part 
of the area of the whole circle, as the arc of the sector 
s Feomple 12—-Requised the area of 

n 12.—Requi e area of a sector; radius 
12 ins., and are 67° 30’. 
The area of the whole circle is 12 x 12 x 371416 


= 452°39 sq. ins. 
. 67} 67k X 2 135 
67° 30’ is s6q7 F S60 2 = 790" 


or 135 + 45 #sths of the whole circumference ; there- 


Area of sector is ji,ths of 452-39 sq. ins. = 84823 sq. ins. 


parts at the points 1, 2, 3, 4,5. If we bisect each of 
those parts at C, D, E, F, G, H, and draw perpendiculars 
to the line A B, meeting the curve in I, P, K, Q, &e., 
by drawing parallels through these points, meeting per- 
pendiculars through the points A, C, D, &., we form a 
number of rectangles, each of which is very nearly equal, 
in area, to the part of the curve contained between its 
two perpendicular sides, The area of the whole curved 
figure is, therefore, very nearly equal to the sum of the 
areas of all those rectangles. Now, as the area of each 
rectangle is equal to its base multiplied by its perpen- 
dicular height, and as the bases of all are equal, the area 
of all the rectangles is equal to the length of one of the 
bases, such as C D multiplied by the sum of all the 
heights I P, K Q, LR, &e. It is to be observed, that 
the distances A C and B H of the first and last perpen- 
diculars from the extremities of the line, are each half 
the distance C D or D E between any two perpen- 
diculars. Or, we may view the question in another 
way, thus :—Having divided the line A B as before, and 
set off the perpendiculars I P, K Q, &c. (technically 
called offsets), we may find a mean or average V X or 
W Y, by adding together the lengths of all the perpen- 
diculars, and dividing their sum by their number, and 
then the whole rectangle V W y Z has very nearl 
— same area with the curved figure. Hence the fol- 
jowing— : 

Rule I.—Maultiply the sum of all the offsets by the 
distance between two adjoining offsets ; or, 

Rule I1.—Add together the lengths of all the offsets, 
divide by their number, and multiply by the whole 
Jonges of the base line. 

xample 13.—The length of A B is 24, and the offsets 

are IP=3, KQ=5, LR=7,MS=8,NT=6, 
OU = 4: required the area, 

By Rule I.—There are six offsets; therefore the dis- 


24 
tance between any two adjoining is = = 4 (note, A C 


and B H are each 2), and the area is 
83+5+7+8+6+4) x 4= 132. 
By Rule I1.—The mean of all the offsets is 


S+5+74+84+644 _ 55 and the area is 
6 


53 x 24 = 132. 

The surface of a cone may be develo 
into the form of a sector of a circle, an 
by the rule. Or thus, 

Rule.—Multiply the diameter of the base by the 
length of the side (from the apex to the edge of the bast, 
and by 1°5708. 

Example 14.—Required the surface of a cone, having 
pen 12 inches in diameter, and 18 inches length of 
side. 


; or unrolled, 
its area found 


> T 


} s 
curvature, as AL BS, the most convenient 
me' is to draw through the figure a straight line A B, 
the longest possible, and to divide it into numerous equal 


* This rule, like the former, is thus derived,— 
1 


= 1-000 
of 1 = 0-250 
of 0°25 = 0025 


1-275, which is nearly 1-273. 


In measuring the area of figures bounded by lines of 12 x 18 x 15708 = 339-2928, 
Fig. 270, 
1 M The surface of a sphere is coor that of any 
aig lh lef ‘ies eal le of its circular sections passing through the centre, 
Y | = Na aN Hence, to compute the surface of.a sphere— 
ZL) ay ea ° Rule—Multiply the square of the diameter by 
i 31416. 
‘ *‘ 1.) Db 2 CET ST he et CST Oe: & Example 15.—Required the surface of a sphere 
7 ~— : A 18 inches diameter. 
oS veetieg renety la ed AG 18 x 18 X 3:1416 = 1017-8784 square inches, 
& ur ¥ 
a~ a3 
Mensvration or Soups. 


By mensuration of solids we discover the number of 
cubic units in a body of given form and dimensions. A 
parallelopiped, or prism, has two opposite sides equal 
and parallel to one another. Either of these is called a 


base, and their ndicular distance apart is called the 
height or altitude of the prism. A cylinder has a circular 
base. 


For finding the solid contents of a prism or cylinder 
Rule.—Multiply the area of the base by the height. 
Example 1 beware the capacity of a cistern, whose 


~ 
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hase is.a rectangle 4 feet long by 3 feet wide, and whose 
height is 2 feet 6 inches. 

Area of base 4 x 3 X Be Ses ba ems feet, or 
30 x 6°2321 = 187 gals. nearly. 

Exa 2.—Required the solid contents of a roller 
22 ins. diameter and 42 ins. Jong: 

22 x 22. x 7854 x 42 = 15965°6 cubic inches. 
When the prism or the cylinder is hollow. 
Rule.—Subtract the area of the internal part of the 

base from that of the whole base, and multiply by the 


height. 

Bosmple 3.—Required the weight of a cast-iron hollow 
cylinder 5 feet high and 30 inches diameter internally, 
“having metal 1 inch thick (reckoning 3°8 cubic inches of 
cast-iron equivalent to 11b.) The external diameter is 
the internal diameter increased by twice the thick- 
ness of metal; it is, therefore, 32 inches, and its area 
would be 32 x 32 x °7854. The area of the internal 
would be 30 x 30 x ‘7854; and, subtracting, we have 
(32 x 32 —30 x 30) x “7854 = 97°436 sq. inches for 
the area of the section of metal. The solid contents are 

5846-16 
97-436 x 60 ins. = 5846-16 cub. ins, , and 3g 7153846 


Ibs., or 13 cwt, 2 qrs. Ibs. 4 
When the diameter of a hollow cylinder is large in 

proportion to the thickness of its material, as in the case 

of a boiler, which may be several feet in diameter, while 


External circumference . . 4X 3} 
Circumference of flue. . . 2X 3} 


The cubic contents of a sphere are grds of that of a 
cylinder of the same diameter and altitude. But ‘the 

titude being equal to the diameter, and #rds of “7854 
being °5236, the contents of the sphere may be found by 
the following method ;— 

Ruwle.—Multiply the cube of the diameter by ‘5236. 

Example 5.—Required the number of cubic inches in 
a ball 12 inches diameter. 

12 x 12 x 12 x 5236 = 9047808 cubic inches. 

When the sphere is hollow, 

Rule.—Subtract the cube of the internal diameter 
rege the cube of the external diameter, and multiply 

5236. 

” Rontegle 6.—Required the weight of a hollow ball of 
iron, 30 inches diameter externally, metal 14 inch thick, 
reckoning 3°8 cubic inches to the pound, 

External diameter 30 xX 30 X 30 = 27000 cubed 
Internal diameter 27 x 27 x 27 = 19683 


Differin sore Vedintis wechwtieewh tale 


Ang DU X38 1008 lbs. or 9 cwt. 


The cubic contents of a cone are }rd of that of a cylin- 


der of equal base and altitude. Hence, to find the con- 
le, Multiply th f the base by the heigh 

Rule, —Multip! e square of the the height 
and by “2618, Sa <i * 

Example 7.—Required the solid contents of a cone 
peeten a base 18 inches diameter, and a height of 22 

13. 
18 x 18 X 22 x ‘2618 = 1866-11 cubic inches. 

The solids with which the practical mechanic has to 
deal are chiefly those called solids of revolution, or such 
as may be conceived to be produced by the revolution of 
some figure round an axis, Any work that is formed in 
& turning-lathe is a solid of revolution. An imaginary 


nearly 
Both... . . 6X3$—_189 x 12 


Area of end of boiler . 4x4 ‘7854 
Areaofflue . .. . 2X2xX 7854 ' 

——EE surface of ends. 
Difference . - . + « 12x ‘7854 =94x 2(ends) = 18'8 


And oo = 43 cwt. nearly, or 2 tons 3 cwt, 


the thickness of its metal is less than half an inch, we 
may multiply the area of its surface by the thickness of 
material to ascertain the oeeey of material. In this 
calculation the following points must be observed. 

Boilers are generally made of wrought-iron plate ; and 
it happens that a square foot of iron plate, jth of an 
inch thick, weighs 5 lbs. In order to ascertain the 
weight in pounds of a wrought-iron boiler }th of an inch 
thick, we should then have to multiply its surface by 5 ; 
and were the thickness fths or it we should maby. 
by 2 X 5 or 10; for thickness cope pe bai 
or 15, and soon. But in constructing boilers, there are 
many plates used, which overlap each other at their 
joints; and at the corners there are angle-irons, and 
numerous rivets are used to make the joints tight. 
Making allowance for all these additions to the weight, 
we may estimate the weight per superficial foot at about 
6 lbs. for every {th of an inch in thickness, or 3 lbs. for 
every ysth of aninch. Again, as ;%, is nearly jth, we 
may roughly approximate the weight in cwts. the 
following rule :— 

eat the surface (in square feet) by the 
thickness (in ## of an inch), and divide by 20 for the 
weight (in ewts.) 

cample 4.—Required the weight of a Cornish boiler, 

external diameter 4 feet, diameter of flue-tube 2 feet, 
length 12 feet, thickness § and y', of an inch (or 34 eighths 
of an inch). 


245-6 total surface. 


line extending between the centres of the lathe is the 
axis ; and if the solid were cut across by a plane passing 
throngh this line, the section or surface exposed on the 
removal of the half cut off, is symmetrical on each side 
of the axis or centre line. One- of this symmetrical 
figure, or the part lying on-either side of the axis, is 
called the generating figure. Thus, a cylinder is gene- 
rated by the revolution of an oblong or rectangle round 
one side. A cone is generated by the revolution of a 
right-angled triangle round its perpendicular, A sphere 
is generated by the revolution of a semicircle round its | 
diameter. A spindle, by the revolution of a pe of 
a circle, or other curve, round its chord. In same 
way, other mathematical such as the ellipse, or 
the parabola, are capable o ucing solids of revolu- 
tion by causing them to revolve round their axis. When 
the ellipse is supposed to revolve round its shorter axi 
the solid produced is called an oblate or shorten 
spheroid ; when it revolves round its longer axis, the 
solid is an oblong spheroid. The parabola, by revolu- 
tion, produces the boloid. 

There are si relations among some of these 
solids of revolution, one of which it is useful to remem- 
ber. If A BED (Fig. 271) represent the section of 
a cylinder, whose base has a diameter AB double its 
height, or axis, C F—A FB the section of a cone on the 
same base, and of the same height with the cylinder— 
AGF HB the section of half a sphere,—and AK F LB 
the section of a paraboloid ; then 

The solid contents of the cone are }rd of that of the cylinder. 
hemisphere are $rds % ra 

” ” paraboloid are $ ” ” 

As the paraboloid comes midway between the cone and 
the hemisphere in form of section, so its capacity comes 
midway between them in amount. In many cases of 
mensuration of solids of revolution, when the form of 
section is something between that of a cone and ofa 
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hemisphere, it may be taken as a paraboloid, and its 


capacity may be found thus :— 
Fig. 271. 
¥F 
Vig E 
L 
A c :) 


Rule.—Square the diameter of the base, multiply by 
the height and by -3927 (half of -7854). Or, multiply 
the area of the base by half the height. 

Example 8.—Required the solid content of a parabo- 


loid, base 2 feet 6 inches diameter, height 1 foot 8 
inches, 


Area of a circle 2 feet 6 inches, or 
30 inches diameter . . . . . 707 sq. ins., nearly. 
Half of 1 foot 8 inches, or 20 inches 10 


Solid content 7070 cubic inches. 

In general, the capacity of any solid of revolution may 
be found by multiplying the area of its generating figure 
by the circumference described by the centre of gravity 
of that figure. In a ring, for instance, generated by the 
revolution of a circle round some centre without it, if 
we know the diameter of its generating circle or section, 
and the distance of its centre from,that round which it 
revolves, we can compute its solid contents, as we may 
show by an example. 

Example 9.—A ring of circular section measures 10 
ins. external diameter, and 6 ins. internal: required 
its solid contents. Subtracting 6 from 10, there 
are left 4 ins., which must be double the diameter 
of the ring’s section, giving 2 ins. as the actual 
diameter of the section, which has therefore an area 
2x 2 x ‘7854=3:1416 sq. ins. in, adding 6 to 10, and 
feng et we get 8 ins. as the distance between A and B 
(Fig. 272), the centres of the circular sections, and the cir- 


Fig. 272. 


— 
| 
| 


l l 
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cumference of a circle 8 ins. diam, is 8 x 3°1416=25 1328 
ins. The solid content of the ring is therefore 
3-1416 sq. ins. X 25-1328 ins.=78-9572 cub. ins. In this 
particular case, it happens that the centre of gravity of 
the section coincides with the centre of figure. When this 
is not the case, the position of the centre of gravity may 
readily be found by the following mechanical process :— 
Draw upon a card or piece of thin wood, or plate of 
metal such as zinc, the figure, either of its full size or to 
any convenient scale ; and having cut it out to the shape, 
make two small holes in it, such as A and C (Fig. 273). 
Suspend it by a thread from one of the holes, and along 
the face of it let a plumb-line hang and mark B, the 
int where the plumb-line crosses its edge, tracing a 
ine AB era with the plumb-line, Suspend it 
now by the other hole C, with the plumb-line crossing 
the line formerly traced at D. The point where the lines 
cross is the centre of gravity, or that round which all 
parts are balanced. The position of the centre of gravity 
thus ascertained may be laid down upon the drawing of 


the work to be estimated, and the solid content may 
be found by the rule we have given. 
For the measurement of a solid of irregular form, the 
most convenient method is to suppose it divided 
Fig. 273; : 


by 


numerous parallel planes into sections of equal thick- 
ness—to measure the area of each of those sections, and 
find the mean or average of them by summing them all 
and dividing by their number. This average area mul- 
tiplied by the total thickness, measured perpendicularly 
across the planes of section, will give the solid content. 
In many cases of the measurement of cylindrical bodies, 
such as timber or round bars of metal, it is more con- 
venient to use the girth or circumference as a known 
dimension for estimating the cubic contents. A near 
approximation to the capacity may be made thus :— 
Rule-—Maultiply the square of the girth by the length, 
and by 8, and point off two decimal places. 
Example 10.—Required the cubic contents of a round 
log, having an average girth of 6 ft. 3 ins., and 12 ft.long. 
6 ft. 3 ims., decimally expressed, is 6°25, and 
6°25 x 6°25 x 12 x 8 = 3750. Pointing off two decimal 
places, the solid content is 37:5 cub. ft. The ordinary 
rule for timber gives a considerably smaller result, and 
is intended, not to furnish the accurate contents, but the 
contents estimated according to trade custom. It is, 
Rule—Multiply the square of }th the girth by the 


According to this rule, the contents of the log. in 
Example 10 would be (th of 6°25 being , 1:0625) 
15625 x 15625 x 12=29°3 cubic feet. 

Dvopecmats. 


In the mensuration of surfaces and solids, a system of 
computation is frequently adopted, called the duodecimal 
system, because the notation is reckoned by twelves 
(Latin, duodecim), instead of the ordinary decimal scale 
of tens (Latin, decem). 

According to the duodecimal system, a square foot is 
supposed to be divided into 12 equal , each con- 
taining 12 square inches: and each of those parts again 
into twelfths, each 1 square inch; and these again into 
twelfths. So, also, a cubic foot is divided into 12 equal 
parts, each 144 cubic inches ; each of those into 12 parts, 
each 12 cubic inches ; and each of those into 12 parts, 
each 1 cubic inch. To multiply a certain number of 
feet and inches by some other number of feet and inches, 
the one quantity is written below the other, as in 
ordinary multiplication, 

1. The inches are multiplied by inches, the product 
divided by twelve, the remainder written one place 
back from the inches, and the quotient carried to the 
next operation. ; 

2. The feet are multiplied by inches, and the number 
carried from the former operation added, the result 
divided by twelve, the remainder written in the place of 
inches, and the quotient written in the place of feet. 

3. The inches are multiplied by feet, the result divided 
by twelve, the remainder written in the place of inches, 
and the quotient carried. : 

4. The feet are multiplied by feet and the carried 
eee added, and the whole written in the place of 

ee 
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5. The result of the two multiplications are added, 
carried by twelves, 
For cabing: the same i is repeated, remembering 
that in the cubed result, or the result of multiplying 
three quantities of feet and inches, there are four 
places—tiz., cubic feet ; twelfths, each 144 cubic inches; 


eweltibs of twelfths, each 12 cubic inches; and cubic 

inches. 
Example—Required the cubic contents of a 

the base of which is 4 ft. 8 ins. long by 3 ft, 10 ins. wide, 

and the height 5 ft. 7 ins. . 
We first find the area of the base, 


80 A 
2 = § pts. 8 ins. 


aa ea Operation. 8 ins. Xx 10 ins. = 80 sq. ins. and 
Sc. 10). 8 carry 6 and write 8, a. 
le. Od. 


17 ft. 10 pts. 8 ins. 


8 ins. x 3 ft. = 24, and 


4 ft. x 10 ins. = 40, add 6 = 46, and “ = 3ft. 10 pts. b,c 


24 
jg = 2 ft. 0 pts. 
2, and write 0, d. 

e 


4ft. x Sft. = 12 ft, add 2, 14 ft, 


Sum the two lines, 
We now multiply the area of base by the height. © 
* ft. pts. ins, = 56 , a 
Area 17 10 8 Operation. 8 x 7 = 56, and ig = 4 ft 8 ins, carry 4. 
5 7 74 
ee ke 10x7+4=74,and 75 = 6 ft. 2ins., carry 6, 
sn Mis 17x 7 +6 = 1%, and 2 = 10 ft. 5 ins. 


$910 6 8 


The cubic contents are therefore 


8 x 5 = 40, and 


10x 5+ 3 = 53, and 
17x 5+4 = 89. Add up the lines. 


40 ; 
jo = 3 ft. 4 ins. carry 3. 


53 
jo = 4 ft. 5 ins., carry 4. 


99 cub. ft. 10 twelfths, 6 hundred and forty-fourths, 8 cub. ins., or 99 ft. 1520 cub. ins., because 10 twelfths, 


each of 144 cubic inches . . 


= 1440 cubic inches. 


6 hundred and forty-fourths, each 12 cub. ins. = 72 4 . 


S cubic inches . . » » 0« «© «© © s © « 


Water is generally taken as the standard of specific 
gravity, and it fortunately happens that 1 cubic foot of 
water weighs very nearly 1000 ounces. By reference to 
any table of specific gravities, the weight of a cubic foot 
of each material is given in ounces ; and from this may 
be readily derived— 

1, The weight of 1 cubic foot in lbs., viz., pyth of the 
specific gravity or weight in oz., because 1 0z.= ly of 1 1b. 

2. The weight of 1 cubic inch in ounces—viz., the 
specific gravity divided by 1728, because there are 1728 
cubic inches in 1 foot—and the weight of 1 cubic inch in 
Ibs, viz., the specific gravity divided by 1728, and the 
quotient by 16, or the specific gravity divided by 27648. 

3. The number of cubic inches in 1lb., viz., 16 times 
1728, or 27648 divided by the specific gravity. 

4. The number of cubic feet in 1 ton, viz., 2240 Ibs. x 
16 oz., or 35840 oz. divided by the specific gravity. 

Example 1.—Required the weight in lbs. of 7 cubic 
feet of English oak. 


Spec. grav. 900 
Bey og X 7= 3933 Ibs, or 3 owt, 2 qr. 1p Ibs. 
Example 2.—Required the weight of 178 cubic inches 
of Bt yoo 
pec. grav. 7200 
7200 
Or 27408 * 178=46} lbs. 
Example 3.—Required th ic i 
Qewt. ( e a4 Tbe.) be tated pee of cubic inches in 
27648 ee 
Spec. grav. 8800 X 224=7033 cubic inches. 
Example 4.—Required the number of cubic feet in 20 
tons of granite. 


Saw X 20= 265} cubic feet. 


1520 

In estimating the weight of wrought-iron cylindrical 
bars, the following method is a very near approxinia- 
tion :— 

ee ee ba math ie Fir hpee be ragmeet an 
inch, multip! e le in feet an and point 
cette leche] packs foe Chart i iin ee 

Beciple 1. Paquived tha ight of a cylindrical bar 
of wrought-iron 5f ins. diameter, and 7 ft. 7 ins. long. 

Bf ins. =47 eighths, and 7ft. 7 ins. =7;%, ft 
47 x 47 X Tie x 44=69401. 

The weight is therefore 694 lbs., or 6 cwt. 0 qr. 22 Ibs. 

For wrought-iron bars of rec’ section :—The 
width of these advances by quarters, and the thickness by 
eighths of an inch, 
eon take ee eee 

y the thickness in eig' an 

>, agai point off two decimal places for the weight 
in 

Example 2.—Required the weight of a bar of wrought- 
iron 24 ae wide, $ in. thick, aud 3 feet long. 

Width 9 qrs. x thickness 3 eighths x length 3 ft. x 
10}=850 ; therefore the weight is 8°5 Ibs. 

‘or wrought-iron Se 

Rule.—Multiply the area in square feet by the thick- 

ness in ei pee and by 5 for the weight in lbs. 
ired the weight of 123 square feet of 
ba ox and #, in. thick. 
and ;1,, or 2} eighths of an inch. 
b= lbs., or 13 ewt. 2 qr. 26 Ibs. 

For cast-iron balls, 


Rule.—To the cube of half the diameter (in inches) add 
its remeete d ties ner AR Ae ia 
jeample 4.—Requi e weight of a iron 
6 ie dente Hhalt tha Gusoeter ta-9'ne 

And3x3x3 . . = 27 
Add one-eleventh of 27 = 25 


Weight o 3-6! @2 aig 20° Ibs. 


SECTION X. 
ASTRONOMY. 


CHAPTER I. 


Astronomy is that science which teaches the distribution 
and arrangement of ‘the heavenly bodies ; their true and 
apparent motions in space ; their magnitude, distance, 
and physical condition ; and its history presents some of 
the most brilliant examples of the development of the 
human mind. ‘ ‘ : 

Astronomy commen fo nt oats pe a He: a re 
as well as its present degree of on, to continuous 
observations of the heavenly Wodiee, from the first watch- 
inys of the Chaldean shepherds, to the refined instrumental 
measurements of the astronomers of the nineteenth cen- 
tury. But if the accumulated observations of centuries, 
which the genius of man ‘would naturally endeavour to 
preserve, had not been, made subservient for the predic- 
tion of recurrences of the-same phenomena, Astronomy 
would exist only in name, and cease to hold its high posi- 
tion among the accurate sciences. Its course, however, 
has not always been progressive : it is only within the last 
few centuries that the errors of antiquity have been com- 
pletely eradicated. To the invention of the telescope, 
and its application to graduated instruments, we are in 
a great measure indebted for this which, in a 

hysical point of view, it is impossible to over-estimate, 
for it has itted great and permanent advances to be 
made in the accurate observations of the heavenly bodies, 
By the latest improvements in these instruments, astro- 
nomers have been oe -to yon Paige = oe pete 

of precision, the apparent p! of the 

col ginoke In this manner, as the of observa- 
tion the errors of the ancient theories exhibited 
themselves more clearly, na ehne ae: man = ae 
enabled to explain, on sou natural principles, the 
new phenomena which have been revealed. The dis- 
covery of the aberration of light and of the nutation of 
the earth’s axis, two of the greatest discoveries of any 
age, have thus resulted, and afforded to Dr. Bradley the 
means of investigating, by accurate observation of the 
places of the stars, the preceding discovery by Roemer, 
of the successive transmission of light, which he had 
determined by observations of the eclipses of Jupiter’s 
satellites. 3 ; 

The total overthrow of the Ptolemaic system is owing 
to the same cause—the observations of Tycho Brahé 
having furnished means of clearly exhibiting to Kepler, 
the errors of a circular hypothesis, inthe same manner 
as the errors of the Alphonsine tables, based also on the 
Ptolemaic theory, pointed out to Copernicus the errors 
of the ancient philosophy, when it was discovered, about 
the epoch of 1500, that they differed more than two 
degrees of the truth, Calculation has also lent its aid in 
eedadn to law, and in grappling with difficulties, prob- 
lems, which the happy invention of logarithms has 
rendered accessible, and which, in other respects, without 
this assistance, would be almost insurmountable. 

We find that, amongst the most ancient nations of 
antiquity, the ap nce of the heavens was attentively 
watched. And, in the first place, the motions of the sun 
and moon commanded attention, in regard both to the 
duties of the husbandman, and appointments for the 
assemb! of large masses of the people. The Egyptians 
and eans discovered that the motions of these bodies, 
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and the planets, were all performed within a-certain com- 
pass of the heavens, which’ was termed the Zodiac ; the 
names of the constellations through which this belt 
passed, having especial reference to the motions of the 
sun. We also find that eclipses of the sun and moon 
were recorded with superstitious veneration ; whilst, in 
connection with the foolish study of judicial astrology, 
the positions of the planets, with reference to bright 
stars,’ were also carefully noted. The Egyptians and 
Chaldeans’ were acquainted with the time of the revolu- 
tions of the moon’s nodes—an epoch which they termed 
the Saros—which would’give them the méans of’ predict- 
ing eclipses, recurring, as they naturally would, in the 
same eras. The Chaldeans were also acquainted with 
the lunar-solar period ‘of 600 years, which Josephus 
attributed to the ancient patriarchs, although Pliny cites 
Hipparchus as its author. Their primitive observations 
appear to have consisted in the heliacal rising of bright 
pr and probably in the use of the gnomon or sun- 


Thales, of Miletus, in Asia Minor, who had studied the 
astronomy of the Egyptians, is supposed to have pre- 
dicted, by a knowledge of the period of 223 lunations, or 
the Saros, the famous eclipse which “occurred ahout 
585 B.0., and which is recorded by Herodotus. 

Thales, on his return from t, fourided the [onian 
school (Bo. 640). This school ‘for “its followers 
Anaximander (s.0. 610), Anaximenes ‘(B.c. 530), and 
Anaxagoras (B.0. 500). The first is known by a most 
useful invention, viz., that of geographical charts. The 
others added some fanciful notions, in addition to those 
of Thales, on the construction of the universe ; and they 
all appear to have believed in the plurality of worlds. 
The most enlightened disciple of this school, however, 
was Pythagoras (B.c. 580), who, having been advised by 
Thales to travel into Egypt to perfect his studies, became 
initiated in the secret mysteries of the priests in‘a greater 
degree than any of his predecessors. ~ He founded a school 
in Italy on his return, where the doctrines of the Ionian 
school were more fully promulgated. He appears to have 
been acquainted with the earth’s rotation on its axis, its 
annual revolution, and its spheriéal figure—doctrines 
which, in imitation of the Egyptian priests, were kept 
secret from the multitude. , 

But the first approach to a scientific system of astro- 
nomy was that of the Alexandrian school, where we find 
observations carried on regularly, anda theory which, 
though founded in error, rudely satisfied the observations 
of the period. The most distinguished members of this 
school were Aristarchus of Samos (B.c. 281), Eratosthenes 
of Cyrene (8.0. 276), and Hipparchus of Bythinia 
(B.c. 140). Aristarchus is famous for having made an 
approximation to the distance of the sun from the earth, 
by the angular measurement of the distance of the sun 
and moon, at the time at which the moon is half illumi- 
nated. Having found that the moon’s angular distance 
at this period was 87°, he thence concluded that the sun 
was distant eighteen or twenty times that of the moon. 
This method, however ingenious, fails in consequence of 
the roughness of the moon’s surface. By careful obser- 
vations of the sun’s path, he also made an approximation 
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to the diameter of this body, which he considered to be 
rioth part of the whole daily motion—an observation not 
very far from the truth. is tract on the magnitude and 
distances of the sun and moon has been preserved. In 
addition to the tenets of the Alexandrian school, he was 
of opinion that the stars were at distances immensely 

ter than the sun, on which account this astronomer 
must hold a high rank among those of antiquity. 

Eratosthenes of Cyrene, who lived s.c, 276, is known 
for a determination of the obliquity of the ecliptic, by 
observations of the altitude of the sun at the summer and 
winter solstices—an observation of great value, as show- 
ing the progressive diminution of this element when 
compared with modern observations. He also made an 
approximation to the magnitude of the earth, on correct 

rinciples, by the measure of the celestial are, included 

tween Syene and Alexandria, combined with the 
known distance between the two places. Syene was ohe 
of the most southern cities of ancient Egypt, where it 
happened that at the summer solstice the sun was exactly 
vertical, which he determined by the fact that.a deep well 
was wholly illuminated. At Alexandria, which was 
situated in the same meridian, and at the same period 
of time, the sun’s zenith distance was 7° 12’, or one- 
fiftieth part of the whole circumference. The distance of 
the two places was known to be 5,000 stadia, whence he 
concluded that the circumference of the earth was 250,000 
stadia. The great uncertainty of the length of the stadium 
does not permit us to make use of this determination, or 
to compare it with the method pursued with more 
accurate instrumental means by modern astronomers. 

Apollonius of Perga deserves also to be mentioned. as 
having invented the system of deferents and epicycles, for 
the purpose of accounting for the direct, stationary, and 
, retrograde appearances of the planets. 

But one of the test astronomers of antiquity, Hip- 
parchus (B.c. 140), now appeared, famous alike as an 
accurate observer and geometer. To this distinguished 
man we are indebted for the discovery of the ‘* precession 
of the equinoxes.” The appearance of a new star led 
him to form a star catalogue, by a comparison of which, 
with a former catalogue of the same school, this important 
element became evident. He was also acquainted with 
the unequal motion of the sun in its orbit, and the in- 
equality of the solar rays. The former he endeavoured 
to explain by a modification of the preceding system of 
deferents and epicycles, which will be explained in its 
proper place. 

he revolution of the moon’s nodes, and the inclination 
of its orbit to the ecliptic, were also known to Hipparchus, 
as well as the eccentricity of the sun’s orbit and the motion 
of the apsides. By a comparison of his observations of 
the sun with the former astronomers, he determined the 
length of a tropical year. His solar tables were held in 
high estimation by Ptolemy three centuries after their 
construction. 

Ptolemy (8.c. 130) collected the observations of the 
Alexandrian school in his Almagest, a work which existed 
as a text-book among astronomers for centuries, He is 
page thd ae jag i Ma rere of the moon, 

pe 'y kvown to Hipparchus ; and by a comparison 
of observations of ecli and at the other parts of the 
mvon’s orbit, he empirically determined its amount witha 
great degree of accuracy. He confirmed the value of the 

precession of the equinoxes, previously discovered by Hi 
| parchus. He also proportioned the magnitude of the 
| deferents and epicycles, for the purpose of explaining the 
plane motions, which had been previously invented 

y Apollonius and Hipparchus, whence the name of the 
‘Ptolemaic System.” In his Geography, he collected 
the longitudes and latitudes of all known places. He 
_ also left behind him many other works, testifying to his 
skill and ego as a philosopher. 
| After the death of Ptolemy, the Alexandrian school 
| existed 5" in name. During five centuries, the dis- 

coveries of Hipparchus and Ptolemy were not extended ; 
| and the labours of its followers consisted principally in 
commenting on their works, and in noting extraordinary 
phenomena, 


After the dissolution of the Alexandrian school, the 
science of astronomy in Europe had almost disa ; 
but among the Arabs, it had been cultivated with some 
success under the auspices of the more enlightened 
caliphs, The Almagest of Ptolemy was translated into 
their lan , and their annals transmit to us many ob- 
servations of the sun, moon, and planets, as well as the 
measure of a degree of latitude. Among the Arabian 
astronomers, Albategnius deserves honourable mention as 
an industrious and accurate observer. He confirmed and 
corrected the rate of the precession of the equinoxes, and 
also détermined the obliquity of the wer which, from 
several collateral circumstances, is enti to con- 
fidence, He also paid considerable attention to the 
theory of the sun, and determined the eccentricity of its 
orbit with accuracy. He also found that the apogee of 
the sun was subject to a small annual displacement, 
according to the order of the signs, and determined its 
position at that period to be in the constellation Gemini, 
which, when compared with the modern elements, does 
not differ more than 40’ from the truth. The astronomy 
of the Arabians does not open to us any new theories, but 
is merely an extension of the system of Ptolemy, In the 
art of observation they had, however, improved ; larger 
instruments and more refined calculations had been in- 
troduced by them, on which account their investigations 
are entitled to hold a high rank in the history of 
astronomy. : 

After the Persians had thrown off the yoke of the 
Arabians, Holeg Ilecoukhan,: one of the Persian sove- 
reigns, founded an academy of astronomers, where 
formed new tables based on the Ptolemaic Fp wi! 
trifling changes in their elements. But greatest 
praise is due to Ung Beigh, one of their princes, who 
was a great patron of this science, as as an observer, 
and who formed a catalogue of ge hog improved the 
solar and planetary tab He determined the 
obliquity of the ecliptic, and the precession of the 
equinoxes. / 

The next epoch of the history of astronomy commences 
with its revival in Europe, when, after the overthrow of 
the Arabian empire, it again became cultivated in Spai 
Alphonso, the tenth king of Castile, collected a body of 
astronomers at Toledo; and having made use of the ob- 
servations of the Arabians for the purges of correcting 
the planetary motions, published phonsine tables, 
which are more correct than any which preceded them in 
some respects ; but their accuracy was not commensurate 
with the great trouble and expense they ioned, The 
great confusion of the Ptolemaic system, caused Al 
to say, ‘‘that if he had been consulted at the Creation, 
he could have devised a better arran t.” In 
Austria, the study of astronomy was cultivated under 
the auspices of Albert, the third duke, and Frederick 
the second emperor. In the 15th century, Purbach, 
Regiomontanus, and Waltho lived, known as assiduous 
cultivators of this science. Ephemerides of the pace 
and eclipses were published for the meridian of Vienna 
from 1475, tirst Regiomontanus, who, being also 
an observer, was well acquainted with the errors of the 
Alphonsine tables, the place of Mars being above 2° in 
error, The art of measuring time received an important 
improvement by the substitution of clock-work motion 
for the clepsydre of the ancients, which also increased 
the accuracy of observations ; and about this period the 
true system of the universe forced itself on the attention 
of Co) icus. 

This distinguished astronomer—who saw cl the 
errors of the Ptolemaic system, and who, after thirty- 
six years of study, published, in a clear and connected 
form, the present system of the world—was born at 
Thorn in Prussia, in 1473, four years before the death 
of Regiomontanus. The ancient systems of astronomy, 
as related by Plutarch and Cicero, had, by their extweme 
simplicity, captivated his mind ; and to this circumstance 
we owe his explanation of the celestial motions; an ex. 
planation which, however imperfect in several 
shows his originality. In his system, he adopted the 
hypothesis of the earth’s rotation on its axis, its annual 
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revolution round the sun, in common with the other five 
known planets, whose distances from the great central 
body he proportioned. As regards the ‘‘ precession of 
the equinoxes,” he conceived it to arise from a small 
motion of the earth’s axis. In consequence, however, of 
his ignorance of the elliptical motions of the planets, he 
was unable totally to abolish the system of epicycles. 
The work which contained his explanations was dedicated 
to Pope Paul III. ; and it was owing only to the urgent 
representations of his scientific friends, that’ he was in- 
duced to publish it in the form of an hypothesis. He 
had only revised the last proof-sheet when death put an 
end to his labours in his seventieth year. 

One of the most important inventions ever intréduced 
bitte genius of man, was afterwards applied to the 
observations of the heavenly bodies by Galileo. This 
was the telescope, which has enabled the astronomer to 
overcome the feebleness of his natural vision, and to 
examine leisurely, and attentively, the physical consti- 
tution of the celestial bodies. Galileo, an ardent follower 
of Copernicus, was immediately convinced of: the truth 
of the system, when, having observed the phases of 
Venus, he traced their connection to their elongation 
from the sun, and found that the orbit of this planet was 
included within the earth’s orbit. Galileo also discovered 
the four satellites of Jupiter, and was acquainted with 
the existence of spots on the sun, from which he con- 
eluded the rotation of that body onits axis. He appears 
also to have first applied the pendulum to the cloc 

The overthrow of the Ptolemaic system followed 
quickly on the footsteps of Copernicus and Galileo, but 
not till the new system had encountered much opposition. 
Tycho Brahé, who was born in 1546, is celebrated in 
having supplied observations of greater excellence than 
any of his predecessors. The cultivation of practical 
astronomy had made but little progress since the time of 
the Arabs, and the new theory required accurate obser- 
vations to test its correctness, cho thus paved the 
way for Kepler to make his splendid discoveries. Per- 
sonally, however, he resisted the Copernican theory, and 
invented an hypothesis of his own, retaining the earth 
as the centre of the universe, but making the sun the 
centre of the planetary motions. This system had few 
admirers ; but the accuracy and number of his planetary 
observations, his star catalogue, his discovery of the 
‘** variation” of the moon, and his table of re ions, 


gr him a position among the astronomers of his period. 


‘rom the planetary observations of Mars, the immortal 
agra of the elliptic motions of the planets has re- 
sul 


Kepler placed such confidence in the obser- 
'ycho, that he affirmed his belief that the 


Taking at first the Copernican doctrine of a circular 
hypothesis, he found that a difference of 8’ existed be- 
tween the theory and observation of Mars, which 
difference, from the accuracy of the observations, he had 
no doubt was attributive to an erroneous hypothesis. 
After labour infinitely great, extending over a period of 
twenty years, he discovered his three famous laws which 
serve as the foundation of modern astronomy. Kepler 
appears also to have had some notions on gravity ; and 
he left also some tracts on optics. The laws which he 
had determined for the sun and planets, were found also 
to extend to the satellites of Jupiter, they having been 
just discovered by Galileo, Huygens, and Cassini, 
Among the distinguished men who followed Kepler, 
mention must be made of Huygens, Hevelius, Cassini, 
and Roemer. The first, in addition to, his optical and 
mechanical improvements, described the ring surround- 
ing Saturn as well as one of its satellites, and is said to 
have applied the pendulum to clocks—a discovery also 
claimed for Galileo. Hevelius is known as a persevering 
observer. But all his observations were made with the 
naked eye ; and although he was able to estimate an- 
gular spaces by these means to a wonderful degree of 
accuracy, which Dr. Halley confirmed by direct com- 
ison, his observations cannot be made use of in any 
licate inquiry. His researches on comets, and his 
tables of the sun, rank him in a high position among 


vations of 


practical astronomers. Cassini formed tables of Jupiter’s 
satellites from observation, and determined the rotation 
of Jupiter and Mars. He also occupied himself with 
refractions, and made a theory of the libration of the 
moon, which had been left in an imperfect state by 
Hevelius. Roemer is known as the inventor of the- 
transit instrument and meridian circle, with which in- 
struments he carried on a series of observations of the 
heavenly bodies for several years; but only those of 
three days have been preserved, the others having been 
destroyed in the great fire which occurred at Hafnia. 
Roemer also discovered, by comparison of Cassini’s 
tables of Jupiter’s first satellite, the successive trans- 
mission of light. The discovery of universal gravitation 
by Newton, at the latter end of the seventeenth century, 
produced a total revolution in astronomy, and enabled 
its illustrious author to account for the previous empirical 
deductions of Kepler. 

Since the discovery of gravitation by Sir Isaac Newton, 
astronomy has been much advan by the establish- 
ment of observatories. And, in this respect, England 
has great reason to be proud of her position, her astro- 
nomers having followed up this immortal discovery by 
a series of observations unexampled for their extent—an 
object which is essentially necessary, in order to continue 
the comparison of theory and observation, for the cor- 
rection of the elements of the system. The accuracy of 
the science has been considerably increased by the in- 
stitution of the Royal Observatory at Greenwich, both 
with to the eminent men who have directed this 
establishment, and to the continuous mass of obser- 
vations which it has furnished, Founded by King 
Charles IT., in 1675, it has had for its directors, succes- 
Mg in oS ewe Halley, Bradley, Bliss, Maskelyne, 

ond, an “ 

Flamsteed is known as the greatest observer of the 
age in which he lived. Patronised by Sir Jonas Moore, 
to whom the foundation of the Greenwich Observatory 
is‘due, he carried on for many years continuous obser- 
vations of the planets and fixed stars, and contributed 
materially to furnish Sir Isaac Newton with the obser- 
vations on which his system of the world is based. He 
was succeeded by Dr. Halley, an astronomer to whom 
we are indebted for many useful investigations, but 
whose province did not so much lie in practical astro- 
nomy as that of his predecessor. This distinguished 
man has the merit of adding considerably to our know- 
ledge of cometary astronomy, and the lunar theory. But 
one of his greatest triumphs, which will always render 
his name illustrious, is his proposition of determining 
the sun’s distance, by the transits of Venus over its 
disc. 

Dr. Bradley, the next in succession, enriched this 
science by two important discoveries—viz., the aberra- 
tion of light, and a more exact knowledge of the nuta- 
tion of the earth’s axis. Distinguished as the most 
accurate astronomer of his age, he reobserved, with 
better instruments, all the stars of Flamsteed, as well 
as the sun, moon, and planets, the former observations 
of which, have been incorporated in the Fundamenta 
Astronomie of Bessel. His observations of the moon 
and planets, are included in the Greenwich planetary and 
lunar reductions. 

The same important class of observations was con- 
tinued by Dr. Maskelyne, from 1765 to 1811, extending 
over an interval of forty-six years. In addition to other 
important works, this astronomer has the credit of 
establishing the Nautical Almanac for the use of mari- 
ners, and of introducing in that work, tabular elements 
for the improved method of finding the longitude at 
sea. 

On the same regular system -have been carried on, at 
the Royal Observatory, observations of the sun, moon, 
and planets, under the superintendence, successively, of 
Mr. Pond and Professor Airy. If it were necessary to 
discuss the importance of the immediate comparison of 
theory and observation, it would be merely requisite to 
mention, that the discovery of the planet Neptune has 
thus resulted—a discovery which, in the opinion of all 
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competent judges, deserves to be ranked among the most 
brilliant triumphs of the human mind. ; 
In the field of telescopic research, the labours of Sir 
W. Herschel deserve particular mention. His discovery 
of the planet Uranus and its satellites, as well as his 
investigation on Saturn’s rings—his theory of the motion 
of the solar system in s and its direction, which 
have been verified recently by several independent re- 
searches, are sufficient monuments of his skill and 
industry. ‘ : 
In France, the cultivation of practical astronomy in 
the eighteenth century was well sustained by the cele- 
brated astronomers Lalande and La Caille, the latter 
having observed the stars of the southern hemisphere 
about the epoch 1750; the publication and reduction of 
which, have since been undertaken by the British Asso- 
ciation. He is also known as having determined the 
constant of lunar parallax, by corresponding meridional 


stations. Besides these important undertakings, he was 
an energetic calculator of ephemerides, and useful in- 
vestigations on refraction, the figure of the earth, &c. 

de is known as an industrious and indefatigable 
observer. His immense catalogue of stars bears suf- 
ficient evidence of his unremitting industry for many 
years. The catalogue of stars formed from his observa- 
tions, have been reduced and published by the British 
Association. 

In Sicily, the labours of Piazzi have been principally 
occupied in an extensive catalogue of stars, the pee of 
which is the beginning of the present century, and which 
is now one of the standard works of the day. His zeal 
was rewarded by the discovery of Ceres among the 
asteroids, in 1801. The discoveries of these bodies, 
during the last ten years, are too numerous to be men- 
bar here. ook i 

he progressive improvements of instruments durin 

the last century, hana rewarded by increased cee 
racy of results, At Greenwich, the mural arc of Flam- 
steed is now replaced by the magnificent transit circle ; 
and the aid of | cbse has been brought to bear on an 
essential and delicate element of time—viz., that of 
right ascensions. All these circumstances produce a cor- 
responding improvementin theory. Successive compari- 
sons of theory and observation engage the attention of 
our analysts; and to this we are in a great measure 
indebted for the important discoveries of the various 
inequalities, which have enriched the science of astro- 
nomy, ' 


ASTRONOMICAL DEFINITIONS. 

— shown how the investigating disposition 

of man been occupied in its endeavour to obtain 
e of the universe, 
ue pecenet to explain the laws which have been estab- 

| lished, if 

Astronomy is usually divided into three parts :— 
1, Spnuenicat Astronomy, which teaches the knowledge 
of the various points and circles of the celestial sphere, 
the constellations, the pees of the stars with respect 
to these points and circles, and the phenomena occurring 
in the sphere of the heavens.—2. TuHrorericaL AstRo- 
xomy, which enables us to determine, from observation, 
the path of the heavenly bodies.—3. Puystcat Asrro- 
xomy, which gives the laws by which the heavenly bodies 
are regulated, teaches how their motions are to be caleu- 
lated according to the rules of mechanics, and combines 
all that is known of their physical characters, Without 
the-formality of so dividing our subject, which our space 
does not promt we shall endeavour to combine all the 
| useful and practical portions of the subject, 

Tn order to facilitate the study of the heavens, artificial 
representations have been made, similar to those of the 
surface of the earth. These are called celestial globes, 
= — the — are depicted na een natural positions, 

rver su to be in the centre, viewi 
them in the press I Lr , . a 
To represent the apparent diurnal motion of the 


& more correct and perfect knowl 


a eee 


observations at the Cape of Good Hope and at European , 


heavenly bodies, the celestial globe must be turned from 
east to west, 

Circles. —To designate with precision the situation of 
the sun, moon, and stars, imaginary circles have been 
considered as drawn in the heavens, most of which cor- 
respond to, and are in the same plane with similar circles” 
sup to be drawn for similar purposes on the surface 
of the earth. If a line be drawn on the sphere (Fig. 1) 
of the earth PQ, the plane cuts the surface of the sphere, 
and forms a great circle E E, which is the colestial equa- 
tor, the sphere being divided in this circle into two 
hemispheres, in which one of the poles forms a central 
position; these form the northern and southern he- 
mispheres. 

A plane is that which has surface, but not thickness, 
The plane of a circle is that imaginary surface which the 
a i 

e axis of the , is an i line - 
ing through its centre, north and south, about which its 
diurnal revolution is performed ; the poles of the earth 
are the two extremities of the axis, where it is supposed 
to cut the surface. The axis of the heavens is the 
earth’s axis, produced both ways to the concave of the 
sky ; the poles of the heavens are two imaginary points 
exactly above the terrestrial poles, : 

Great circles are those which divide the globe into two 
equal pos as the equator, the ecliptic, and the colures. 
RR, 88, and TT (Fig. 1) Fig. 1. 
are small circles which divide 
the globe into two unequal 


parts, as the tropics, lar 
circles, and parallels of lati- 
tude. 


Every circle is supposed * 

to be divided into 300 equal 
or 
ee rasther cubated’ So 
60 equal parts or minutes ; 
oot tera into a 4 
conds. Degrees are marked®, 
minutes’, seconds”. The 
space included by a br. of a great circle in the 
heavens, is equal to nearly twice the apparent diameter 
of the sun or moon, when considerably above the 
perme satesce of ts EE (Fig. 1), 
e equator of the eart! ig. 1), is ani 
great citels passing round the globe, east ryan 
everywhere equidistant from the poles, dividing it into 
northern and southern hemispheres. The equator of 
the heavens, or the equinoctial, is the plane of the ter- 
restrial equator extended to the concave surface of the 
heavens, and called the equinoctial, because, when the 
sun appears in it, the days and nights are equal all over 
he Bali is th Y *s path, th 
cliptic is the via solis, or sun’s the t 

circle which he ap annually to dancbs Beat po: 
fixed stars ; though, more properly, it is the track which 
the earth actually describes among the stars, as viewed 
from the sun. The ecliptic is so called, because solar 
and lunar eclipses only can happen when the moon is in 
veer _ this circle, “ ext the Segle wie 
iquely at two opposite points, making an le with it 
of 23}°, which is im the obliquity of the ecliptic. 
One half lies on the north side of the equinoctial ; the 
other half on the south side. The points of crossing are 
the equinoctial Mea A zone or girdle extending 8° 
on each side of the ecliptic, or 16° in breadth, is the 
zodiac, in which are the orbits of all the planets, with 
the exception of some of the asteroids. The ecliptic 
and zodiac are divided into twelve equal Lei! 
signs, each containing 30°. Their names, with the days 
on which the sun enters them, are as follows ;— 


Northern signs, being north of the equinoctial, 


Spring Signs. Summer Signs. 
iow the Rain, March 21. | Cancer, the Crab, June 21. 
aurus, the Bull, April 19. | Leo, the Lion, July 23. 


Gemini, the Twins, May 20. | Virgo, the Virgin, Ang. 22. 
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Southern signs, being south of the equinoctial. 


_ Autumnal Signs. 5 Winter Signs, 
Libra, the Balance, Sept 23. | Capricornus, the Goat, Dec. 
21, 


Scorpio, the Scorpio, Oct. 
23. Aquarius, the Water-bearer, 
gerne the Archer, an. 20. 
ov. 22. Pisces, the Fishes, Feb. 19. 


The Colures are two great circles passing through the 
poles of the heavens, dividing the ecliptic into four equal 

and marking the seasons of the year. 

One passes through the equinoctial points, Aries and 
Libra, and is therefore called the equinoctial colure. 
When the sun is in either of these points, the days and 
nights on every part of the globe are equal to each other. 
The other passes through the solstitial points, Cancer 
and Capricorn, which mark the sun’s greatest declination, 
north and south of the equator, and is thence called the 
solstitial colure. When the sun is in or near these 
points, his meridian altitude undergoes scarcely any sen- 
sible variation for several days ; and hence the term sol- 
stitial applied to them, 

The Horizon is a great circle, whose plane passing 
through the centre of the earth, and extended to the 
sphere of the fixed stars, divides the heavens into two 
hemispheres, of which the upper is the visible, and the 
lower the invisible hemisphere. This is the rational or 
true horizon, which determines the rising and setting of 
the sun, planets, and stars. It is represented by the 
wooden horizon of the artificial globe. The sensible or 
apparent horizon is the circle which bounds our view, 
where the land, or water, and sky, seem to touch each 
other ; more or less extensive according to the position 
of an observer. 

The sensible horizon of a person changes as he moves, 
and, in an open country, enlarges or contracts as his sta- 
tion is high or low. Standing on a plain, the eye having 
an ¢levation of 5 feet above the surface, the radius of 
the sensible horizon will be less than 2} miles. At an 
elevation of 6 feet it will be just 3 miles. 

Rule, to find the distance when the height is known— 
Increase the height in feet one half, and extract the 
square root for the distance in miles. 

Thus, in the preceding case the eye is supposed to 
have an elevation of 6 feet above the surface of a plain, 
and 6 with its half is 9, the square root of which is 3; 
that gives the distance in miles which a person will 
be able to see in a right line upon that surface. 

Again—a tower, 32 yards above the level of the ocean, 
may be seen along that level from a distance of 12 miles, 
For 32 yards = 96 feet, increased one half = 144, the 
square root of which is 12. 

The poles of the horizon are the zenith and the nadir, 
The zenith is the point ini the heavens which is directly 
over our heads; the nadir, that which is exactly under 
our feet. The zenith to us is the nadir to our antipodes, 
and the nadir to us is their zenith. Circles drawn 
through the zenith and nadir of any place, cutting the 
horizon at right angles, are called azimuth or vertical 
circles ; and that which passes through the east and west 
points of the horizon, is the prime vertical, 

Meridians are imaginary great circles passing through 
the terrestrial and celestial poles, cutting the equator 
and equinoctial at right angles, 

A meridian is supposed to pass through every place 
on the earth, and every point in the heavens; but only 
24 are drawn on the globes through every 15° of the 

uator and equinoctial, including altogether 360°. 
js meridians mark the space which, in consequence 
of the earth’s diurnal rotation, the Seackaniy occa 
appear to describe every hour through the 24 in the day. 

hey are sometimes called, therefore, hour or horary 
circles, As 15° answer to an hour, 1° answers to four 
minutes of time, 4 to two minutes, and } to one minute, 
i on the earth is distance east or west from a 

fixed meridian measured on the equator. The Fortunate 
Islands, sup to be the Canaries, supplied the 
ancients with their first meridian, The western ex- 
tremity of Africa, as then known, was taken by Abulfeda, 


the Arabian geographer. The meridian of Terceira was 
used by the Spanish and Portuguese in the sixteenth 
century ; and that of Ferro by all nations in the seven- 
teenth and eighteenth centuries. We now adopt the 
meridian of the Greenwich, and the French that of the 
Paris, observatories. 

Longitude in the heavens, is distance east from the 
great meridian which a through the first point of 
Aries, or the equinoctial colure, measured on the ecliptic, 

Right ascension, is distance east from the same me- 
ridian measured on the equinoctial. 

Terrestrial longitude being reckoned in two directions 
from a fixed point, east and west, can only extend to 
180°: Celestial longitude, and right ascension, are only 
reckoned in one direction, east from the prime meridian, 
and may, therefore, extend to 360°. 

Parallels of Latitude are small circles supposed to 
be drawn on the surface of the earth, north and south of 
the equator, and parallel to it, dividing the globe into 
two unequal parts. Let us suppose A (Fig. 2) to be 
placed under considera- Fig. 2. 
tion, and P, E, Q, E’ its Zz 
meridian, E E’ the line 
intersecting the equator, 
and P Q the line of the 
poles, it is here the arc 
A E, or, which is the 
same thing, the angle 
A, O, E, which represents 
the latitude sought. P, 
O, E being a right angle, 
the latitude is the com- 
plement of the angle A, 9M) 
O, P; but theangle A,O, Gall) 
P, is only another thing 
for the zenith distance 
Z, A, P, of the pole of 
the celestial sphere. For. 
to an observer placed at 
A, P Qisa el to 
the earth’s axis ; the latitude of the point A then is the 
complement of the zenith distance from the pole at that 
point, to the height P’, A, H, of the pole above the hori- 
zon, AH, being equal to the distance Z, A, P’. We can, 
therefore, say that the latitude of a place is equal to the 
height of the pole above the horizon of that place. 
Parallels of declination are such circles produced in the 
oa psy north and south of the equinoctial, and parallel 

it. 

Latitude on the earth is the distance of a place from 
the equator, measured on a meridian, north or south. 

Declinition is the distance of the heavenly bodies 
from the equinoctial, measured on a meridian, north or 


south. 

Latitude in the heavens is distance from the ecliptic, at 
a right angle, north or south, 

Terrestrial latitude and declination may extend to 90°. 
The sun has no declination when in the equinoctial. His 
aber: declination is ° north or south. He has no 
atitude, being always in the ecliptic. The greatest de- 
clination of a planet is 30}°, ‘and latitude 8° north or 
south, with the exception of the asteroids. It is more 
convenient to describe the Lowsna of the heavenly 
bodies by their declination and right ascension, than by 
their latitade and longitude, the former corresponding ta 
terrestrial latitude and longitude. 

The Tropic of Cancer is a small circle 234° north of the 
equator, and parallel to it ; and the tropic of Capricorn 
is a similar circle, at the same distance, on the south. 
The polar circles are also small circles, each 664° from the 
equator, and at the same distance from the poles as the 
tropics are from the equator. nay 

he kg are on the celestial sphere, mark the limits of 
the sun’s farthest declination, north and south. — 

The tropics on the terrestrial sphere, divide the torrid 
from the two temperate zones, and the polar circles 
divide the temperate from the two frigid zones. 

Zones.—Twice in the year the sun is vertical to those 
who dwell in the torrid zone. Consequently, at noon” 


| stars to which it exten 
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they deflect no shadow, and are hence styled ascii, mean- 
ing shadowless. At other times their shadows fall at 
noon, north or south, according as the sun is north or 
south of them. They are then called amphiscii, signi- 
fying that their shadows fall both wa: ae 

The variation in the temperature led to the divi- 


sion of the earth into zones. Between the latitude 
66° 32’ north and south, the sun rises and sets every day. 
In all higher latitudes, however, there are certain period 
of the year when the sun never rises, and others when it 
never sets. The two parallels of latitude A A’, B B’ 
(Fig. 3), which correspond to the latitude 66° 32’, divide 
Fig. 3. 


the surface of the 
earth in three parts. 
The two zones at 


\ , called the frozen 
Ee» c zones. ‘The circles 
AA’, BB’arethepolar 


4 isthe antarctic circle ; 

» in the points between 
D these two are the 
several zones, in which 
the sun sets and rises 


daily. 
Q Those who dwell in 
the temperate zones have their shadows at noon always 
cast towards the north in the north temperate zone, aud 
towards the south in the south temperate gone. They are 
styled heteroscii, meaning, that they have their shadows 
at noon, either north or south, aah 

The inhabitants of the frigid zones are called periscii, 
signifying a shadow turning about, as, during a revolu- 
tion of the earth on its axis, their shadows are projected 
towards every point of the compass. / 

The Dise of a planet is its apparent face, seemingly 

rfectly flat, though really spherical. The planets ex- 

ibit discs as seen with the telescope. The diameter of 

the dise of the sun and moon is considered to be divided 
into twelve parts called digits. : 

The Orbit of a planet is the path described by it in 
one revolution round the sun. 

The Plane of a planet’s orbit is an wy or surface 
cutting through the centre of the sun and the planet, and 
reaching out to the stars, 
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Figure 4 shows the plane of the earth’s orbit. The 
" form the constellations of the 
zodiac. Thevircle A, B, O, D, is the ecliptic, the sun’s 
place in the heavens, as seen from the and the 
earth’s pace as seen from the sun. 

The Inclination of the orbit of 9 planet is its plane 
referred to the plane of the earth’s orbit, to which it is 
inclined, . 

to be a 


ersed, will describe the relation of the 

orbits to that of the earth. They are all inclined towards 

i ops half being below, and the other half above it. 
e angle of inclination varies, but exhibits, at the 

greatest, only a slight divergence. 


Me - « 7° 0 9 | Jupiter . 1° 18’ 51” 
Veni - 3 23 28 fue: - 2 
” Maw. 5 se) Oke 


29 
Uranus . 0 46 
te 


ihe Heit os. 8: DIN Fe Sep Ne. cane 
where its Pa aah sg the orbit of the earth, or 
the ecliptic, re the planet appears to rise above 
the orbit of the earth, it is called the ascending node ; the 
opposite point, where it appears to go below it, is called 
the descending node. 

Conjunction and ition are terms used to denote 
certain situations of the planets with respect to the sun 
oe ‘directly between the earth and th said 

planet di een and the is 
to be in inferior conjunction with the sun. This can 
only take place in the case of Mercury and Venus, but 
along with them the earth may be in inferior con- | 
baggy with the sun to Mars, and with Mars to Jupi- 
ter, 

A planet with the sun directly between it and the 
earth, is said to be in superior conjunction with the 
sun, The terms inferior and superior refer to the 
ele or greater distance of the planet from the 
eart’ 


A planet, with the earth directly between it and the 
sun, 1s said to be in opposition. This can never take 
place in the case of Mercury and Venus, whose orbits 
are included in that of the earth. 

Planets are said to be in conjunction with each other 
when they are in the same sign and degree. This is a 
common occurrence in the case of two; but the very rare 
poenoence. of Mercury, Venus, Mars, Jupiter, and 

turn being io conjunction between the wheat ear of 
Virgo and Libra, took place, September 15, 1186, It 
will be ages before they cluster again in that part of the 
heavens. Venus, Jupiter, and the moon, were in con- 
junction in Leo in 1801. ® 

= as = the planets to each ores = net Yai 
sextile, when they are two signs apart, or the sixth part 
of the zodiac; quartile, when they are three si dis- 


tant, the fourth of the zodiac ; trine, when are 
four signs distant, the third of the zodiag; and in oppo- 
sition, when they are six signs, or half the zodiac, oa 
each other, 

Apogee is that point of the moon or a planet’s orbit 
which is farthest from the earth. 


Perigee is that which is nearest. 
Aphelion is that point of the orbit of the earth, or of 
any planet and comet, which is farthest from the sun. 
erihelion is that which is nearest. A straight line 
joining the points of aphelion and perihelion, is galled 
the line of the apsides. 

_ Culmination is the act of coming to the meridian in 
the case of any star or planet, when it attains, on any 
given day, its greatest altitude in the heavens, 

right archers Ay the interval of time ped cn 
rise, culminate, and set, sooner every su i 
than on the one preceding. It amounts to about four 
minutes daily, or two hours a month, : 

Rotation.—Besides the apparent diurnal motion of the 
stars, caused by the earth’s rotation upon its axis, they. 
appear to have a motion westward, in consequence of - 
the earth’s orbital course eastward. They there- 
fore, on the sun, rising, culminating, and setting sooner, 
day after day. Thus, those stars and constellations that, 
on any given evening, rise at ten o'clock, will, at the 
same hour, a month afterwards, be 30° above the hori- 
zon; and three months afterwards, they will be advanced 
over our heads ; and six months afterwards be setting in 
the west, having accomplished half of their apparent 
annual revolution. 

Hence the same constellations are not always visible 
to us through the year, Some, not visible before, sue- 


If we suppose the shaded part of the di 
gurface of water, a ring hoop held inclin so as to be 


cessively rise to view in the east ; while others sink in the 


Armillary Sphere. 


Celestial Globe, 


The Egyptian Zodiac from the Ceiling of the Grand. Portico 
inthe Temple of Isis al Dendera. 
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west, and are not seen again, until, having passed through 
the lower hemisphere, they reappear in the east. 

Rising and Setting.—Cosmical, achronical, and heliacal 
rising and setting of the stars and Painted are phrases of 
the old poets, who spoke of the phenomena in reference 
to the rising and setting of the sun. A star or planet 
rising and setting with the sun, was said to rise and set 
cosmically. A star or planet rising at sunset, or setting 
at sunrise, was said to rise and set achronically. A star 
or planet appearing a little before the sun, in the morn- 
ing, after having been so near him as to be hid by his 
effulgence, was said to rise heliacally, and to set heliacally 


when it ceased to be visible after him in the evening, on |_ 


account of its proximity to his orb. 

Apparent Solar Day is the time included between the 
centre of the sun leaving the meridian of any place, to 
its return to the same meridian again. 

Tt varies continually in length, owing to the unequal 
_ motion of the earth in its orbit, and the obliquity of the 
ecliptic, being sometimes more and sometimes less than 
twenty-four hours. The greatest variation occurs about 
November 1, when the solar day is 16’ 17” less than 
twenty-four hours, as shown by a well-regulated clock. 

Mean Solar Day is the time which would elapse be- 
tween consecutive returns of the sun to the meridian of 
any place, if moving in the plane of the equator, with an 
equable motion. It is the mean of the true solar days 
throughout the year, and consists of twenty-four hours, 
as measured by a time-piece, which, on some days of 
the year, is as much faster than the sun-dial, as on other 
days the sun-dial is faster than the time-piece. 

Sidereal Day is the time which elapses between con- 
secutive returns of any fixed stars to the same meridian, 
or, in other words, the period which the earth takes to 
accomplish one rotation on its axis. This period is un- 
= immutable—23 hours, 56 minutes, 4 seconds 
—which would always be the length of the solar day, if 
the earth stood still in space, and only turned upon its 
axis. 


In comparison with the immense distance of the stars, 
the diameter of the earth’s orbit is but a point; and, 
consequently, in relation to them, the diurnal rotation 
is:performed precisely the same as if our globe had no 
translation in space. This is not the case in relation to 
the sun, a nearer neighbour ; and owing to the earth’s’ 
change of place, somewhat more than one diurnal revo- 
lution, or twenty-four hours, is required to bring the 
sun round again to the same meridian. 

Astronomical Day is reckoned from noon to noon; 
and, consisting of the same length of twenty-fours in all 
latitudes, is called a natural day. 

Artificial Day is the time between sunrise and sunset, 
and varies with the latitude of places. 

Solar or Tropical Year is the time which the earth 
takes in moving in its orbit, or, apparently, the sun in 
the ecliptic, from one equinox or tropic to the same 
again, consisting of 365 days, 5 hours, 48 minutes, 49 
seconds. 

Sidereal Year is the time occupied by the earth in 
moving in its orbit, or, apparently, the sun in the 
ecliptic, from a determinate point in relation to any 
fixed star, to the same point again, and consists of 365 
days, 6 hours, 9 minutes, 12 seconds. 

(The accompanying folio plate illustrates some subjects 
mentioned in the preceding pages, in reference to the 
history and technicalities of ‘the science.—Fig, 1 re- 
presents an armillary sphere, showing the position of 
the equator, the ecliptic, and other circles found drawn 
on celestial globes. The general appearance of one 
of them is shown in Fig. 2.—Fig. 3 gives the names 
and positions of the equator, poles, zones, &c., of 
the sphere referred to in the foregoing definitions.— 
Figs. 4 and 5 afford an interesting illustration of the 

iac, and northern and southern constellations, as 
drawn and used by the ancient Egyptians.* At the 
present day, the representation of each sign used by 
astronomers, is alinost identical with that figured in the 
plate.—Eb. | 


CHAPTER IL 


ON THE 


Tue earth, which to the eye of its inhabitants appears 
an immense plane, stretching out to an indefinite extent 
in all directions, is, bya variety of circumstances ap- 
pealing to our reason and our senses, shown to be of a 
spherical form. 

On tHe Ficore or tue Eartu.—tThe notions of the 
ancients on the figure of the earth were very uncertain 
and vague. Xenophanes, who lived 500 or 600 years 
before the Christian era, sup the earth to be a plane 
of indefinite extent, whose foundations were infinite in 
depth. There appears to have been a great repugnance 
to admit that a planet could remain suspended in space 
as the earth is ; but as science pri and the art of 
observation became more certain, the ancient astronomers 
became well acquainted with its spherical figure. The 
shadow of the earth, projected by the moon in an eclipse 
of that body, clearly demonstrated its spherical form ; 
and, on the other hand, the measures of its circumference, 
which the Grecian and Arabian astronomers have re- 
corded, indicate clearly that, when reduced to a common 
modulus, their agreement is sufficiently striking to show 
that they possessed some knowledge of its dimensions. 
The natural pride of man, however, placed it in the 
centre of the universe ; and according to the doctrines 
of the Ionian school, the solid crystalline orb, to which 
the stars were supposed to be attached, revolved around 
it in the space of 24 hours. The celebrated Aristotle, 
whose philosophy reigned for many centuries, was of 
this opinion, but he supposed that the motions of the 
sun, moon, and planets were performed with solid 
heavens, but at a nearer distance ; and to explain their 
proper motions, he considered that a presiding genius 
was placed in each planet. 


EARTH. 


The usual arguments brought forward in favour of the 
spherical figure of the earth, are, that navigators sail - 
round it, setting out in an easterly, and returning in a 
westerly, direction ; but a happy illustration is given in 
the appearance of a vessel as it approaches the shore, or 
in leaving a harbour, or a succession of steam-vessels 
at sea. In the first case, we see at a distance the upper 
parts of the vessel, and gradually the lower party, till 
finally the hull, which is the most conspicuous part of 
the vessel, in other circumstances, appears from beneath 
the waters. In the case of leaving a harbour, the con- 
trary appearance takes place. ‘ 

These appearances arise from the convexity of the 
water, between the eye and the object ; for if the surface 
of the sea were a dead level, the largest objects would 
be visible the longest. ° 

Other arguments are adduced :—Upon the bosom of 
the ocean, or in the midst of an extensive plain, the 
boundary cf vision is a well-defined circle, and this 
circular horizon is a certain indication of the circular 
figure of the body to which it relates. 

Navigators proceeding in the same general direction, 
east or west, have arrived at the same point from whence 
they have started. This enterprise, now so common, 
was first undertaken by Ferdinand Magellan, who sailed 
westerly from Seville, in Spain, August 10, 1519, passed 
the extremity of the South American continent, entered 
the Pacific, aud reached the Philippine islands, where he 
was killed in a skirmish ; but one of his ships arrived at 
St. Lucar, near Seville, September 7th, 1522. 

Voyages of circumnavigation demonstrate the con- 
vexity of the earth, east or west, or that its form must 

_* See ante, p. 859. 
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be either globular or cylindrical. The convexity of the 
surface, north and south, is shown by the gradual de- 
clination and rise of the north and south circumpolar 
stars as the equator is approached and receded from, 
ee tirets the earth not to be that of a 
eylinder, but of a “ee Shale pase, eh is 
Though spherical, like the other whose roun 
dione ase debaed Uy the telescope, hs the earth is not a 
perfect sphere, whose circumference is everywhere at an 
ual distance from the centre. It is more convex 
within the tropics than towards the poles, the equatorial 
diameter being longer than the polar; so that its general 
shape is that of an oblate spheroid, bulging out in the 
middle, and flattened at the two opposite sides, 
This proposition of Newton, the result alone of theory, 


has been amply confirmed by accurate measurements 
| conducted by the most eminent mathematicians in various 
| places, from the equator to the polar circle. He ¢on- 
ceived that the velgcity of the earth’s daily rotation upon 
its axis being the greatest at the equator, the consequent 
ter action there, of the centrifugal force, would pro- 
uce a ses out of the surface in the equatorial 
regions, and a fattening atthe poles. But as one of the 
first fundamental principles of astronomy consists in an 
accurate determination of the fi and dimensions of 
the earth, we shall briefly describe the methods adopted 
| by astronomers for this purpose. The problem requires 
that all our operations must be carried on at the surface, 
| 
| 


as we cannot remove ourselves from the earth. In 
shifting our positions on the surface, we will take, as a 
point of reference, the successive appearances of the fixed 
| stars. These bodies are so immensely distant, that at 
all positions on the earth, the rays emitted by them may 
| be considered as parallel. If we shift our latitude 10° 
| more southerly, other objects, invisible at the former 
| Station, will come under our notice near the southern 
horizon, whilst those near the north horizon will vanish 
| from our view. If the difference of distance on the 
| same parallel of longitude be measured, to produce a 
| change of 10° in the apparent altitude of a star, we shall 
find, roughly speaking, that for this variation there will be 
a corresponding distance on the earth’s surface of nearly 
695 miles. And this is the principle on which the first 
| recorded attempt of one of the ancient astronomers was 
founded. 

Modern astronomers proceed on the same principle in 
| @ more accurate manner, and with every possible - 
| caution to insure a correct result. In England, the first 
| measurement of a degree was that by Norwood, in 1635, 
, who found its length at the mean latitude of London 
| and York, or 52° 45’, equal to 367,196 English feet, or 
| 69 miles, 288 yards. This determination, however, is 
| not entitled to much weight, as able posse that his lati- 

tudes were obtained by the solstitial zenith distances of 
the sun observed with a five-feet sextant ; and it is feared, 
from other circumstances, that he was not sufficient] 
careful in his reductions to the meridian. Snell, Picard, 
and Cassini determined the length of a degree of latitude 
with a considerable accordance. It does not, however, 
| ap that the deviation of the earth from a strictly 
| foe form was noticed till 1672, when Picard found 
| that the pendulum of his transit clock, which beat seconds 
at Paris, required to be made shorter to beat seconds at 
the station at the island of Cayenne (latitude 4° N.) 
| This deviation of the earth from a spherical form was that 
| which Newton and Huygens predicted, from the theoretical 
| considerations of a revolving body, would be the case. 
| But it is not from theoretical considerations alone that 
the form of the earth is adduced. In 1735, the French 
Academy fitted out an expedition for the purpose of 
| determining its figure, with better instruments and 
) 


methods than had been previously in use. Their pro- 
ceedings became celebrated for the additions made te our 
astronomical knowledge. One of the stations fixed upon 
was near the equator at Peru, under the direction of 
| Bouguer; the other at Lapland, under the superin- 
tendence of Maupertius, Clairault, aud other celebrated 
| men. All the measures taken these astronomers 
denoted a decided ellipticity, but still the observations 


were not sufficiently numerous to infer its amount. At the 
Cape of Good Hope, in ee ee 
brated La Caille measured an are of the ian ; and 
in North America, in the pa of Pennsylvania, near 


the ppp em acy oa i 

sured a gree ot tue marttinn to perth lennde aie 
so Ee NTS me ee ce ee 
we owe to Boscovid and Le Maire, the to Becearia, 
The surveys undertaken in places near the neighbour- 
hood of mountains are very 


American surveys, the attraction 

Mountains affected the deviation of the plumb-line by a 
quantity equal to 7)”. In latter times, in a 
undertaken by Plana and Castini, in Italy, the plone 
line was affected in a ec perceptible manner, so much 
so that the resulting v: i 

toises too large, from the known ellipticity of the earth 
deduced from a combination of observations at France 


following manner :—At the pole, the in ion or 
radius will touch the axis; it will afterwards recede 
from it, the convexity being averted to the polar axis ; 
till, finally, at the equator, it will be perpendicular to that 
at the poles. The curve’ Fig. 5. 
thus traced is termed 
the evolute. In the 
annexed (Fig. 5), PQ 
and E E are the minor 
and major axes of the 
ellipsoid of revolution ; 
mm and n nm are 
measurements of a de- 
gree of latitude at the 
uator and the pole, 
which show that a 
longer arc, n n’, is re- 
uired at the latter to form an equivalent angle (deduced 
m observations of stars), than at the equator. The 
effect of this flattening or compression is equal to g}gth 
part of the diameter. 

The practical method, then, of determining the length 
of a degree at the different positions of the ’s sur- 
face, is to find, first of all, the angle included between the 
verticals of the two stations, by the differences of zenith 
distances of certain selected stars. This is performed by 
means of a zenith sector, the stars being chosen near the 
zenith, in order to eliminate = uncertainty with 
to atmospherical refraction. But the adjustments of a 
zenith sector essentially depend on the accurate yerti- 
cality of the plumb-line, which has been, as already 
stated, considerably affected by the attraction of neigh- 
bouring mountains. In Fig. 6, C M Ais a surface of 
the earth ; M a mountain ; A B the direction of the plumb- 


line if the mountain did not exist; A B’ the observed 
direction of the plumb-line. In a similar manner, C D 
should be the real direction of thé plumb-line, and O D’ 
the observed direction of the plumb-line. The effect of 
this attraction will be easily seen to affect observations by 
the zenith sector; and we may infer, from this circum- 
stance, that the irreconcilable differences in the results of 
some survéys have been thus occasioned. 

The measurement of the distance between the two sta- 
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tions, extending the whole | of a kingdom, is effected 

by a series of triangulations in the following manner :— 

In the figure (Fig. 7), the length of the meridian A r is 

required ; for this purpose we select certain stations 

Fig. 7. A, B, ©, D, &c., as clock-towers or 

A elevated objects. Conceive these 

to be joined as in the figure, and 

thus to form a series of triangles, 
asA BO, BCD, CDE, &. 

Té we know all the sides and all 

the angles of these different tri- 

c angles, as well as the angle formed 

with the meridian A mn, with the 

side A B, we can conclude easily the 

lengths of the different parts, Am, 

m m, % p, of this meridian. In fact, 
E in the triangle A B m, we know the 
side A B, and the two adjacent 
angles A Bm, B Am, whence we 
fp = can readily find the side A m, which 

forms the first portion of the meri- 
dian, as well as B m, and the angle Bm A. In the tri- 
angle m C n we know the side C m, which is the differ- 
ence between B C and B m, and the two adjacent angles 
mCn, C mn, the second being equal to B mA, pre- 
viously determined. We arrive at the same conclusion 
with the side m n, which forms the second portion of the 
meridian, and at the same time the side C n, and the 
angleCnm. In the same manner the briwr'g ey oye dehy 
show us the third part of the meridian, and by this pro- 
ceeding we have determined all the parts of the meridi 
of the point A. 

But we do not require a measurement of all the sides 
—it will be necessary only to measure a certain part 
termed the base. Suppose that the side A B be the part 
measured, then the tri ABC is entirely known, 
since we know one side the three angles, and we can 
find the lengths of the two sides, AC, BC. In the same 
manner, the knowledge of the three angles of the br Fag 8 
B CD, and of the side B C, that we find, permits the 
determination of the length of each of the two sides B D 
and C D ; and proceeding in this manner, we find all the 
sides and angles of all the triangles as well as if we had 
measured these lines directly. 

In determining an arc of the meridian, we know well 
the point of departure, but we do not know where the 
second extremity is situated. We can find, it is true, 
after having determined conformably to what precedes, 
the length of the portion F r of the side FG, by measur- 
ing the distance F'r ; but besides that this often presents 
great practical difficulties, it will frequently happen that 
the point r would not be favourably placed for erecting 
an instrument such as a repeating circle or theodolite. 
We have also sometimes occasion to know the latitude of 
the point r, as well as that of the point A, in order to 
deduce the angle included between the verticals drawn 
through the two points. To attain this, we observe the 
latitudes of the two extremities F G of the side on which 
the point r is situated ; we can easily compute the lati- 
tude of the point r, by the knowledge that we have ascer- 
tained of the distances comprised between this point r 
and the two points F G. - Having the length of the line 
F G, relatively to the dimensions of the we can 
admit that in going from F to G, along the line F G, the 
latitude varies proportionally to the distance passed over 
on this line, 

Merwian or France.—One of the test measure- 
ments of an are of the meridian was that performed at 
the end of the last century, by the celebrated astronomers 
Delambre and Méchain. The are which they measured 
took its departure at Dunkirk and across France at its 
greatest length, terminating in Spain, near Barcelona, 
the Pantheon, at Paris, forming the summit level. Part 
of this survey is contained in the following figure ; the 
base line, on which the success of the whole measurement 
depends, was measured with every possible precaution by 
means of rods of mes ar and was found to be 6075-98 
metres. The angles of the triangles were measured by 
means of the repeating circle, and the lengths of the 

VoL. T. 


different sides of the triangles were successively deter- 


mined by the method before mentioned. 
Fig. 8. 


acre 


In order to have some independent check on the re- 
sult, a second base was measured near. Perpignan ; that 
eee the southern extremity of the series of triangles, 

e length of the second base, reduced to the level of the 
sea, was found to be 6006:25 metres. In comparing the 
length thus obtained to that of this same base, deduced 
from the successive calculations, we have not found a 
porine difference between the two results than 10 inches 
; con ous Ler riny aici small a difference on a 
ength of more than 6, is surprising, especiall 
when we consider the lamteven Gisleaee which pe 
the base of Melun and Perpignan, a distance of more than 
450,000 toises. This certainly shows that the operations 
had been executed with great care. 

The results arrived at by these measurements showed at 
once, that the value of a d was different at the 
equator and the poles, being least at the equator, and 
greatest near the poles. 

From a judicious combination of the observations at 
all the stations, Bessel deduces the following elements of 
the earth’s figure :— : 

i eater = diameter, 418471999966 feet, or 7925°606 
es. 

Be bene? diameter, 41707314:3324 feet, or 7899-113 
es. 

Which shows an ellipticity of s45th, 

The following are the principal results on which the 
above elements are founded, viz. :— 
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922 ASTRONOMY. (ROTATION OF THE EARTH, 
Length of a the former, we have 366 of the latter, or that number of 
of Place. Latitude. oe 2 complete rotations of the earth upon its axis. Hence the 


Pera... <,0 »..0 BOL 1?  . 363,808 


India ...< =,» 0/10 O6 mes 363,013 
France and Spain 46° 8’ «CO6” 364,649 
England . . 52° 2 20° 364,914 
Lapland . . 66° 20’ 10” 365,782 
In European latitudes, actual observation gives :— 


Stations. 
Formentera . . . 40° 0 50” . . 364,206 


Mountjouy . . . 42°17’ 29” . 364,239 
Carcassonne. . . 44° 41’ 49” . 364,347 
Evaux. .. . - 47° 30’ 46” . . 364,935 
Paris—Pantheon 49° 56’ 29" . . 365,052 
Dunkirk . . 61° 15’ 25”. 365,116 


From Bessel’s Elements the next table is formed :— 


Length of a De- Length of a De- Angle of 

Vat. | eres a aitade,| wesc, Yong | Radius Vestor. | vertical 

° ‘ “ 
0 362,749 365,186 1000000 0 OO 
5 362,776 363,805 0:999975 1 595 
10 362,858 359,674 0999899 3 555 
15 362,992 352,821 0-999778 5 443 
20 363,174 . 0999612 7 22-7 
25 363,398 331,168 0999407 8 479 
30 363,658 316,524 0°999170 9 571 
35 363,946 299,472 0998907 | 10 48-3 
40 364,254 280,135 0998626. | 11 19° 
45 364,572 258,657 0-998336 | 11 30°5 
50 364,590 435,198 0998045 {11 205 
55 365,199 209,933 0997763 |10 49-7 
60 365,489 183,052 0-997499 9 591 
65 365,752 154,759 0:997259 8 502 
70 365,979 125,271 0-997052 TY 21 
75 366,163 94,812 0-996884 5 463 
80 300 63,620 0-996759 3 570 
85 366,382 31,568 0-996683 2 03 
90 360,411 0996657 0 00 


The elements of the earth’s figure, deduced by Profes- 
sor Airy,* are— 

Equatorial diameter in miles . 7925-648 

Polar diameter in miles . 7899-170. 

The equatorial circumference being a little less than 
25,000—accurately, 24,899. 

To illustrate the very bape ge bagasse which subsists 
between the inequalities of the earth’s surface and its 
entire volume, we may suppose an artificial ball eighteen 
inches in diameter, to represent our globe, when the 

roper proportionate elevation to be assigned to its 
Highest mountains would be yth of an inch. 

ATION OF THE Eanru.—Two principal motions be- 
long to our planet ; one of rotation upon its axis, called 
its diurnal motion, producing the succession of day and 
night ; and another of progression in space, or revolution 
round the sun, called its annual motion, causing the vicis- 
situde of the seasons, Both of these motions are to be 
understood of the whole earth, its interior substance, its 
superficial masses of land and water, the surroundi 
atmosphere, and the clouds in suspension over it ; 
both motions are in the same direction from west to 
east. 

The exact time occupied by the diurnal rotation is 23 
hours, 56 minw and 409 seconds. This forms a 
sidereal day ; 0 , because, in that time, the stars 
appear to complete one revolution round the earth. A 
star which is on the meridian of a place at a given 

iod, will be on the meridian again that interval. 
Bat as, while the earth rotates upon ite axis, it is also 
moving in its orbit round the sun, it will require twenty- 
four hours, w an average, throughout the , for the 
sun to pass from the meridian of a lase.10 the sale 
meridian again. This forms a solar , longer than a 
sidereal ; and consequently, in the course of earth’s 
annual revolution round the sun, while we have 365 of 

. © Bieyclopedia Metrop., Art. Figure of the Barth, 


person finds, 

that he has gained or lost a day in his reckoning of 

according as he has travelled east or west, as compare 

with the areas $4 those who have remained at rest. 
upon its axis is perfectly uniform 

and agen. Sidereal days, therefore, are always of the 

same oa ore rotation being acsouinlichel 

same time; but i 


days vary tl 
the hour shown by a well-regulated clock and a true sun- 
dial is scarcely ever the same; the difference between 
them, sometimes, amounting to 16} minutes, being called 
the equation of time. About the 21st of December, the 


of spots upon the sun, and some of 
of the same fact in relation to those bodies. Neverthe- 
less, the truth of the doctrine is established by various 
ay = 
er the globe revolves an axis - 
four hours, or the whole uitvliee? including 
moon, comets, and fixed stars, accomplishes a revolution 
round the earth in the same time. No third opinion 


$ 


able. The sun must travel at the rate of ,000 miles 
a minute, the nearer stars with the velocity of upwards 


the circle, C”, OC, C’, for the reduced 


perpendiculars of 
the stars upon this line ; that is to say, the most distant 


poititn from the.earth T. But we know that when a 
ry describes a circle with a uniform motion, it is at- 
tracted towards the centre of the circle by a constantly 
acting force, of which the magnitude depends at once 
upon its rate of motion and the radius of the circle which 
it describes. The stars E, E’ E” cannot move in the 
circle of which we Sen without being attracted towards 
the points C, 0’, 0”, situated upon the line of the poles. 

But something like demonstrative proof of cir- 
cumstances may be adduced. If the earth rotate, the 
summit of a high tower, having a larger circle of rotation 
to describe in the same time than the base, must ob- 
viously move with greater eg mae A a stone, therefore, 
dropped from the summit, leaving it with a greater 
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momentum, will move faster through the whole of its 
descent than the base, and reach the ground a little in 
advance, or easterly, of the foot of the perpendicular, 
the direction of the earth’s rotation. Owing to the 
small height of buildings suitable for the purpose, this is 
a very difficult matter to test; but experiments have 
been conducted with this result, in 1804, in St. Michael’s 
Tower, at Hamburg, and, in 1805, in a coal-pit at Schle- 


Fig. 10. busch, in the county of Mark. Let 

s the circle E (Fig. 10) be the equa- 

¢ torial circumference of the earth, 
_ the line T a tower perpendicular to 

C the centre, the circle M will then 


™M # | be the circumference described by 
the summit of the tower §, in the 
course of one rotation of the earth 
upon its axis. If we suppose the 
base of tower b to pass to c, the summit § will in the 
same time pass toa; and this being the larger arc, it 
follows that the summit must travel faster than the base. 
If then the earth rotate eastward, a ball dropped from 
the summit will leave it with its momentum, and move 
faster eastward through the whole of its descent than 
the base. The result will be that it will deviate a little 
from the plumb-line, and fall a little to the east of c. 

Again: a pendulum of a given length, which makes 
86,535 vibrations in a day at London, will make only 
86,400 in the same time if transported to the equator. 
This shows that the force of gravity which produces 
oscillations must be least where the movement is the 
slowest, or less at the equator than at London. Now 
assuming the earth’s rotation, its equatorial regions, 
where the circle of the circumference is the greatest, 
must revolve with greater velocity than those which are 
situated towards the poles ; consequently, the tendency 
to fly off from the centre is greater there, which propor- 
tionally neutralises the force of gravity, and accounts 
for the unequal action of the pendulum. 

At the equator, the rate of the rotation is about 1,042 
miles an hour, or 17 miles a minute; at 30° of north 
latitude it is 14 miles a minute; at 45°, or about the 
centre of France, it is 11. 

Awnvat Morion or tue Earra. 


anhour. This results from the second law of Kepler, 
to which we shall afterwards return. 

Hipparchus, two thousand years ago, was the first who 
closely approximated to the true length of the solar or 
tropical year. His determination of 365 days, 5 hours, 
55 minutes, 12 seconds, exhibits a value but slightly in 
excess of the truth. 

The earth’s motion of translation in space, like that of 
its rotation, is imperceptible by us ; resembling that we 
experience in calmly floating down a stream, when sur- 
rounding stationary objects appear to be in movement, 
and our senses are lulled into complete forgetfulness of 
our own progression. It appeals not to the eye, as in 
the case of the other planets, which are seen to be con- 
stantly changing their place ; but, besides the evidence 
of strong probability in its favour, it has received sensible 
confirmation from the discovery of the aberration of the 
stars. 

In its annual revolution round the sun, the axis of the 
earth, inclined 23$° from a line perpendicular to the plane 
of the orbit, maintains invariably the same position, caus- 
ing the phenomena of the seasons. An attempt is made 
in the following engraving to delineate the annual revo- 
lutions of the earth about the sun, and the other pheno- 
mena attending it. (See Fig. 11). 

By measuring the distances of the earth from the sun, 
at different times of the year, the shape of its orbit has 
been ascertained. These distances, as they were unequal, 
could not, of course, be semi-diameters of a circle, but 
they corresponded, taken together, to the radii vectores 
of an ellipse. The straight line connecting the perihelion 
and aphelion, passing through the centre of the sun, is 
the line of apsides. The inclination of the earth’s orbit to 
its equator, or the so-called obliquity of the ecliptic, 
amounts to 23° 27’. The velocity of the earth is greatest 
at the perihelion, and least at the aphelion. It is further 
to be observed, that the mean distance of the earth from 
the sun is equal to half the major axis of the earth’s 
orbit, and the line of apsides is itself the major axis. 
There are four noteworthy points in the earth’s orbit in the 
engraving, viz., those which mark the beginning of the 
four seasons. Two of these points are called the salstices 

Fig. 11. 


—The annual motion of the earth, 
or its orbital movement round the 
sun, occupies a period of 365 days, 
5 hours, 48 minutes, 49°7 seconds, 
This forms the solar year, or the 
period which the sun appears to 
take, through the actual procession 
of our planet, in passing from a 
particular point of the ecliptic, 
say the first point of Aries, where 
the ecliptic and the equator inter- 
sect, to the same point again. It 
is also called the tropical year, 
because it is the interval occupied 
by the sun, in visiting the tropics 
and returning to the equator. The 
sidereal year, or the space of time 
which the sun takes in apparently 
passing from any fixed star till it 
returns to it again, is 365 days, 
6 hours, 9 minutes, 9°7 seconds ; 
rather more than 20 minutes 
longer than the tropical year, 
which is due to a slow annual dis- 
placement of the equinoctial 
points. 

If the mean distance of the 
earth from the sun is 95,000,000 


of miles, the diameter of the orbit 
is 190,000,000 of miles, and its linear extent near 
600,000,000 of miles. This enormous distance is tra- 
versed at the rate of 68,000 miles an hour, or 19 miles 
in a second, This is the mean velocity for the year ; 
but in January the earth travels at the rate of 69,600 
miles an hour; which is more than 3,000 miles an hour 
its rate of motion in July, when it is only 66,400 miles 


—they mark the beginning of winter and summer. The 
straight line uniting them, passing through the centre of 
the sun, is called the solstitial colwre. The two other 
points are the equinoxes, vernal and autumnal, marking 
the commencement of spring and autumn. The straight 
line cutting them at right angles, and passing through 
the centre of the sun, is the equinoctial colure. This 
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engraving also represents—l1. are of stars in Aquarius, 
—2. Mars, as seen Aug. 16, 1830, by Sir John Herschel 
at Slough.—3. Group of stars in the constellation of 
Hercules.—4. Great Comet, as seen Sept. 10, 1811.— 
6. Groups in Cancer,—6. A star in the middle of the 
elliptical nebula. —7. Comet of 1811.—8. Nebula in Ursa 
Major.—9. Bright elliptical nebula in Sagittarius.—10. 
Three stars in Auriga—11. View of Saturn with his 
rings. —12. Nebula in Gemini.—13, 14. Nebula in An- 
dromeda.—15. Nebula in Monoceros.—16. The Comet of 
1810.—17. Nebula in Orion.—18. Streaks in Jupiter, 
observed Sept. 23, 1832.—19. Group of stars in Cancer. 

The earth is represented on the first day of each of the 
twelve months of the year, the solar distances correspond- 
ing to these twelve positions, and the shape of the earth’s 
orbit. The deeper circle surrounding the pole at a short 
distance; is intended to represent the el of latitude 
of Europe, or the hour circle of that place divided into 
twenty-four hours, Although at the end of December the 
earth is nearest the sun, yet, at that time in the northern 
hemisphere, the heat is less than at any other. The 
reason of this lies in the fact of the short days and long 
nights, as well as that the sun’s rays fall very obliquely on 
the earth, traversing a longer path through the atmo- 
sphere, and consequently losing much of their heating 
power. At the beginning of July, on the bog 
although then the earth is at its greatest distance, the 
temperature of the northern hemisphere is — on 
account of the long days and short nights, and the great 
altitude of the sun at noon. It must not be forgotten, 
however, that owing to the precession of the equinoxes, 
these signs no longer correspond to the constellations of 
the same name, so that now the sign Pisces corresponds 
to the constellation Aries, the sign Aries to the constella- 
tion Taurus, &c. It is further evident, that if the earth 
at the beginning of spring, summer, autumn, and winter, 
should be in the signs Aries, Cancer, Libra, and Capri- 
coruns, respectively, then the sun, as being always 
directly opposite in the ecliptic, will be in the signs Libra, 
Capricornus, Aries, and Cancer. 

An atmosphere—the region of the winds, lightning, and 
meteoric corruscations—upon which respiring beings de- 


pend for vitality, surrounds our globe, and is one of its 
Fig. 12. 


most im t attri. 
butes ; shicdy tuterees. 
ing to the astronomer, 
on account of its effect 


ene 

fusing rays of light 
in eve’ 
us. e extent of this 
wonderful and benign 
envelope is not precisely 


known ; but its densit; 
diminishes as we anoetia 
from the surface, and, 
at a very inconsiderable 
elevation, it becomes so 
rare as to interfere with the functions of existence. The 
diagram represents the engirdling atmosphere of our 
planet, various strata of air resting upon it, the upper 
pressing upon the lower, and cnnsing the interior to be 
more dense than the exterior strata. 

The density of the earth is 4,8, that of water, so that our 
globe would counterpoise 4,% globes of the same size, com- 

of materials of the same specific gravity as water, 
et, abandoned to the solar attraction, it would require 
64 days, 13 hours, to fall the sun. 

The varying intensity of the force of gravity at the 
surface of the earth, as shown by the unequal action of 
the pendulum, which vibrates slower at the equator than 
in other places, is as 1 at the equator to 1,4, at the poles. 
A body, therefore, weighing 194 pounds at the equator, 
would weigh 195 pounds at the north pole. 

The place of the earth in the system is a favoured one, 
where nearly all the planets are visible to the naked eye. 
While the — in our heavens, Jupiter, Venus, and 
occasionally , shining with great splendour, our 
pepe may be presumed to return the compliment, exhi- 

iting to Venus, at the time of her inferior conjunction, 
when she is nearest to us, a full orb resplendent throu, 
her whole night. The apparent size of the earth will 
greater than that of Venus to us. 


CHAPTER IIL. 
ON THE SUN. 


Tus dous luminary, to which we are indebted 
for many of the blessings we enjoy—the source of light 
and heat, and which also contributes materially to the 
development of vegetation—will now claim our attention. 
It also serves as a standard for the regulation of our 
calendar, The orbit which it appears to describe about 
the earth fixes our year, whilst its displacements in the 
ecliptic te our seasons. A little attention will 
show us, that its motions im the heavens from day to 
day — from ot of pie star. We have only to 
mount firmly any line of sight, properly protected 
coloured glasses ou the glare of reach and we an 
reg ase 5 od means of a watch or chronometer, 
that the interval between the successive returns of the 
sun will be different at different times of the year ; 
whilst the invariable constancy of the returns of the 
fixed stars, on the other hand, impresses us at once with 
the notion that the earth rotates on its axis. The ap- 
parent path of the sun, however, in the heavens is not 
so easily traced as that of the moon or planets, whose 
— be readily compared with the fixed stars. 
or any accurate investigations, we are obliged to make 
use of a transit instrument and mural circle, which will 
- ee oo instruments we find 
wo elements necessary to define its path, namely, its 
right ascension and declination. Its di ~ aut a 
be readily known. We thus find, that, in addition to 
its diurnal motion, it partakes of a proper motion always 


in the same direction from west to east, and that it is 
six months above, and six months below the equator. 
Its path in the heavens is termed the ecliptic, and passes 
through the twelve constellations. Its orbit is inclined 
to the equator by an angle of 23° 27’, termed the obliquity 
of the ecliptic. The intersections of its orbit with the 
equator occur at two points, termed the vernal and autum- 
nal equinoxes. The points at which the test and least. 
declinations of the sun take place, are called the solstices. 

Moron oF THe Son In 11s Orsrr.—In order to obtain 
the accurate path of the sun in the ecliptic, it will be 
to convert the right ascension and declinat 


n 
obtained by means of the transit instrument and m 
circle, into longitudes, which can be readily done, having 


given the obliquity of the ecliptic. It will then be easily 
seen that the arc described in the space of a day is not 
uniform, varying in amount at different parts of his orbit. 
The maximum change occurs on the Ist of Moga d £ 
when it amomits to 61’ 10”, and which grad ly 
diminishes to the 1st of July, when the value is 57’ 12”, 
after which its motion is again quicker. The average 
velocity of 59’ 11” takes place at the commencement of 
April and October. The observed diameter obtained by 
means of the of his eastern and .western lim 
over the Reseed inpp the vertical diameter measured by 
the mural circle, will also exhibit fluctuations; the 
maximum occurring at the time of its greatest 
* See ante, Mechanical Philosophy, Pneumatics, p. 770. 
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velocity. It would by this appear that its distance from 
the earth varied. The variable velocity of the sun in 
its orbit engaged the attention of Mir Bape who lived 
about 140 years before our era, and who appears to have 
been a more accurate observer of the solar motions than 
his predecessors. This celebrated philosopher, who was 
of opinion that the motion in a circular orbit was the 
more natural, invented sates a h - i ee 

lained the greater an velocity, an e smaller 
same velocity, but which failed at the intermediate 
positions. He considered that the earth was removed 
some distance from the centre of the sun’s motion, as in 
the annexed diagram. If the earth be supposed to be 
placed at T fe . 13), instead of at O, the centre of the 
circle ME E it will follow that the equal ares de- 
scribed by the sun in equal times will not appear uniform, 

Fig. 13. 


Fig. 14. NN’ in the same s 


orbit of the earth round the sun by marking off the. 


longitudes daily, and the-proportional radii (estimated 
from the observed diameters). It will thus be found 
that the re, roughly traced, will differ considerably 
from_a circle, and will be an ellipse, having the earth in 
one of its foci. It was not, however, by these simple 
means that Kepler made the great discovery of the 
elliptic motion of the earth and planets, but by a long 
me 2 laborious discussion of the observations of Mars, 
made by his master and patron, Tycho Brahé. 

By further consideration on the motions of the planets, 
Kepler discovered that their angular velocity diminishes 
in the same proportion as the square of the distance 
increases, and that the areas described by the radius 
vector are proportionate to the times of description. If 
we suppose a planet to pass through M M’ (Fig. 15) and 
of time, it 
would follow from this that the areas 
M, T, M’, and N, T, N’, are equal, 
and that the angular velocities are 
greatest at perigee and least at apogee. 
The form of the ellipse which the 
earth describes about the sun, differs 


w/ 


and thus the motion will be slower at N than at M, and 
will enieady increase Pasa ~ former to Ped latter 
point. ipparchus explai is change in angular 
pore dag the sun, by means of-the epicycle. Supposing 
that the earth is placed at T (Fig. 14), with a radius 
TC, describe the circle CC’ C”. If the sun be 
fixed at S, in the smaller circle CS (which is 
called the epicycle), and makes a complete re- 
volution in the direction of the arrow, in the 
same time that the circle itself passes round the 
earth; it would follow that the sun would 
always remain at equal distances from the 
int T, as ata’, a’, a”. But if the sun 
supposed to travel uniformly, and always 
e the same direction CS, O'S’, 0” S”, 
&c., it is plain that its distance will vary from 
the point T. If we make TO equal to CS, 
and describe a circle from the centre O, this 
circle will = through all the points 
89S’S”8”, is agrees with the preceding 
explanation ; for whilst the sun describes a 


but little from that of a circle, as the 
distance O T is only one-sixtieth part 
of the semi-major axis OM; iat if 
such an ellipse were described of a 
yard in diameter, the difference be- 
tween the major and minor axis 
would be almost invisible. 

The direction of the line of the 
apsides of the earth being known, its position in 
respect to the fixed stars has next to be determined. 
The line to which this is referred is that of DB of 
the equinoxes. At the present time, the inclination 
between the major axis MN of the earth’s orbit, 


Fig. 35. 
c 


circle round O, the earth T is placed eccentri- ™ 
cally in this circle. The amount of this eccen- 
tricity may be determined by comparing the 
velocities of the sun when at apogee 
perigee; and we thus find TM : sty 
3431°5 ; 3670-1 + whence it would result that 
the greatest, the mean, and the least, distance, 
supposing the earth’s orbit to be circular and 
the motion uniform, would be 1°0338 : 10000 : 
and 09662 respectively ; the eccentricity of the 
earth’s orbit would be 0:0338, or 75th. We may 
also arrive at a knowledge of the eccentricity 
e, by comparing the diameters of the sun at 
different epochs. 
Thus, let d be the least diameter, D the 
greatest diameter, and 6 the mean diameter, then 
é 6 é 1—e D—d 
Orth? Oise hr eee Hag 
ma this case 1) arer d= me aod the result- 
eccentricity is ; consequently the greatest and 
least distances would be 1:0168 and 0-983. It would 
follow from this, that the motion of the sun in its orbit 
cannot be uniform, but that it must move really more 
rapid when at perigee than at apogee. The variation of 
its angular velocity is about twice as great as that of its 
distance. We may arrive at a knowledge of the true 


cp wiaieere 


A 


and the line DB of the solstices, is nearly 10°, 
and is gradually increasing—the major axis increas- 
ing in the same direction as the sun’s motion, at the rate 
of 62” annually. The duration of the seasons is con- 
ps cages) unequal, as may be seen by comparing the 
areas, a T b ay c,¢ Td, and d T a, which being propor- 
tionate to the times, the sun will consequently remain 
longer in the quadrant b Tc, thanind Ta, &c. Whilst, 
therefore, the length of the year is constant, the dura- 
tion of the seasons is subject to a slight change from 
year to year. At the present time, the lengths of the 
diferent seasons are as follows i 3 


= 
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d. h. It is not only, however, by observing micrometrically 
Baden Liniiece up ake kis9h 90,60 the distance of Venus from the sua’s limb that the rela- 
Summer... « « « + 931413 tive distance @ b may be deduced; it can likewise be 
Autumn 2. . 2 6 + + 89 18 35 determined by the time which the planet remains on the 
Winien-a/ mith aa oe ¢ 8049 sun’s disc at the several stations, or the interval 


2 
The sun, therefore, remains nearly eight days lon 
in the northern than in the southern hemisphere. Sy 
taking into account the rate of the progressive motion of 
the apsides, MN, which is 61”‘9 per annum, according 
both to th and mae ayer tere ay po ~~ line 
of solsti coincided with the line of apsides may 
be ee it has been concluded that this 
occurred in the year 1250, At that time the autumn 
and winter quarters were of equal length, and likewise 
the spring and summer; but the summer was longer 
than the winter. 

Distance or tHe Sun.—Before we make any very ac- 
curate in the motion of the sun in its orbit, we 
must first discover the sun’s actual distance, or the angle 
which the earth subtends at the sun. This angle is 
termed the parallax, and it is obtained by observing a 
transit of Venus, across the sun’s disc, in the manner 
illustrated in the following diagram (Fig. 16). 

The relative distances of the earth and Venus from the 


Fig. 16. 


suu’s centre are accurately known. Let us sup that 
when Venus is situated between the sun and the earth, 
its distance from the former is 0°73, the earth’s distance 
being 1:00. The earth being situated at T, and two ob- 
servers stationed at the opposite diameters A and B, the 
observer at A will perceive Venus, V, crossing the sun’s 
dise from ¢ to d, whilst the observer at B will see it 
ing from eto f. The breadth of this zone, a b, will 

considerably greater than the diameter of the earth, 
A B, in consequence of the greater proximity of the 
sg to the earth, V S being 2-7 times ter than the 
ine V T, and consequently the line a 6 is 2-7 greater 
than the Prcelernagy the earth, A B. If the angular 
measure ab could be obtained, this would therefore be 
2-7 times greater than the earth’s apparent diameter as 
seen from the sun, or 5-4 times. the sun’s horizontal 
parallax. This angular measure can be found by the 
observers A and B taking the distance of the limb or 
centre of Venus from the sun’s limb. The line a}, as 
here represented, is drawn much greater than it reall 
is, for the resulting diameter of the earth is only 
seconds of arc; and consequently the breadth of this 
zone is only 46”°4, or about three-quarters of the dia- 
meter of Venus at the time of inferior conjunction, or 
zy of the mean diameter of the sun. 


* Although the calculations of the parallax of the sun, deduced from 
the transits of Venus in 1761 and 1769, were subsequently made with all 
possible care by Professor Encke, affording 85776, still there was 
reason to doubt the accuracy of the data on which that value was founded. 
It_ was, therefore, extremely desirable to check the results thus ob- 
tained ; and beyond the reasons just mentioned, the motion of the nodes 
of Venus, considered in relation with the other planets, the speed of light, 
as determined by M. F It, and other q » Tequired more accu- 
Fate solution of the inquiry. 

In 1857, Professor Airy called the attention of observers to the oppo- 
sitions of Mars, occurring in 1860 and 1862. The former year was un- 
fruitful, owing to the state of the weather precluding observations ; but 
in 1862, sv’ data were gathered to show that the value 8''°5776 was 
underrated. In that year, observations of the parallaxes of Mars at 
peg eng ys 5 ae _— rey on those of Pulkova and 

) res in 8-97. Bu * 
arty ere. Good Hope, bsequently, M. Leverrier 


the conclusion, that 8’-05 would represent the solar lax. 

value be adopted, considerable differences will arise in 
the estimate of the distances, &c., of the planets. That between the sun 
and the earth must be reduced by about 4,030,000 miles, affording a 
mean distance of 91,330,000 milles, “The mean distance from the sun, of 
the other planets, would ly be, in round numbers—Moreu: 
35,500,000; Venus, 65,500,000; Mars, 139,000,000; Jupiter, 475,000, 
Saturn, 871,000,000; Uranus, 1,752,000,000; und Neptune, '2,742,000,000. 
The diameter of the sun would be about &50,000 and his volume 
1,240,000 times that of the earth. The mass of our globe would be in- 


between its entry at ¢ and e to its disappearance at d 
and f. The motions of Venus are accurately known by 
means of the tables, and thus the lengths of the chords 
cdande f, and therefore the distance ab also. It is 
usual, in these cases of the passage of the planets Venus 
aud Mercury over the sun’s disc, to note time when 
the limbs of the planet and sun come in contact, and 
also, after the ingress has ogcurred, to note the time 
when they are last in contact. The same mast be done 
at its egress. The times of interior contact can be per- 
ceived much more exactly than the exterior. If the 
transit be central, the duration of its passage may extend 
from 7h. 52m. to 7h. 54m. ; and according as it is more 
distant from the centre, the chord will be shorter, and 
the time in the same proportion. In the passage of 1769, 
the duration at Wardhus was 6h. 29m. ; at Hudson’s 
Bay, 6h. 22m. ; at California, 6h. 14m. 3s. ; and by Cap- 
tain Cook, at Tahiti, at 6h. 6fm. From these measures 
the horizontal parallax of the sun was calculated by the 
astronomers of the time at 8”-5693 ; but the results dif- 

fer considerably, the entrances being 8’-2 and 9”-2. 

« The small altitude of the sun in the northern latitude, 
and its consequently bad definition, made it difficult to 
estimate the exact moment of entrance on the solar 
disc. Some observers saw it as much as eer | seconds 
sooner than others; but the effect of this would only en- 
tail an error of one-sixtieth, pnpenent: of one- 
half of that amount, on the parallax ; so in- 
stead of 8”-5693, weshould have 8” 640 or 8”'498. These 
calculations have been performed anew with the utmost 
accuracy, by Professor Encke, of Berlin. From the first 
transit of June 5, 1761, that celebrated astronomer has 
obtained the value 8490525 comprised between the 
limits of 8”429813 and 8”551237. The discussion of 
the second passage of June 3, 1769, gives 8” 5776, not 
greatly different from the above : it is the value now gene- 
rally adopted by astronomers. The resulting mean dis- 
tance of the earth from the sun would, consequently, be 


Pane or 24046-9 radii of the terrestrial equator, 


earth. Their volumes being proportionall: 
of their radii, it would follow that the bi 
is 1,405,845 times that of the earth.* 
Passace oF VENUs across THE Sun’s Disc,—This 
phenomenon can only take place at intervals of eight 


1 
creased by one-tenth; the circumference of our orbit would be 599,194,000, 
and the Aces hourly velocity of the 65,460 miles. rok, pues 
would be similarly affected in its mass, volume, &c., by changing the 
estimate of solar from 8''*5776 to 8'"*95, 

No transit of Venus will occur, by which these results can be tested, 
ciation, giving tas new volun Eating Sees meade GY op Sninatcee 
c new value, so an 

rrier, entitle them to the highest respect, if not the 
fallest confidence of observers. Indeed, incid iy, ‘ive con- 
Nee ree from the Leg any of 'M. ault into 
velocity o te eral eens , from care hy wg yt 
poses $0 soduaw tien sotione speed of light from 192, to 185,000 
second, ainted with the value of such 

t of view, we may ob-erve, that in an 
contact or 


iv It does not reappear for some time, 
owing to the fact that its light bas to travel to the eye, and, in doing so, 
pies frequently i By noting the time which elapses 
between the moment 
to the observer, the difference in seconds, multiplied b 
gives the distance of the body. On tbe other hand, if the known distance 
2 the bor He divided by wd ogee bree i = a 
the actu apparent conclusion of the eclipse, speed 
miles per second, is obtained. Tas ealiguse of ine pedavie ad tealoae 
Sor ae La el ee EO eee 
seq., in connection with the laws of the aberration of light.— 
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ears and 105 years, and the two next times will occur on 
Dee. 8, 1874, and Dec. 6, 1882. Since Venus comes 
nearly to the same point of the heavens every eight 
years, it may be expected that if it transits over the sun 
at one given epoch, it will pass over it on the eighth 
following year, and this generally takes place. As 
Venus, however, changes her latitudes during this period 
of eight years, it is impossible that three can follow each 
other in succession, as it must then pass beyond the dise 
of the sun, which is only 32’ in diameter ; and as they 
can only take place when the plane is very near its nodes, 
it follows that for some centuries this will occur either 
in the months of June or December. 

The solid mass of the sun is found to be 354,936 times 
greater than that of the earth ; and, comparing this with 
its volume, we find that the latter is only equal to one- 
fourth of that of the sun.* The gravity on the surface 
of the sun is 28°36 times greater than that on the surface 
of the earth ; or a body which weighs one pound on the 
surface of our planet, weighs twenty-eight one-third 

unds on the surface of the sun; and, consequently, a 

y will fall with twenty-eight one-third times the 
yelocity during the first second of time. 

Form or Sun’s Disc.—In measuring the dise of the 
sun with the heliometer, or any graduated instrument, 
it is necessary to take precautions that it be favourably 
situated, and not too near the horizon, where the re- 
fraetion has a very sensible effect in elevating the lower 

of the disc in a greater degree than the upper. 

the sun is 45° above the horizon, the difference 
between the vertical and horizontal diameters only 
amounts to 1”; but when it touches the horizon, the 
vertical diameter is one-sixth of the whole diameter 
less than thé horizontal. e figure which the sun 
takes under these circumstances will be seen by Figs. 
17 and 18, which have been constructed with exact pro- 


Fig. 17, Fig. 18, 


portions. The refraction causes the sun, when really at 
5, to appear at 8’, with its apparent lower limb touching 
the horizon. This is the usual effect of refraction ; but 
at the horizon, many i local causes tend to pro- 
duce changes, and it is generally found to be serrated, 
and with a continual whirling motion, due to thei 

motions of the atmosphere. It appears strange that the 
dises of the sun and moon, which, if anything, are 
smaller under those circumstances than when at a great 
altitude, are commonly remarked to be larger at the 
horizon than elsewhere. The ancient astronomers sought 
to explain this optical illusion, by the effect which the 
atmosphere had upon the luminous rays of the sun. It 
is, at the present time, more naturally attributed to the 
effect which a comparison with the various objects seen 
at the horizon produces ; and, as we sup’ the sun to 
be removed an immense distance heya those bodies, 
its diameter ge greater than it really is. A similar 
effect takes place when the apparent areas of the con- 
stellations are compared at the zenith and the horizon ; 


* This may be put in the following form :—To obtain a body having an 
attractive force equal to that of the sun, would require that 354,936 
heres each as large, and having the same specific gravity, as our earth, 
should be combined. The mass of matter, however, formin, 
occupies four times the BuLx, or space, of such im 
Daeer Dye vetnnen 06 the sun is equal to about 1,405, 
—Ep. 
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in the latter position, they appear considerably more 
extensive siete ie really are. It is, probably, due to 
a similar cause, that if we attempt to measure an altitude 
of 45° from the horizon, or the point half-way between 
the zenith and horizon, it frequently happens that when 
we come to measure it with an instrument, that which 
we consider to be the central point is situated some 
d nearer to the horizon than it appears to be. 

APPEARANCE oF THE SuN.—An observer, 
viewing the sun’s surface with an instrument of moderate 
power, would probably not perceive any marked differ- 
ence of light and shade over its general surface; but 
with higher powers, and a better telescope, a steady 
mottled appearance would become apparent, dark and 
light specks being softly intermingled, but not strikingly 
apparent when seen for the first time, or under fayour- 
able circumstances. Whilst the ground is riot uniformly 
bright, there are very frequent portions which are de- 
cidedly brighter than the general surface, and others, 
which are much more remarkably darker, being as dark 
and black as the surrounding heavens, when viewed with 
the coloured glasses made use of. It is by means of 
these fleeting macule and facule, as they have been 
called, that nearly all our knowledge of the solar nature, 
its rotation, and the position of its axis, as well as the 
structure of its lurid and changeable atmosphere, is 
derived. These spots have constantly been perceived 
ever since the discovery of the telescope, and there is 
little doubt but that they were frequently seen before 
that time with the unaided eye, as they have occasionally 
been seen since. They sometimes cover large portions of 
the sun’s surface, and are strikingly apparent from the 
contrast they afford with the bright surface surrounding 
them. 

By whom these spots were first seen, after the invention 
of the telescope, is a matter which has found its way 
into the debateable land of scientific 
history. It would be most natural to 
suppose that Galileo, who had first 
scanned the heavens with the optic 
tube of his invention, and who was so 
capable of distinguishing every phe- 
nomenon which was apparent, would 
have been the first to notice these irre- 
fe appearances ; but the first pub- 
ication of them is due to Fabricius, 
who perceived them early in the year 
1611 ; and his work, published in the 
same , has a d ication bearing 
date June 13, 1611. In so far, how- 
ever, as the mere observation of the 
spots is taken into account, they were 
seen by our countryman, Harriot, some 
time previous to any date fixed upon by 
the regular claimants to the discovery, Galileo appears 
to have seen them in April or May, 1611, Scheiner 
informs us that he perceived them during the same 
months, but he did not take them into consideration 
before the October of that year. 

In the annals of China, it would appear that a large 
spot was visible on the sun in the “year 321 of our era, 
In the year 807, a large spot was visible on the sun for 
the space of eight days, which was supposed by many to 
be a peasege of Mercury over the sun’s disc; but the 
length of time during which it remained yisible is, of 
course, quite incompatible with such a supposition, 
Large spots which were seen by Averrhoes, Scaliger, and 
Kepler, were likewise supposed to be passages of this 
er but when it is remembered that a spot of the 
imensions of Venus, with a diameter of fiye times that 
of Mercury, could not be detected on the sun’s disc, we 
may be quite certain of théir nature. Since that period, 
they have been frequently seen with the naked eye. It 
was, however, from telescopic observation of these spots, 
that the fact of the rotation of the sun on its axis was 
made apparent; and Fabricius was the first who surinised 
that they adhered to the sun, judging from their slow 
motion when they arrived at the edge of that luminary. 
This rotation, and its duration, were subsequently con- 


— 


firmed by Galileo. The inclination of the solar sqvene 
to the plane of the ecliptic was determined by Scheiner 
to be seven degrees. 

It has been remarked that the spots are confined to a 
certain equatorial zone, and that they rarely, if at all, 
extend beyond it. Their disposition in this respect may 
be seen from the accompanying diagram. By Galileo 
they were seen as far as 29 Fig. 19. 
degrees of latitude north and 
south, but Scheiner extended 
this to a zone of 60 d 
in breadth, called by him the 
royal sone. They have fre- 
quently been seen, however, 
even beyond this limit, Mes- 
sier having seen one of Sl 
degrees, and Mechain one o 
40} degrees of north latitude ; 
whilst another observer has 
detected one of 60 degrees 
of latitude. This, however, may have been one of the 
dark pores, as Herschel calls them, with which the 
whole surface of the sun is dotted, and tend to pro- 
duce that mottled appearance which he compared to the 
skin of an orange, ‘The rarity of the spots seen beyond 
30 degrees of latitude quite confirm the limited nature 
of the equatorial zone, which the multitude of spots con- 
stantly seen on the sun renders more remarkable. It 
was surmised by Cassini that more spots were seen in the 
southern than in the northern hemisphere of the sun ; 
but there does not appear to be any foundation for this, 
as they are generally equally disposed on each side of the 
equator. (See Fig, 19), 

In the large dark spots, ar macula, gies Bnd call 
it has constantly been noticed, that the very dark cent: 
portion, termed the nucleus, is fringed and surrounded on 

Fig. 20. all sides with a shade of less intensity (Fig. 20), 
known by the name of the penumbra (pene- 
umbra), and which is nearly of the same degree 
of darkness throughout, erschel found that 
even the largest of these spots commenced with 
one of these minute dark points, or pores, in the 


noticed ; the interior edge of the penumbra becomes 
ragged and irregular, the nucleus breaking up irregu- 
larly, and separating into many distinct nuclei, and pre- 
senting the appearance as if the luminous matter of the 
sun flowed in upon the dark spot. The exterior edges of 
the penumbra, although taking all shapes, are most fre- 
quently rounded off, and seldom appear with sharp pro- 
jecting promontories. This, however, is not always the 
case, a8 was believed by Scheiner, since Herschel, on one 
or two occasions, perceived some prominent branches in 
the nucleus, which were equally apparent in the pe- 
numbra. Whilst observing it with is usual attention, 
he perceived six branches suddenly appear instead of the 
two at first observed, whilst a corresponding change took 
lace in the penumbra. The same cause, therefore, may 
regarded as having affected both equally. In rd 
to the proportional dimensions of nucleus, and penumbra, 
it is generally noticed that the latter is about three times 
the breadth of the former. It sometimes, though very 
rarely, happens, that even large nuclei are unaccompanied 
with any penumbra, and this was confirmed by Herschel 
on one or two occasions. A large path of penumbra was, 
on another occasion, perceived by him without any 
nucleus. It is but rarely that these phenomena take 
place in large spots ; the smaller ones, on the contrary, 
seldom have any penumbra about them. Occasionally, 
the spot covers such a large space on the surface of the sun, 
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bright surface of the sun, which became larger and 
larger by degrees. When two spots were within a short 
distance of each other, they appeared to have a tendency 
to unite, and continued to expand until the moment of 
reunion. When the nucleus of a spot was going to dis- 
appear, it was noticed by Scheiner that the penumbra 
encroached gradually, but irregularly, upon it, so that 
the nucleus vanished before the penumbra, In modern 
times, and with better instruments, this breaking-up of 
a spot in the manner here specified, has been repeatedly 
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that when, by virtue of the rotation, it comes near the 
edges, and is about to disappear, behind the diso, it forms 
a dark notch on its limb, This was seen in 1703, 1719, 
1800, and 1846, It has been determined by Herschel, in 
respect to the relative brightness of the nucleus and 
penumbra, that the former may be estimated at 7, and 
the latter at 469; the intensity of the solar light being 
1000, Many observers have noticed that the interior 
edge of the penumbra, or that immediately contiguous 
to the nucleus, is sometimes fainter than the exterior 
portion, At times, this is so apparent, that the nucleus 
appears quite detached fromthe penumbra, which has 
the appearance of a separate annulus. In many regu- 
larly round napote, the penumbra has been noticed to 
take a decidedly radiating appearance, like the iris of the 
eye, ant the nucleus pelt observed to be riddled with 
minute pores, presenting the appearance of wire gauze. 
Mr. Dawes has made still further observations = the 
telescopic appearance of the spots, and by means of eye- 
pieces, having a very small field of view, by which he 
rid of the surrounding glare of the sun’s light, he 
detected, within the part geealy called the nucleus, a 
smaller spot, which may considered as the nucleus 
proper. From his observations it would ap; as if 
what has been termed the nucleus and beet 9 a 
rotary wa at aka the nucleus power. 

igs, 21, 22, are representations of ts really 
seen on the sun’s disc, A it will be Pat under 
what irregular forms they appear. The long train of 
spots represent it as much broken up, with the nuclei 
and penumbra intermingled, and it is in this manner 
they are noticed when about to disappear. In Fig. 2l,a 
bright streak of the surface of the sun is perceived in 
the central part. The spots are very capricious in their 
appearance, being sometimes very plentiful ; and at other 
times the disc of the sun is entirely free from the slightest 
trace. Schroeter has recorded 81 separate spots perceived 
on the sun’s disc at the same moment. For many years 
together no spot of any considerable size has been seen. 
Their dimensions, as already noticed, are frequently very 
considerable ; and Schroeter saw one whose superficial 

Fig. 21, . 22, 


Fig. 22 
ro 
® 


extent was sixteen times greater than that of the earth. 
Fig. 23. 


It does not appear that the great number or size of the 
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spots have at any time been remarked to produce any 
degree of cold on the earth; for numerous and large as 
they seem to be, they bear but a small proportion to the 
total extent of the surface of the sun. The contrary 
opinion is much more generally regarded as true, and 

_ Seems more accordant with the observed facts—viz., that 
the warmest seasons are those in-which the sun is most 
plentifully covered with spots. 

The bright s which appear on the solar surface, 
either occur under the forms of long i veins, or 
minute specks, and are both perversity brighter than the 
general surface of the sun ; the former being known as 
facule, and the latter as the luculi. The luculi, like the 
pores, are situated at all parts of the sun’s disc, and 

assist in giving it that mottled appearance which it has. 
ene iieles ane tocahly contin to a zone of 60° in 
breadth, in which the spots make their appearance, and 
generally accompany the latter as invariably as the sur- 
rounding penumbra. The facule are only visible at 
the edges of the sun, as, when they are carried by the 
rotation of the sun to the centre, they are seldom, if 
ever visible. When the facule.appear in great numbers 
and brightness on the limb of the sun, they are certain 
forerunners of large spots, which are almost sure to make 
their appearance in a few days afterwards. Cassini states 
that facule ordinarily show themselves in those places 
where spots have previously appeared, and that they have 
subsequently again become spots. Darham noticed a 
similar appearance, and, on one occasion, relates that he 
perceived changes in the spots with his eye at the tele- 
scope—a black spot appearing and disappearing succes- 
Sena te the comics of a brilliant Koo Herschel has 
ikewise perceived extraordinary rapid changes with 

ted facule ; although Scheiner did not give credit 
to existence of the facule or luculi, or anything 
on the sun brighter than its surface, yet they were 
detected with much less powerful instruments t he 
possessed, by earlier observers. Galileo first remarked 
the existence of the facule, and Scheiner that of the 
lueuli. (See, also, page 934), 

Puysicat Constitution oF THE Sun.—Until compara- 
tively recent times, those spots were held to be the dark 
smoke or vapour which floated over the solar surface, 
although this did not explain the penumbra, or the shape 
which it takes when seen at different parts of the disc, 
when the penumbra surrounds a spot pretty equally at 
ee eens of ee am as at Fig. 24; for as 
it passes to the margin, and is received obliquely, the 
a most distant would appear the \ seriy "Phi € 

owever, is directly contrary to observation, as it has 
been noticed that the nucleus and penumbra, when seen 
at the edge of the sun, appear as at Fig. 25, the part of 
the penumbra gg ae the sun’s limb dis- 
appearing entirely, whilst the opposite side is onl 
slightly diminished in breadth. Taking these facts into 
consideration, Dr. Wilson became convinced that the 

Fig. 24. nucleus was in reality 
a deep hollow in the 
RED surface of the sun, 
and that the penum- 
bra was the shelving 
sides surrounding it. 
If such a hollow as 
this be received ob- 
liquely, it is evident that it will appear as in Fig. 24, 
Dr. Herschel confirmed this theory in many respects ; 
but, instead of holding the opinion that they were inden- 
tations on the surface, he considered, rather, that they 
were openings in the luminous atmosphere of the sun, 
The sun itself he considered to be a dark body sur- 
rounded by two envelopes, the interior one being formed 
of very luminous clouds and very bright, whilst the one 
eine between the photosphere and the body of the sun, 
is formed of clouds, very little, if at all luminous, 

If we suppose an opening be formed in these envelopes; 
by a gas ascending from the body of the sun, and driving 
the atmosphere away, the opening at the centre of the 
sun (Fig, 25), to an observer at A, and the nucleus, will 
appear of the breadth aa’, surrounded equally on all 

VoL, 1. 


sides by a penumbra, whose breadth is bb’. If, however, 
the observer is at B, he views the spot obliquely; the 


Fig. 25. 


A 


sides of the two openings, a and }, will coincide, and will 
lie in the same direction. On the opposite sides, how- 
ever, at a’ and b’, they will still be fully apparent. If 
the gas drive away the clouds of the two atmospheres, 
they will, of course, accumulate about the opening; and 
this may account for the faculze which are to be Lis 
ceived about the nucleus and penumbra. In regard to 
the luculi or points of light which cover the surface of 
the sun, they may be due to the roughness which would 
result from such a cloudy and irregular mass as the 
photosphere is imagined to be. An observation which 
tends to prove the unstable and cloudy nature of the 
outer envelope is, that they shift their positions from day 
to day ; and it is very difficult to determine the exact 
period of rotation of the sun from these observations, 
some showing much longer periods than others. 

From observations on a great number of spots, M. 
Langier, of the Paris Observatory, has recently de- 
termined the exact period of rotation to be 25°34 days. 
Since, however, the earth is Fig. 26. 
moving around the sun during 
this interval, we must wait 
nearly two days longer before 
we perceive the spot again at 
the centre of the sun. To 
explain this (Fig. 26): If T be 
the earth, S the sun, and a the 
spot as seen in its centre, whilst 
the spot appears to make a 
complete revolution, and to 
arrive again at the centre, the 
sun passes from § to 8’; and T 
when it arrives at S’, the spot appears ata’. If the sun 
had made exactly one revolution on its axis in the 
direction of the arrow, the radius S a would have taken 
the position S b, parallel to its first position. When it 
arrives in a’, it must, therefore, have made more than 
one revolution by the angle b S’ a’. To pass through 
360° plus the angle b S’ a’, it requires 27°3 days ; whilst 
- make a rotation on its own axis it only requires 25°34 

ys. 

As the solar equator is inclined 7° 9’ 12” to the ecliptic 
(according to M. Langier’s investigations), the path which 


Tee: paths ou tha boa i ae 

e 

ite: siteige at the different seasons of 

= the year, the concavity 

being sometimes turned 

, towards the north, and at 

other times to the south. 

In the beginning of De- 

South. South. cember, the spots will ap- 

pear to describe straight lines with reference to the 

ecliptic ¢¢, the lines being inclined to it by an angle of 7° 

(Fig. 27). From the 1st of December to the Ist of June, 

they described curved lines, the convexity being turned 

to the north (Fig. ets At the commencement of 

June they again describe straight lines, but in a con- 
60 
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trary direction to the Ist of December. From June 
to Decembér they de- 
scribe curved lines, with 
the concavity turned to 


Fig. 35. 
North. North. 
the north. 
Zopiacat ~Ligut.— 
In the evenings of 
March and April, a 
cone of faint light is oo- 
Soath. South. 


casionally seen immedi- 

ately after twilight in the western horizon, pointing in the 

direction, and sometimes reaching to the Pleiades, from 

the quarter in which the sun sets, and nearly along the 

ecliptic. The breadth at the base is from 20° to 30°, and 

its height occasionally fifty d This is known as 

the Zodiacal Light, a name which was given to it by 

Cassini. It is very transparent, since the faintest stars 

can be secuitved thiogh it, equally as well as any other 

portion of the sky, although the glare of its bright light 

tends to extinguish very faint objects. Its nature is 

altogether unknown. It was formerly considered to be 

the atmosphere of the sun ; but it has been proved by 

Laplace that this could not extend to such a distance as 

Fig. 29. the zodiacal light has been ob- 

served to pass. An atmosphere 

to the sun could only extend to 

n such a distance as the orbit of a 

pn planet could be situated, whose 

period of revolution would be 

equal to that of the sun on its 

axis, or 25 days, which would be 

placed considerably within the 

orbit of Mercury. Neither would 

the form of such an atmosphere 

agree with that observed with zodiacal light, as the equa- 

torial and polar axes could not be beyond the ratio of 

three to two. Its appearance in the heavens may, how- 

ever, be explained in this manner, although the cause is 

wn ; and it would seem as if a lenticular envelope 

surrounded the sun, a portion of which we see above 
the horizon. (See Fig. 29). 


nomena of the seasons. LetSbe the sun ; T, T’, T”, &c., 
the different positions of the earth in its orbit; P Q its 


of the equinoxes; then at the vernal and autumnal 


i the 
ae pa By an attentive examination of the it 
i in 


us, if we consider the earth 
in its diurnal rotation at the summer solstice, the south 
pole will be constantly in darkness. At the vernal and 
autumnal equinoxes, the sun will shine on both poles of 
the earth. 

Had the equator coincided with the ecliptic, the days 
and nights would be always equal ; and had the inclination 
of the ecliptic to the equator greater than at present, 
there would have been a corresponding difference in the 
seasons. Providence has wisely ordained that this in- 
clination cannot exceed certain limits; the seasons will 
not, on this account, be sensibly different in occurrence 
and temperature. 

Tue Earrn’s Equator.—In all the Papers | investi- 
gations, we have supposed the pole of the earth’s equator 
to remain fixed, but this is not the case; and, although 
it retains the same inclination to the ecliptic, it describes, 
in the course of a lapse of years, a complete revolution 
around the pole of the ecliptic. A very simple experi- 
ment will show, in the spinning top, that a motion of 
rotation around an axis may exist, without at the same 
time affecting its inclination, the axis of which will 
describe any figure. This phenomenon is termed the 
‘precession of the equinoxes,” and was discovered 
by Hipparchus, the astronomer, to whom we are in- 


Autumnal Equinox, 


Ow Tut Szasons—If we admit the annual revolution 
of the earth around the sun, its diurnal rotation on its 
axis, and the inclination of this axis to the ecliptic, we 
can readily account for the and the derivation of 
day and night. The annual revolution of the earth in its 
orbit is forced upon us by its extreme simplicity ; we 
cannot i that the sun would revolve around a bod 
1,400,000 times smaller, as the earth is. We thus ran 
the earth as a planet, obeying all the laws of the other 
planets, describing an elliptic orbit around the sun, in the 
same manner as Mercury, Venus, Mars, &c. Another 
proof of the revolution of the earth around the sun is by 
the well-known existence of a phenomenon, termed the 

Aberration of Light,” arising from the velocity of light 
emanating from a star, combined with the orbital motions 
of the earth. The amount of this angular displacement 
has been determined with great accuracy by astronomers. 

The above diagram (Pig. 30) will elucidate the phe- 


debted for one of our mast ancient catalogues of stars, 

Fig. 31. He found, by comparing 

the longitudes of his cata, 

logue with those of some 

ancient catalogues, that 

whilst the latitudes gion 

stars were not changed, their 

longitudes were increased in 

the proportion, as he con- 

sidered, of 1° in 72 years, 

The physical cause of the 

precession of the equinoxes 

A was partly explained by Sir 

Isaac Newton, and afterwards more fylly by the celebrated 

D’Alembert, and by La Place, in his M: ique Celeste, 

on the theory of grayitation, It results from the effect 

of the attraction of the sun and moon on the excess of 
matter at the earth’s equator, which produces a slo 
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angular motion at the plane of the equator, in a contrary 
direction to the earth’s rotation. 

PRECESSION OF THE Equinoxes.—This motion, though 
slow, being always in the same direction, and therefore 
continually accumulating, was, as we have seen, early 
remarked, and was one of the celestial appearances that 
suggested the idea of the Annus Magnus, or t astro- 
nomical period, by which so many days and years are 
nag ag As it affects the whole heavens, and sr 
the sang uced are oe over a vast extent o! 
years, it ase a valuable_guide amid the darkness 
of antiquity, and has enabled the astronomer to steer his 
course with tolerable certainty, and here and there to 
discover a truth in the midst of the traditions and fables 
of the heroic ages. The accurate analysis of the compli- 
cated effect thus produced, was a work that s the 

er either of geometry or mechanics at the time when 
ewton wrote. His investigation accordingly was 
founded on the assumption that, though not destitute of 
ee it could uot be shown to be perfectly con- 
ormable to truth; and it even involved a mechanical 
age erg which was taken up without due consideration. 
first who solved this difficult problem was D’Alem- 
bert. He employed the principle of the equilibrium 
among the forces destroyed, when any change of motion 
is produced ; and by means of the equation this propor- 
tion furnished, this great mathematician was enabled to 
with a ae that has 9G aera re 

or aceuracy or depth of reasoning. p ) 
on a more general principle, and with broader conclusions. 
He has shown that the phenomena of the precession and 
nutation must be the same; that, whatever may be 
the irregularity of the depth or currents of the sea, 
nothing can effect an alteration in the earth’s rotation on 

its axis. 

Wherever the sun, in his apparent annual course, 
crosses the equinoctial in spring, there is the vernal 
equinox ; and wherever he crosses it in autumn, there 
is the autumnal equinox. The two points of intersection 
are not, however, the same year after year, but are sub- 
ject to a slow annual displacement westward, so that the 
sun does not cross the equinoctial, spring and autumn, 
exactly in the same points, but every year a little behind 
those of the p ing year. This effect is termed the 
precession of the equinoxes, because it accelerates their 
time, though it is really their retrocession. It amounts 
to about 50}” in a year, or to 1° in 70} years, to 30°, or 
a whole sign, in 2,140 years ; so that in somewhat more 
than 25,000 years, the equinoctial points will complete a 
revolution westward along the ecliptic, and return to 
the same position. 

One obvious effect of the falling back of the equinoctial 

ints, is a progressive increase of longitude in all the 
Leanenly bodien Hence those stars which, in the time 
of Hipparchus, were in conjunction with the sun when 
he was in the equinox, are now 30°, or a whole sign, 
eastward of it; and the constellations and signs of the 
zodiac no longer correspond, as may be seen by reference 
to a celestial globe. 

The annual precession of the equinoxes, apparently a 


Fig. 32, 


change in the sun’s 


really a change in 


| then, when the pole of the earth moves from 


across the equinoctial, is 
the point of the earth’s orbit at which | the fo: 


its two hemispheres are equally exposed to the sun. 
The cause of this remained unknown till the age of 
Newton, who showed that it resulted from the form of 
the earth, and the unequal attraction of the sun and 
moon on the unequal masses of matter at the equator 
and the poles, producing a slow reeling motion of the 
earth’s axis from east to west, and the recession west- 
— of the equinoctial points. Fig. 32 illustrates its 
effect. 

Let S be the sun, TK the pole of the ecliptic, TP 
the pole of the earth revolving around T K, in the direc- 
tion of the arrow. In the space of one year, the revo- 
lution will change from TP, to Tp; in the second year 
to Tp’; and so on. Let EE be the earth’s equator, 
P, to 
T p, the line of the equinoxes, or the intersection of the 
ecliptic and equator, will move from T A, to T a, and so * 
on, turning slowly around the centre of the earth. It is 
evident that this progressive change of the direction of 
the poles of the earth will have a corresponding influence 
on the planes of the fixed stars, and on the commence- 
ments of the seasons. Thus, spring commences when 
the line of equinoxes is in IYA. The succeeding 
year would have the same commencement; but, in the 
meantime, the line of nodes has moved to T,, A, ; in 
the following a it will have moved to T,’, A,’—all pass- 
ing through the sun. Butas the direction of the arrow 


shows direct motions, it is easily to be seen that the in- 
tersections precede at every year; for this reason this 
phenomenon is termed, as we have already seen, the 
precession of the equinoxes. 

In order to exhibit the effect of this phenomenon on 
the planes of the stars, let EE (Fig. 33) be the earth’s 
Fig. 33. 


uator, A BOD the 
ecliptic, and let the in- 
tersections of the ecliptic 
and equator occur suc- 
cessively at A’, A”, &c., 
in an opposite direction 
to the sun’s path. These 
successive changes of the 
equinoxes will cause cor- 
responding changes in the 
pole P to P’ and P”, the 
right ascensions. Decli- 
nations of all bodies will 
be changed, as also their 
longitudes ; but it will not have any effect on the position 
of the stars, the longitudes of which will be constantly 
the same. 

On THe ABERRATION oF Ligut.—In ancient times it 
was supposed that the velocity of light was. infinite and 
immeasurable. Roémer, a Danish astronomer, pointed 
out, in the year 1675, that in comparing Cassini’s tables 


Fig. 34. 


of J a rset first satellite with observation, he discovered 
wing fact :—When Jupiter was near opposition, 
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extensi 

all parts of the orbit of the planet, and would therefore 
give a result free from aberration at the mean distance 
of the planet from the earth. Thus, ep 
TT’ T’ represent the earth’s orbit, § the sun, and JJ’ J 
the orbit of Jupiter. Between T and T” the planet is at 
opposition, and is at its least distance from the earth— 
the eclipses would, at this position, happen earlier—at T’ 
the planet is at conjunction, or at its greatest distance, 
when the ecli would, of course, happen later about 
this period. Huygens and others Pror saer this asser- 
tion of Ro&mer, but the subject does not appear to have 
been further attended to till Dr. Bradley, in the year 
1728, communicated to the Royal Society the theoretical 
cause of the displacement of a star, termed the ‘‘ Aber- 
ration of Light.” To the same astronomer we are like- 
wise indebted for the discovery of the Nutation of the 
earth’s axis. Without these two corrections of Aberra- 
tion and Nutation, there would be a discordance in 
the prediction of the apparent place of a star to the 
amount of 1’ nearly of right ascension, and 30” of 
North Polar distance. To the first of these discoveries, 
in chronological order, we now beg the reader’s atten- 
tion. 

Picard, and other astronomers, in observations made 
for the purpose of determining the annual parallax of 
certain stars, found an unaccountable difference of 40” 
(annually) after the application of the Prussian and all 
other known corrections. Dr. Bradley, who confirm 
by observations of several stars, this difference, explain 
the theoretical cause in the following manner > akin ig 


Fig. 35, 


——_— 


for grauted that light took 8’ 3” to pass from the sun to 
the earth at its mean distance, we haye the motion of the 
earth in its orbit during this interval equal to 20’°5. In 
the preceding figure, when the earth is at T, the star 
being in the direction E T, it is evident that the telescope 
will not be in this position to see the star; it must have 
a certain inclination, TA or T’ A’, such that the cross of 
wires placed in TY describe the distance T’ T by virtue of 
the motion of the earth, whilst that light describes the 
distance, A’T. We see, in fact, that the light which 
passes the optical centre of the object-glass A’, when the 
telescope occupies the position T’ A’, arrives in T when 
the telescope has taken the position T A, and can, conse- 
ag Ag the cross wires, which are then found at 
point T. 

In order that the reader may see clearly the effect of 
the ration of light on a po f position, we shall com- 
mence with the most simple appearances. And, in the 
first place, we will consider the effect of the varyin posi- 
tion of the earth in its orbit on the place of a xed star. 
For this purpose we shall take as a point of reference the 
place that a star would successively take, when seen from 
the centre of the sun, in the positions of the earth in its 
orbit. In the next place, we shall treat of the effect of 


the velocity at ee combined with that of the earth in 
its orbit ona 's position. 

In Fig. 36 8 represents the sun; T, T’, T’, &o., the 
earth in its orbit; E the place of a star. When the 


earth is at T, an observer at T will see it in the direction 
of TE; the corresponding direction that an observer at 
the sun would see it, would be found by making eE 
parallel and equal to T'S, the radius of the earth’s orbit ; 
and drawing Se equal and parallel to TE, the star’s 
place would then be, to an observer at S, in the position e: 
similarly when the earth has moved to T’, ing e’ E 
equal and parallel to T’ 8’, and completing the 

gram, the star's place would be found in e’. In the same 
manner, tracing the position of the star throughout 
the year, it will be found to describe a curve equal as 
ee’ e” e’” is to the orbit of the earth, and to its 


Now, to transfer these appearances to an example, let 
us take, in the next rp yt ae Ta a post ss to 
O is the centre, A B C D the ecliptic, K its pole, KS a 


Fig. 37, 


2 


circle of latitude passing through a star as y Draconis ; 
then, according to the preceding example, when the star 


star situated at the pole of the ecliptic, have its major 
and minor axes oneal, or will become a circle, and will 
gradually become more and more elongated as it ap. 
roaches the ecliptic, when it becomes merely a right 
ine, The major axis, mn, of this ellipse is parallel 6 
the ecliptic ; and the minor axis p q, is perpendicular to 
it. We have thus found that when the sun is at 8, or 
at the foot of the circle of latitude, the star should 
appear at p; and as the sun progresses in its orbit, it should 
successively be found in n, q, and m. 
Such are the positions that Dr. Bradley calculated that 


ro 
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the star should occupy in the annual revolution of the 
earth in its orbit. e was surprised to find that the 
most distant position of the star from the pole of the 
ecliptic did not occur when the sun was at S, but when 
it was distant 90° from this point. His observations of 

Draconis were commen in December, 1725, when 

sun would be about the position S of our figure, and 
the star in the position p ; but he found that it gradually 
went towards the south, till it attained a position 20” 
more southerly than in December. This occurred at 
the bes. on of March, 1726. It afterwards went 
northerly, being in September more northerly by 39” 
than it was in March. In the ensuing December the 
star was found in the position of the previous December, 
after making a proper allowance for the precession of the 
equinoxes. 

Dr. Bradley did not, however, rest satisfied till he had 
repeated the observations with another instrument, made 
by one of the most celebrated artists of the day, Graham, 
which included a larger range of zenith distance. The 
same results as before mentioned were arrived at; the 
last instrument gave results identical with the three- 
foot quadrant of Picard, and the twenty-four foot sector 
of Molyneux. He endeavoured to trace the origin of 
the difference to the effect of refraction, or a nutation of 
the earth’s axis, the latter of which corrections was then 
unknown, with the exception of the trifling effect of 
solar nutation, whose period was six months, and which 
at its maximum, as determined by Newton, only 
amounted to a fraction of a second. cause was 
certainly proved by Bradley not to be owing to nutation, 
since a star, opposite in right ascension to y Draconis, 
and at the same distance from the pole, observed at the 
same time of the year, exhibited differences only half 
the amount of ¥ mis. Had the cause been the 
effect of nutation of the earth’s axis, the same result of 
fluctuation would have affected both stars by exactly the 
same quantity. 

The effect of aberration may be thus explained. In 
the figure, TT’ T”, de, (Fig. 38), represent as before ; 


E is the place of the star. If we take with line SE, a 
part SR, and another line Rr, parallel to the tangent 
to the earth’s orbit at T, which would be the direction 
of the motion of the earth unless restrained by gravi- 
tation, bea ay Ragga Rr to S R is that of the motion 
of the earth in its orbit to the velocity of light. Thus 
when the earth is at. T, the star, to an observer immov- 
able at the centre of the sun, would, by the effect of the 
“aberration of light,” be seen in the position S e, looking 
at the star as if he had been on the earth at T. Thus, 
by analogous reasoning, when the earth is at T’, by 
drawing Rr’ parallel to the direction of the earth’s 
motion, an observer at the sun will see the star in the 
direction Se’; and soon. The star would then appear 
to describe a curve in the heavens, e, e’, e”, e”. 

There is a difference, therefore, between the 
two positions of the star, by taking into account the 
effect of aberration. In the former case, the direction 
of the visual ray was, for an observer, immovable at the 
sun, ina line parallel and equal to that joining the star 


with the earth in its orbit, and distant by the radius of 
the earth’s ome a the latter case, the effect of aber 
ration is to make the star a in a line parallel toa 
tangent of the earth in its ood distant by a quantity 
in proportion to the velocity of light, combined with that 
of the earth in its orbit, 

Fig. 39 will show the real effect of aberration on’ the 


position of y Draconis. By the preceding reasoning, 
Fig. 39. ~ 


when the sun is at S$, the star should appear at m, in the 
small ellipse mp nq. The effect of aberration will there- 
fore be to retard the position of the star by 90°, which 
will agree with Bradley’s observation of December, 1725. 
At March, 1726, the star had increased its polar distance 
by 39”, or was found in the position Pp, and so on, the suc- 
cessive positions of the star agreeing precisely with 
observation, 

Notation or tHe Eartn’s Ax1s.—After the discovery 
of the Aberration of Light, the indefatigable astronomer, 
Dr. Bradley, prosecuted his observations at Oxford and 
Greenwich, when his zeal and care were rewarded by the 
discovery of another important inequality—viz., Lunar 
Nutation. After applying Precession and Aberration, he 
found that, after a series of observations carried on from 
1727 to 1745, an inequality existed, ba! oor. on the 
longitude of the nodes of the moon, whose period was 
18 years, the existence of which had been epee ye! men- 
tioned by Roémer, but of which no published account 
had been given. . Bradley communicated this ‘‘ Nu- 
tation of the Earth’s Axis,” in a Memoir, to the Royal 
Society, in 1748 ; in which he mentioned, that in order to 
reconcile it with his observations, it would be necessa: 
to assume that the pole of the equator described a s: 
ellipse about its mean plane, whose major and minor axes 
were respectively 18” and 16". It was afterwards ex- 
plained on Sir Newton’s Theory of Gravitation, as 
an effect of the retrograde motion of the moon’s 
nodes, by which the moon’s inclination to the equator 
varies from 18° to 28°. on this it is evident that this 
variation of inclination will cause a considerable differ- 
ence in the moon’s attraction on the protuberant parts of 
the earth’s equator. Nutation is, then, an irregularity of 
Inner Precession, the mean value of which is 35’*9 an- 
nually—the remaining 144 being principally due to the 
sun—or the whole amount of the precession of the 
equinoxes being equal to 50” 3. ; 

The following explanation will clearly show the effect 
of a nutation of the earth’s axis on the position of a 
star :— 

It has been previously explained that the pole of the 
equator makes a complete revolution around the pole of 
the ecliptic in a term of about 25,000 years, and that it 
is termed the ‘‘ Precession of the Equinoxes.” In Fig. 
40 (which is not in exact SM pgbey to the phancosson, 
T K is the pole of the ecliptic, and To the pole of the 
equator, the angle K To, or the obliquity of the ecliptic, 
being 23° 28’. In consequence, however, of mutation, 
the pole of the equator, T 0, does not preserve the same 
inclination to the pole of the ecliptic, but moves on the 
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surface of a little cone at the elliptic base, T mn m’ n’ ; 
still, however, the cone itself describing i 


around the pole of the ecliptic, which is the ‘ Precession 
| of the Equinoxes,” as before stated. The motion in the 


m m’, is directed in the plane which passes through its 

through porentenay, T K, to the 
plane of the ecliptic: its amplitude is 19:3’. The smaller 
axis of the ellipse is 14:4”. The 


int of meeting the elli mn mn’, with a 
tion that 
is illustra- 


ADDENDA TO 


| One of the most interesting speculations of Astrono- 
mical Science, is that which relates to the physical con- 
stitution of the sun; and we shall, therefore, venture 
| to make some remarks in extension of those of Mr. 
| Breen, given at 929, on this subject. 
e fate oil aah made in Chemical and Optical 
| Science, have not ouly permitted us to have a more 
accurate idea of the nature of solar light and heat, but, 
toa extent, we have also become acquainted with 
some of the causes which produce them. The discovery 
of the polarisation of light, enables us to point out some 
of the characteristics of the solar luminous rays, as com- 
with other sources of light; but, since the year 
1858, the observations of solar eclipses, and the discovery 
of the analysis, have proved the existence of an 
tmosphere encircling the sun, and shown that that 
atmosphere must be in a state of intense ignition. We 
hire igs point out how these facts have been ascer- 


At a subsequent page,* the reader will find an account 
_ of some singular appearances, which have been noticed 
during the eclipses of the sun that have occurred duri 
the last few years. And as our means of observing an 
istering such appearances have improved,t the nature 
of the red flames has been directly traced to the existence 
of a solar atmosphere. At the time they have been 
noticed, they could not have occurred on the surface of 
the moon, use it is well known that our satellite 
possesses no atmosphere ; and as there could be no other 
cause assigned for them, they were accounted for in the 
way we have named. 
discovery of the m analysis, of which a full 
account will be found at the end of the section on Light, 
| has satisfactorily set the question at rest. Our 
will understand us better if we give a brief outline of the 
manner of applying the spectrum method of investiga- 
tion in this case.—If a ray of white light be decomposed 
by a glass prism, it is divided into seven colours, afford- 
* See p. O84. 


+ See article “ Celestial Photography”—Section Light. 
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ing what is called the prismatic spectrum. 
each extremity of the s 
lines is distributed, which have definite positions 
every ray of light. If these be viewed by means of 
apparatus, illustrated and described at page 166, in 
section on Light, it will be found that the vapour of 
metal, ing through, or in combustion in, any lumi- 
nous flame, will afford a distinctive coloured line for each 
metal—either of them being thus readily distinguished 
by its own colour and position, in the spectrum so 
afforded, If the reader will now peruse pages 167 and 


soning on these facts, as we have there stated, the Astro- 
nomer o- Professor Airy, has pronounced a distinct 
opinion—that the surface of the sun is in a state of 
incandescence ; and that immense bodies of ur are 
continuously arising from it, doubtless being the cause 
of the intense light and heat emanating from that body, 
This, perhaps, is one of the most interesting applications 
of modern discovery with which we are acquainted, 
Soar Spots.—These curious appearances, which have 
been generally considered to 
exist on the dise of the sun, 
have generally attracted the 
attention of o! ers of late 
years. On July 25, 1862, a 
remarkable spot was noti 
having a length of 120, 
miles, and an area of 72,000,000 
square miles. At its disap- 
erste on August a 
istinct notch was afford 
the photographs of it, whi 
seemed to prove that it was 


due to an indentation of the solar disc, Fig, 40* illus- 
trates the shape of the spot as drawn on July 27,—Eb, 
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Tuts object, the most valuable in relation to mankind— 
which serves as a guide to the mariner in the trackless 
path of the ocean, and whose influence, combined with 
the sun, produces the tides, will next claim our attention. 
Viewing its path in the heavens, we find its motion to be 
the most rapid of any other body ; the earth’s changes of 
position, which, with reference to the sun, amounted in 
the course of a day to 1°, will, for the moon, be more 
than twelve times that quantity. In consequence of this 
quick displacement with reference to the stars, its motions 
have become a most valuable means of determining, at 
any instant of time, the position of a vessel at sea. 

er appearance, and the breadth of her illuminated 
disc, vary every moment, showing that she is an opaque 
body which receives light from the sun. The disc, how- 
ever, during each successive lunation, always presents 
the same physical appearances ; and we have never been 
able to perceive the other hemisphere, which can only 
bé seen when in conjunction with the sun, or at that 
time when the darkened hemisphere is directed to the 
earth. This arises from her rotation on an axis, in a 
period nearly coincident with the time of her sidereal 
gers proof of the f the body of 

A most striking opacity of the yo 
the moon, is shown by a phenomenon uently visible 
—viz., the occultation of a star by the moon. In con> 
sequence of the proper motion of the moon from west to 
Ne esr anes Ag armed in her march all the 
fixed stars in her path. Before full moon, we see the 
star disappear at her unenlightened hemisphere, and re- 
appear at the illuminated limb. The time of the occulta- 
tion will de on the motion of the moon in her orbit, 
which can thus be caleulated with great precision, and is 
found to agree exactly with observation. 

Puases or tHE Moon.—The phases are thus explained : 
—If we assume that the moon describes a circle around 
the earth, and that the sun is infinitely distant, we shall 
xe gar, bo ight from the sun will always be 

and will only illuminate one-half of the convex 
i limited by the line m 7 (Fig. 41). But toa 
Fig. 41. 


spectator on the earth, at T, the illuminated portion will 
be limited by the line p q, directed perpendicularly to thé 
radius of the moon’s orbit. Thus at new moon, or A, 
the enlightened hemisphere is turned towards the sui, 
and the darkened part to the earth, when it is, conse- 
quently, invisible, except in peculiar circumstances, 
called ‘ eclipses of the sun,” when its diameter obscures 
for a time that luminary. At Ba small portion of the 


enlightened hemisphere is seen from the earth. At C it 
is at its “‘first quarter.” The enlightened portion in- 
creases gradually till it becomes a maximum, or is in 
opposition to the sun. At G it is again on the wane, or 
at its last quarter, decreasing gradually, but in a direction 
opposite to the first appearances. At A it is again found 
in conjunction. The above successive appearances are 
shown by the following diagrams. When the moon 
passes into the region of the heavens where the sun is, it 
is invisible. Atthe end of a few days, a careful observer 


will see the moon after sunset in the form of a crescent, 

with its convex side to the right, as it is represented in 

A (Fig. 42) ; this disappears, after a short period, under the 
Fig. 42. 


iF se 
D E ¥F 
G H I 
horizon. For some days the same appearances present 
themselves, the crescent becoming broader at its centre, 
as in B, and remaining longer above the horizon. Six or 
seven days more and the crescent has nearly disappeared, 
and a half moon presents itself to us, asin OC. At this 
period it is sufficiently distant from the sun, and crosses 
the meridian six hours after it. The moon continues ta 
increase, first to three-fourths, and finally to a full circle, 
as in D and E. In another week, the waning moon, 
which is seen in the morning, assumes the appearance of 
F, G, H, and I, the concave side of the crescent being 
now to the left. 
If the moon did not revolve on its axis during this 
rogress, we should not have the same spots visible on 
its surface at each position in its orbit, in nearly the same 
direction. We are thus led to infer that the moon makeg 
a corresponding turn on her axis, in the interval from 
conjunction to conjunction. Thus, if the surface werg 
without motion, while she Fig. 43. ut 
moved in her orbit from L $ 
to L/ (Fig. 43), the position 
La wane e a position 
L’b; but during this time 
she has revolved es her — 
through an angle bI/a, 
to he ntgle LTL darartned 
in her orbit. Similarly, we 
find that when she has de- 
scribed a motion of 180° or 
270°, she has rotated on her 
xis by an equivalent angle.* 
 LisraTIon oF THE Moon, 
—Seen through a telescope, . 
there is another phéndmenon called the libration, which 
* A somewhat acrimonious discussion was d some years 
by Mr. Jellinger Symons, who stoutly mairitained that the moon did not 
rotate on her axis. The idea, however, was at lagt giyen up.—Eb. 
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enables us to perceive a small ion of the disc, other- 
wise invisible. The first, or libration in longitude, 
arises from the two motions of rotation and translation 
not being exactly equal, and thus the appearance of the 
moon's borders will likewise partake of this inequality. 
The second arises from the circumstance that the axis of 
rotation is not exactly ndicular to the plane of its 
orbit, but is inclined to it by an angle of 6°37’. This is 
called the libration in latitude. Thus, when the moon is 
at L (Fig. 44), we see without difficulty the pole g, but 
Fig. 44. 


L 


3 r 

cannot perceive the opposite pole p. But when the moon 
is at L/ the pole p sDpecinad visible, while the pole q 
vanishes from our view. The position of aspot near the 
moon’s equator at a, would, therefore, to a spectator on 
the earth, appear in different positions ; this libration is 
directed perpendicularly to the plane of its, orbit, or 
nearly to the plane of the ecliptic. ‘ 

i , there is a third libration, called the diurnal 
libration, which depends on the positions of the moon to 
an observer on the earth’s surface, in the interval from 
rising to setting. In consequence of the proximity of 
the moon, the spots will not retain the same positions at 
rising and passage across the meridian ; but the effect at 
its maximum is only 32’, and is scarcely worth attention, 

PaRaLLax or THE Moon.—Before attempting to deduce 
the orbit that the pote describes aie re: — swe 
shall find it imperatively necessary to correct the res 
of chewtadica for “Parallax.” Parallax is the le 
which the radius of the earth subtends at the moon. It 
is seen entirely in a vertical direction on the meridian, 
and can be determined in the following manner ;— 

If the zenith distance of the moon’s centre be observed 
by two astronomers at two stations, differing considerably 
in latitude north and south, as Greenwich and the Cape 
of Good Hope, as (B and ©) in Fig. 45, we shall have 

“s the angles 4BL and 
; “4 CL. The latitudes 
: of the two stations, 

BOE and CO E, are 
LU well-known, and their 

difference of longitudeis 

also accurately Ww, 

The motion of the moon 

in zenith distance is 

known to a t cer: 
tainty, and thus the 
data are perfectly comparable, If the moon were as dis- 
stars, the sum of the zenith distances 


tant as the fix 
thus found would be precisely equal to the sum of the 


latitudes, north and south, of the two observatories, 
when _—_ allowance has been made for refraction. 
But etfect of parallax will be in both cases to 
increase the apparent zenith distances, and the observed 
sum will be greater than the sum of the latitudes by the 
whole amount of the two parallaxes. In this manner, 
by corresponding observations of the moon at her meri- 
dian the constant of the horizontal parallax has 
been determined. (See Note at page 926), 

In its practical application to the results of observa- 
tion, it is omer to correct the zenith distances for 
the angle made by the direction of the plumb-line at each 
station, and a line drawn to the centre of the earth, 
This is termed the angle of the vertical ; and its value, 
as well as the radius of the earth at the two stations, are 
known from the “figure of the earth.” The point of 
reference to which horizontal parallaxes are referred, in 
the case of the moon, is the radius of the equator; and, 
in this manner, the individual results of observation are 
corrected for the effect of in. altitude, which 
varies as the line of the zenith distance. 

Tae Moon’s Pata rs tur Heavens.—By the transit 
instrument and mural circle, we are now able to trace 
the path of the moon in the heavens, after properly 


applying the corrections for parallax and semi-diameter 
ebee ental We thus determine its angular dis- 
anes with respect to the equator, and find that it 

escribes a revolution in a resol of about 27 re- 


turning nearly to the point of departure ; but i 

several lunations, its progress be watched, we shall find 

that its inclination to the equator differs by an angle 

varying from 18° to 20°, 
Fig. 46. 


Instead, however, of referring 


The fi 
wit hot as 
the moon in its pro- 


j stions E ee 
un 
sents the earth’s equa- 
tor, ABCD the ecli 
slr ease tic, and near ABC 
the orbit of the moon is seen inclined to the ecliptic 
an angle of 5° 9’. The intersections of the orbit NN’ 
are termed the nodes. Supposing N to represent the 
node at one sarees at the next it will be found to 
have retrograded to N’, and at each succeeding lunation 
in the same manner, always pr ing the same incli- 
nation to the ecliptic, till, at the end of about 19 years, 
it returns to the position N. This will naturally cause 
a variation in its inclination wit rd to the equator, 
"Tt BOD be th elle E the N 
e eclipti uator, 
L N’ the orbit of the — be . 
moon, O P the axis of 
the earth, O K the axis 
of the ecliptic, and OR 
the axis of the moon’s 
orbit, In the motion 
of the axis of the moon’s 
orbit around the pole 
of the ecliptic, it will 2 
describe a small circle, 
RR’ BR’, round the 

int K. The axis O 

describes a cone of 
revolution, of which the 
axis of the figure is the 
line O K. In this mo- 
tion the angle of O R with 0 K is always equal to the 
inclination of the moon’s orbit, or 5° 9’. The inclination 
that the equator will make with the moon’s orbit will be 
successively the angles POR’, PO R, and POR”; 
and as the angle P O K is the go, of the ecliptio, 
or 23° 28’, the angles P O R’ and | OR” will he the 
minima and maxima inclinations, being 18° 19’ and 28° 
37’ respectively, (See also Fig. 31), 

Motion or tHE Apstnes,—The line of the apsides of 
the moon has been found to have a very to though 
not uniform motion, amounting to 6’ 41” daily, which is 
direct, or pri a the order of the signs, and the 
major axis of the ellipse thus makes a complete reyo- 
lution in 3,232} days. In one hundred Julian years, or 

525 days, the line of the apsides makes eleven com- 
plete revolutions -+- 109° 2’ 46’°6; and at the present 
time this motion decreases 50-4203 in one hundred 

ears. The longitude of the perigee may be calculated 
‘or any period—that in 1801, January 1 gs time), 
being 266° 10’ 7-5. The true longitude of the moon, 
supposing it to move in an elliptic orbit, whose eccen- 
tricity is 0:0548442 in parts of the semi-major — or 
the greatest equation of the centre is 6° 17’ 127-7, 
might thus be calculated for any period in the ordi 
manner; but a great number of minute corrections 
must be applied to it before the tabular plane, thus 
obtained, would be found to agree with the observed 
plane of the moon. 

Evection, VARIATION, AND AnNvAL Equarion.— 
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These are the three greatest periodical fluctuations of the 
moon in longitude. The effect of the evection can be 
explained by a diminution of the equation of the centre, 
when the moon is at opposition and conjunction, and by 
an increase in its value when at quadratures ; the amount 
of the correction in the latter case not, however, being 
so considerable as in the former. If we suppose the line 
of apsides to be in syzigy—that is, new or full moon— 
the observed longitude will be found to be 80’ greater 
than the calculation ; and if the apsides are in quad- 
ratures, or first and last quarters, the observed will-be 
found to be smaller by the same amount. The evection 
depends on the double of the elongation of the moon 
from the sun, the mean anomaly being subtracted from 
the product, and the coefficient of this quantity, amount- 
ing to 1° 20’ 30”. Hence, when the apsides are in 
syzigies, at which period the eccentricity is greatest, the 
greatest equation of the centre is 7°-39; and when in 

uadrature, at which it is smallest, it is only 4° 58’. At 
the latter position of the apsides, the gravitation is 
greatest at apogee, and least at perigee; and in the 
former case, the gravitation is greatest at perigee, 
and- least at apogee; and, consequently, the eccen- 
tricity of the orbit is increased. The discovery of 
the equation of the centre and evection is due to 
Hipparchus and Ptolemy. The more accurate obser- 
vations of Tycho proved the existence of a second irre- 
gularity, which is termed the variation. The observed 
planes disagreeing with the computed act of syzigies and 
quadratures, sometimes as much as 37’ when the line of 
apsides was in the octants, Tycho found that it depended 
on the elongation of the moon from the sun. The cause 
of this is the position and distance of the sun and the 
earth ; for when the sun’s disturbing force is at right 
angles with the radius vector, the moon’s motion is 
accelerated from the quadratures to syzigies, and retarded 
in the contrary direction. The coefficient is 35’ 42”, 
and the increase is double the elongation of the moon 
and sun. The annual equation follows nearly the same 
law as the equation of the centre of the earth’s orbit, 


only with opposite signs. This is greatest in the months 
of sachs and tember, but almost vanishes in June 
and December. ‘om this it derives its name—the 
Fig. 48, 
se oi 


period being an anomalistic solar year, and the coefficient 
11’ 13’. The motion of the moon, in consequence, is 
slowest in winter and quickest in summer. It is due to 
the disturbing force of the sun in different parts of its orbit, 
being greatest at its least distance, and least at aphelion. 


in latitude depends on twice the elongation of the moon 
from the sun, from which the distance of the moon from 
VOL. 1. 


its nodes being subtracted, the coefficient is 8’ 48”. In 
addition to this, there is another remarkable inequality, 
depending principally on the compression of the earth at 
the poles, and which may be termed the spheroidal in- 
equality. The theory of universal gravitation has come 
to the aid of observation in detecting numerous inequa- 
lities, which observation alone would scarcely ever be 
able to discover, and has explained all those which were 
previously known to exist. ; 

Motron or tHE Moon ry Space.—The curve which 
the moon describes in space may be laid down in the 
following simple manner :—Let the earth, T (Fig. 48), 
pass round the sun, S’ in the orbit T, T’, T’, &c. An 
observer on the earth will see the moon in various 
positions in respect to the sun. When the earth is at T, 
the moon will be at L, or in conjunction ; when at T’, 
the moon will be at L’, or at its first quarter ; at L” at 
full; at L/” at last quarter; and as the earth describes 
its path around the sun, it follows that the curve described 
by the moon in space will pass through the points L, L/; 
L’, L’”, &e. This line is represented in the diagram as 
considerably more curved than it really is, the distance 
T L being onlyz}jth of the distance T 8, 

On tHE Harvest Mooyn.—The phenomenon of the 
harvest moon, when for some nights together, at that 
period of the year, the moon rises nearly at the same 
time, depends on the inclination of the ecliptic with the 
horizon. That part of the ecliptic in which this inclina- 
tion makes the least possible angle lies in the constella- 
tion Aries (in north latitude); and when the sun is in 
Libra, as at the time of the autumnal equinox, the 
moon, when at full, will be near the first point of Aries, 
and but little distant from the ecliptic. It is clear that, 
when at this part of its orbit, as it travels from west to 
east, the times of successive rising must be within a short 
period of each other; and if the ecliptic were wholly 
parallel to the horizon, then it would rise exactly at the 
same time on each night. As the moon, however, is 
a little inclined to the ecliptic at some periods, this will 
make the difference even less. In the latitude of Lon- 
don, the least possible difference between the times of 
successive rising of the moon, has been calculated at 
seventeen minutes. When the constellation Libra rises, 


Fig. 49. 


The greatest of the periodical disturbances of the moon | the ecliptic makes the greatest possible angle with the 


horizon, and the differences between the times of suc- 
cessive risings of the moon is then greatest. ‘This takes 
6D 
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place with the full moon at the time of the vernal equi- 
nox, and the greatest possible difference in the latitude 
of London is lh. 17m. 

Pnysreat Constitution anp Tetescorrc APPEARANCE 
or THE Moon.—No celestial object is better known to 
us, by means of the telescope, than the moon; and in- 
struments have been constructed which shorten its dis- 
tance by a thousand times, and thus brings it optically 
within less than two hundred and fifty miles of the earth. 

In viewing it, the observer is immediately struck with 
the roughness of its surface, and the numerous circular 
formations, which appear as if surrounded bya steep and 
high wall : whilst those are by far the most numerous, 
there are also caves and hilly prominences. There exist 
also immense mountain chains, which for extent and 
height appear to surpass even those of the earth. Im- 
mense ridges, rising up from the open plains, are re- 
markable for their height and brightness, as well as for 
the numerous peaks and eminences into which the sur- 
face is separated. One of these is very visible in the 
interior of the crescent of the moon, when about half- 
full, and can even be seen as a notch in that portion, 
with the naked eye, from the shadow which it casts upon 
the open plain. ‘This part is seen in the preceding 
representation of the moon when half-full (Fig. 49), and 
the mountain chain to which it belongs is a part of the 
Lunar Apennines, some of the peaks of which are calcu- 
lated to be upwards of five thousand feet in height. 
Although, however, the general surface of the moon is 
rough and uneven, and the large circular mountains are 
extraordinarily plentiful, especially in the southern he- 
misphere, yet some portions are nearly level and of great 
extent. When the moon is full, these portions appear as 
dark grayish spots, and give it that appearance which has 
been likened to the human face; and as the moon cannot 
cast any shadows at this time, it follows that this must 
be their natural colour. These are known by the name 
of seas, and still retain that appellation ; although when 
examined by means of the telescope, they have not any 
appearance of being sheets of water, but seem to be large, 
level, alluvial tracts of land, on which craters, peaks, 
cavities, and long banks are plentifully scattered. These 
seas take up a large portion of the lunar surface, although 
it is only the most extensive which are seen with the 
naked eye. The smaller ones are known by the names of 
bays, lakes, and marshes. They vary considerably in 
intensity of colour, and some of them have been even 
noticed of a grayish tinge. The greater number of 
these seas were named by Riccioli, who, according to 
the spirit of the age, called them, in the astrological 
manner, Mare Imbrium, Humorum, Serembates, 
&c. If we view the other portion of the moon 
when at the full, they might be mistaken for a 
crude, chaotic mass ob crystallised or frozen frag- 
ments, without shape or termination. It is onl 
when examined in its various crescent aspects, with 
good telescopes, that the various formations are 
seen, as it were, raised above its surface, which to all 
aeerence they are when viewed in this bold relief. 

he most remarkable of the lunar mountains are those 

of the circular shape, which are not, however, equally 
regularly detined all over its surface, some of them being 
quite perfect, and others misshapen and broken. The 
larger of the annular mountains, taken in general, do 
not possess the same regularity of structure as the 
smaller ones. For the greater part they have a level 
interior, which, in many instances, is very irregular ; and 
the wall is but seldom equally high or broad at all parts, 
which will not, however, be perceived at first; and it is 
only when the sun has just commenced to illuminate the 
tops, that the shadows are noticed to be so rough and 
regular. The exterior is frequently surrounded by 
high rocks, which are often more elevated than the wall. 
In some few instances, the interior surface is perfectly 
level, as in Plato, Archimedes, and the eastern portion of 
Stofllis ; but, for the most part, they are covered with 
mountains, mountain chains, and craters of various 
depths and sizes. In several instances, the chain of 
mountains in the interior is quite straight and regular, 


and divides this surface into two parts more or less 
equal. These mountains are not in general so elevated 
as those which surround them. It is but rarely that 
those which are level in the interior, and may be deno- 
minated the walled plains, are quite circular in form. 
The wall which surrounds them is generally uneven, and 
in many parts is completely broken away: sometimes these 
appear as gaps, and in other cases the broken porfion is 
completely levelled with the soil. In some cases the wall 
is wanting for a sixth of the circumference ; in 
others for one-fourth, or even one-third ; bu. in these in- 
stances there is mostly some trace of a coi.tinuation of 
the real wall by a differenco of brightness, or a succession 
of small bills. The walled plains may thus be considered 
to bear some affinity to the bays and some neighbour- 
ing portions of the ~ seas, as in the splendid 
Sinus Iridum, which, for a considerable portion of its 
boundary, bears a rescmblance to some of the larger 
walled plains. 

By far the greater number of the walled plains are 
seen in the southern hemisphere, where they are inter- 
linked among each other in great plenty, and where it is 
a difficult matter to distinguish them properly, or to map 
them with the requisite distinctness. In the northern 
hemisphere they are less common, but appear to greater 
advantage from being more isolated ; and it is here we 
see the more regular Sooo of this class, as Plato, 
and Archimedes. It has been remarked that, in numerous 
instances, the walled plains ap ranged in a row ina 
north and south direction ; and if the southern part be 
viewed at the first and last quarter, in that portion which 
separates the Mare Nubium from the hilly parts of the 
south-west agin a row of these formations becomes 
plainly visible, some of which are of considerable magni- 
tude and curiously entwined with one another, Similar 
to the circular-walled plains in shape, but mostly of 
smaller dimensions, are the circular-walled concavities, 
whose diameter varies considerably ; and which, like the 
latter, are best seen in the piste pret of the moon, 
though they are plentifully distributed in other parts, in 


the mountain chains, in the level seas, and even in the 
interior of the walled plains. The interior is mostly re- 
gularly concave ; and in general they are furnished with 
a central peak, which occurs likewise, though not so fre- 
quently, in several of the walled plains, as may be seen 


Fig. 50. 


in the es representation (Fig. 50). The 
interior portion of the wall is much steeper and consider- 
ably smoother than the outer. The central peak has no 
connection with the surrounding wall, and never attains 
to the same height, and frequently not even the same 
elevation, as the surrounding country; while in many 
cases they are so small as to be seen with the utmost 
difficulty. The smaller walled concavities are almost 
always without them. The central peak is in general 
very steep ; but it sometimes happens that it takes the 
form of a mountain of gradual ascent, and, in some 
instances, a mass of mountains, as in Gassendi. In the 
great annular mountain Tycho, which presents such a 
fine appearance at the time of full moon, the central 
peak is very steep and high. In some of the annular 
mountains, instead of the central part being occupied by 
a k, it is frequently the locality of a deep crater, 
although this is not so exactly situated in the centre, as 
the peak generally is. It has been remarked that the 
very dark walled plains and concavities are mostly with- 
out any central mountain or peak, as is the case in 
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Julius Cesar, Plato, Endymion, and many others of .the 
same class. The central masses of mountains are, in 
general, very steep towards the summit, but are sur- 
rounded by low scattered mountains at the base. Several 
of the walled concavities are deficient in the same man- 
ner as the walled plains, a greater portion of the outer 
wall being broken down, and several gaps apparent in 
the circumference. The pits of the walled concavities are 
deeper than the surrounding country, the exterior height 
of the wall being generally one-half or one-third of the 
interior. But there is no proportion between the diameter 
and depth of the annular mountains, the smaller being 
sometimes deeper than the larger. 

The walled mountains form but a small portion of the 
circular formations on the moon. Far more numerous 
than those, are the craters, by which name are designated 
the smaller concavities which present little or no ap- 
pearance of a wall, and some of which are so minute that 
they can scarcely be perceived with the best telescopes. 
In some parts they are so numerous, that the lunar sur- 
face presents the appearance of a spongy mass covered 
with innumerable minute pores. Some of these craters, 
small as they appear, are furnished, like those of the 
former class, with a miniature peak in the centre. These 
are found at all portions of the moon, and are very 
plentiful in the interior of the walled concavities and 
plains, in the rocky chains and seas, and the level sur- 
faces. When the moon is full, they appear as bright 
specks. They require a favourable time to be seen at 
all properly, for, unless the sun is at a favourable alti- 
tude, they can scarcely be perceived. 

In viewing the moon when at full, several radiating 
bright streams will be noticed proceeding from many of 
the mountains, which pass to considerable distances from 
their apparent centres. None of the mountains, how- 
ever, are surrounded by those bright radiating streaks 
to the same extent as Tycho, and many of them proceed 
to a distance of 500 miles. It is scarcely ible to 
imagine that these could be streams of lava, which flowed 
from the central eruption ; and it is more plausibly con- 
jectured that they must have flowed upwards through 
fissures, produced by the central explosion of the volcano. 
Tn either case, however, it may serve to give an idea of 
the tremendous force of action required in order to cause 
these appearances. 

Heieut or tHe Lunar Movuntatns.—The height of 
the lunar mountains is found either by observing the dis- 
tance of the illumined summit of a mountain from the 
generally illuminated portion of its surface ; or, other- 
wise, by the length of the shadow which it casts upon the 

lane. Both these methods will be easily understood 


rom the following considerations. In determining their 
height by the former method, we find the distance of the 
illumined summit a (Fig. 51) from the moon’s illumined 


Fig. 51. Fig. 52. 


ad 
< 


edge c o, aud we perceive that it is a tangent to the circle 
pyre. Knowing the two sides 0 c’ and oa’ of the right- 


angled triangles, we calculate oa’=,/ oc’?-+-a’c?, which 
is the distance of the summit of the mountain from 
the centre of the moon, and hence, subtracting the 
radius o c’, the remainder gives the height> of the 
mountain above the surface. By this method we find its 
height in seconds of ares, and this is nothing else than 
if we observe it resting on the limb of the moon. Its 
height may easily be reduced to feet. In general this 
method will give too small a value of the height, as the 
sun may haye shone on the mountain for too great 
a lagi of time previously. It was by this means 
that Hevelius and Galileo ascertained the heights of 
many of the lunar mountains, some of which appeared 
to be as high as five English miles. More recent ob- 
servations have shown them to be very high, though 
not of such an altitude:as this. 

This method, however, is not applicable unless the 
moon is in quadrature, or half-full. _The second method 
has been more commonly made use of on that account. 
As the mountain a (Fig. 52) casts the shadow ac, the 
length of this is measured by means of the micrometer. 
Describing the circle p, q, r, s, the solar ray directed to- 
wards b ¢’ will cut the circle inc’. The distance e’d’ =cd 
being measured, and the radius o c’ known, and the two 
sides of the right-angled triangle o c' d, the angle oc’ d is 
known, and consequently the angle oc’ a’. Jn the tri- 
angle o c’ a’ we thus know the sides 0 c, and e’a, and the 
included angle, and consequently the side oa’. Subtract- 
ing the radius 0 c’, the height of the mountain casting the 
shadow ac’ is determined. 

Many observers have perceived bright spots on the dark 
portion of the lunar disc. Sir W. Herschel describes three 
which he once saw upon it, two of which appeared almost 
extinct, but the third was more Inminous, and resembled 
a piece of burning charcoal covered with white ashes. 
A similar appearance was once noticed with the naked eye 
by two observers at Norwichand London. When the po- 
sitions of those spots have been examined, it has been 
found that they are almost always situated at the 
brightest, and consequently the most reflective, por- 
tions of the lunar surface. When the disc of the 
moon is illumined by earth-light, as is the case when 
slightly crescent, or, as it is commonly called, the 
‘old moon in the new moon’s arms” (Fig. 53), those 


Fig. 53. 


bright parts, which return most sun-light, also reflect the 
earth’s light stronger than any others. The mountains 
Kepler, Tycho, and Copernicus are thus frequently visible 
in this manner, as also the bright mountainous districts. 
But, above all, Aristarchus is most commonly visible at 
those times. This is the brightest part of the moon, and 
was thought by Hevelius to be a burning volcano of sul- 
phur and saltpetre. 

In the following engraving, the cut B represents the 
earth when opposite the sun in the tropic of Capricorn, 
on the 21st of December, the longest night in the year, 
and moon full in the tropic of Cancer, the horizontal 
line being our horizon, showing that the diurnal are ot 
the sun is small, while the moon has a very large one to 
traverse. The contrary of this takes place in the sum- 
mer solstice. This explains why the moon in summer 
seems to describe a very small, and in winter a very large 
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are, C represents the moon in various positions in re- 
ference to the earth and the sun. In the first and second 
figures she is in conjunction, or directly between the 
earth and the sun. In the next figures the earth is in- 


terposed between the sun and the moon. D shows how 
the elliptical orbit of planets is produced by the co-opera- 
tion of attractive and tangential forces, @ middle cut 
represents the phases of the moon, 


Pig. 54, 


CHAPTER V. et 
ON THE PLANETS, 


Awone the more lustrous objects which arrest our ob- 
servation in the heavens, are those which, since the 
earliest times, have been known by the name of Planets, 
from their erratic course among the fixed stars. The 
variable brightness of Venus, the morning and evening 
star, as well as those which appear at all times of the 
night, claim our attention equally with the sun and 
moon. Five of those objects were known to the ancients: 
Mercury, Venus, Mars, Jupiter, and Saturn ; the first 
of which is but rarely seen with the naked eye in our 
latitudes, in consequence of its constant proximity to 
the sun, although a sparkling object, and much brighter 
than any of the fixed stars. These bodies, it will be 
perceived, do not, like the sun and moon, move in one 
constant direction from west to east, but sometimes 
direct, sometimes retrograde, and are at other times 
stationary. 1t was noticed, however, by the ancients, 
that whatever might be their movements in longitude, 
their latitudes did not depart much from the ecliptic ; 
and a zone of 16° in breadth, or 8° north and south of 
the ecliptic, contained all the ancient planets. This 
was termed by them the zodiac, and was divided into 
twelve equal portions, the signs at whieh it cuts the 
equator, or the line of the equinoxes, being in the con- 
stellations Aries and Capricornus. 

If Venus, the most brilliant of all the planets, be ob- 
served in its passage through the heavens, it will be seen 
that, in the course of a few months, it describes in the 
sky a very irregular circle, and that it oscillates to a 
certain distance on each side of the sun, sometimes rising 
before it in great brilliancy in the morning, and subse- 
quently setting after it in the evening, and then for a 

_of time being altogether invisible to the naked 

oye (Fig. 55). It thus appears at an epoch nearly in 
direction of the sun 8; it then passes from 8 to A, 
and then returns from A to S; and having passed the 
sun, it goes from 8 to B, and finally returns to it in the 
contrary direction, or from B toS. When an evening 


star, it is seen between S and A, and between S and B 
in the morning. Its latitude varies in the same manner, 
Fig. 55. 


The greatest elongation from the sun never exceeds 477°, 
and is never less than 45°; and at those points its motion 
is considerably slower than when nearthe sun. In order 
to explain the oscillatory motion of Venus in respect to 
the sun, the ancients imagined an epicycle similar to 
that already mentioned in the case of the sun. If T 
(Fig. 55) be the position of the earth, it was supposed 
that V, the planet, described an orbit round the centre O, 
which had a motion itself around the earth, the three 
points, TOS, being always in a straight line, At the 
times of greatest elongation, the planet was in the 
direction of T A and T B ; and in the intermediate times, 
its apparent motion was sometimes from west to east, 
and at others from east to west, or retrograde, If Venus 
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be, however, examined with the telescope at its various 
distances from the sun, it will be seen that its diameter 
varies greatly, and that its disc undergoes a series of 
changes similar to those of the moon. By observing 
those in its different positions, it will be perfectly ap- 
parent that they agree with a motion of the planet round 
the sun, it being supposed that the planet is an opaque 
globular body, of which one hemisphere is illuminated 
by the sun. If the sun S (Fig. 56) be supposed to re- 
Fig. 56. 


Vv 


volve round the earth T in the direction of the arrow, 
and the planet V around the sun, at the point V, where 
it is in a line with the earth and sun, and the hemisphere 
turned towards both illumined by the latter body, its 
dise will appear wholly illuminated by the latter. At 
the points Vand Vv”, where the angles S V’T and 
SV” Tare right angles, the planet will appear as half- 
full. At the point V” the illuminated portion will be 
completely turned away from the east, and it will there- 
fore be invisible, but would appear on the sun as a dark 
spot, and at its greatest diameter. In the positions be- 
tween V and V’, and V and v" it will appear more 
or less gibbous; and between V’ and V”, and V” and 
Vv”, as crescentic. The appearances of the planet, and 
comparative sizes of its disc, under these circumstances, 
will be seen in the accompanying representation (Fig. 57). 
Fig. 57. : 


The magnitude of the illuminated part can readily be 
obtained for any epoch by the following simple construc- 


tion :—The plane of projection being perpendicular to a 
line joining the earth and Venus, the boundary of the 
illuminated hemisphere will be projected into an ellipse 
more or less eccentric upon it, and the minor axis will be 
in the same proportion to the major, as the radius is to 
| the cosine of inclination between the two planes. The 
inclination is the angle at the centre of Venus, formed by 
lines drawn to the sun and earth. 

The greatest and least diameters of Venus are about 
60” and 10”, as seen from the earth ; and it follows that 
if r be the distance between the sun and Venus, that the 
greatest and least distances will be 1+ 7, andl—r 


between Venus and the earth. The relative distances of 
Venus and the earth from the sun may therefore be 
found, as the extreme distances will be in proportion to 
the extreme diameters, or 


1+r:1—r:: 60:10, ore = 75 = 072, 


The distance of Venus from the sun is therefore 


of that of the earth. 

Whilst the planets Mercury and Venus can only be 
separated by a certain distance from the sun, and only 
perceived in the mornings and evenings, the other planets 
which are known at the present time can be seen at all 
parts of the sky, and pass the meridian at midnight 
when in opposition. The first are called the inferior, 
the latter the superior planets The apparent course of 
the latter in the sky is, however, equally irregular as 
the former ; for the greater part of their revolution they 
are direct, and for a short time retrograde ; their motion 
is sometimes slow and sometimes fast, and their latitude 
is equally variable. Mars returns to the same position 
in the heavens in 687 days, but preserves its direct 
motion 707 days; whilst its retrograde motion varies 
between 61 days and 81 days; but the direct motion, 
combined with the retrograde motion which follows, 
comprises about 780 days on the average. When in 


i. 
100 


conjunction with the sun, its motion is always direct ; 
but when in opposition, it becomes retrograde, and the 
are of the latter may vary between 10° and 19}°. Jupiter, 


Fig. 58. 


\ 


Saturn, Uranus, éc., are in a similar manner retrograde 
at opposition, and direct at conjunction. Jupiter’s 
direct motion continues for 278 days, and the 
retrograde from 1164 to 1224 days, the arc of the 
latter being constantly at about 10°. In a simi- 
lar manner, the period during which Saturn 
moves in the order of the signs is 239 days, 
and the duration of retrogradition may vary 
§ between 135$ and 138} days, the are described 
| varying between 6° 40’ and 6°55’. The manner 
in which these various motions were accounted 
for by the ancients was the same system of epi- 
cycle already described for Venus, but some 
slight modification was introduced. The planet 
M (Hig. 58) was supposed to describe an epicycle 
in such a manner that the radius C M, which joined it 
to the centre, was parallel to TS at all parts of its 
orbit, as C’ M’to TS’, &e. If the different positions 
of Mars in reference to direct and retrograde motion be 
examined, it will be found to agree closely with this 
explanation. 

It was by this system of epicycle and deferent, that 
Ptolemy accounted for the apparent motions of the 
planets in their paths through the heavens; and he 
endeavoured to arrange the radii and motions of the 
epicycles in such a manner that they would agree with 
the observed appearances.’ As, however, new inequali- 
ties were brought to light, it was found to be impossible 
to explain them by those single epicycles ; and, in most 
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a compound of “wheel within wheel” had 
Seg perbene e) 5 fe par to obtain a more approximate 
similarity between the calculated and 
The more simple Ptolemaic 


from the following diagram The earth T is 


. 59). 
placed at the centre; ei owe is the moon, L, which 
Pig. 59. 


_the earth was itself in motion around that body ; but 


aiuhough it ight have arrested the attentiea of Goper 


although it might have arrested the attention of Coper- 
i th many other of the dreams and specula- 


performs a revolution in 29} days. Next to the moon is 
placed Me: , m, whose period is 116 days; beyond 
which Venus, V, is situated, with a period of 584 days. 
The sun, 8S, next occurs in the order of distances ; then 
Mars, Jupiter, and Saturn pera: as their distances 
from the earth were judged to be greater or lesser, 
according to the length of time which ela between 
their successive returns to the same point of the heavens. 
It will be seen that the radii drawn from Mars, Jupiter, 
and Saturn, to the centres of their respective epicycles, 
always remain parallel to the line which joins the sun to 
the earth, and that the centres of the epicycles of Mer- 
eury and Venus are always in the same line with the 
earth and sun. Plato considered that the sun should be 
placed nearer to the earth than Mercury and Venus, as 
these two latter planets were never seen upon the disc of 
the sun ; a it Boos not interfere we ee i the fore- 
going explanations or appearances on which side it is su 
| to be placed. At the present time, this could ihe 
remain arbitrary, as the phases and variable diameters of 
the planets would prove, It would have been much more 
natural for him to have made the planets Venus and 
Mercury revolve round the sun ; but as it was not pos- 
sible for him to do this in respect to the superior 
planets, it was likely that he would not adopt it on that 
ge System.—After the Ptol had 
‘lopernican —After the Ptolemaic system 

been received among the learned for so many ages, who 
were educated in the belief of the heavens ‘with cycle 
and epicycle scribbled o’er,” it was a difficult task which 
otenn tabty. to meow ry M5, Ba be: all those 
motions ly accoun or © Ptolemaic 

he endeavoured to reconcile all, i far more peste roe 
—T How far the suppositions of former astrono- 
mers, however true they were found to be, essentially 
agreed with those subsequently enunciated by him, is of 
little pee as the idea of placing the sun at the 
centre of system is but a small portion of the glory 
of his discoveries, which consisted in explaining the 
po sete motions of the sun and planets, and the variety 

seasons, on the moat simple grounds. The i 

had conjectured that the planets Mercury enus 
might revolve about the sun ; and others supposed that 


pincete Me , Ve 
turn, m, V i M, 
order, and all in the same direction. The moon was 
held, as in the Ptolemaic system, to have a direct motion 
around the earth, but was now made to accompany it in 
the same manner as a subsidiary planet ; in order 
to explain the rising and setting of bodies, or the diurnal 
i to have a motion on its 


d 
2 
; 
iy 
: 
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x of the fixed stars, as well as 
from what he judged to be the improbability, that an 
immense body, like the earth, would move at so great a 
rate in space. 

The system framed by Tycho, which, at the present 
time, is only as one of the curiosities of sci- 
entific history, is a combination of the Copernican and 
Ptolemaic systems. The earth is by it supposed to be 
stationary ; the planets revolve about the sun; but the 
sun, accompanied by all these bodies, revolves around 
the earth, in exactly a similar manner to the moon. 
Whilst it explains the various motions of the sun, moon, 
and planets, it must, at the same time, be regarded as 
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very unphilosophical, and as only fitted for the prejudices 
of the age. 

Srarions aND RerTroGRADATIONS.—The various pro- 
ive and retrograde motions of the planets, explained 
by the cumbrous machinery of the Ptolemaic system, on 
a of the earth being stationary, follow 
y from the circular motions of the planets them- 
selves, combined with that of the earth, in the true 
system of the universe, and, indeed, led the illustrious 
Copernicus to his great discovery. The two inferior 
—_ Mercury and Venus, move round the sun in 
ess time than the earth ; and if S be the sun (Fig. 61), 
V, Venus at inferior conjunction, and T the earth, the 
planet will pass through an are V V’ of its orbit, in the 
same time that the earth passes through the smaller are 
Fig. 61. T T’ of its orbit. The 
planet, therefore, has ap- 
peared to move quicker 
than the earth in. the 
direction of the arrow, 
which is in a retrograde 
direction. If, however, 
Venus be found at su- 
perior conjunction with 
the sun, and it passes 
from V” to V’” in the 
same time that the earth 
moves from T to T’, it 
will appear to move Ina 
: contrary sense to the 
E arrow, and, therefore, 

direct. Between these two points, the planet will, of 
course, be animated with different rates of motion, and, 
at certain times, will appear quite stationary in the 
heavens. If the earth — fix: a T, the _ would 
appear stationary at the point of greatest elongation. 
_ As it is, however, the planet and earth must be both 
moving at the same rate, and in the same direction, in 
order that the former may appear stationary. The dura- 
tion of the movement of Venus is only three 
weeks before and after the time of inferior conjunction. 
The pinged planets bear the same relation to the 
earth as the latter does to Venus and Mercury; so that 
when the earth is stationary for any of those planets, 
the planets a in the same manner to be stationary 
to the earth. The progressive and retrograde motions 
of the superior planets may, therefore, be explained in 
the same manner. if M be Mars in opposition 
(Fig. 62), as the earth moves more rapidly in its orbit 

"Fie. 62. 
" 


than the planet, it will from T to T’, whilst Mars 
only moves from M to M’ ; so that whilst it was first seen 
in the direction TM, it will afterwards appear in the 
direction T’ M; or, in other words, the planet will appear 
to have fallen back in the manner indicated by the arrow, 
or in retrograde direction. When the planet is in con- 


repels with the sun, or at M”, whilst it passes from 
“to M”, the earth will have moved from T to T’ in 
the con: directivn, so that the planet will appear to 
move in a di sense, or according to the order of the 
signs. Thus all the superior planets are retrograde at 
the time of opposition, because their motion is slower 
than that of the earth ; and at the time of conjunction 
they are always direct, because moving in the contrary 
direction. Between those points the planet will appear 
as stationary at that part of its orbit, when the earth, 
pening from T to 1’, will be so oblique in to 
M’ that the lines T M and T’ M’ will be parallel ; and 
as the distances of the stars are immense in comparison 
with any of the planets, the lines TM and T’ M’ will be 
peer pera to the aon — of the heavens, and the planet 
ill appear exactly in the same position in res: to an 
fixed point or star. e ii : 
To DETERMINE THE ELONGATION OF A PLANET WHEN 
SratronaRY is a difficult problem, when the inclinations 
and ellipticity of the orbit are taken into consideration ; 
but as at the present time itis more a matter of curiosity 
than interest, the orhit may be considered as circular 
Fig. 63. without much error, 
and situated in the 
same place as the 
ecliptic. Let S$ (Fig. 
~ 63) be the sun, T the 
earth, and M the po- 
sition of Mars near its 
stationary point; then, 
when the earth 


* $ from T to T’, the 
lanet will move from 

to M’, and the 

lines M'T, M’ T’, may 

bin Ona _ be considered as pa- 

rallel, as before ex- 


Soar Consequentl 
TY S—MTS=M: 
—MTS=TST’; and in thesame manner 8S Mr—SM'T’ 
=SrT—SM’T=MSM’. Whence it follows that the 
angular variations at T and M are proportional to the 
angles TS T’ and MS M’; or as the angular velocities 
are inversely as the periodic times, then SMi:ST?; 
and putting a = 8 M, and S T=unity, the sines of the 
angles M and T will be in the ratio of their opposite 
sides, or as a ; 1, and the contemporary variations of the 
angles will be as their tangents ; or, 
sin. T sin. M yey 

cos.S* cos. M** **? 

sin.T sin. M # 

: — ers kL 
1—sn?T) /—sin.? M) 
oa? at 
@—1 ~@fa+l’ 


J@+FaFl) 

For an inferior planet the M and M’ may represent the 
place of the earth, and T and T’ the positions of Mercury 
and Venus. ‘Thus if the mean distances of the earth and 
Venus be taken at 100,000 and 72,333, then sin. T = 
048264, the sine of 28°51’, or at this angle of elongation 
from the sun, the planet is stationary. 

To determine the time when a planet is stationary, the 
time of conjunction or opposition must be known. If m 
and n are the daily motions of the earth and planet, then 
m—n, orn —m is the daily variation at the angle T S M, 
as it is a superior or inferior planet ; then, 


whence NX 


And sin.?T = 


m—n) | a ZTSM 
see! : ZTSM::1 day $ mh. 


Puases or THE Superior Puianets.—-None of the 
superior planets show the same succession of phases as 
Mercury and Venus; and only one of them, Mars, is 
near enough to the earth to show any appearance of de- 
parture from a full disc, the illuminated hemisphere 
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being turned nearly always towards the earth. The longitude; and he thought that Tycho’s observations 
Fig. 64. int of its orbit, at which might be in error by that, or even a quantity of 2’, 
Mars will ap most | When compared with observations of the ney" out of 
ibbous, will at M_| opposition, it, however, became p t orbit 
Fig. 64) ; at the points | would not answer, the errors Tongitude sometimes 
M’and M’, when at op- | amounting to 8’, w: he was persuaded could not be 
ition and conjunction, | due to the observation of Tycho. He was consequently 
its illuminated hemi- | led to doubt if the observations could be satisfied by any 
sphere will be wholly | circular hypothesis, and further computation served to 
Vm turned towards the earth. | confirm his doubts, Supposing S to be the sun (Fig. 66), 
The diminution of its Fig. 66. 
} disc from a complete 
circle is, however, ve' A 
sensible; and a ree 
table of its defective illu- 
mination is given in the T 
Yautical Almanac for 
2 - ; every month in the year. 
It is wholly insensible in Jupiter and Saturn ; and to te- § M 
duce the observation of the limb to the centre, it is only 
se pee to apply the semi-diameter. 
grLer’s Laws.—Copernicus, in explaining the ap- Y 
arent motions of the planets in the heavens, confined jae 
imself, it will be seen, to circular motion, and all the 
planets were supposed to revolve round the sun, as a B 


centre in circular orbits, which he considered the most 
natural of any. It has already, however, been seen that 
the sun’s motion in its orbit is not equable ; nor will it 
be explained by supposing the earth to revolve ina circle, 
of which the sun is pineel eccentrically to the orbit, and 
that it can only be accounted for by supposing that our 
planet moves in an ellipse, of which the sun is placed in 
one of the foci, whilst rejecting all the other cumbrous 
omens of the Ptolemaic system. In order to explain 
the various inequalities caused by this elliptic motion, 
Co was forced to retain the supposition of epi- 
cycle and eccentric, The observations of Tycho Brahé, 
in the hands of the immortal Kepler, however, threw off 
this last obstruction, and discovered not only the true 
figure of the orbits of the planets, but likewise other won- 
derful laws in relation to them. 

In examining the orbit of Mars, he endeavoured to 
determine the eccentricity in respect to the sun, sup- 
posing it to be a circle, in the following manner :— 

upposing that D (Fig. 65) was the point round which 


Fig. 65. 


A 


the motion of the planet was uniform, © the centre of 
the circle, and S the position of the sun, M, M’, M’, M”, 
being four places of at ya he endeavou 

to determine the angles A D M’, Ag M”, in such a 
manner that the four — M, M’, M”, M”, were 
situated on the circumference of the circle with the 
centre C, By assuming the distance 8 D, and the two 
angles, A D 


determine if the four angles at S made - 360°, ws a 
t line. ter 


which agreed so well with observation, that out of twelve 
oppositions, none of them differed more than 1’ 47” in 


M, Mars, and T and T’, two positions of the earth, when 
Mars returned to the same part of its orbit, whilst the 
earth was at T, he determined by observation the angle 
MTS, and when at T’, the angle M'T’S. The distances 
T'S, T’ S being known, and the angle TS T’, the side T T” 
and the angles ST T’ and 8 T will be known, and 
consequently the angles M TT’ and MT’ T, The side 
MT may be found in the triangle M T T’, and finally 
the side M § in the SS S, or the distance of 
Mars from the sun. By thi method Kepler determined 
the distance M §, at perihelion and spheten the former 
of which he found to be 138500, and the latter 166780 ; 
the mean distance being 152640 ; that of the earth being 
supposed to be 100000. In the same manner Kepler 
determined three other distances of Mars, from observa- 
tion at different parts of his orbit, which he found to be 
166255 ; 163100; 147759. But by calculating these dis- 
tances on the supposition that the mean distance was 
152640, and the eccentricity 14140, the distances were 
found to be respectively 166605; 163883; 148539. 
Whence the errors were found to be 350, 783, and 789. 
The true distances of Mars from the sun were, t 

shorter than those calculated ; and as the line of apsides 
and the perihelion and aphelion distance were 
ae J reaag te rd the aes in (~ eae — j 
and the ellipse being the simplest of all o e foun! 
that this was the true curve. By examining Mars at 
many other of its orbit, he fouind that it — 
closely with this supposition. Thus the first law of Kepler 
was discovered by infinite labour and ity, viz., that 
the planets revolve about the swn in elliptic orbits, the sun 
i 2 situated in one of the re 

The second great law of Kepler was likewise discovered 
by him from observation, by comparing the velocity of 
the planets in their orbit with their distances from the 
sun, or rather the areas of the sectors, and the ares 
included between the radii vectores boundingthem. He 
found that when at their apsides, the velocity of their 
motion was inversely as their distances from the sun, or 
that the planets describe equal areas in times at those 
points ; and he was of opinion that this was true at all 

rts of the orbit, although he could not prove such to 

the case. This, however, has since been proved to be 
a caer | law, and to follow consequently from the 
doctrine of universal gravitation. 

Tho third great law of Kepler connects the distances 
of the planets from the sun, with the time in which they 
make a complete revolution about that luminary. The 
further a planet is removed from the sun, the slower he 
found its motion on comparing it with the absolute 
motion of the earth. The distance of Saturn from the 
sun being nine and a-half times that of the earth; 
consequently if their rates of motion were alike, the | 
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riod in which Saturn would perform a complete revo- 
ution would be nine and a-half years. It is apparent 

that the periodic times do not, however, increase accord- 
ing as the squares of the distances, as in that case the 
periodic time of Saturn would be upwards of ninety 
years, whilst in reality it is about thirty. After nume- 
rous and laborious trials, Kepler at] found out the 
remarkable analogy that the squares of the numbers repre- 
senting the periodic times were seoeagh asks ysl to the 
cubes 0a ote en sun. Comparing 
the earth and Mars, for example, we find that (365-2564)?: 
(686 -9796)* : : 100000 : 152369, All of those remark- 
aes laws were afterwards pope! = Isaac Newton - 

necessary uences e laws 0: vitation ; an 
thus what was Redaoad by Kepler teas Oaeeeabone on 
one particular planet, and at one particular point of its 
orbit, was verified, and found to be.universally applicable 
to the whole solar system, and to form a connecting link 
between all its members. 

From the third law of Kepler the mean distance of a 
planet from the sun can be readily calculated, and with 
much less difficulty and more accuracy than by direct 
observations. The periodic time may be found by 
observing ¢he time of the planet’s passage through the 
nodes, and by observing the intervals between the 
ascending and descending nodes, and the descending and 
ascending (which, if the orbit be an ellipse, will not be 
exactly alike); a value of the eccentricity may be 
obtained from the greatest difference, the true and mean 
anomalies, or the equation of the centre. To deter- 
mine the mean distance—supposing f to be the periodic 
time of the earth, and r that of the planet, D being the 
mean distance of the earth, and A that of the planet, 
we have 


2: r®::D%:A%, whence A =D x (7)? 


The longitude of the planet in the nodes, or the longi- 
tude of the node, may be determined from two helio- 
ventric latitudes and longitudes. 

TeLescoric APPEARANCE OF THE PLANETS.—The planet 
Mercury appears under all the phases of the moon and 
Venus, but is seldom visible in our latitudes to the naked 

e, as, when most favourable for that purpose, there is 

ways a strong twilight, and it is situated too near the 
mists of the Bévister At its nearest approach to the 
earth, or at the time of inferior conjunction, its apparent 
diameter amounts to 12’, and at its superior conjunction 
this decreases to 4”; at its mean distance from the earth 
its apparent diameter is 6”7. Its diameter is upwards 
of 3,000 English miles ; but observers differ considerably 
as to its apparent diameter as measured by the micro- 
meter. In such a small body as this, it is almost impos- 
siiue to perceive anything beyond the mere form of the 
dise by means of the most perfect and powerful tele- 
scopes ; and even these are sometimes rendered useless 
by the scintillation and bad definition of the planet. 
The only observer who has followed this planet with the 
requisite attention, is Schroeter, who, by means of 

erful reflecting telescopes, was able to perceive that 
the crescent was not always regular, but that sometimes 
one hora was blunter than another. This, he naturally 
considered, was due to their irregularities on the surface 
of the planet—a mountain, or chain of mountains, 
situated in the southern hemisphere, intercepting the 
rays of the sun from proceeding onwards, Schroeter 
endeavoured to make use of this appearance in deter- 
mining the time of rotation of the planet. He atten- 
tively observed the form of the dise, and the degree of 
bluntness of the southern horn at one particular time ; 
and the changes which it underwent in a few hours were 
found to be plainly perceptible. When the planet re- 
appeared on the following day, or any number of days 

‘terwards, the time at which its disc presented the same 

form was again recorded, and so on for any length of 

time. Schroeter concluded, from these observations, that 

the time of rotation of the planet on its axis must be 

24h. 5m.; and by taking the extreme times of observa~- 

tion, and dividing the interval by the number of revolu- 
Vou. L 


tions, he concluded it must have one rotation on its axis 
in the space of 24h. His assistant, M. Harding, on one 
occasion, perceived a faint spot on the disc, and, by 
following it attentively, he arrived at the same conclusion 
as Schroeter. The latter attempted to arrive at a know- 
ledge of the height of the mountains by measuring the 
deficient part of the horn; and his observations go to 
prove that some of those were upwards of twelve miles 
in altitude, which is three times that of any on the earth, 
and, compared with the actual size of the two planets, is 
out of all proportion. During the of Mercury 
over the sun’s disc on November 9, 1802, Sir W. Herschel 
could not perceive any indications of an atmosphere, nor 
the least departure from the circular shape in its form. 
Even if it were as much compressed at the poles as the 
earth, the ellipticity of its outline would not, however, 
be visible in such a small body. Many observers have 
perceived a dusky ring of considerable extent surround- 
ing the planet at those times, and others have noticed a 
bright spot on its dise on the same occasions ; but this 
has been explained on optical grounds. During the 
passage, Mercury appeared as a very dark spot, and 
considerably more so than any of the spots which 
appeared on the sun at the time. The transits of 
Mercury over the sun’s disc, which will occur during 
the remainder of the present century, are as follows :— 

1868, November 4. 1891, May 9. 

1870, May 6. 1894, November 10. 

1881, November 7. 

Those in 1881, November 7, and 1891, May 9, are in- 
visible in the northern parts of Europe. 

Venvus.—The phases which Mercury undergoes are 
seen in a much more perceptible manner in those of 
Venus, from the groat size and brilliancy of the planet 
at those times. e same pporyence of the different 
sharpness of the horns has likewise been noticed ; and 
from these circumstances Schroeter endeavoured to de- 
termine the period of rotation in the same manner as 
pursued by him in Mercury, and apparently with more 
chance of success. Not only was the southern horn no- 
ticed to be very blunt, but a detached point of light was 
perceived by him, which he concluded to be the summit 
of a mountain illumined by the setting rays of the sun. 
By numerous consecutive observations on this planet 
(continued for many years), Schroeter came to the con- 
clusion that it performed a rotation on its axis in the 
space of 23h. 20m. 59°04s., or, in round numbers, 23h. 
2im. Previous to this time, Cassini had peroalvey in 
the clear sky of Italy, a small bright spot on the surface 
of the planet ; by observation of which, on several 
consecutive mornings, in the summer of the year 1667, 
he arrived at the conclusion that its period of rotation 
was 23h, 21m, or 22m. A far more extensive series of 
observations on several dusky spots was made during 
1726-27 by Bianchini, at Rome, with excellent telescopes. 
The period of rotation, as determined by this observer, 
from those numerous spots, was very different from those 
of Cassini and Schroeter, amounting to 24h. 8m. It 
had been suspected, by recent observers, that a mistake 
arose from the spots so closely resembling each other ; 
and as they were only observed during the evenings, it 
was impossible to recognise them by their appearance 
alone. The late De Vico has reobserved all the effects 
perceived by Bianchini (from which it is certain that 
they were not of the fleeting, cloudy nature, suspected 
by Herschel und Schroeter) ; and from some thousands of 
micrometrical ubservations, made both during the day 
and evening, he concluded that it performs its rotation on 
its axis in 23h. 21m. 219s, The axis of rotation was 
supposed by Cassini, Schroeter, and Bianchini to be in- 
clined as much as 70° to the pole of the ecliptic. The 
latter determination of De Vico, although it does not 
show an inclination so considerable as this would prove 
to be, shows one nearly twice as t as that of the 
earth—viz., 53° 11’.. Sir W. Herschel, on one or two 
oceasions, perceived spots, but they were too faint and 
uncertain to give any idea of the time of rotation. He 
was never, however, able to perceive the bluntness of the 
southern horn observed by Schroeter ; which is the more 
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remarkable, as ithas plainly been seen by most observers 
who have examined it; and Maedler has perceived the 
quick changes which they undergo. Herschel, however, 
confirmed other appearances detected by Schroeter—viz., 
the brightness of the outer or circular edge of the 
a and the dimness of the elliptical boundary. 
Herschel considered that the atmosphere of Venus was 
like our own, refracting and reflecting light ; and as we 
view the circular part more obliquely than the elliptical 
boundary, and consequently a greater thickness of the 
atmosphere comes into view, this explanation would be 
more in accordance with the appearances observed by 
Schroeter, where the outer bright portion gradually 
melted into the interior dusky — that was observed 
by Herschel himself—the outer right part being dis- 
tinctly separated from the inner, and appearing as a 
bright colour. < ‘ , 

In observing Venus when near its inferior conjunction, 
Schroeter ived, in the very slender crescent seen on 
such occasions, a very faint light stretching beyond the 
pointed horns, which, as seen in an ordinary telescope, 
would be the extreme points of the illuminated semi- 
circle ; and Herschel confirmed this curious fact. This 
twilight affords further proof of the atmosphere of Venus, 
which Schroeter sup’ to be of about the same density 
as that of the earth, having concluded that the horizontal 
refraction was 304’. In the inferior conjunction of 1849, 
Professor Maedler plainly perceived this faint extension 
of the horns ; and he found, for the horizontal refractions, 
quantities varying from 39 to 48 minutes, but whose 
most probable value was 43’°7. It-is consequently about 
one-sixth greater than that of the eayth’s atmosphere. 
From appearances noted during the transits of Venus 
across the sun’s disc, it would appear probable that the 
atmosphere is very considerable. The two next tran- 
sits of Venus will occur on December 8, 1874, and De- 
cember 6, 1882. 

The apparent diameter of Venus, at its mean distance, 
is 16”°9; but, at the time of inferior conjunction, this 
increases to 62”, and at the time of superior conjunction, 
decreases to 94”. It resembles the earth, in volume and 
density, more than any other of the planets. Its diameter 
is 0-985 of that of the earth ; its volume 0-957, and its 
density 0-923. A body which would weigh one pound on 
the earth, would weigh 0°91 on the surface of Venus. 
Light and heat would be nearly twice as great at Venus 
as on the earth. No compression at the poles has been 
perceived in Venus. 

Mars,—This planet shines with a ruddy and dusky 
light, quite different from any of the other heavenly 
objects. When at favourable opposition, or when near 
its perihelion and opposition at the same time, it is a very 
bright object, and so different from its ordinary appear- 
ance, that it has been frequently mistaken for a new star. 
Its apparent diameter, at its mean distance, is 5”’8 ; but at 
the time of opposition this can increase to 23”, and at 
conjunction decrease to 3”°3. The true diameter of this 
planet is 0-519 of that of the earth, and consequently its 
volume is only 0°140 of that of this earth. Its density, 
compared with that of the earth, is 0.948. A body 
which would weigh one pound on the earth, would onl 
weigh half a pound in Mars. The light and heat whic 
it receives at its mean distance from the sun is 0°43 of 
the earth. 

When examined with powerful telescopes, many dark 

ts are perceived on the surface of this planet, which 
nen loses much of that red colour so apparent to the 
naked eye. These dusky portions, it has been found, 
are quite fixed and constant in their position, and they 
have thus been ren to be the seas and continents of 
this planet (see Fig. 67). But not only have the land 
and water become visible on its surface, but likewise its 
climate ; for we perceive, at its north and south poles, 
pright white patches of light, which are naturally held 
to be the snows of Mars collected in an immense mass, 
‘This conjecture is considerably strengthened by the fact, 
that when, by the position of the axis of Mars in respect 
to the sun, those luminous spots are turned towards 
that luminary, they diminish in size rapidly. In 1781, 


Sir W. Herschel noticed that the southern white spots 
were extremely brilliant and extended ; this was after 


Fig. 67. 


winter of a year’s duration on this part of the planet. 
In 1783 this same spot was very small, but the sun had 
continued for nearly eight months above the horizon of 
this part, and melted it away. The existence of an 
atmosphere to this planet is apparent from other con- 
siderations, as, at various times, dark, extraneous, cloudy 
patches have been noticed, which haye obscured the 
planet and hid the spots on its surface. When the snow 
melts away, a dusky and densely-clouded atmosphere 
ap to hang over the planet at those parts. 

he rotation of the planet has been determined by 
several observers ; and from the fixed nature of the spots 
observed, and the good definition with which they appear 
under favourable circumstances, it has been found with 
considerable accuracy. Cassini, in 1666, determined it 
to beh raga in 24h. 40m. ; and, in 1704, Maraldi re- 
peated the observation, and found the period of rotation 
as 23h. 39m. Herschel made many observations relative 
to the telescopic appearances of this planet. He deter- 
mined the sidereal rotation as 24h. 39m. 21°7s., and the 
synodical at 24h. 38m. 20°3s, The equator of Mars he 
found was inclined at an angle of 28° 42’ to his orbit, and 
the node was directed to the constellation ittarius. 
The seasons on this planet would not, therefore, be much 
different from those on the earth ; but, on account of his 
great eccentricity, their duration is very different. 

The compression of Mars at the poles appears to be 
considerably greater than that of the earth, which, con- 
sidering his small diameter, and that the rotation and 
density are nearly similar to those of the earth, is rather 
remarkable. It does not appear, however, to be so con- 
siderable, as determined by Sir W. Herschel, according 
to whom the ratio of the polar and equatorial axes was 
as 98 to 103, or as 15 to 16. Schroeter estimates them at 
80 to 81. According to M. Arago, it is more than go: 
Harding has noticed that the equatorial sides of 
sometimes appear very bright; and he thinks that the 
irradiation caused by this circumstance produces dis- 
crepancies in the measurement of the equatorial and 
polar diameters. 

Tue Asterotps.—The present century opened with the 
discovery of four small lanets—Vesta, Juno, Ceres, and 
Pallas, situate between Mars and Jupiter ; called asteroids 
(the appearance of stars), because of their stellar aspect 
under telescopic examination. The order of their dis- 
covery, With the names of their discoverers, is as follows :— 


Ceres. . January 1, 1801, by M. Piazzi, of 
Palermo, in Sicily. 

Pallas. . March 28, 1802, by M. Olbers, of 
Bremen, in Saxony. 

Juno . . September 2, 1804, by M. Harding, 
of Lilier thal, in Hanover. 

Vesta. . March 29, 1807, by M. Olbers, of 


Bremen, 

These bodies are sometimes styled planetoids, as more 
expressive of their character, and extra-zodiacal planets, 
because their orbits are not confined within the zodiac 
like those of other planets. They are exclusively tele- 
scopic objects, and require the very best instruments to be 
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caught, with the exception of Vesta, which, under favour- 
able circumstances, has been seen by the naked eye. 

Vesta, before which, however, there are others in the 
order of succession in the system, is at the mean 
distance of 225,000,000 of miles from the sun, and 
performs a revolution in 1,325 days, somewhat more 
than three years and a-half. 

This planet is much brighter than its compeers, and 
ap like a star of the fourth or fifth magnitude. 

uno is at.the mean distance of 254,000,000 of miles, 
and accomplishes an orbital revolution in four years and 
a hundred and twenty-eight days. ; 

Juno has a very eccentric orbit, varying in her distance 
trom the sun to the extent of 130,000,000 of miles. This 
eccentricity has a remarkable effect upon her motion, for 
she goes through that half of her orbit which is nearest 
the sun in nearly half the time that she travels through 
thé remainder. The planet has a reddish colour, and 
appears like a star of the eighth magnitude. 

Ceres, following Leda, revolves round the sun in 
about four years and two-thirds, at the mean distance of 
263,000,000 of miles. 

The telescope reveals Ceres as a ruddy star of the eighth 
magnitude, under circumstances which leave the impres- 
sion of an extensive atmosphere. 

Pallas is at nearly the same mean distance from the 
sun as Ceres, and has nearly the same period of revolu- 
tion. 

The discovery of the asteroids was not an accidental 
circumstance, but the result of a search conducted upon 
the presumption that the harmony of the solar system 
sequined the presence of a planetary body between Mars 
and Jupiter. It was observed, that the distance be- 
tween the orbits of Mars and the earth is about double 
that between those of the earth and Venus, or 50,000,000 
of miles; whereas, between the orbits of Mars and Jupiter 
there is the tremendous interval of 340,000,000 of miles, 
nearly two-and-a-half times the whole distance of the 
former from the sun. Astronomers, therefore, became 
thoroughly imbued with the notion that an undiscovered 
planet existed in the gap; and commencing an active 
search of the heavens, the asteroids were met with in the 
vacancy. 

On the ground of these peculiarities, it has been sur- 
mised that these inferior bodies have diverged from a 
common node, and therefore originally formed a single 
Jarge planet, which some mighty convulsion shattered. 
This bold hypothesis, first st by Olbers, has received 
a very general sanction. It obtains evidence from the 
powerful explosive forces in action in the interior of our 
own globe, to which its voleanic vents act as safety- 
valves ; from the phenomena of meteoric showers, re- 
specting which we have no supposition better than that. 
they are débris which the earth encounters in its orbit, 
fusing upon contact with its atmosphere. 

Of the telescopic appearance of this p of planets, 
now increased to above eighty in number, it would be 
difficult to say anything. A keen eye can detect, in a 
good telescope, the difference between one of these aste- 
roids (when not less than the eighth or ninth magnitude) 
and a star of the same degree of brightness ; but this per- 
haps is the extent of the power of the telescope. Their 
diameter is very doubtful. Some observers consider 
them as a few hundred miles in circumference, others as 
many thousands. The hazy appearance surrounding 
Ceres, which was noticed by Herschel and Schroeter, 
whence they surmised that the asteroids were partly of a 
cometary nature, has not been noticed by modern ob- 
servers, and may be due to the imperfection of their 
reflecting telescopes. 

Jurirex.—This is one of the finest planetary objects 
to which the telescope can be directed ; and even with a 
small instrument, its disc, band, and satellites can be 
plainly seen; and at each opposition there is but little 
difference in the brightness. Whenever viewed with a 
telescope, the singular x Gfeapoordg which its disc presents, 
being always surrounded by two or more dark belts or 
bands, cannot fail to strike the beholder, and the chan, 
to which they are subject are still more curious. The 


equatorial portions are generally the brightest, and it 
is at this part the bands are most distinctly visible. 
They are generally directed parallel to the equator; but 
this is not always the case. The polar portions are for 
the most part darker than any other, but it is only on 
rare occasions they are equally so ; and indeed the whole 
cloudy covering of the planet is of such a shifting and un- 
steady character, that it may almost be said to vary from 
night to night. In addition to the dark bands, there are 
occasionally to be seen, on the disc of the planets, dark 
spots of irregular form, which are subject to the same 
changes as the bands, though they are frequently of long 
duration, and remain for months together at nearly the 
same place. A telescopic view of Jupiter, and the ap- 
pearance of its surface under favourable circumstances, 
will be seen at Fig. 68. 


Fig. 68. 


By attending to the motions of those spots, it has been 
found that Jupiter, like the planets hitherto described, 
rotates upon its axis ; but the length of its day is much 
shorter than that of the planets in the vicinity of the 
earth. It is rather difficult to tell the exact duration, 
for the spots themselves have got a motion on the disc ; 
and Herschel found that the time of rotation appeared to 
be sometimes 9h. 55m. 40s., at other times 9h. 54m. 53s., 
from observations of the same spot ; whilst, by a different 
spot, it was sometimes 9h. 51m. 45s., and at other times 
9h. 50m. 48s. As the equator of the planet is but very 
slightly inclined to the plane of its orbit round the sun, 
it follows that there is but very little variation of the 
seasons ; so that during its long year, the length of the 
day and night varies very slightly, either being at any 
latitude about five hours in length. 

From the rapid motion which those spots undergo near 
the equator, Herschel thought it was not improbable 
that at these portions of the planet’s disc there existed 
currents of air similar to the trade winds, the effect of 
which would likewise be to form the loose vapours on its 
surface into the parallel belts. From Herschel’s obser- 
vations on these accidental clouds—as he was of opinion 
the spots were—he considered that they were occasion- 
ally driven along at the rate of ninety-six leagues per 
hour, a velocity far exceeding that of our most violent 
hurricanes. 

It might be thought, at first sight, that the dark bands 
represented in Fig. 68, were the clouds, the overcast por- 
tion of the planet’s disc, and the brighter belts were parts 
of its surface. Herschel, however, considered that the 
contrary was the case, and in this he is followed by all 
modern observers. He supposed that the more brilliant 
portions were the zones, in which the atmosphere was 
charged with clouds, the darker parts those on which it 
was quite clear and serene. The latter allow the solar 
rays to pass through to the surface of the planet, where 
the reflection being less powerful than from the clouds, 
less light was consequently returned. 

The disc of Jupiter is considerably flattened at the 
poles, and bulged out atthe equator. This is immediately 
seen when the eye is directed through a telescope to the 
planet ; and the extent to which it occurs will be seen by 
the diagram (Fig. 68). The belts appear always parallel 
to the greater axis. 
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The four satellites of Jupiter are constantly seen in the 
same direction, and almost in the same straight line ; and 
the motions of the two inner ones roun 
their primary are very rapid. They almost 
describe circles around the planet ; the orbits 
of the third and fourth satellites are, how- 
ever, slightly eccentric. The following table 
shows their mean distances from the centre 
of the planet, expressed in the equatorial 
diameter of Jupiter. The diagram (Fig. 69) 
represents the relative orbits of the four 
satellites in exact proportion. 

Fig. 69. 
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Mean distance, Period of revolution, 
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The laws of Kepler are as strictly fulfilled in the 
passage of the satellites round their primary, as in the 
case of the motions of the planets round the sun. 
They are subject to eclipses and occultations, and 
are sometimes seen projected on the limb in the 
form of small white spots. As the cone of the 
shadow is of considerable length, Jupiter being at 
a great distance from the sun, and the satellites 
comparatively near it, it follows that, at every 
revolution, the first three satellites are immersed 
in the shadow, and it is only the fourth which oc- 
casionally escapes. The use made of the eclipses 
of Jupiter’s satellites, is represented by A, of the 
engraving at the end of Chapter IV., page 940. The 
centre globe being our earth, two lines are drawn 
from places on its surface, forming an le, and 
meeting at Jupiter; an observer at Bess § place 
marks the time at which the satellite enters 
the cone of the shadow. Assuming the time at the 
nearest line to be ten, and the farthest eight o’clock, the 
two hours = 30° show the one place to be distant 30° from 
the other. These observations of the eclipses give the 
readiest means of determining the longitude of any place 
at which they are observed. This accurate observation 
of the moment of disappearance depends partly on the 
excellence of the telescope used, and partly on the keen- 
ness of sight and experience of the observer. When the 
satellites pass between the sun and Jupiter, they produce 


solar eclipses ; aud the shadow of the satellite, in addition | 
to the satellite itself, may be seen slowly traversing the | 


disc of the planet, in a powerful instrument. 
Satonn.—The most wonderfully constituted body of 
the solar system is Saturn. Surrounded by numerous 


—— a 


rings, of different form and brilliancy, and eight satellites, 
with ‘the varied bands which, as in the case of Jupiter, 


Fig. 70. 


= 


cross the ball of the planet, it forms the most curious 
of telescopic objects, The ring was first detected 
Huygens, by means of his powerful telescopes, an 
he was likewise the first to perceive the brightest 
of the satellites. He qe the various appear- 
ances at different times by taking into account the 
obliquity of the ring, and the parallelism which it 
retains at all parts of its orbit; which is, indeed, 
similar in all respects to the change of seasons on 
the earth. This will easily be seen rf the diagram 
(Fig. 70), where S is the sun, and T the earth, and 
the outer circle the extent of Saturn’s orbit. It 
is plain, that to an observer at T, the upper side of 
the ring, and the northern pole of Saturn, will be 
visible, as at Fig.71. At the agg part of the 
orbit of Saturn, the southern pole of the planet and 
the under side of the fing is that which will be 
illuminated by the sun, and seen by an observer 
on the earth. As Saturn passes from the one to the 
other of these points, the ring will become gradually 
less open; and at the points between the two it 
will only be visible by the illuminated edge, as in 
Figs. 72 and 73 ; whilst at other times, the unillu- 
mined plane of the ring will be turned to an observer 
at T, and the outer edges of the ring will not be 
visible, as at Fig. 70. This disappearance of the 
ring will take place twice during every revolution 


of Saturn, and it may be compared to the position 
of the earth’s axis at the times of the equinoxes 
in respect to the sun, both poles coming into sight, for 


the ring of Saturn surrounds the equator of the plane. 
The ring of Saturn is seen, with an instrument of 
moderate power, to be divided into two parts ; but whena 
stronger telescope is made use of, under favourable cir- 
cumstances, the outer portion is found to be divided into 
two likewise ; thus making three in all, as seen in the 


Fig. 71. 


diagram, Fig. 71, Some observers have been able to 
detect other divisions in the bright ring when it is most 
open. The most remarkable appearance detected of late 
— is, however, the dusky ring, situated between the 
all and the bright ring, and adjoining the latter. The 
existence of this curious appendage is now placed beyond 
doubt, by the testimony of different observers ; and it ap- 
ars to be of a misty, semi-transparent nature, as the 
all of the planet can be seen through it. From the 
observations of the elder Herschel, it would follow that 
the globe of Saturn revolves on its axis once in 10h. 16m., 
and that the ring makes a rotation in its plane once in 
10h. 32m. 15s. Both move in the direction of the other 
planetary bodies—viz., from west to east. 
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Fig. 73. 


(Fig. 74). Of these the brightest is that discovered by 
Huygens, and resembles a star of the ninth magnitude. 


Fig. 74. 


| It is the sixth in the order of distance, counting from the 
| planet, and its orbit is the best determined of any of 
| them. The third, fourth, fifth, and eighth, discovered by 
Dominiqne Cassini, are likewise comparatively bright ; 
but the first and second, discovered by Herschel, and 
the seyenth, discoyered by M. Sassel in 1848, are the 
faintest of telescopic objects, and require both great 
light and high power to be seen at all. The orbit of the 
eighth satellite is considerably inclined to the equator of 
the planet ; those of the other seven lie nearly in the same 
plane as the ring. The mean distances, expressed in 
| equatorial radii of the planet, and the periods of their 
revolutions, are seen from the following table :— 


Mean distance. Time of Revolutions, 
3°35 ove. OUR 


1st Satellite... 35 

2nd ,, ek eg Pog, ', . L287 
3rd, ae OE ag Sota a ae ee oa 
4th ,, inn? mel: y aA anna xo 
Sth ,, ne ae POs 6 & | Oe 

6th ,, Brady 2208 . . . 15°94 
ee sae Scnaa ea sent ai 22-50 
8th ,, sep 64-36 79°33 


Uranus anv Neptune.—Of the telescopic appearance 

of the two exterior planets, Uranus and Neptune, very 

| little can be said. The former appears in the telescope 
| as astar of the sixth magnitude, of a planetary aspect, 
and with the appearance of a well-defined disc. The 


The system of satellites which surround Saturn and | latter is of the same faint blue colour, but the disc is 
his ring will be seen from the accompanying diagram | more difficult to be perceived ; but, if compared with a 


Fig. 72. 


neighbouring star of the same magnitude, 
the difference in their definition is more 
apparent. Herschel considered that he 
was able to detect a slight ellipticity in the 
figure of Uranus, from which it appeared 
that its axis is very little inclined to the 
plane of the elliptic, and that consequently 
the sun is hid for many years from its 
poles. 

The satellite system of Uranus (accord- 
ing to Herschel) is represented in Fig. 75 ; 
but only four of those satellites, two of 
which do not agree in their periods with 
that set down by Herschel, have been 
perceived by M. Sassel; and he seems 
inclined to believe that only that number 
exists. The second and fourth have fre- 
quently been seen, and their orbits are pretty well deter- 
mined by the observations of Sir J. Herschel and M. 
Lamont, of Munich, The orbits of those sateilites are 
very greatly inclined to the plane of the elliptic, the 
angle between the two being nearly 80°. The periods of 
revolutions and mean distances of the several satellites 
are seen from the following table :— 


Fig. 75. 
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Time of Revolutions. 


Mean Distances. 


Ist Satellite . , . . 1872... 5°89 
2nd, BY ati (wes he ADB inace, Qe, 'y Aba BOE 
3rd, 0 nr orl ROBB eth. Se ter ADD 
4th ,, oad DIB id iny deal 1848 
bth ,, ge bee gi OB Bir eeng ita BB 0F 
6th ,, sarees WO EOF 10769 


The only satellite to Neptune which has yet been per- 
Fie. 76. ceived is that discovered by Fig. 77. 
M. Sassel, and it is repre- 
sented in Fig. 76, on the 
same scale as that of the 
satellite systems of Jupiter, 

Saturn, and Uranus. It will 

be seen that it differs but 
slightly from that of the moon to the earth (Fig. 77) in 
the dimensions of its orbit. The period of revolution is 
5-87 days, and its orbit is inclined at an angle of 35° on 
the elliptic. It is excessively minute, and has hitherto 
been seen only by Messrs. Sassel and Bond. . 

Having thus described the leading phenomena pre- 

sented in the planetary system, we shall next proceed to 
consider the constellations, and the fixed stars generally, 
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[x no other subject to which the mind of man can be 
directed, is the grandeur so imposing or inexhaustible as 
in that relating to the distant regions of space known as 
the sidereal heavens. This is not mee made manifest 
by the help of gigantic telesco and other artificial 
appliances which the intellect of man has devised ; even 
with the naked eye, we can perceive how multitudinous 
are the brilliant specks of light so lavishly scattered in 
every direction, and congregated in such numbers. In 
the constellations of Orion or Taurus, however, in the 
Hyades, and, above all, in the great southern ys 
Clouds, or the wonderful zone of the Milky Way, the 
stars are so numerous that they cannot be separately seen 
by unassisted vision. But although the prospect is so 
magnificent, and apparently so boundless, even in the 
most simple and universal view, it becomes infinitely 
more so when the depths of the heavens are sounded by 
means of the telescope. When we consider, furthermore, 
that our sun is but one out of those myriads of objects, 
shining by their own light, and that each is performing 
in its sphere the same important functions to worlds re- 
ceiving its radiated heat and light, which the sun per- 
forms for us, we become more and more deeply impressed 
with the boundless extent and variety of celestial objects. 
Viewing the heavens with the unassisted eye, we per- 
ceive that the stars are of very different degrees of 
brightness ; and, for the p’ of classification, as- 
tronomers have chosen to divide those visible to the 
naked eye into six degrees of lustre; the faintest, or 
those just seen by ons of ordinary eyesight, being 
termed stars of the sixth magnitude. This classification, 
however, gives but a rude approximation to the truth, 
as it would be difficult to find a number of stars of exactly 
the same degree of brilliancy, while it would be easy to 
count twenty or pong Aon of perceptibly different de- 
grees of brightness. ith the help of the telescope, ten 
additional degrees of magnitude—each ranging from the 
seventh to the sixteenth magnitude—have been described 
by astronomers. Stars of the seventh magnitude can be 
perceived by persons of keen eyesight ; but those of the 
fifteenth and sixteenth magnitudes are only visible in 
the largest telescopes: even in the gigantic reflectors of 
Herschel, of twenty feet focal length and two feet aper- 
ture, they are very faint objects. The satellites of 
Uranus, and the faintest of Saturn’s moons, are estimated 
to be of this degree of brightness. When the magnitudes 
of the fixed stars are expressed in this manner, it should 
be premised that their apparent magnitudes are under- 
as by the expression, and not their intrinsic and abso- 
ute 
is still a matter of considerable doubt.; they have not yet 
been determined phonometrically with any exactitude. 
Sir W. Herschel endeavoured to compare the light of a 
star of the sixth magnitude with that emitted by Siri 
by covering the speculum of the telescope, when poin 
at the latter object, with a disc having a circular opening ; 
and the aperture was so diminished that Sirius appeared 
asa star of the sixth magnitude as seen with the full 
opening. When the magnitudes were thus rendered ar- 
tificially equal, he found that Sirius, viewed with a cir- 
cular aperture of one inch in diameter, was reduced to 
the same intensity of light as a star of the sixth magni- 
tude when viewed with the full sperture of eighteen 
inches ; and he concluded from this, that if the light of 
the latter be supposed equal to unity, that of Sirius would 
be eighteen times eighteen, or three hundred and twenty- 
four, As the light of Sirius is fully three times that of 
a star of the ordinary first-class magnitude, he considered 
that, in general, the light of a star of the first, in pro- 
to that of one of the sixth itude, was as a 
undred to one, If, in the intermediate classes, the 


ue. The relative intensity of the light of the stars . 


brightness is su to be inversely as the squares of 
the distances, we have— 
1st magnitude . . the brightness = 100 


2nd = 2 
~ 8rd} - 1 


? 
pi . . the brightness = ; 

’ a 
This determin’tion of the relative intensities of the 
brightness of stars, rests, however, on too narrow a basis 
to be regarded as more than an a) imation ; and it 
perhaps, impossible to determine the brightness of one 
class of magnitudes in fractional parts of that of another, 
All that astronomical observers have hitherto accom- 
plished on this subject, has been to and catalogue — 
them in the order of brightness, which, for the first six 
magnitudes, is best done with the naked eye. When 
they are estimated by means of the telescope, great dis- 
crepancies have occurred between different observers ; and 
the fault of our celestial globes and charts has been, that 
a number of faint telescopic stars are inserted as among 
those visible to the naked eye ; whilst ually 
bright, are completely omitted, their magnitu s baling 
set down at the time their positions were first deter- 
mined, and, perhaps, wrongly estimated from the state 
of the atmosphere, position of the moon, or other causes. 
Thos yea to ~ a eye in _ a — 
sphere have been thoroughly revised by Argelander, who 
has subdivided the six classes formerly reckoned into 
sixteen, inserting two new divisions between each of the 
ancient classes ; thus, for instance, between the fourth 
and fifth magnitudes he finds many stars a little fainter 
than the fourth, which he terms the 45 magnitude ; and 
others a little brighter than the fifth (yet not so bright 
as those of the 4°5 class), which he denominates the 4'8 
magnitude. Sir John Herschel, during his sojourn at 
the Cape, has instituted a further approximation to cor- 
rectness in the relative brightness of stars, which will be 
of the utmost importance to future ages in arriving at a 
lnowl of the constancy of their brightness. This 
method of sequences, as he terms it, consists in choosing 
one of the brightest stars in any region of the heavens ; se- 
condly, one just inferior to it in lustre ; thirdly, one imme- 
diately inferior to that of the supposititious second magni- 
tude; and so on for twenty or thirty times, until a catalogue 
is formed for this particular region, with the stars ranged 
merely in regard to their brightness. On any subsequent 
opportunity this is repeated with a new set of stars, in- 
Seducing, however, as many as possible of the former 
series, By this m the relative intensity of all such 
stars as are visible to 


with the most rigorous accuracy. <A valuable C 
of such objects, and various proofs of the on cae 


by Bayer, had diminished or increased in brightness in 
the two centuries which intervened between the end of 
the sixteenth and commencement of the nineteenth. It 
was supposed that Bayer’s practice was to call the 
brightest star ofany constellation by the first letter of 
the Greek al habet, a; gc tpmonc tip bocaie + hectic 
and so on. But Sir W. Herschel found that, of 
the stars in the constellation of Cygnus preserving this 
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order, a, 8, y, 6, «, &c., they now ewe according to 
the order a, y, ¢, 8, and 6; in Aquila they had changed 
to the order a, y, 6, 8, €; in Draco, to y, B, 6, a; in 
Leo, to a, y, 8, 6, €; and this change was apparent in 
numerous other instances. But it would now appear as 
if the magnitudes of the stars had been carelessly in- 
serted by Bayer, no such change being due to the objects 
themselves. 

Noumeper or Srars.—In our estimation of the num- 
ber of the fixed stars, it would appear that we are liable 
to an illusion; and that the generality of individuals 
suppose a much greater number to be visible than is 
found to be the case. The attention is probably directed 
to the richest portions of the heavens; and it may not 
unfrequently happen that the judgment is biased by 
what we have heard or read, rather than by what we see. 
In this case, it may naturally be supposed that other 
parts of the surface of the heavens are equally crowded 
with stars, though they are not so bright or apparent as 
the part which we really have in view ; and it may thus 
be erroneously concluded that thousands of stars are 
visible at the same moment, which only exist in imagi- 
nation. When we come to test this conclusion by abso- 


lute proof, it is found to be vastly out of proportion to | 


these impressions. The whole number of stars visible to 
the naked eye in the central parts of Europe—viz., those 
included in the whole surface of the heavens north of 
the equator, and renee) a zone of 30° of south de- 
clination, comprising nearly eight-tenths of the whole 
sky—only amounts to 3,256; so that scarcely more than 
2,000 stars can be visible to the naked eye, and above 
the horizon, at the same moment. 

An attempt has been made to ascertain the number of 
stars of different magnitudes by supposing them to be 
situated at equal distances from one another, and that 
they are all of the same absolute magnitude, but ap- 
pearing differently in consequence of their various dis- 
tances. There being fourteen stars of the first magni- 
tude, we are to suppose them arranged at equal distances 
upon a sphere : supposing the stars of the second magni- 
tude to twice the distance of those of the first, the 
surface over which they would be scattered would be four 
times that of the former; and if placed at the same dis- 
tances from each other, it would take fifty-six stars to 
cover this area. The sphere of stars of the third magni- 
tude would be nine times the area of that of the first, 
and it would uently take one hundred and twenty- 
six stars to fill that surface ; and in a similar manner there 
would be two hundred and twenty-four on the fourth, 
three hundred and fifty on the fifth, and soon. ‘This law, 
however, does not correspond with the observed number 
of stars of different magnitudes, there being seventy 
stars of the second, and three hundred of the third—a 
much greater number than would exist on this supposi- 
tion. Various other hypotheses have been formed to 
show the probable number of stars, of different magni- 
tudes, visible on a given portion of the sky; but the 
data are too inconclusive and vague to secure any degree 


of accuracy in the result. 
It would be difficult to determine the number of stars 
fainter than those of the sixth itude. The catalogue 


of Lalande (called the Histoire Céleste, and published at 
the latter part of the last century) contains the places of 
about 50,000 stars visible from the north pole to 25° of 
south declination, and including those from the first to 
the ninth magnitude. The zone included between 15° of 
north, and 15° of south declination, contains, according 
to the more modern observations of the illustrious Bessel, 
31,085 stars, viz. :— 
664 bright stars from the 1st to the 6th magni- 


tude. 
2,500 of the ‘7th magnitude, 
8,183 8th 4 
19,738 9th 


’ 

Stars fainter than those of the ninth magnitude increase 
in number in a wonderful de ; and Struve concludes 
tliat the number of stars visible in the twenty-feet tele- 
scope of Hérschel, in the same zone of 30° in breadth 
observed by Bessel, amounts to the enormous number of 


5,819,000, by far the greater number of which are situated 
at those parts where the Milky Way intersects the equator 
at six and eighteen hours of right ascension. Nor will 
this appear overrated, when we recollect that on one 
occasion Herschel perceived that nearly 120,000 stars 
passed through the field of view of his telescope (15’ in 
diameter) in a quarter of an hour. The stars observed 
by Herschel appear to have been situated in the following 
order in respect to their right ascension; and their density 
as they approach the Milky Way becomes immediately 
apparent, 
From th, to 5h. of right ascension 391,700 stars. 


” 5h. ” 9h. ” ” ee bd ” 
ee oe * 235,400 ,, 
se, Lblig Atle cones Ss 387,000 ,, 
PR ed peti bP » 2,365,100 ,, 
” 21h. ”? ih. ” ”? 455,600 2? 
5,819,000 


Thus, in respect to the distribution of stars of different 
magnitudes in the heavens, we perceive that the least 
crowded regions lie between nine and seventeen hours, 
and twenty-one, and five hours of right ascension. If we 
take the most brilliant stars, or those of the three first 
magnitudes only into account, we find them to be pretty 
evenly distributed over the surface of the heavens ; but 
those of the fourth, fifth, and sixth magnitudes are con- 
gregated more densely as they approach the Milky Way. 
At every succeeding class this mes more and more 
apparent, and the faintest stars are most thickly crowded 
in and near this zone, This would naturally lead us to 
imagine that there is some connection between the great 
galactic circle and the other portions of the heavens, 
and that they might form one great system, 

The Milky Way extends see gas round the heavens, 
and makes almost a great circle upon its surface. The 
breadth is very unequal; in some regions it is not more 
than 5°; in other parts it is two or three times that 
breadth. For one-third of its extent, viz., between Ser- 
eee spe and Antinous, it is divided into two branches ; 

ut for this distance of about 120°, the dark opening is 
of no great breadth. The resolvability of the Milky 
Way into distinct individual stars, which was proved im- 
iathaialy on the invention of the telescope, had been 
long previously conjectured by some of the ancient philo- 
sophers ; whilst the absurd suppositions of others on its 
structure—if they were ever supposed worthy of exami- 
nation—were dissipated by the same discovery. No 
other theory was started, however, to supply their place, 
or to explain this phenomenon, until about the middle 
of the eighteenth century, when Thomas Wright, of 
Durham, author of the Clavis Cclestis, endeavoured, in 
his Theory of the Universe, to account for this appear- 
ance, by supposing that the stars were ranged in regular 
strata, and not dispersed fortuitously throughout space, 
as was previously sup . By this arrangement, 
although the individual stars composing the stratum 
were at vast distances apart, yet, supposing our sun and 
its attendant satellites to be situated near the centre of 
this plane, we should witness such an appearance as the 
Milky Way presents. In the direction of the plane, the 
stars would be seen in such vast numbers, although the 
more distant ones would be so extremely small, that it 
would appear as a white and confused zone of light pro- 
pace on the dark space surrounding us on every side. 

‘his idea received further development from the cele- 
brated Immanuel Kant, who considered that it was 
rendered probable, from the arrangement of the three 
or four thousand stars visible to the. naked eye, the 
greater number of which were contained in a zone within 
a short distance of the eras circle. Lambert was 
likewise of opinion, that all the stars visible through the 
best telescopes lay in one vast stratum ; but he considered 
that many of the clusters in the Milky Way were sepa- 
rate and individual systems, but nevertheless subsidiary 
members of one great system. Those immense clusters. 
each containing millions of stars, were connected and 
held together by the same power which predominates in 
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inferior and more simple systems ; and Lambert went so 
far as to imagine that the separate clusters performed 


revolutions round a great central body, in the same | 


manner as our planet and satellite move round their 


: The attention of Sir W. Herschel was 
directed to the subject of the construction of the heavens ; 
and bis labours in this field must be regarded as among 
the most important of his works, In order to bring the 
theories started by his predecessors to a test, and to 
obtain an idea of the form and dimensions of the stellar 
universe, Herschel had recourse to a long and laborious 
method, which he properly termed “gauging the hea- 
vens.” This was done by directing a powerful telescope 
(the twenty-foot reflector’ 40 different parts of the sky, 
and counting the number of stars in each field of view. 
In order to insure greater accuracy, he counted the num- 
ber of stars in ten contiguous fields, and took the average 
to express the comparative riches or poverty of the dis- 
trict. In some portions of the sky, only three or four 
stars of all magnitudes were seen field for a consider- 
able distance round ; whilst at other times the field was 
crowded with many hundreds; and those latter portions 
were always found in or near the Milky Way. By 
combining the numerous “ gauges” which he made, he 
endeayoured to determine the various depths (from the 
different degrees of obliquity in which the stars were 
viewed) of the Milky Way. Supposing the individuals 
composing it to be p at pretty equal distances, he 
concluded the whole visible heavens to be of a lenticular 
form, and not a stratum of stars inclosed by plane sur- 
faces. The proportion the thickness bears to the dia- 
meter of this lens, he considered was as one to five and a 
half ; and he further concluded that the sun was removed 
but little from the centre of the group. Subsequently, 
when the motion of various double stars, consequent on 
their physical connection, was discovered by Herschel, his 
ideas were considerably modified ; he now imagined that he 
perceived evidences of this physical connection in the great 

“groups of the Milky Way, and that this ‘clustering 
power,” as he termed it, tended to break it up into frag- 
ments. 

Nor was this the only evidence of the motion of the 
stars, for many of them are endowed with an indubitable 
motion, as was apparent from their positions, compared 
with neighbouring stars ; and, whether due to. their own 
proper motion, or to that of the sun, it must be con- 
sidered as an absolute proof of the instability of these 
bodies in space. Among the stars which are thus known 
to have considerable proper motion, we may mention 
» Cassiopeiw, which has a proper motion of 5”°82 an- 
nually, in right ascension, and 1”°55 in north polar dis- 
tance. The star 61 Cygnus, whose distance has been 
determined with some exactness, is one of those which 
has a large proper motion; and it was in co uence of 
this circumstance that it was chosen by Bessel for the 
determination of the annual parallax. The proper mo- 
tion, in right ascension, amounts to 5”:39, and in north 
polar distance, to 3”*30. In 40 Eridani, the proper motion, 
in right ascension, amounts to 2”-16, and in north 
distance, to 3”°45. The star 1830 of Groombridge’s, 
which was considered to show the greatest amount of 
parallax, is one of those whose proper motion is most 
considerable, amounting to 5”*16 in right ascension, and 
5”°70 in north polar distance. Other stars, in almost 
every constellation, have large proper motions ; but the 
quantities are, as yet, somewhat doubtful, as it is onl 
by the comparison of accurate modern observations wit 
ancient authorities nearly as accurate, that these small 
quantities can be deduced ; and it is but since the times 
of Bradley that the places of the objects can be depended 
upon, 

Enough, however, has been effected to show the reality 
me their a and 3 direction. If this were due to 

¢ motion of the stars themselves, it might be supposed 
that they would move in all Sieslounieatile or eae 
east or west ; and though this is found to be the case 

| with some, yet, with far the greater number, the direction 
taken is much more regular. It has hence been con- 


icularly | 


jectured that it is the sun itself which is in motion—the 
consequence of which would be, that those stars which 
are situated in that part of the sky which we approach, 
would a to be separated more and more, as the 
angular ce would increase the nearer we approach 
to the objects. In that part of the celestial regions 
which we are leaving behind us, the stars would appear 
to be falling closer together, for the contrary reason. 
Although this supposition, pene the proper motions 
of stars as being due to the simple effect pp was 
made by both Mayer and Lambert, it was Sir W. Herschel 
who first attempted to show the direction of the solar 
motion, which he concluded was towards a point in the 
constellation of Hercules, whose position, in 1783, was 
at 257° of right ascension, and 65° of north polar dis- 
tance. An attempt has since been made, by Argelander, 
to solve this pro ; and that celebrated astronomer 
arrives nearly at the same result as Herschel, finding, 
from an examination of the proper motions of three 
hundred and ninety stars, that the part of the heavens 
towards which the sun is progressing, is probably situated 
oh AOS BE REA ARON and 58° 43’ of north polar 
istance, 

Nature anv Drrrerent Spectres or Stars.—It would, 
of course, be impossible to form any idea of the stars ; 
but analogy would lead us to imagine that the heat.and 
light which they emit, is in every respect similar to that 
of our own sun; and some photometrical experiments, 
which have been made on the latter object, seem to show 
that, if it were transported to the same distances as 
some of the stars whose distances are pretty well known, 
its apparent magnitude would not be so t as that of 
many which we see around us. From the distance and 


orbit of 61 Cygni, Bessel was able to arrive at a rough ~ 


idea of the masses of those stars, which he found were 
not greatly under that of the sun; and if this were the 
case with a star of that magnitude, we may conclude 
that the brighter objects are considerably Terger than 
our luminary. It is certain that reflected light could 
not reach us from such immense distances ; and we must 
conclude that, like our own sun, they are self-luminous, 
although we know nothing of the agency at work to pro- 
duce ae extraordinary effects. It would be rash to 
imagine that, like it, they areall accompanied by a cor- 
tége of planets ; for some of the latter bodies in the solar 
system have numerous satellites ; our own earth but one ; 
and others none whatever. But it would be eqonliy rash 
to conclude that their heat and light expend themselves 
in the unprofitable and dark voids of the celestial spaces ; 
and, in addition to the slight evidence which anal 
affords, we have the further proofs of their being 
centres of great systems from the remarkable phenomena 
of double and changeable stars, the latter of which, in a 
different point of view, may be as evidence of 
their rotation on their axes, similar to that of our own 
sun. 

Dovuste Srars.—A few of those curious objects have 
been known ever since the invention of the telescope ; 
and in a cursory examination of some of the brighter 
stars, as Castor, ¢ Ursee Minoris, a Herculis, y Virginis, 
an observer could not help detecting the strange appear- 
ance of two stars close together, and almost blending 
their light, forming, apparently, but one star to the 
naked eye. In the middle of the seventeeth century 
further im nce was attached to those curious objects, 
and several were closely examined, although without any 
result, for the p' of determining their annual 
parallax, for which they offered peculiar advantages. “It 
was then sup that all these objects were fortuitously 
or optically double; one of the components—most pro- 
bably the fainter—being situated at a much greater dis- 
tance from us than the brighter, but both appearing in 
the same direction. It was for this pu likewise, 
that Sir W. Herschel commenced, in 1779, to apply his 
powerful telescopes and delicate micrometers to the task 
of recording their distances and positions in respect to 
one another. But in looking for one thing, as sometimes 
happens, another was found ; and it became ae 
that the components were not only at the same 
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from the sun, but that the smaller body, in man 
instances, described an orbit round the larger star. It 
should uot be forgotten, however, and it tends much to 
the credit of philosophical conjecture, that this remark- 
able law was previously surmised by the celebrated 
Lambert, who considered it possible that there were 
some groups in which the stars might make complete 
revolutions round a common centre of gravity in a com- 
paratively short period of time. Mitchell conjectured 
the same law to apply to the more simple case of a 
double star ; and, in 1784, he supposes that in a few years 
this question would be resolved by the stars whose posi- 
tions and distances were ascertained by Herschel. The 
great discovery was first published by Herschel in 1803, 
who had then perceived a decided change in the positions 
and distances of several stars, as  Urse Majoris, Castor, 
£ Bootis, 70 Ophiuchi, £ Cancri, & Herculis, &c., &c. 
The labours of the elder Herschel were resumed in more 
modern times by his celebrated son, who, in conjunction 
with Sir J. South, reobserved all the stars in the northern 
hemisphere, and who has also observed independently, 
and measured all those discovered by him in the southern 
hemisphere. Struve, at Dorpat- and St. Petersburg, 
also made the subject his constant care since the year 
1814, and, with the powerful means at his command, has 
observed and reobserved their postions with the g greatest 
possible accuracy ; indeed, the publication is great 
work, Mensure Micrometrice Stellarum Duplicium, forms 
an era in this subject. This work contains observations 
of three thousand one hundred and tweive double stars, 
nearly three-fourths of which were discovered by him- 
self. 


The combinations of the components of double stars 
take every variety, both in regard to magnitude, dis- 
tance, and, we might add, colour. The components of 
Castor are each of the third magnitude, and of the same 
ashy white colour, and close together, as are likewise 
those of + Arietis in the same respects ; whilst the stars 
Polaris, a in Herculis, y in Delphini, are bg 
either in magnitude, di , or colour. + of the 
3,000 stars detected by Struve, only a small portion have 
as yet been determined to be physically connected, or to 
form bi systems, as it has been termed; and the 
numbers whose orbits and periods have been even, ap- 

ximately determined, are fewer still. The time which 
= ela) since the discovery, has been too inconsider- 
able to determine their true periods; some of which, as 
that of « Lyre, cannot be less than 2,000 years ; and 
in others, as in 61 Cygni, or + Leonis, the period is seve- 
ral hundred years. Among those whose orbits have been 
determined with more or less exactness, we may mention 
the following :— 


Name of the Star. tance ofthe ciater. Period. sey omer) of 
Years. 

fHerculis. . 1:25 0-448) 36°4| Retrograde. 

n Urse Minoris} 2°44 0-431 | 61°6| Retrograde. 

nCor. Bor. . 1:20 0°404| 67°3| Direct. 

70 Ophiuchi 497 |0°444| 92-3! Retrograde. 

oCorone. . 2 se bel 1999 Rewograd 
Virginis . .| 5 0° 157°6 e. 

bastor - + «| TOL | 0°797 | 230°3| Retrograde. 


M. Savary was the first who determined that the revo- 
lution of a star round its primary was performed in the 
same manner as that of a planet round the sun, and con- 
formably to the laws of gravitation ; and the same prin- 
ciples applied to other stars, have shown that the first two 
laws of Kepler, founded upon the motions of Mars, ex- 
tend to pied: revolution of sun a oe In ag 
ing the orbit, supposing it to an ellipse, the same 
eletieat have to be deduced as in a Lier orbit, with 
the exception that the period of revolution and the semi- 
major axis are here two distinct elements, and that the 
latter is not expressed in linear measure, but in an arc of 
a great circle. From four observations of the angles of 

You. 1. 


position and the distances, knowing the intervals and 
taking the Keplerian laws as the basis of calculation, the 
seven elements of period, semi-major axis, eccentricity, 
nodes, inclination, position of peri-astre, and epoch of 
the peri-astre, can be determined. In the first place, 
however, the apparent ellipse must be determined before 
the real one can be arrived at. The first is that which 
the star describes around its primary on the plane of the 
sky ; but the orbit may be inclined at any angle to this 
plane ; and it is only when the plane of the orbit is per- 
pendicular to the line of sight, that the true and apparent 
ellipses are identical. The projection of the circular or 
elliptic orbit on the plane of the heavens, remains always 
an ellipse, but the projection of the focus and the major 
and minor axes will take different positions ; and the 
proportions of the latter to one another, and consequently 
the eccentricity of the orbit, will be different. In conse- 
quence of this difference between the apparent and true 
orbits, we sometimes see the one star projected on, or 
occulted by, its companion. Such was the case with 
Virginis, which, from 1834 to 1836, appeared as a well- 
defined single star. The plane of the orbit of the com- 
panion of 44 Bootis, is almost perpendicular to the plane 
of the heavens ; and between 1802 and 1819 an almost 
central occultation must have taken place. The com- 
panion of & Herculis has twice undergone an eclipse, in 
consequence of the great inclination of the orbit to the 
plane of vision—once in 1802, and again in 1831. 

In addition to the double stars, triple and quadruple 
stars are sometimes met with ; and if the fortuitous com- 
bination of the former is so little to be expected, that of 
the latter is much less probable. Among the more con- 
spicuous of the triple stars, that of  Cancri holds the 
most prominent position ; the three stars, all of which are 
nearly of the same magnitude, being physically connected. 
The close double star has made upwards of a revolution 
in a re e direction since 1782, and the more distant 
one has moved fifty degrees in the same time. In the 
list of quadruple stars, the most remarkable is that of 
«and 5 Lyre, which can be detected as double, by a keen 
eye, without the aid of any instrument; but each of 
which, when examined with a power of two hundred, 
appear as a double star, the four components being nearly 
of the same magnitude and colour. This system likewise 
seems to be physically connected. Among the multiple 
stars, that of 6 Orionis, situated in the centre of the great 
nebula, is the most apparent, six stars being situated in 
a circle of twenty-three seconds in diameter. 

The colours seen in the components of many double 
stars have been described by some as an optical) illusion, 
on the ground that it is always the complementary colours, 
which are thus perceived, as, in a similar manner, a white- 
spot seen on a red ground will appear green. It is, how- 
ever, impossible to view the components of a Herculis-or 
y Andromeda, without coming to the conclusion: that 
they have a proper colour of their own, and that the blue 
and orange so vividly distinct is something more-than the 
effect of contrast. In those stars which show.high and. 
brilliant colours, the larger star is always .of.a-golden, 
orange, the smaller greenish or bluish. Iii many; how=- 
ever, the components are of the same cglour ; but it sef- 
dom happens that the two colours are of a bluish or 
greenish tint; most frequently they are white and yellow, 

TEMPORARY AND VARIABLE STakS.—Those stars which 
vary in brilliancy from time to time,.and/athers which. 
suddenly seen to start into existence and: disappear,as, 
precipitately as they have become visible, must be.re- 

ed as the most curious rere in the: heavens, for, 

y prove manifestations of life and motion in the im- 
measurably distant regions of space ; they form one of, 
the subjects, too, in which even a lover of science who, 
does not possess a telescope, can, by simple observation of; 
the relative brightness of the various stars, recorded on 
favourable opportunities, confer considerable benefit on 
this branch of sidereal astronomy. A telescope, in thia 
case, is of little value; the field of view is much too small 
to include the stars proper for comparison with the object, 
whose light is su to be variable, and. the photo. 
meter haa hitherto been of very little service. The most 
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bstarhbe results which have been obtained as yet, are due | 


to olservations with the naked eye, com with stars 
in its vicinity ; by this means the interval between the 
faintest and brightest phases have been found with far 
more accuracy than would be imagined. 

There are numerous instances of the appearances of 
temporary stars recorded in the Chinese annals ; but the 
two most remarkable of those phenomena have occurred 
in comparatively modern times, and have been minutely 
described by the two great contemporaries, Tycho Brahé 
and Kepler. The first appeared in the year 1572, in the 
constellation of Cassiopeim. On the 11th of November of 
that year, when seen for the first time by Tycho, it sur- 
serene in brilliancy both Sirius and Jupiter, the most 
ustrous objects in the heavens. In the following month 
it had diniinished slightly in brightness, but was still 
equal to Jupiter. At the beginning of 1573, it was in- 
ferior to that planet in brightness ; and by the end of 
March it was not brighter than the principal star ‘in 
Taurus, although still a good first magnitude. ~ It con- 
tinued gradually to decrease until the end of the year, 
but remained visible to the naked eye until March, 1574. 
If its period of increase were equal to its period of de- 
crease, it must have been visible to the naked eye for 
nearly three years, as it was not noticed until it had at- 
tained its maximum brightness. For a description of the 
second instance we are indebted to Kepler. star was 
perceived suddenly in the constellation Serpentarius, on 
October 10th, 1604, and appears to have been nearly as 
brilliant as it was formerly, though not so favourably 
situated for observation. It remained visible to the 
naked eye (the telescope had not yet been invented) for 
upwards of a year. A star of the third magnitude also 
appeared suddenly in the constellation of Cygnus, in the 
year 1670, which soon afterwards disappeare#l ; it again 
made its appearance, and again disap and has not 
been since seen. It underwent several changes during 
the two years in which it was observed. 

Vanissce Perropic Srars.—The appearance of tem- 
porary stars is as rare as the phenomena observed are 
extraordinary. Of a similar nature, however, are the 
class of periodic variable stars, whose changes of lustre 
are equally as decided and curious as those of the objects 
just mentioned ; being more known, however, they excite 
5 attention. The most singular of those objects is 
that of o Ceti, whose variability was first discovered by 
Holwarda in 1639, and which has a period of about eleven 
months. Although at its maximum brightness it reaches 
to the second magnitude, it does not appear to have been 
at all noticed by any observer previous to 1596 ; but this 
may be partly in consequence of the length of its period ; 
for if the maximum intensity of light fall in the summer 
months, it may sometimes remain invisible for three or 
four years together. During the winter months this is 
not the case ; but, as hépoansd in February and December, 
1847, two maxima may take place during the same year. 
There is another circumstance which has been noticed, 
and which may tend to explain the silence of ancient 
authors, and observers, This is, that the star does not 
always.reach the same brilliancy, sometimes approaching 
in brightness to stars of the first or second magnitudes 
at this period, whilst at other times it is not brighter 
than the fourth maximum. It has generally been sup- 
posed that it reg! ys entirely at the period of its 
minimum, even in the best telescopes; but this is not 
always the case, for at these times it has occasionall 
been observed to be not fainter than stars of the davenite 
magnitude. What its variations of light may be when 
visible only in the telescope is not very well known, as it 
has not been closely observed at those times; but it is 
certain that, whilst visible tu the naked eye, its fluctu- 
ations of brightness are very remarkable. It is visible 
to the naked eye, on an average, fur about two months 
previous to the period of its maximum brightness ; but 
the period of its diminution of brightness is generall 
longer than that of its increase; and it has been visible 
for three months after its maximum, the average duration 
being, however, only seventy days, It sometimes, but 
rarely, happens that the interval which elapses between 


its coming into sight and its maximum brightness, is 
greater than to teas between its saaxiaiete and as. 
fost Some attempt has been made to reduce 
the fluctuations which its light undergoes, and to establish 
a law ; but the changes are too abrupt and irregular to 
be dealt with in this manner, or to be foretold with any 
accuracy. 

Among the other stars of long period, which are visible 
to the naked eye for a length of time, and then enti 
disappear from sight, is y in the neck of Cygnus, whi 
is almost as ble as the preceding. Its light varies 
ee the Sh soe! han omen itude. Its maxim — 

rightness, like that of o Ceti, is, however, variable ; 
sometimes it reaches to the fourth hl Ded and at 
other times its maximum is not more than the 6-7 m 
nitude, when it is Sid invisible to the naked eye. 
variability of the light of this star was discovered by 
Gottfried Kirch; but the period was first found by 
Maraldi. The interval between its successive maxima 
and coe as bo its cen Me light, at those 
times, since discov to be very irregular. 
On some occasions it has been visible to Peet Bo vision 
for a period of nearly three months; but the average 
duration, according to Argelander, is only fifty-two da: 
being twenty days of an increase, and thirty-two of a 
decrease. @ longest period which has yet been re- 
corded in the class of variable stars, occurs with the star 


30 Hydree, whose period has been determined, by Maraldi, 
at four hundred and ninety-four days ; this 04, how- 
ever, is very irregular. At its maximum brightness it 


sometimes arrives at the fourth magnitude, and at other 
times only at the fifth, and thence it decreases in bril- 
liancy until its entire disappearance, The star 19 Leonis 
is another with a very long period, the interval between 
= cs ae nowt being bree and eleven 
ys. is period, however, is somewhat irregular, 
and the changes in its brilliancy occasionally raphe 6 
At its maximum brilliancy, it is equal to stars of 
fifth magnitude, and is invisible at its minimum. These 
are the only four stars hitherto discovered which are in- 
visible to the naked eye at their maxima, and vanish out 
of sight at their minima, except to the most powerful 
telescopes. There are a few other stars discovered by 
Harding, Schwerd, and Hind, with periods which a) 
to be upwards of a year ; but, even at their maxima, these 
stars are only visible in a telescope, and not the slightest 
trace of them can be perceived in the best instruments 
ee sda GaP aeata co, 

In others of the variable stars, the period is much 
shorter ; but the change of light is not so considerable. 
The most remarkable of those is the star 8 Persei, in 
which the interval between two successive maxima is only 
2d. 20h. 48m. 58s., and is otherwise a very curious ob- 
ject, from the abrupt and variable changes of brilliance: 
which it exhibits. For the greater portion of its pation 
it remains at nearly its maximum genes, or of the 
two-and-a-half magnitude. In about four hours it sud- 
denly decreases to the fourth magnitude, which is its 
minimum brightness; and in a like period of four hours 
it regains its former brightness. ere are other but 
less remarkable changes in its light ; itis one of the best 
determined of the variable class. The majority of the 
periodic stars shine with a reddish light, but this shows 
no sign of colour, being of a pure white. The star 6 
Cephei has a period of 5d. 8h. 37m., with a variation of 
brlianey from the third to the fifth magnitude. This 
star exhibits a great regularity in its successive changes 
of brilliancy, which have -been determined with con- 
siderable exactness; but the periods of increase and 
decrease are very dissimilar, as it takes $d. 18h. to pass 
from its maximum to its minimum, and only 1d. 15h, to 
return from its minimum to its maximum, ing to 


and-a-half magnitude; the former in 7-18 days, the 
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latter in 12°8 days. The period of the latter star was 
first stated to be 6d. 9h. by Goodricke, who detected its 
variation, which he at first supposed to be from the third 
to the fifth magnitude. In this determination of the 
length of the period he was partly correct ; for it is one 
of those stars in which there is a smaller variation of 
brilliancy within the larger period. After its mi- 
nimum brilliancy, it in 3d, 5h. to its first 
maximum, and then in 3d. 3h. to its second minimum. 
In 3d. 2h, it again rises to its second maximum, and 
after this, in 3d. 12h., to its former minimum. The whole 

riod, according to Argelander, is 12d. 21h. 46m. 40s., 
in which period it performs all the preceding changes. 
This celebrated astronomer is of opinion that the period 
is diminishing, and that it is now some hours shorter 
than when first discovered. Even from recent obser- 
vations it is apparent that there is a decrease in the 
period. 

Previous to the time of Sir W. Herschel, it was only 
stars of very long and very short periods which were 
known to be variable. The period of a Herculis, dis- 
covered by him, proved, however, that there was an in- 
termediate class. This star is remarkable for its deep 
orange-red colour, which is very strikingly contrasted 
with its small dark blue companion. The period was 
considered by Herschel to be 6s days ; but the change of 
lustre is very slight, being only from the third to the 
third and a-half itude. There is still some doubt 
respecting its period, some observers considering that it 
is as much as ninety-five days ; but from seven years’ 
observations, it would appear that a period of sixty-six 
days would better with the changes which it under- 
goes. The observer Heis, who has particularly attended 
to this species of phenomena, is of opinion that the 
variations of light are best satisfied by a period of 184-9 
days with two maxima and two minima. Since the time 
of Herschel, various other stars of mediwm period have 
been added to that of a Herculis, nearly all of wliich 
are, like it, stars of considerable magnitude. Thus a 
Cassiopeiz changes from the second to the third mag- 
nitude in 79d. 3h., according to Biot ; but it is very 
difficult to determine the exact period, the change of 
brilliancy being very slight, and apparently irregular. 
This is equally the case with a Orionis, which, at its 
minimum, becomes slightly inferior to stars of the first 
magnitude ; and, according to Argelander, the | hag of 
increase of light takes place in rape Bat ays and 
a-half, whilst it continues to decrease in brilliancy during 
a hundred and four days and a-half. The period of 
a Hydre is supposed by some to be performed in fifty- 
five days; but the change of brightness being minute, 
as in other instances, it is somewhat doubtful. Sir J. 
Herschel considers it to be performed in twenty-nine or 
thirty days. The star commonly designated as / in the 
constellation of Sobieski’s Shield, is remarkable for the 
great variation of its magnitude, particularly at its 
minimum, when it varies between the sixth and ninth 
magnitudes. At its maximum it only varies between 
the fifth and sixth. Among those of shorter period may 
be counted that of 6 Pegasi, which varies between the 
second and second and a-half magnitude, but whose 
period is not more than forty days. At the present 
time, we thus know stars of almost every period from 
2d. 20h. to 406 days. There are ten whose period varies 
between 1 and 100 days; two between 100 and 200; 
eight from 300 to 400 ; and two above 400. Itis curious 
that there are none at present known whose period is 
between 200 and 300 days. 

Herschel considered that, by introducing a medium 
period between those which were very long and very 
short, he proved the rotation of those objects on an axis, 
by which means such portions of their surfaces as were 
dark and obscure came into sight at stated times, and 
hence their apparent faintness. To the astronomers of 
the 16th and 17th centuries—by many of whom the 
rotation of the earth was doubted, and that of the other 

lanets unknown—this method of accounting for it would 
fore appeared strange. It was attempted, however, by 


Bouilland to explain the changes seen in o Ceti on this 


principle : the larger portion of the surface of this star 
was, he considered, non-luminous, which rendered it 
invisible for the greater part of its period. Another sup- 
position in respect to those changes was, that they were 
due to the interposition of opaque bodies, by which their 
light was more or less eclipsed at regular intervals. 
Maupertius considered that, among the many stars which 
were scattered through space, there were some whose 
figure was not regularly spherical, but greatly flattened 
at the polar regions, and that the variations of light were 
due to the thin edges of those being sometimes presented 
to view, and at other times the large surface of the 
flattened disc. There is yet no experimentum crucis 
known, by which it can be said whether either or any of 
these hypotheses are correct. 

CiusTers AND Nesut2.—The most striking and mag- 
nificent objects which the sidereal heavens present to 
view, are the clusters and nebulz, where, in a telescopic 
tield of view of a few minutes in diameter, we may per- 
ceive a crowd of stars collected together, and forming a 
small patch of light, the individuals composing which 
must be some thousands in number. To those wherein 
the stars are plainly seen, have been given the name of 
clusters ; but in others, which are unresolved, the terms 
nebule and unresolved nebulosities have been applied. 
The nebulz and clusters which are at present known are 
of every degree of resolvability ; and though some of those 
which are generally called nebule have been resolved b. 
the most powerful instruments, yet there are others ich 
have baffled all the attempts of opticians to separate them 
into individuals. They are of every conceivable shape and 
size, from the regular and minute form of the planetary 
nebula of a few seconds in diameter, to the amorphous 


and large surface of the great nebula in Orion. Numerous |- 


clusters of stars are visible to the naked eye, as the 
Pleiades, Hyades, the Presepe of Cancer, and that in the 
sword-handle of Perseus ; and in the southern hemisphere 
we have the Magellanic Clouds, which cover a space of 
some degrees square. 

The most magnificent of the clusters which have been 
resolved by the telescope, is that in the constellation of 
Hercules (Fig. 78), which can be detected on a clear night 
by the naked eye, and 
which, in the tele- 
scope, presents one 
of the finest instances 
of dense isolated clus- 
tering in the whole 
of the heavens. The 
stars are from. the 
tenth to the fifteenth 
magnitudes, and are 
so densely congrega- 
ted round the centre, 
that it presents the 
appearance of a blaze 
of light in that part. 
The stars are pretty 
evenly distributed in 
the interior, but are rather irregular at the edges, where 

Fic. 79 they are formed into 
g. 79. eae 
_ curvilinear branches. 

Sir J. Herschel is of 

opinion that there are 


Fig. 78. 


them, some of which 
are the faintest the 
telescope can show. 
This object is only 
seven oreightminutes 
in diameter, and, with 
the telescope which 
Sir J. Herschel em- 
ployed, no appearance 
of a nucleus was per- 
ceptible ; although, 
with a smaller one, 


such might be suspected. 
The fifth object in Messier’s catalogue, is another very 


many thousands of | 
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rich but compressed specimen of a globular cluster (right 
ascension 15h. 10m., north polar distance 87° 16’). In 
this case (Fig. 79) the density towards the centre is 
not gradual ; the condensation commences suddenly, and 
the blaze of light into which it is formed, appears 
projected on a loose irregular ground of stars. The 
neighbourhood of this cluster is very poor in stars— 
a circumstance which Sir W. Herschel remarked in 
other cases, and which he conceived might be due 
to the stars being attracted to one point, and formed 

The cluster situated at. 21h. 25m. 
and 91° 34’ of north polar distance, 
appears like an unresolved nebula with instruments 
of even considerable power; and it is only when 
viewed with the great light of high magnifying powers, 
that faint traces of stars become apparent ‘on its sur- 
face, and it takes a very fine sky and splendid in- 
strument to show the grains of star-dust faintly visible 
(Fig. 80). Finer specimens of clusters, or rather nebulz, 
merely resolved, are seen at Figs. 81 and 82. We may 


into one cluster. 
right ascension, 


Pig. 50, Fig. 


consider the latter of those as the extreme boundary of 
the clustering species ; after which the nebulz, properly 
so called, begin. As the reflecting telescope advances 
more and more to perfection, we may, however, expect 
that many objects will be won from the mysterious do- 
main of nebulw, and placed to the account of the more 
explicable clusters. 

The large clusters have some approach to regularity, 
but this can scarcely be said of the more considerable 
nebulw. The finest of those is, without doubt, that of 
Orion (Fig. 83), which, for its various inequalities of 

Fig. 83. 
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Herschel, and some powerful refracting telescopes, it 
shows some signs of resolvability, being likened to a 
curdling mass, or the breaking up of a mackerel sky. But 
with the great mirror of Lord Rosse, the resolution is 
complete, and it is broken up into distinct stars, which 
are scattered in irregular masses through its body. The 
great nebula of Andromeda (Fig. 84), is another very 
conspicuous object of the class, and may even be per- 
cvived with the naked eye on a fine dark night. It is a 
long, elliptical ray of light, rather broader towards the 
centre, and was compared, by its discoverer, Simon 
Marius, to the flame of a lamp shining through a piece 
of horn. With the improved optical means of more 
modern times, equally as with the imperfect telescope of 
Marius, no signs of resolvability have as yet appeared, 
though the surface has been noticed to be dotted over 
with innumerable stars, which are not, however, sup- 
posed to be directly connected with it, being merely 
casual groups interposed between it and the sun. 

The majority of the nebule hitherto diseovered—now 


$l. 


Fig. 82. 


3,000 in number—are mostly of a regular 
Fig. 84. 


upwards of 


form, being either circular or more or less elliptic, like 
Fig. 85. 


light and shade, its great extent, and the capricious 
irregu! in the form of the great prowontories 
which jut out from the main body, constitute it one | 
of the most noble and mysterious of those objects. 

When examined with the two-feet mirror of Sir Jobn ' 


aritics 


that of Andromeda. But there are many others ; and 
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among those that are the largest and brightest, in which 


the nebulous matter is dispersed very capriciously, no 
regularity is perceptible. Among the latter, the one 
situated at 272° 42’ of right ascension, and 106° 15’ of 
north polar distance (Fig, 85), may be instanced, being 
of the shape of the lange Greek omega, and having no 
symptoms of resolvability apparent, Among the more 
a, forms, are those termed annular nebule and 
cometary nebulw, The fine object situated at 200° 40° of 
ight ascension, and 41° 56’ of north polar distance 
(Fig. 86), and which is large enough to be perceived as a 


Fig. 86. 


faint patch of light in a small telescope, is among the 
finest instances of the former kind, In this, the sur- 
rounding ring appeared, in the two-foot mirror of Sir J, 
Herschel, to be divided into two branches; but in the 
great telescope of Lord Rosse, the whole takes the form 


of a spiral, and many curious details become visible. | 
The smaller nebula below (here represented as quite | 


detached), appears to be connected with the larger body 
by a projecting branch of the spiral, A fine specimen of 
the more simple and rare form of annular nebulw, is 
that situated in the constellation of Lyra (Fig. 87), at 
281° 49° of right ascension, and 57° 11’ of north polar 
distance. It is not quite dark in the centre. The form 
of cometary nebulw will be seen by Fig. 88, the pointed 
end being attached apparently to a star, which appears 
like a stellar nucleus. (See folio plates). 

In the circular, or globular form of nebulew, the degrees 
of condensation of the nebulous matter towards their 
centre is very different. In Fig. 89, right ascension 
18° 45’, north polar distance 77° 50, there is little or no 
condensation towards the middle, In Fig. 90, right 
ascension 202° 13’, north polar distance 107° 1’, the con- 
densation is considerably more marked. In Fig. 91, 


| right ascension 59° 43’, north polar distance 47° 57’, the 


central bright portion is of smaller extent than in the 
last instance, but better defined and much more lustrous. 
In Fig 92, right ascension 59° 39’, north polar distance 
69° 40’, the central portion becomes almost stellar, 
appearing like a well-defined star surrounded by a halo, 
The different degrees of condensation recognisable in 
these objects, led Herschel to imagine that the nebulous 
matter, in the course of ages, underwent considerable 
changes, and that, having condensed gradually, the 
nebulw finally ended by becoming stars. These changes 
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were so slow that they had not yet been pereeived ; but 
it was visible, by comparing them together, that such 
probably was the case. In some cases, the central star 
or stars was distinotly visible, Such an object is por- 
ceived at right ascension 295° 5’, north polar distance 
39° 54” (Fig, 93), in which the nebula is evenly distri- 
buted round the star. At right ascension 271° 45’, north 
polar distance 109° 56’ (Fig. 94), an elliptic nebula is 
visible, with a small star situated in each of the foci of 
the ellipse; and at Fig. 95, right ascension 80° 3’, north 
polar distance 55° U4’, a triangle of stars is congregated 
at the centre of a small nebula, In those which were 
equally bright throughout the whole diso, Horschel oon- 
jectured that the star was not visible on account of its 
faintness, or from being surrounded by a dense nebulo- 
sity, Such an one is situated at right ascension 166° 12’, 
north polar distance 34° 4’ (Fig. 96), 

Among the most curious forms of the nebula, those 
which are double take a prominent place. In these, 
both the components are sometimes of equal magnitude 
(Fig. 97), right ascension 174° 20’, north polar distance 
55° 31’; and similar in every respect, or like those at 
Fig. 98, right ascension 140° $8’, north polar distarice 
67° 45’; and Fig. 99, right ascension 183° 18’, north 
polar distance 84° 35’, where they are of irregular size 
and condensation, In all these examples the components 
are joined together by the surrounding nebulosity; but 
in some cases the two nebulw are quite distinct, as in 
Fig. 100, right ascension 342° 48’, north polar distance 
103° 43’. In such cases, Herschel imagined he perceived 
symptoms of the gradual formation of a dowble star, the 
nebulous matter of which they are formed, condensing 
towards two centres of attraction, It will appear from 
this that the nebulae, properly so called, according to 
Herschel’s ideas, were far from being such important 
objects as the clusters, the latter being great agglomera- 
tions of stars, the nebulw only the material of a single, 
or, at most, a double star, But it would be hazardous 
to say that any particular nebula was irresolvable, The 
gigantic telescope of Lord Rosse has shown that many 
such, hitherto deemed of this vature, consist of innu- 
merable stars, very different from the single individual 
star which Herschel thought it was probable it would 
finally become. 

The suppositions relative to this nebulous substance, 
which Herschel thought to be so plentifully scattered 
through space, and the changes which he surmised that 
it underwent in the course of time, led the celebrated 
astronomer Laplace to form a similar hypothesis on the 
formation of the solar system, and the progressive deve- 
lopment of the bodies of which it is composed, from one 
single and primitive mass of nebulous matter, He sup- 
posed that the sun was originally included among the 
nebulw, which extended as far as the most distant planet, 
and was endowed with a rotary motion round the contre; 
and that, in the course of ages, this gaseous substance 
became more condensed towards the centre, leaving the 
exterior portions in the form of immense rings, still pre- 
serving their revolving motion, precisely similar to the 
ring of Saturn as at present existing, From many 
different causes it was impossible for those rings to exist 
in that form, and they finally broke up into globular 
masses forming the different planets, By this means he 
explains the revolution and rotation of the planetary 
bodies in one direction, as well as of their satellites, 
formation of comets, &e, Even the szodiacal light was 
fully explained on this hypothesis. The nebulous matter, 
as he conjectured, was not quite condensed, but still 
surrounded the sun in a very diffused state, and by the 
rotation of that body on its axis, took a lenticular form, 
as was observed to be the case with many of the nebule 
already discovered, Thus the great nebula of Andro- 
meda is of this elliptic form; and different degrees of 
ellipticity will be seen from the figures in the folio plate 
(Figs. 101, 102, and 103), which are some of those 
actually observed by Sir J. Herschel. 
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CHAPTER VII. 


ON THE CONSTELLATIONS AND FIXED STARS 


Our present arrangement of the constellations into 
groups or clusters, representing figures of men and 
animals, dates from the most remote antiquity. Aratus, 
a Cilician of Eudoxus, B.c. 370, a contemparary of Plato, 
enumerates forty-five as being then in use, all of which 
still remain on our celestial globes. In the majority of 
instances, however, there is no similarity between these 
configurations, and the figures to which they are sup- 
to bear some resemblance. Of the fixed stars, in 

th hemispheres, nearly 5,000 are visible to the naked 
eye, the greater number of which have been catalogued 
by Argelander, in his standard work, the Manometria 
ova. They are divided into classes of magnitude, the 
Jirst consisting of stars pre-eminently bright, and which 
ammount in our latitude to about 14; the second magni- 
tude consisting of about 50 ; the third of 140 ; the fourth 
of about 320; the fifth of 809 ; and the sixth of 2,000 


(roughly speaking). Objects of a bape fee greater in 
class, but poets f less in size than t 


e sixth, are only 
seen by the help of telescopes, and are reckoned on to 
the thirteenth or fourteenth itude, 

Bayer appears to have been the first astronomer who 
systematically arranged the stars of each constellation in 
the order of magnitude. In his catalogue, of which the 
epoch. is 1603, he classed the brightest stars in each 
constellation according to the first letter of the Greek 
alphabet; the iebdksd by the second letter, and so on; 
afterwards using for smaller objects the Roman letters. 
Of the first magnitude in these latitudes, we have nine 
north of the equator, and five south, viz. :— 


North, 

Regulus, or a Leonis. 

Altair, or a Aquile. 

Deneb, or a Cygni. 

Procyon, or a Canis 
Minoris 


Vega, or a Lyre 
Capella, or a Aurigs 
Arcturus, or a Bootis. 
Aldebaran, or a Tauri. 
Betelyeux, or a Orionis, 


South. 


Sirius, ora Canis Majoris.| Antares, or a Scorpio, 
Rigél, or 8 Orionis. Fomalhaut, or a Piscis 
Spica, or a Virginis. Australis. 


Bayer’s arrangement has since been used by astronomers. 

The most ancient catalogues we possess of the fixed 
stars are those of Ptolemy, Ulugh Beigh, Tycho, and 
Hevelius, all of which have been formed from observa- 
tions by the naked eye. The catalogue of Ptolemy is 
based on the observations of Hipparchus, and amounts to 
upwards of 1,000, which are arranged in the order of 
longitude and latitude. That of Ulugh Beigh contains 
1,019 stars for the epoch of 1437, observed at Samareand 
in Persia, north latitude 39° 52’. The epoch of Tycho’s 
catalogue is for the end of the sixteenth century, and 
contaius 777 stars, reduced and edited by bis pupil, 
Kepler. The catalogue of Hevelius contains 1,564 posi- 
tions of stars for the om 1660. All the preceding works 
have been re-edited by Mr. Baily, to whom this branch 
of astronomy is much indebted, and are 
thirteenth volume of the Memoirs of the 
nomical Society. 

Since the application of the telescope to astronomical 
observations, we have the catalogues of Halley and La 
Cuille, observed in the southern hemisphere; and those 
of Flamsteed, Bradley, and Mayer, observed in the 
European observatories. The work of Flamsteed is the 
basis of that of Bradley, and they both, in common, con- 
tain nearly the same stars, but, in the latter case, observed 
with more improved instruments. The numbers in the 
catalogues of Flamsteed, Bradley, and Mayer, are re- 
spectively 3,400, 3,222, and 998 stars. 

At the commencement of the present century we pos- 


iven in the 
yal Astro- 


sessed the catalogues of Groombridge, Piazzi, and La- 
lande, of which the first consists of circumpolar stars 
numbering upwards of 4,000; the second of 7,646 
and the last of 50,000 stars. 

In modern times we have the catal 


ILL. Gemini has two principal stars, Castor of 
and Pollux of the second re 


in the neighbourhood of , a sn r of 
magnitude. In tina constellation Bir John 
found Uranus, and it served for many years: 

. Cancer no e < or 
fourth i the Aselli : om 


). 


Presepe (the Mang i eae Speap bora 3 
ay Too, a eet tire ie Paste 


of the 
first magnitude, in the breast of the Lion, and Denebola, 
of the second m i in the tail, about 25° apart. 

VL. Virgo nav pias irginis, a star of the fourth 
nitude, in the eat-ear, remarkable for its solitary 
splendour, having only one other star, of the fourth mag- 
nitude, near it. This star is called Al-simak-al-a-zal 
(the Defenceless) by the Arabs. 

VII. Libra has four subordinate but bright stars, which 
form a quadrilateral figure. T'wo in the northern and 
two in the southern scale, 7° and 6° apart. 

VIII. Scorpio is a beautiful collection of stars, among 
which Antares (in the heart) is of the first magnitude, 
and is distinguished by a remarkably red appearance. 

IX. Sagittarius has five stars of the third and fourth 
magnitudes, which form a figure resembling a straight- 
haudled dipper, familiarly called the milk-dipper, because 
situated in the Milky Way. 

xX. ricornus has only stars of the third and fourth 
magnitudes. The sun was formerly in this constellation, 


when at mid-winter he attained his southern 
declination ; hence it was called the southern of the 
sun, as Cancer was the northern. Now, to the 


ion of the equinoxes, the sun does not reach the 
constellation till the middle of January. 

XL. Aquarius is isable by four stars of the fourth 
magnitude, so placed as distinctly to form the letter Y, 
which is visible abont the urn of the Water-bearer. 

XII. Pisces is a loose assemblage of small stars, not 


readily occupying a large triangular in the 
heavens. This is the fiest constellation in order of 
the zodiac, opening the astronomical year, and preceding 
our ve’ equinox. 


In naming ete bee these zodiacal et the 
ancients are sup’ to have been guided by the rural 
occupations coincident with the sun’s appearance in 
particular parts of the heavens, or by other analogous’ 

henomena presented to them. ‘Thus, the Ram, the 

oLL, and the Twins (originally two goats), relate to 
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animals most useful to them during the spring months. 
The Crab, walking backwards, is typical of the retreat of 
the sun from the northern tropics. The fierce Lion re- 
presents the intensity of summer heat. The Virgin, 
holding an ear of corn, refers to a girl gleaning. The 
Balance indicates the equality of day and night at the 
equinox ; while the Scorpion indicates disease as the in- 
cident of the season. 

NorTHERN ConsTELLATIONS.—The constellations of the 
northern hemisphere are thirty-five in number, of which 
twenty were enumerated by Aratus. Of these Ursa Major 
is the most conspicuous, consisting of three principal 
stars, forming a triangle in the tail, and four forming a 

uadrangle on the body of the Bear. Commencing at 
the tip of the tail we have Benetnasch, a star of the 
second magnitude ; Mizar, 7° distant west ; and Alioth, 
about 44° further off ; 54° from Alioth, at the root of the 
tail, is Megrez ; south of it Phad, forming the shorter side 
of a quadrangle. On the opposite side, 8° west of Phad, 
is Merak ; and 5° north, towards the pole, is Dubhe, the 
brightest star of the constellation. 

Dubhe and Merak are called the pointers, because a 
line drawn through them, and carried about 29° in the 
same direction, passes almost over Polaris (the pole star), 
which is close to the north polar point in the heavens. 

Ursa Minor, while it is inferior to the preceding in 
point of size, is more important from its position indi- 
cating the north polar point, and its utility as a guide in 
finding the latitude of places. Like Ursa Major, it con- 
sists of seven stars; three of the third magnitude, and 
four of the fourth. Polaris is the important star of this 

‘oup. It is between the second and third magnitudes. 

t is at the tip of the tail of Ursa Minor, and appears 
stationary, the rest of the constellations appeariug to 
swing round it in the diurnal revolution of the sphere. 
All the stars appear to revolve round the pole of the 
ecliptic, owing to the real revolution of the pole of the 
earth round it; a revolution, however, which requires 
the long cycle of 26,000 years, or thereabouts, for its 
performance. 

Boorgsappears among the stellar groups to be driving 
on Ursa Major ; hence it has sometimes been called the 
Bear Driver. Bootes has Arcturus, a star of the first 
magnitude, long supposed by the ancients to be the 
nearest star to the earth, 

SourHern ConstetLations.—The constellations of the 
southern hemisphere are forty-six in number ; the most 
important being Orion, which constitutes the richest 
part of the visible heavens ; and when on the meridian 
(which occurs about 10 p.m., January 1), presents the 
most magnificent view the starry heavens offer. Orion 
is visible, in its turn, to all the habitable world, the 
equinoctial passing through the centre of it. Four 
principal stars, in the form of a long square or parallelo- 
gram, form its outline. Betelgeux, of the first magni- 
tude, is 7}° of Bellatrix of the second ; Saiph of the 
third magnitude, and Rigel of the first, 8}° west of 
Saiph, and 15° of Bellatrix. Canis Major, on the south- 
east of Orion, contains one star of the first magnitude, 
four of the second, and two of the third ; the former, 
Sirius, glowing in our winter hemisphere with a lustre 
unequalled by any other star in the firmament. Canis 
Minor, east of Orion, and north of Canis Major, has two 
brilliant stars—Procyon, of the first magnitude, and 
Gomelza, of the second, about 4° to the south-east. A 
knowledge of these constellations will enable us to find 
our path in the beavens. 

When a few particular stars have been recognised, 
they will serve as starting-points ; and by alignments, or 
imaginary lines, drawn from them, other stars and 

aps of stars will be found, and thus a general know- 
edge of celestial objects acquired. For this purpose, 
one of the most conspicuous objects is the constellation 
of Ursa Major, which never sets in our latitudes. 

The seven stars (shown in Fig. 104) are nearly all of 
the same magnitude ; a line drawn through 6 and a, and 
produced to a distance equal to that from a to y, will 
point out Polaris, an object of the 23 magnitude. This 
star will be easily distinguished, since it is not surrounded 


by any others of the same magnitude. The alignment to 
find the Pole Star is as follows :—A line drawn from 
6 Urs Majoris, or from ¢ Ursee Majoris through Polaris, 
and produced the 
same distance as that 
from 6 Urse Majoris 
to Polaris, will reach 
the centre of Cassio- 
peia. This remark- 
able group of stars, 
which, in these lati- 
tudes, is circumpolar, 
is always on the oppo- 
site side of Polaris to 
Ursa Major. When 
Ursa Major is near the 
zenith, Cassiopeia is 
near the horizon, and 
when Ursa Major is 
on the eastern side, 
Cassiopeia is on the 
western side of Po- 


Fig. 104. 


8. 

The right lines, 
which direct a and B 
Ursee Majoris to Po- 
laris, when produced 
in the same direction, 
will point out the 
square of Pegasus, 
formed of four stars 
of the second magni- 
tude, the two upper 
of this group being 
respectively a Pegasi and a Andromede. A line drawn 
from the two latter will pass through 6 and y Andro- 
medse, and finally to a Persei, a star of the second mag- 
nitude nearer the pole. It will be remarked that a 
Persei may also be found by drawing a line from 4, a, 
Ursx Majoris through Polaris. 

On the opposite sides of a Persei are situated y and 6 
Persei, stars of the fourth and third magnitudes respco- 
tively ; a line drawn from a, 6 Urs Majoris will meet 
(after passing through a Persei) Algol, or 6 Persei, a 
star remarkable for its variability. Producing the arcs 
y and 6 Persei, we finda Arietis. Below these, the con- 
spicuous cluster of stars, the Pleiades, are situated. If 
we join Polaris and a Arietes, and produce it beyond the 
latter, we shall meet with the constellation Orion, which 
is well known by its remarkable brilliancy and form. 
Of this group of stars, 6, «, and Z are called the belt ; 
the remaining four stars of this group form an irregular 
quadrilateral, a and y being the upper, and B and 6 
being the lower sides. a and # Orionis are of the first 
magnitude, and all the others are of the second magni- 
tude. 

The most remarkable object in the heavens, Sirius, or 
a Canis Majoris, is poiuted out by producing the belt of 
Orion on the eastern side. By producing it on the 
western side, we meet with Aldebaran, or a Tauri, a star 
of the first magnitude. But this star may also be found 
by producing the line which connects a Urse Majoris and 
a Arietis (Fig. 105). 

The diagonal of 
the square fe B, % 
6, Urse Majoris], 
or 6, 8, being pro- 
duced sufficiently, 
will pass through 
the bright stars of 
the constellation 
Gemini, a and f, 
or Castor and Pol- 
lux. A short dis- 
tance in the same 
line, between Castor 
and Sirius, we find 
Procyon, or a Canis Minoris. This may also be found 
by prolonging the line passing through Polaris and 


Fig. 105. 
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Pollux. The diagonal a and y of the same square, pro- 
Fig. 106. duced on the side of 
y above the pole, will 
ea out a, or Spica 
firginis, which forms 
an equilateral  tri- 
angle with Arcturus 
and 6 Leonis. 

The line connecting 
e.and B Urs Majoris, 
which points so accu- 
rately to the Pole 
Star, when produced, 
will pass through the 
constellation Leo. This 
constellation consists 
of four principalstars, 
in the form of a, tra- 

ium. The most 
rilliant is of the first 
magnitude; all the 
others are of the 
second magnitude. Z 
and » Urs Majoris, 
being connected in a 
line, will meet with a remarkable star of the first mag- 
nitude, Arcturus, or a Bootis. Tae 
At the side of Arcturus, and in the direction of the 


stars 6, 2, e, Z of Ursw Majoris, we find the constellation 
of Corona Borealis, composed of many stars, arranged 
in a semicircle, and of which the most brilliant is of the 
second magnitude, 

Vega, or a Lyra, is a conspicuous object, passing the 
meridian of Greenwich 13° south.of the zenith. It 
forms a great triangle with Arcturus and Polaris, of 
which it occupies the summit of the right angle. At the 
side of a Lyre are two stars of the third magnitude, 
6 and y, and three of the fourth magnitude, 4, «, Z. 
The four stars, B, y, 6, %, form a parellogram, easily 
distinguished. 

Between Lyre and Pegasus the constellation Cygnus 
is found, composed of five principal stars, in the form of 
across. The line which joins Cygnus to Gemini is cut 
in two equal parts by Polaris. e same line, produced 
beyond Cygnus, passes through Altair, or a Aquile, a 
star of the first magnitude. a Aquilm, is situated between 
y and 6B Aquile, of about the third and fourth magni- 
tudes respectively. 

The folio plates afford a general view of the northern 
and southern constellations, with their most remarkable 
stars. 

(The heavenly bodies, to which we have directed atten- 
tion, all revolve in orbits of an elliptic character. We 
shall now pass to others moving in essentially different 
curves, which have been described in the Mathematical 
section, p. 608, et seq. } 


CHAPTER VIII. 
ON COMETS. 


Tuese bodies, which from the earliest ages have been the 
subjects of attentive observation, and which, even within 
the last few centuries, have excited the fears and appre- 
hensions of the multitude, will next claim our attention. 
They differ from the other planetary bodies, both in 
their physical appearances and in the irregularities of 
their motions. From the investigations of Sir Isaac 
Newton, to whom this branch of astronomy is much in- 
debted, and which have been confirmed by the labours of 
his successors, it has been made evident that comets 

Fig. 107. 


reconcile their observed path in the heavens. The ineli- 
nations of their orbits to the ecliptic are also frequently 
very great, and the directions of their orbital motions are 
sometimes direct, and in other instances retrograde. Jn 
consequence of the t eccentricities of their orbits, 
they are seldom visible at the utmost more than a few 
months about the time of the perihelion passage. The 
following diagram Fie: 107) will show, in aclear manner, 
a parabolic orbit. If with the two foci, F F’, an ellipse 
be described in the usual manner, we shall find that the 
major axis of this ellipse will be A A’, and that 
B we shall obtain a curve differing little from an 
_ arch, and presented in a sense perpendicular to 
the axis A A’, or with a very slight degree of 
ellipticity. A second ellipse, with the foci F F” 
will exhibit a greater degree of ellipticity, an 
will enclose the preceding one. A third ellipse, 
with the foci F F”, will (still leaving A 
for the summit of the ellipse) show a still 
greater degree of ellipticity, and so on. 
describing ellipses successively, we shall find the 
circumference of the curve more and more re- 
moved from the direction of the major axis A A”, 
till finally, we shall arrive at a point beyon 
which there is no variation. The curve B A OC, 
thus described, is called a parabola. The point 


describe very eccentric ellipses around the sun, so much 
so that, in the majority of cases, a parabola will perfectly 


A is called the summit of this parabola, and the 
point F its focus. A parabola is then formed 
of two parts, A B and A C, exactly alike to one 
another, and extending infinitely on each side 
of the major axis, AF FF’. We can easily 
perceive that, as the comet recedes from the 
sun into space, it will be necessarily lost to our 
view. For the determination of the elements 
of the orbit of a comet, three complete observa- 
tions are necessary as a first approximation, 
which can be afterwards brought to greater ac- 
curacy by means of the other additional observa~ 
tions during the time of its visibility. In a para- 
bola the following elements are required :— 
lst, the longitude of the perihelion; 2nd, the 


longitude of the node ; $rd, the inclination of the orbit 
to the plane of the ecliptic ; 4th, the time of perihelion 
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passage; and 5th, the perihelion distance. The observa- 
tions will also give the direction of motion. Dr. Halley 
alone, acting according to the method of Sir Isaac New- 
ton, calculated twenty-four orbits, by a comparison of 
which he was led to infer the periodic nature of the body 
which bears his name ; and its certainty has been con- 
firmed by the well-observed and authentic observations 
of successive returns. 


Fig. 108, Fig. 


Modern astronomers have, with great zeal, applied the 
methods of Olbers and Gauss for this purpose, not only 
to those comets which have appeared in their own times, 
but also to others, whose paths in the heavens have been 
recorded by the ancient Chinese and European annalists. 
M. Langier has thus calculated, with a strong degree of 
probability, that the comets of 451 and 760, mentioned 
by the Chinese annalists, were returns of Halley’s comet. 
Mr. Hind has also been led, by calculation, to consider 
the comets of 218 and 295 as appearances of the same 
body. . But no certainty can be attached to any elements 
of this comet till the year 1378, the observations of which 


Fig. 111. Fig. 112. Fig. 113, 


have been discussed by M. Langier, and of which the 
resulting elements are given with the others in the fol- 
lowing table :— 


| Long. of Long.of Inclina- Long. Perih. 

Perih. Node. tion. 

1378, Nov. 8°764,..299° 31'...47° 17’...17° 56"... 9 
1456, June, 8°917...301° 0'...48° 30’...17° 56’ ... 9 : 
1531, Aug. 24°888...301° 39’...49° 25’...17° 56’ ... 9°75 
301° 38’...48° 40’...17° 12’ ... 9 
1682, Sept. 14: 301° 56’,..51° 11'.,.17° 44’ ... 9°7656 R. 
1759, March, 12- 803° 10’,..53° 50°...17° 37’ ... 9°7668 R. 
1835, Nov. 15°939...304° 32’...55° 10’...17° 45’ ... 9°7683 R. 


1607, Oct. 


The striking similarity of the elements of the comets 
of 1531, 1607, and 1682, immediately presented itself to 
the mind of Dr. Halley, who was also led to infer that, 
| by the influence of the planet Jupiter, the period of its 
next return would be considerably retarded. This pre- 
diction was found to be accurate by the laborious calcu- 
lations of Clairant, who, after minutely computing the 
disturbing effect of Jupiter and Saturn, found that. its 
next return would be delayed by 618 days, as he con- 
| eluded that the comet would arrive at its perihelion on 
| April 13th, 1759. 

The actual return, from the best elements, took place 
VoL. L 


on March 12th, 1759, and the comet was seen for the first 
time at Dresden, by Pazlitch, on Christmas Day, 1758. 
This body being thus ranked in the planetary system, the | 
investigation of the period of its next arrival at the peri- 
helion was made the subject of a prize in several Euro- 
pean academies. The investigations of Damoiseau and 
Pentécoulant, on this question, gave only the difference 
of one week in the predicted time of the arrival at the 


109. Fig. 110. 


perihelion—an agreement very accordant, when the great 
intricacy of the problem is considered. The predicted 
return was stated to be on November 13th, 1835; and 
although the comet was attentively looked for during 
several months previously, it was not seen till August, 
when it was discovered at the Collegio Romano, of Rome. 
From the best elements, the return to perihelion took 
place on November 16th, the predicted time being only 
three days in error. 

With regard to the physical appearances of these 
bodies, it is generally admitted, at present, that comets 
possess a very small degree of density. 


The above diagram (Fig. 108) will show the ap- 
pearance of Halley’s comet, as observed by Sir J. Her- 
Fig. 114. schel, at the Cape of 
of Good Hope, on Oc- 
tober 28, 1835. The 
bright spot situated 
in the head of the 
comet, is called the 
nucleus, and the lumi- 
nous appendage which 
accompanies and sur- 
rounds this nucleus, 
is called the tail. On 
October 29, Sir J. Her- 
schel observed the 
comet with a twenty- 
foot telescope, and 
noted its appearance, 
; as in Fig. 109. A 
little later, on the same evening, the appearance was in 
Fig. 110. On January 25, 1836, it had an appearance as 
in Fig. 111; in the intermediate time the comet was not 
visible, in consequence of its proximity to the solar rays, 
On January 26, 27, and 28, 1836, it presented the appear- 
ances indicated in the Figures 112, 113, 114. 
6a 
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As to the light which these bodies possess, the late M. 
Arago inferred, from his experiments, that they shine 
by reflected light. But, although his experiments on 
the comet of 1819, and that of Halley in 1835, showed 
that they shone by reflected light, which he satisfactorily 
confirmed by experiments with a polariscope on the light 
of stars of the same magnitude in their neighbourhood, 
he was rather doubtful whether they had not a proper 
light of their own, since, without losing their property 
ot reflection, some independent light might at the same 
“30 rap th 837 of the ci tance 

as the our era, the circums' 
went he Chinsepanmalista ; and again noticed 
by Appian, in the 16th century, that the tails of comets 
were generally directed from The ap 


© sun. 


of these accompaniments are variable, both in to 
magnitude and brilliancy. Of the comet of 1689, the 
contemporary historians state that its tail oe oe an 
extent of ow, and presented an appearance si a 


Turkish sabre. The tail of the comet of 1769, was ob- 
served to be 97° in 1] The comet of 1744 had as 
many as six tails, each 4° in breadth, and 30° to 44° in 
length. In our own days, thé appearance of the comet 
of 1861 cannot be forgotten. At London, in July, its 
length, by observation, was found to be from 60° to 80°. 
The comet of 1618 had also a tail 104° in length. 

{In addition to Halley’s comet, others of nearly similar 
period present themselves to our notice, and this re- 
markable group consists of the following :— 

1st. The comet of 1812, which was discovered by Pons 
in that year, and only visible with the aid of a telescope. 
Encke, from all the observations, calculated its period to 
be 70°7 years. : 

2nd. The comet of 1815, discovered by Olbers, the 

riod of which has been calculated by Bessel to be 
F405 years. According to the investigations of Bessel, 
the period of the next return will be retarded by two 
years, in consequence of planetary perturbations, or it 
would a r in 1891. ‘ 

8rd. tT comet discovered by De Vico in Rome, in 
1846, Feb. 20, and observed till April. The calculations 
of De Vico and Peira, show that its orbit is decidedly 
elliptical, and that its period is upwards of 70 years. 
The only comet in the list of calculated orbits, similar to 
this Sty, is that of 1707. 

4th, The next comet, nearly identical in period, is that 
discovered by Brorsen on July 20, in Triangularus, and 
observed at several places for the space of one month. 
Elliptic elements, compiled by D’Arrest, give its period 
as 75 years, 

Another comet of long period, but the elements of 
which are not so well worthy of confidence, is that dis- 
covered by Flamsteed in 1663, Elliptical elements of 
this body, which are, however, too uncertain to be much 
relied on, assign to it a period of 187-5 years. 

Several other elliptical orbits have been calculated, 
which will appear in a table at a subsequent page. 

The most remarkable periodical comet (which there is 
a great reason to believe to be such, from the strong 
identity of the elements) is that discovered by Fabricius, 
in 1556, and which is considered to be a second appear- 
ance of the fine comet of 1264. Necessarily rude as the 
observations of this period were, Pingré and Dunthorne 
have calculated its elements from its recorded path, 
which agree in every particular with the comet of 1556. 
This subject has iy ia Fic the attention of M. 
Baume, who infers, from his investigations, that the comet 
will be retarded in its return to the perihelion by a period 4 
of some years, The last appearance, in 1556, was mag- 
nificent in the extreme. e tail was more than 100° in 
length ; and, according to the Chinese accounts, it pre- 
sented a curvature similar to a sabre. It remained 
visible till the 2nd of October of that year. There was 
a strong probability in the inference that this body would 
have returned to its perihelion, in the period from 1858 
to 1860; but, as the elements are based on such uncertain 
data, we must not be astonished at the error which its 
absence has proved to exist. 


After thus mentioning two comets, whose periods are 


the longest on record, and the first of which has been 
made evident by many successive returns, we shall now 
proceed to others, whose revolutions around the sun are 
of shorter duration. The first, and most cele’ is 
that of Encke. This body was discovered by Pons, at 
Marseilles, on November 26, 1818; but the credit of 
being the first calculator of its elliptic elements is due to 
Encke, from which circumstance it bears his name. 
similarity of the approximate parabolic elements to those 
comets observed in 1786, 1795, and 1805, immediately 

resented itself to the mind who likewise 


vations of 1818, 1819. Its period is 
tarsal al @ quarter. Since 1819, cyirecye | i 
a 


i: 


merides of its predicted On June 22, the 
comet was seen by Riimker, for the first , at. the 
Observatory of Para South Wales, which 
had then been recen' by General Busham 
Although it was only o there for a short space of 
time, the observations were found of considerable value 
in g its next return in 1825. True to predic- 
tion, the comet was discovered by Valz, on July 13, 
within’a:abort range 6f-she-alleulaied "ahapavenniibis 


ware the comet was well observed at Naples, and other 
uropean observatories. On its next arrival at its peri- 
helion, 1828, it was first seen at Dorpat, by Struve, on 
October 13, and was observed in European observatories 
till December 25. 

Although very unfavourably situated for observation 
in the northern hemisphere, in 1832, the comet was 
observed by Harding, at Géttingen, on August 21. Pro- 
fessor Henderson also observed it at the Cape of Good 
Hope ; but the observations of this return were so few 
and scattered, that Professor Encke, in his investiga- 
tions for its return in 1835, made no use of any of 
them. In 1835, the comet was observed, on July 26, 

i, and previously by Kiel, at Milan, on 
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Although the return of 1845 was very unfavourable, 
the comet was seen at Rome, and in America; but the 
observations were so few, that no use has been made of 
them in any investigation. 

In 1848, it was observed for a period of three months, 
extending from August to November. The comet was 
very faint at first, but towards November its brightness 
increased considerably. : 

In 1852, the perihelion passage took place on March 
14, and the comet was visible on the 2nd of January. 

In 1855, the return of the comet was not favourable 
for observation in the northern hemisphere, but it was 
seen at the Cape of Good Hope, by lear. It was 
seen in November, 1861, by Valz, at Marseilles. 

Gameparr’s Comet.—This body was discovered by 
Biéla, on the 27th of February, 1826; but, as in the 
preceding case, it bears the name of Gambart, who first 
computed its orbit, and noticed its similarity with the 
comets of 1772 and 1805, Elliptical elements calculated 
by him and other astronomers, assigned to it a period of 
2,460 days. In the interval of time from 1772 to 1826 
it had performed six revolutions. The return to the 

rihelion, in 1832, was observed generally at all the 

uropean observatories. It was first seen at Rome, on 
August 25th, as a faint object, the light of which, how- 
ever, increased afterwards. Professor Henderson like- 
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wise observed it at the Cape of Good Hope. Ona 
calculation of the elements of its orbit—which are re- 


ma with the relative position of the earth, in the 
ollowing engraving—in o to ascertain the precise 
Fig. 115. 
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period of its return, it was, of course, to study 
the perturbing influence of the planets ; and when their 
places were ascertained and compared with its course, it 
was supposed that it would cross the earth’s orbit about 
a month before our planet was at the point of inter- 
section, This announcement excited much curiosity and 
some alarm. It will be evident, however, from a con- 
sideration of its orbit, that it never came within sixty 
millions of miles. It was a insignificant comet, 
looking like a collection of nebulous matter, and having 
neither tail, nor any appearance of a solid nucleus. In 
the engraving, A is its perihelion and H its aphelion, B its 
position, January Ist, 1840; C, on January 1833 ; D, 
its December node ; E, its position January 1st, 1839 ; F, 
Jan Ist, 1838 ; G, January Ist, 1837 ; I, January Ist 
1836; K, January Ist, 1835; L, January Ist, 1834. It 
will be seen from this diagram the point where the earth’s 
orbit and that of the comet intersect is very near the de- 
scending node. The time at which the comet reached its 
perihelion in 1832 was the middle of November; it 
crossed the earth’s orbit on the 29th of October, but the 
earth did not reach the same point until the 30th of 
November. At its return, in 1839, the comet was not 
seen from any part of the globe. In 1845, however, by 
means of an ephemeris calculated by Professor Santini, 
the comet was discovered by De Vico, at Rome, on 
November 26th. In avery short time afterwards a most 
singular circumstance took place ; the comet appeared to 
have been divided into two portions. This appearance 
was first seen by Professor Wichmann, about the middle 


of December, and generally confirmed by other observers. 
The two nuclei were also o ed till the 22nd of March, 
1846. 


On its return to the perihelion, in 1852, the comet was 
egain seen Professor Secchi at Rome, and at the 
bridge O 


though the predicted ephemeris was in error, both nuclei 
were again observed, but they had peep considerably. 
The comet at this return was exceedingly faint, and was 


atory in England, At this time, al- | 


only visible on nine different occasions. This and the 
comet of Encke are comprised within the limits of the 
solar system, and do not extend beyond the orbit of 
Saturn. 5 

Faye’s Comzr:—The next known periodical comet, 
whose orbit is comprised within that of the planet Nep- 
tune, is that discovered by M. Faye, at the Paris Obser- 
vatory, on the 22nd of November, 1843. At its first 
ap ce it had a brilliant nucleus and tail, Faye and 
others (Gauss included) discovered that its orbit was 
elliptical, and that its period was 7°2 years. At first it 
was imagined by Argelander and Professor Henderson to 
be the lost comet of 1770, or that of Levell ; but Lever- 
rier has since proved that this could not be the case. 
Its orbit at aphelion and perihelion approaches near to 
Mars and Jupiter, and must have experienced consider- 
able perturbations from the latter. 

M. Leverrier calculated an ephemeris for its return in 
1850, and, by means of this, the comet was observed on 
November 28th, of extreme faintness, at the Cambridge 
Observatory in England. With the exception of two 
other observations obtained in the Cambridge Obser- 
vatory (U.S), by Mr. Bond, it was not seen at any other 
observatory. r. Bond described it as a very faint 
object in the twenty-three feet refractor. 

he last four periodic comets are known as such by 
the frequent observations of their returns to the peri- 
helion. But others exist, whose ellipticity is equally 
decided, although their returns have not been observed. 
Of these, the first is the comet of De Vico, comprised, as 
in the other case, within the planetary system, and dis- 
covered by him at Rome, in 1844. Its period was found 
to be 1980 days ; but although its orbit been ably in- 
vestigated by Dr. Briinnow, it has not been seen either 
in. 1850 or in 1855. 

Brorsen’s Comet.—This comet was discovered at 
Kiel, in Denmark, by Brorsen, on the 26th of February, 
1846, and found to be elliptic, its period being upwards 
of five years and six months; Drs. Briinnow and Peter- 
sen consider that it was identical with the comets of 
15382 and 1661. Dr. Halley, likewise, inferred the 
similarity of these comets; but, although expected, it 
was not visible in 1790. It appears probable that the 
influence of the planet Jupiter has a great effect on the ele- 
ments of this body. Mr. Hind is of opinion. that it experi- 
enced considerable perturbations from this planet in 1842. 

D’Arrest’s Comer.—This comet, whose period is six 
years and five months, was discovered by D’Arrest in 
1851, June 27th. It suffers great perturbation from the 
planet Jupiter in its path, and the time of its next re- 
turn is not yet fixed. 

Another remarkable comet of this class is that dis- 
covered by Messier in 1770, the orbit of which had been 
calculated by Levell, indicating a period of about five or 
six years, e planetary perturbations have, however, 
altered the path of this comet so considerably that it 
has never been since observed. 

Fig. 116 shows the relative orbits of four periodic 
comets, and the comet of Halley. It must be remarked, 
however, that the orbits are not in the same plane, and 
that the cometary inclinations are sometimes very con- 
siderable. In Fig. 116, A is an orbit of comets of short 
period ; BB, the comet of seven and a half years ; C 0, 
Gambart’s comet; E, the orbit of the earth; H H, Hal- 
ley’s comet ; J J, the orbit of Jupiter; M, the orbit of 

rs; S, the position of the sun. 

Nature or Comets.—Some attempts have been made 
to define with precision the difference between a star and 
a comet, and determine by what characteristics a newly 
discovered star is to be distinguished from one of these 
wanderers of the firmament. The planets always move 
in the same direction ; the plane of their orbits being 
slightly inclined one to the other, and the eccentricity of 
these orbits are trifling. Comets on the contrary, for 
the most part, describe orbits so much elongated that 
they seem to move in a sort of parabola ; and, in the 
case of the few with whose movements we are best ac- 

uainted, the eccentricity of their orbits distinguishes 

em in aremarkable degree from the planets. Each 
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newly discovered object that is observed in an ellipse, 
ouly slightly eccentric, has been classed among the 


Fig. 16. 


planets ; while those which do not satisfy these conditions 
are ed as comets. ‘Ihe comets we have described, 
while differing in many respects, seem to agree in the 
great degree of eccentricity of their orbits, and would 
seem to satisfy the inquirer that they cannot have the 
same 0 

Comets generally present the appearance of a brilliant 
nucleus, surrounded with a nebulosity which extends on 
one side more or less distant from the centre. This ne- 
bulous matter is so transparent, that stars, even of small 
magnitude, can be observed through the tail, and even 
through its thicker parts. The nebulosity of a comet, 
therefore, ore be regarded simply as an extremely light 
vapour, which accompanies the central nucleus. The 
rapid changes which have been occasionally observed in 
the form of comets would seem to confirm this impres- 
sion. For example, Halley’s comet was observed with 
much care by Herschel at the Cape of Good Hope at the 
end of 1835, and we have already noted the changes he 
registered ; but the most striking instance of change on 
record occurred in January, 1846, when Gambart’s comet 
was observed to be separated into two parts, each having 
formed an independent nucleus, with the usual nebulous 
accompaniment. When the comet again ap in 
1852, the two objects also appeared, but at an increased 
distance. 


Notes on Comers.—371 8.c. According to Diodorus 
of jase! about the end of the year 371, a comet 2m 
of prodigious magnitude; which was accompanied at the 
same time by inundations and an earthquake. Its ap- 
parent motion was from west to east, but its real motion 
was probably retrograde. From all recorded circum- 
stances, it appears when observed to have been near its 
perihelion, and the inclination of its orbit to have been 
very great. 

Seneca relates that the comet was divided into two 
portions near the end of its ap ce. Stuyck is of 
opinion that the comet was identical with that of 1664, 
but there are no grounds for this supposition. 

844 bc. At this period, Diodorus relates that Fabius 
and Sulpicius, being consuls, on the occasion of Timoleus 
of Corinth und ing an expedition to Sicily, a burn- 
ing torch appeared in the heavens the whole night, and 
iS the train of Timoleus, even till its arrival in 

- We may then infer that it had a considerable 
north declination, and that it appeared in the western 
heavens, 

203 n.c. M. Cornelius Ceth and P, Sempronius 
Taditanus being consuls a Sonatas seen at Sethia, ex- 
tending from east to west. The Chinese annals confirm 


a 


this by its appearance, about the month of August, near 
Arcturus, 
173 202 Te Nella Seo ee 
in e summer 
which bad tell ; 

156 s.c. In China, near the end of October, and visible 
for a period of twenty-one days, a comet in the west, 
2 traversed the constellations of Aquarius, Equuleus, 
an us. 

156 no. In this year, Seneca relates that, after the 
death of Demetrius, king of Syria, a comet as 
large as the sun. At first its ap ce was red and 
fiery, emitting sufficient light to dissipate the darkness 
of night. Gradually, however, its magnitude diminished, 
till it finally vanished. 

136 s.c. In this year three comets were seen, which 

probably to the same body. 
milius and C. Hostelius cinus being 
consuls, a burning torch was seen in the heavens at 
Prenéste. 

Il. Under the reign of Attalus, king of Pergamus, 
who reigned from 138 or 137 to 132 B.c., a comet was 
seen, which is sup to be that of 136 B.c., and which, 
small at first, ually increased till it reached the equa- 
tor. Its tail equalled in 1 the parts of the heavens 
whose extent is the ‘‘ oe ds ay.” 

II. At the birth of Mithridates, who lived from this 
year to about 65 B.c., a comet, whose brightness was 
greater than that of the sun, lasted for about seventy 
days ; the heavens appeared on oa and the comet aj 
peared to occupy one-fourth part of the sky; but it is 
doubtful whether this occurred in this year or 134 B.o. 

133 s.c. In this year at Anisterne, the sun was seen 
during the night, and this lasted for some time ; but it 
is likely that these appearances were due to the meteors 
which we so frequently observe. 

48 z.c. Lucian mentions that in this year a terrible 
comet appeared ; the darkness of the night was illumi- 
nated by it. In 49 B.c., or probably 48, a comet was 
seen in China whose paths were extended from 6 Cassio- 
peize through « Cassiopeia, till it was lost finally among 
those stars which never set. 

43 B.c. In the latter part of September of this year, 
during the feasts in honour of Venus, a comet was seen 
which was of + brightness, and was visible in all parts 
of the earth. It was visible about 5 p.m., when the bright- 
ness of the sun permitted it to be observed. It is very 
probable that it was in the sign Leo, with a north latitude 
of 35° to 40°, and that it was identical with the comet of 
1680. In China, in this year also, a comet was seen in 
the months of May or June, which was in the constella- 

tion Orion ; but, if this be the same comet as the pre- 
ceding, it will not agree with the elements of the comet 
of 1680, 

Since tue Curtistran Era—l4. According to Dio 
Cassius, S. Pompeius Magnus, and 8. Apuleius being 
Sere many comets of the colour of were seen to 

ine, 

39. In the Chinese annals mention is made of a comet 
in this year, which was visible from the 13th of March 
to the 30th of a. by or for forty-nine days. Its path was 
from the Pleiades, through Pegasus, and finally to the 
head of Andromeda. 

60, In China a comet was seen in the constellation of 
Capricornus, whose tail was eight d in length ; its 
appearance lasted for fifty days, and it was last o ed 
in the south of the head of the constellation Scorpio. 

76. Pliny relates of a comet being observed this year, 
which was described by Titus Caesar as having occurred 
in his fifth consulate, In China it was observed from 
the 7th of September, and was visible for forty days. Its 
tail was 3° in length, and the path of the comet was from 
the head of the constellation Reroales to 3° of the east of 
B Capricorn. 

117. In the 9th of January of this year a comet was 
seen towards the west. On January 14th it was seen 
near 8 Librw and a Equulei ; it afterwards passed to the 
constellation Musca, 

141. According to the Chinese annals, on March 27th 


all may belon 
I. 8. M. 
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of this year, a comet, whose tail was 6° or 7° in length, 
was seen near a and B Pegasi. On the following 16th of 
April it was near Andromeda. On the evening of the 
22nd of April it had passed over the Pleiades, or about 
11° of right ascension. On the 23rd of April, it was 
seen in the feet and legs of Gemini, and finally disap- 
peared in Leo. 

240. Seen in China, on the 10th of November, a comet 
with a tail 30° in length in Scorpio ; it passed through 
Capricornus, and on the 5th of December entered into 
Libra. Its latitude was 2° south on the 10th of Novem- 
ber, but at the beginning of December it was not an en- 
tire degree. On December 19th the comet was south of 
the ecliptic, and was in the constellations of Aquarius 
and Cetus. 

252. In this year two comets were seen in China. The 
first was seen in the wing of Pegasus on January 10th. 
Tt was to the west, and appeared seventy days. 

On the 25th of March, a comet was visible in the 
constellation Musca ; it was seen for twenty days, and 
the length of its tail was 50° or 60°. 

336. In China, on the 16th of February, in the even- 

ing, a comet was seen in the southern arm and the girdle 
of Androm and in the northern part of the constella- 
tion Pisces. It is probable that this is the comet which 
is mentioned as having been seen at the death of the 
" Emperor Constantine, who, however, died on May 22nd, 
in the following year. 
363. At the end of August of this year, according to the 
Chinese annals, a comet was seen near the stars, a, £, x, d, 
4, v Virginis. Its brightness was so great that it was 
visible in full day. 

389. In this year a brilliant comet was visible, in the 
month of August, in the morning, which Mascellin, Phi- 
losotorgus, and N icephorus mention. It equalled Venus 
in brightness, and was oe greg placed near this 
planet. Payne has calculated that the planet Venus was 
at this time in inferior conjunction, and that it did not 
become visible in the morning till November ; but he 
thinks that it was very likely that it was near Jupiter. 
Jupiter was, at this time, in August, to the west of the 
sun, and would rise a short time after midnight. The 
comet lasted for forty days, and finally disappeared in 
the constellation of Ursa Major. 

390. In this year a comet append similar to a hang- 
roy bce gr which lasted for thirty days. There appears 
to be no doubt that this was a different body from that 
of the preceding year. 

400. The historians of this year, Socrates and Soze- 
rames, make mention of a terrible comet which occurred, 
and was seen in this year. Its form was that of a sword. 
It was also observed in China on the 19th of March, 
near the northern of Pisces, and the girdle and 
southern arm of Andromeda ; its tail was 30° in length. 
Tt successively passed through the constellations of Cas- 
siopeiw, and to the square of the Great Bear, where it 
was near X Ursa Majoris, then to a Hercules, and finally 
between y and £ Virginis. But this does not appear 
probable, for it would have been more so, if, instead of 
the head of Hercules, it had been written the tail of the 
Lion, 


418. During an eclipse of the sun of this year, on the 
19th of July, a comet was seen which had a conical form, 
and was visible for a period of four months. This is con- 
firmed by an actual calculation of this eclipse, which 
occurred at this time. It was also seen in China, and its 
path was as follows :—At its first appearance, it was near 
the star 6 Cygni, from which it went to the square of the 
Great Bear ; it afterwards proceeded to that part of the 
heavens which always remains above the horizon, to the 
constellations Bootes, Virgo, Leo, and Corona. Stuyck 
was of opinion, at first, that this comet was identical 
with that of 1596, but. afterwards renounced this 
idea. 

467. Perseus and John being consuls, a great prodigy 
was seen for some days in the beitdbe It was observed 
for forty days, but in some places it was only seen for 
ten days. e* 

504. In this year a star or comet of great brilliancy 


was seen, but the Saxon annalist describes it in exag- 
gerated terms. 

530 or 531. The Chinese annals make mention of the 
first, which appeared in the month of October, 530. Its 
course was from Arcturus to X Urse Majoris. This 
would agree with the motion of the comet of 1680, which 
period Halley had assigned to it ; and we may, therefore, | 
infer its probability. The second, which appears to be 
a different body, was seen at Constantinople in 531. All 
the Byzantine authors speak of the last, which is de- 
scribed as having been a large and terrific body, and was 
visible with them for twenty days. Its rays extended to 
the zenith, and it was compared toa lamp. 

539. This comet, which was visible for forty days, 
occurred in the 13th year of Justinian. Its head was in 
the east, and its tailextended to the west. Its appear- 
ance is described as being equal in magnitude to a great 
man, which afterwards increased. It was subsequently 
observed in China, in the constellation Sagittarius, near 
2, 7, 2, o, 7, and Z. Its tail was 10° long. On the Ist 
of January, 540, the comet was within 3° of Venus; but 
this appears improbable. . 

565. On the 4th of August of this year, a comet was 
visible in China, and remained so for 100 days. It was 
seen in e, f, 0, d, 0, and h of the Great Bear. Its tail 
was not a whole degree in length. It then approached y 
Aquarii, and « and @ Pegasi, at which time its tail was 
10° long. Its last appearance was in Equuleus. 

566. In this year a comet was seen which, according to 
one chronicler, lasted for a whole year ; but, according to 
another, which is more probable, only remained for sixty- 
six days. It is described as throwing out a long flame, 
and ap in the Arctic circle. 

568 (first comet). On the 10th of July of this year, a 
comet was seen in China in the feet and thighs of Gemini. 

568 (second comet). Another comet was observed by 
the Chinese this year, on the 3rd of September, in the 
face and heart of Scorpio, and proceeded eventually to 
the east. On the 8th of September, it had a tail of 40°, 
near the northern star of Delphinus. It then passed 
through the constellations near 6 Aquarii and a Equulei, 
and a Aquarii, and ¢ and @ Pegasi, and entered into the 
constellation of the Eye of Pegasus. On the 8th of Oc- 
tober it was in the head of Aries. 16 was observed 
altogether for sixty-nine days. 

582. At Easter day, which occurred on the 29th of 
March, a + comet is mentioned by many historians 
as re Pa, sive seen at Soissons. 

607. In China, two comets are mentioned as having 
been seen, which some astronomers consider identical. 
The first appeared on the 4th of April, in the west. It 
passed through the constellations, the Northern Fish, the 
girdle and the southern arm of Andromeda, the head of 
Aries, a and Z Virginis, and the feet of the Virgin, where 
it disappeared. 

The second was seen on the 21st of October, in the 
same constellations. It passed over the northern part of 
Leo, of Virgo, and of others stars more to the north. 
The comet did not attain the constellation a, B, y, 3, «, %, 
n, 9, x, Orionis. 

615. In July a comet was seen in China, in the Great 
Bear. Its tail was 50° or 60° in length. During the 
night its head or nucleus had, as it were, a motion of 
libration. anny 

676. In the beginning of this year a comet was dis- 
covered in China, whose tail was 5° in length, to the 
south of the constellations a and Z Virginis, and the feet 
of the Virgo. 

729. Bede and other chroniclers mention a comet as 
having appeared in the month of January of this year, 
which was near the sun for 14 days. But some mention 
two having been seen, which is improbable. It is likely 
that it had a right ascension little different from the sun, 
with a northern declination, which would account for its 
setting after the sun, and rising before it. 

837. Father de Maille, according to Pingré, relates 
that on the 22nd of March, in China, a comet was seen 
near a Aquarii, ¢ and @ Pegasi. The tail of the comet 
was 7° long. 
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On March 29th, it was seen in 6 Aquarii and a 
Equulei, On April 6th, it had a tail 10° long, and its 
motion was towards the west. On April 10th, the tail 
was 560° long, and kampeneies into two portions, On April 
Gih, its tail was cig pa tae its length was 60°, On 
April 14th, the length’ of tail was 80°, at which time 

in the constellation Hydra. After this 
time the of the tail decreased considerably, and on 
April 28th, it was seen for the last time, with a tail only 
3° long. Pingré, after having carefully investigated all 
the preceding observations, deduces an orbit which ap- 
ina at the end of this section : there are reasons 
for inferring that it was probably an apparition of Hal- 
ley’s comet, which, from some errors in the published 
accounts, will not with the observations. There 
also appears to be a doubt as to the year of this appear- 
ance—the Latin accounts agreeing consistently in ieee 
it in 838, whilst the Chinese give 837. Were two comets 
seen, or is there an error in the Chinese account? 
account of an anonymous Latin historian differs, both in 
date and ap It is nearly as follows :—It Mg? first 
seen in Virgo, and, pursuing a retrograde course, it tra- 
versed successively ioe. Cancer, and Gemini, all in the 
space of twenty-five days, and finally hap agen in 
Ta’ under the feet. of Auriga. Pingré’s orbit, which 
is si on the Chinese observations, will not agree with 
the latter path ; and we may infer, with some reason, 
that the year was 838, and the comet of which the Latin 
historian speaks was that of Halley. 

855. In this year, an ancient chronicler mentions two 
stars being seen in the month of August, on ten succes- 
sive occasions. They were possibly comets, the larger being 
always visible, but the smaller not so freqently, A comet 
was also seen in during 20 days. 

875. On June 6th, an extraordinary blazing comet was 
seen, with a fine tail. It appeared first in Aries, and 
was visible during the whole month of June. This comet 


was supposed, at the period, to be the announcement of | 


the death of the Em Louis IL. 

891. In China, on May 12th, a fine comet was seen in 
Ursa Major, with a tail 100° in length. This comet is 
also mentioned in the Saxon annals, Pi was of 
opinion that this comet was identical with that of 1532 
and 1661. 

895. A fine comet, whose tail was 100° long, was 
visible in China, on June 25th. It was first seen near + 
and « penta p< Boe » and in bys: eco a rau 
ance it over Corona, part of Here an r- 
pentarius. The length of the tail increased to 200°, 
which, however, Pingré asserts is difficult to believe. 

905. In this year, the European and Chinese annals 
mention the appearance of a great comet in the months 
of May and June. 

912. In this year the Latin authors relate that a comet 

peared in the month of March, for fourteen days, in 
the any alee A Greek author mentions its duration 
as being forty days, 

931. A comet was visible in Cancer, in the months of 
May, June, and July of Shia pone 

939. On the 19th of July of this year a long eclipse of 
the sun was seen; and in Italy, during eight successive 
nights, a comet of great splendour was beheld. 

942. A comet was seen in October of this year, for 
upwards of twenty days, in,the western heavens. Its 
motion was towards the east. Its head was faint, but 
the tail pa and resembled smoke, 

975. In the autumn of this year a comet is mentioned 
by the Latin and Chinese historians. In China it was 
seen on A 3rd in Hydra ; its tail was 40° in length. 
The comet during the time of its appearance, which was 
for eighty-three days, passed through the constellation 
Cancer to the space between + Pegasi and a Andromedae. 
Pingré remarks that there is a considerable similarity in 
the above path to that of 1556, which is supposed, with 
great probability, to be identical with that of 1264. 
Taking its perihelion gr ag days before the end 
of 976, July, Pingré finds that it might have been seen 
about the 1ith of July, which Father Ganbil states to be 
the case in China. August 3rd it would have been 


in conjunction with the sun, but its northerly latitude 
being considerable, it would rise some time before it, and 
sn as mention pal A ee “yea 
wou en be re ie, apparen’ con- 
stellations of Cancer, Gemini, mecha. Qt in 
which latter sigu it would probably be visible about the 
month of October. There is sufficient accordance in 
the abare, to give this opinion of Pingré’s considerable 
w 

9, An appearance of Halley’s comet is supposed to 
have oce in the autumn of this year. On yee 5th 
it was seen in the constellation of Gemini, and, pursuing 
a retrograde direction, parent Soca - 
lations of Leo and Cancer. Buckhardt has computed an 
orbit from the rough account of the Chinese annalist, 
which appears in our table. 

1000. A comet of extraordinary brilli was seen this 
year for nine days; but there appears to be some doubt 
as to the exact period. 

1066, In the April of this year the Chinese and Euro- 
pean annalists mention that a comet of great brilliancy 
was seen. It was supnoete, to be the forerunner of the 
conquest of England by William duke of Normandy. 
The iy bas bese computed by Pingré, from the Map gr 
annalis' ere a) a strong probabilit ts 
identity with that of 1Or7, 

1097. Although the comet of this year was only seen 
for a very short time (in Europe only fifteen days), it is 
remarkable as projecting two rays or tails, which were 
directed to the east and south-east respectively. In 
China, on October 6th and 9th, its tail was noted as being 
respectively 30° and 50° in | On October 6th it 


was seen in China near a and » Libre. On October 16th 
it was seen near the head of Hercules. It ceased to be 
visible in China on October 25th. 

1106. A + and fine comet was seen in Palestine on 
Feb: 7th, and in China on Feb 10th. It was 
seen on February 7th in Pisces, Its tail was similar in 


colour to the whiteness of snow. Its appearance lasted 
for fifty days. In China, on February 10th, its tail was 
60° in length, and extended from Gemini to Orion. 
During its apparition, it traversed the path from the end 
of Pisces to the end of Taurus. There issome similarity 
sup to exist between this comet and that of 1686. 

L ye je months of A an of tat act a 
comet of ex’ i magnitude, very accom- 
panied with a great tail, was seen. In China it was ob- 
served on September 10th, beneath the feet of the 


Virgin, Arc and Berenice, It disap on 
October 8th, ili Breet 
1231. A comet was seen in China, on Fe’ 6th, in 


Cygnus ; its itude was equal to Saturn. m. the 
recorded path, Pingré has calculated an orhit, which 
appears in our table. ¢ 

1264. A great and celebrated comet, of which all the 
historians make mention. It is supposed to be identical 
with the comets of 975 and aio was be Rod 
some months—at least three, pro! our. Its disap- 

ce occurred the same davis the death of Pope 
rban IV., or on October 3. Pingré and Dunthorne 
have calculated its orbit. 

1265. An historian mentions that, at the commence- 
ment of autumn of this year, a comet was seen with a 
long tail, which commenced to shine after midnight. 

1266. In the month of August of this year a comet 
was visible in France. It was also‘ seen at Constanti- 
nople, near the sign of Taurus; there appears some 
doubt, however, with respect to this last account, It is 
questionable whether the comets of 1265 and 1266 be 
not identical. 

1299. On January 24th of this a comet was seen 
near Columba. It was visible for sixty-three days. 
Pingré has deduced its orbit from all the observa- 
tions. . 

1301. A great comet, which is mentioned by the 
Latin historians as having occurred at the time of the 
autumnal equinox. It was also seen in China for forty- 
six days, commencing with September 16th. The ele- 
ments deduced by Pingré are very uncertain, but Mr. 
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Hind is of opinion that this is identical with the comet 
of Halley. 

1337. At the summer solstice a comet is noted as 
having occurred about the time of the death of Frederic, 
king of Sicily. It was alsoseen in China. The Euro- 
pean historians give its duration for three or four 
months. 

1337. A second comet was seen in this year, but it was 
not observed in China. The European historians men- 
tion it as having lasted two months. 

1351. In the month of December a comet was seen in 
Cancer in the east. The account, however, is obscure, 
and gives its position with uncertainty. From the 
Chinese positions of November 24th, 26th, 29th, and 
30th, Burkhardt has determined the time of the perihe- 
lion in November, as 26 days 12 hours. 

1362. On March 5th a comet was seen in China, near 
the constellation te a Aquarii and « and thera It 
disappeared on the 7th of April. It was visible in Europe 
during Lent as a very great and brilliant star. 

1362. On June 29th this comet was seen in China for 
forty days. Its first appearance was in Capricornus, and 
it had an extensive tail. 

1366. On A 26th a comet was seen in China, in 
Urea Major. August 27th it was visible in the tail 
of Scorpio. On August 29th it was near e and p» Aquarii. 
On August 30th it was near 8 Aquarii and a Equulei. 

1878. On the 22nd of September of this year, a comet 
was seen in China to pass over the stars in the western 
foot of Antinous. It was also seen in Europe. On 

ber 29th it was near the constellation Ursa Major, 
between Aries and Taurus. (This is certainly an error— 
the Great Bear is not near these constellations). It was 
visible for five days, and its motion was in an opposite 
direction to the apparent diurnal motion. This is an ap- 
pearance of Halley’s comet. 

1385, On 23rd a comet was seen in the con- 
stellations of Leo and Virgo, to the south of the constel- 
lation Ursa Major. On the morning of October 30th, it 
was seen near X 3S re It afterwards passed to the 
south of the constellations ¢, mw, », v, and« Hydre. 
The tail was 10° long. 

1402. A very large and very brilliant which 
commenced to ap on the first day of Lent, on the 8th 
day of February, and which remained to the beginning 
of March. 

1433. At Bologna a remarkable and brilliant comet 
was seen, which appeared from evening to morning. It 
lasted more than a month, or rather less than three 
rae Some dated its first appearance on October 
12t! 

1456. A return of the celebrated comet of Halley. It 
is represented by all the historians as being grand, ter- 
rible, and of extraordinary magnitude, with a tail equiva- 
lent in extent to 66°. But the extent of this appendage 
was fleeting and uncertain, varying to only 7°. The 
period of its durability was about one month. 

1457. In the month of June of this year a comet was 
seen in Pisces. Its body was small. Its tail, at first very 
long, was equal to 15° of a great circle. The colour of 
the comet was of the appearance of lead. 

1468. The second comet of this year, which appeared 
in September, October, and November. It was first 
seen in Leo, near the tail of Leo. Its colour was blue, 
with some mixture of paleness. It was a very small 


body. 

1472. In the month of December, 1471, a fine comet 
was discovered in China. At Japan it was observed on 
the 9th of January, 1472, where it is described as being 
very great, its tail being equal in length toa street. In 
Europe it appears to have been first seen about Christ- 
mas—at first small, but afterwards very large. The 

number of historians represent it as very fine, 
ut as altogether fearful. 

1490, At the commencement of this year a great comet, 
with a very white and very long tail, was seen. It was 
visible ot Bologie about the middle of February. Its 
head was small, and its taillong, but of little brightness. 
Pingré makes the year of this appearance to be 1491 ; but 


another was seen in China in January, 1491, in Cygnus, 
which cannot be reconciled with the European observa- 
tions. 

1506. In the month of August of this year a comet 
was visible with a long and bright tail, which extended 
between the stars of Ursa Major. It was observed in 
China and Japan, and app for a period of eighteen 
or twenty he 

1531. On July 31st, the comet of Halley again made 
its appearance in Europe. In China and Japan it was 
seen on the 13th of July. Apian, astronomer at Ingold- 
stadt, observed it from August 13th to August 23rd ; 
from which observations, however rude and Sates 
Halley has computed elements. Apian also o! rved 
that the tail was always directed from the sun. It 
appears, from the Chinese observations, that the tail was 
7° in extent, and that the comet was visible for thirty- 
four days. 

1532. A comet was visible this year, which is supposed 
to be identical with that of 1661. The orbit has been 
deduced from Apian’s observations, which, as in the pre- 
ceding case, are not worthy of much confidence. Its 
head appeared constantly in the morning before the sun, 
and was three times larger than Jupiter. Its duration 
was about seventy days. According to the Chinese 
accounts, it was visible altogether for 115 days, and its 
tail varied from 1° to 10° in extent. 

1533. A comet appeared this year about the middle of 
June. It be ot in a summer solstice roel ie ei 
with a very long tai ts aj nee is dai 
at the end of June, and it wah one to the first aay of 
September. 

1556. This is the celebrated comet whose return is so 
anxiously expected. It began to appear about the end 
of February, at which time it equalled in magnitude one- 
half of the full moon. Its tail, however, was short and 
variable. It was not more, at. the greatest, than 4° in 
length, and its flickering nature resembled much a flame 
agitated by the wind. e comet disappeared altogether 
on the 23rd of April, near the chain of Cassiopeia, after 
having been seen for many days; its brightness 
being effaced by the rays of the sun, which it was te 
near. It created great terror in the mind of Charles V. 

1558. This comet appeared on July 14th, in Leo. It 
disappeared on August 24th and 25th, apparently behind 
the elonds. It was at first not brilliant, but its bright- 
ness increased in the latter part of its appearance. 

1569. In the November of this year a comet was seen 
in Serpentarius, and in the signs of Sagittarius and Cap- 
ricornus. Its motion, in longitude, equalledthe extent 
of these two signs. The comet was discovered in 
November, and its tail was directed towards the east. 

1577. A great comet, which was discovered ut Peru on 
November Ist. It was seen in Europe by Tycho on 
November 13th, at Uraniburg, in the island of Huen ;* 
on this day he estimated the diameter of the head to be 
7’, and the length of its tail 22°; the head was white, 
but less bright than the fixed stars. It was observed to 
January 26th of the following year. 

1580. This comet was discovered at Tubingen, 
Mestlim, on October 2nd. cho discovered it on the 
10th of the same month, and his observations have been 
used by Pingré. in calculating the orbit. Tycho notes 
that the diameter of the h was 8’, its light faint, its 
colour livid, and its tail difficult to be distinguished. 
Dr. Halley’s orbit was based on the uncertain obser- 
vations of Mestlim, Tycho observed the comet to 
December 12th. 

1582. The second comet'of this year, which was seen 
for only fifteen days at the longest. Tycho discovered 
the comet, and observed it at Uraniburg, from May 12th 
to May 18th. On May 17th, the magnitude of the head 
was scarcely equal to stars of the fourth magnitude. Its 
tail was more than 3° long, and very faint. Pingré com- 

uted two orbits from Tycho’s observations, which are 

th necessarily uncertain. . 

1585. This comet was discovered by the Landgrave of 


*U was a castle built by Tycho Brahé. Its name signifies 
“The Castle of the Heavens.” It is now in ruins.—Ep. 
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Hesse, and Rothmaun, his astronomer, on October 18th, 
and afterwards observed by Tycho to November 22nd. 
At its first appearance it ed Jupiter in magnitude, 
but of less brightness. comet had neither coma 
nor tail. 

1590. This comet was discovered on March 5th by 
Tycho, and observed to March 16. It is noted as bein 
HS medium magnitude ; but it had a great tail, whic 
extended to the zenith. On the day of its discovery, 
the comet appeared as a star of the second magnitude, 
and shortly afterwards, on the same night, of the first 
magnitude, Its brightness, however, was not so great 
as stars of this description. 

1593. This comet, which escaped entirely Tycho’s 
scrutiny and observations, was discovered by his prvi, 
De Ripen, at Zerbst, in Anhault. On August 4th, it 
was noted as being of a livid and reddish colour ; its 
head equalled in magnitude stars of the third class, with 
a tail 44° in length. On August 9th, it was equal in 
brightness to stars of the fourth magnitude, and a very 
slight vestige of a tail could be ived, 

1596. This comet appears to have been discovered on 
July 11th, and observed to the 12th of August. Its 
colour was feeble and pale, with a tail small, fleeting, 
and undefined. Valz considered that this comet was 
identical with that of 1845. 

1607. The third apparition of Halley’s comet, as as- 
certained by the elements, which, however, are not con- 
sidered so accurate as we be wished. It mee se 
by Kepler in Prague, by Longemontanus in Copen n, 
wal inline nik acy (a province of Sweden). Bessel’s 
orbit is deduced from the observations of the English 
astronomer Harriott. 

1618. The first comet of this year was discovered at 
Caschau, in Hungary, on August 25th, and observed by 
Kepler from September 1st to September 25th. 

1618. The second comet of this year was discovered at 
Silesia, on November 10th, and at Rome on the same 
day. At Ispahan, in Persia, the Spanish ambassador 
saw this comet for the of fifteen or sixteen days, 
commencing with November 10th, two hours before the 
rising of the sun. The length of its tail equalled in ex- 
tent one-sixth part of the zodiac. On November 18th, 
the Jesuits at the Roman College noted the extent of 
the tail to be 40°. 

1647, Seen in Prussia on September 29th, soon after 
the setting of the sun. This comet was small, and re- 
mained visible for a very short time. 

1652. This comet, which was of a pale and livid colour, 
almost equalled the moon in magnitude, according to 
Hevelius and De Caniers. It was observed by many 
astronomers, but, with the exception of those by Hevelius 
at Dantzic, the observations are very rough. Dr. 
Halley has computed his orbit from the observations of 
Hevelius. 

1661. This comet, which was considered at first to be 
a return of the comet of 1532, was discovered by Hevelius 
from February 3rd to March 10th. On these observations 
Dr. Halley has calculated its orhit ; but no body, which 
bears any similarity to these elements, was observed in 
1789 or 1790. 

1664. This comet ap’ to have been discovered on 
November 17th, in Spain. It was observed by Huygens 
on December 2nd, and by Hevelius on December 14th. 
The observations were continued by Hevelius to February 
18th of 1666. At its first appearance it was noted as 
large as a star of the first magnitude, but not so bright. 
The length of the tail was from 5° or 6° to 10°. 

1665. This comet was seen at Aix on March 27th. 
From the observations of Hevelius, from April 6th to 
April 20th, Dr. Halley has calculated its orbit. 

1668. This comet, of which the tail appears to have 
been only seen at Bologna, was observed principally in the 
southern hemisphere. There appears to be some simi- 
* larity of elements with the comet of 1843. 

1672. This comet was observed by Hevelius at Dantzic 
on March 2nd, and seen by him till April 21st. On 
these data Dr. Halley has computed his orbit. The 


comet was small, having a tail only 1° or 14° in length. 


1676. Father Fontenoy, of the Society of the Jesuits, 
observed a comet at Nantes on the 14th of February, 
It was visible to March 9th, and was equal to stars of 
the third magnitude. This comet had no tail. : 

1677. This comet was discovered at Dantzic, on 
27th, by Hevelius. It was observed to the 8th of » 
and it is on these observations Dr. Halley has calculated 
his orbit. The magnitude of this 
Jupiter, and it had a tail about 2° in length. 

678. La Hire discovered this comet on September 
orbit, how- 


con 

1680, This great and celebrated comet was discovered 
by a person whose name is unknown, at Coburg in 
Saxony, on November 4th. It was, independently, dis- 
covered by Godfrey vray the 14th of November, 
while about to observe the Moon and Mars. 
at Greenwich, saw the comet on the 20th of December, 
and observed it to the 15th of February, 1681. The 
length of the tail on December 16th was 70°. Several 
elliptic orbits have been calculated for this comet. 

% ae oe It was first cured a 
y Picard an Hire, on August 26th, 

served by Flamsteed on September 19th. Its head was 

2’ in diameter, and the length of the tail varied from 12° 

to 15°. 

1683. Hevelius observed this comet at Dantzic, from 
the 30th of July to the 4th of September. Clausen’s 
elliptic elements, from Flamsteed’s observations, give 
its period as 190 years. Its nucleus was equal toa 
met of the fourth magnitude, with a tail varying from 

to 4°, 

1684. This comet was discovered by Bianchini, at 
Rome. It was observed from July Ist to July 17th ; on 
which observations Halley has calculated its orbit. 

1686. In the August of this year a comet was visible at 
Para, in Brazil, during the whole month. Its head 
oavanes (pert the first magnitude, and its tail was 18° 
in length. : } 

1689. This comet was discovered at Pekin on the 
1lth of December. It was not seen at all in Europe. 
On December 11th, the part visible of the tail was from 
10° to 12°, ee we wees epee! it vee regu- 
larly observed, and its tail, at the test, was long. 

1695, This comet was almost chacured by the atmo- 
sphere or coma by which it was surrounded, so that the 
nucleus was scarcely distinguishable. It was seen in the 
southern hemisphere, in the Brazils, by Father Jacob, a 
French Jesuit, on October 28th. The length of the tail 
was then So a alae 4 

1698. The orbit is com io) very saawrtes, in 
consequence of the roughness of the observations. 
sini discovered it at Paris, in the beginning of Se 
tember, in the constellation Cassiopeia. La Hire 
served it to Septembr 28th. This comet was only seen 
at Paris, and was not larger than a star of the third 
magnitude. " 

1699. Discovered at Pekin, by Father de Fontenoy, 
on February 17th, and observed to February 26th. It 
was seen at Paris from February 20th to March 2nd. 

1701. This comet was discovered at Pau, Father 
Palla, from October 28th to November Ist. It was a 
small body without tail, and diminished sensibly in 
magnitude. 

1702. This comet, which was the second discovered 
this year, was observed from April 20th to May 5th, at 
Paris, Rome, and Berlin. The orbit is u in, in 
consequence of the roughness of the observations. This 
comet was compared to a nebulous star on April 20th. 

1706. Observed at Paris by Cassini and Maraldi, from 
March 18th to April 16th. ‘This comet was also similar 
in appearance to a nebulous star. 

1707. This comet appears to have been discovered at 
Bologna on November 25th, and observed to Jan 
23rd of the following year. Of all known comets, 
body has the inclination. Viewed with a tele- 
scope, it appeared to be nebulous, and of the second 


magnitude. 
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1718. This comet was observed at Berlin by Kirch, 
from January 18th to February 5th. It appeared to be 
equal to a star of the fourth or fifth magnitude, with a 
nebulous diameter of 5’ or 7’. 

1723. Discovered at Bombay on October 12th, and 
observed at Lisbon ud other European stations to the 
middle of December. It appeared of about the third 
magnitude, with a very faint tail, not more than 1° in 
length. 

1729. This comet, which is remarkable in the length of 
its visibility, and the greatness of its distance from the 
sun and was discovered at Nimes, by P. Sarabat, 
on July 31st. It was a small nebulous body, scarcely 
visible to the naked eye. 

- 1737. The on ree ae — were made at 
‘aris, Rome, ogna, , Lisbon, and also in 
Jamaica and Madras. 

1739. This comet was observed at Bologna, from May 
28th to August 18th. 

1742. First comet. Seen at the Cape of Good Ho 
on February 5th. It was also seen in Europe in March, 
and was visible to the naked eye. The length of the tail 
was 5° to 8°. 

1743. First comet. This comet was observed at Bologna, 


Paris, Vienna, and Berlin. In Berlin, it ap to have 
been discovered, on February 10th, by M. Grischon. It 
was a small bod 


1743. eldid sichak Observed at Haarlem from the 
18th of Au to the 13th of September. This comet 
was small, but was seen, notwithstanding, with the naked 
eye. 

"Tra, This comet appears to have been discovered at 
Haarlem on December 9th, 1743, and was seen to March, 
1744, at several observatories. It was one of the finest 
bodies which had occurred since the comet of 1680. In 
February, M. Cassini noticed that the head was divided 
into two portions, The tail was also divided shortly after 
into two branches. 

1747. Discovered at Lausanne, by Cheseaux, on the 
13th of August, 1746, and observed there to September 
22nd. His observations were then interru by illness ; 
but it was last seen on the 23rd of November, near a star 
in Capricornus. 

1748. The first comet of this was discovered at 
Paris about the latter end of Ap It was also observed 
in South America, and in Pekin in China, as well as the 
Royal Observatory, Greenwich. It appears to have 


been a fine object, Sif ee arama pF lore 
aris, 


having a tail 20° long. This comet was observed at 
by Maraldi, to the 30th of June. 

1748. The second comet of this year was seen at the 
same time as the first, but in a different part of the 
heavens. Its nucleus was brighter than the preceding, 
but there was no appearance of tuil. The orbit depen 
on three approximate observations made at Haarlem, and 
is consequently very uncertain. 

1757. Observed at Greenwich from September 13th to 
October 18th. The orbit of this comet is very approxi- 


mate. 

1758. Discovered in the island of Bourbon on the 
26th of May, and seen in London on June 18th. Mes- 
sier first observed the comet on August 15th, and con- 
tinued his observations to the 2nd of November. It 
appears to have been a diffused body, equal in diameter 
to Jupiter. 

1759. Halley’s comet, first seen on Christmas day, 
1758, by Pazlitch, near Dresden, and on the 28th by Dr. 
Hoffmann. ‘This return is very celebrated in the history 
of astronomy, as being the first predicted appearance of 
acomet. Dr. Halley roughly estimated that the time 
of arriving at its perihelion would be at least one year 
longer than the interval between the two preceding re- 
turns. Olairaut, by a laborious calculation of the e- 
tary perturbations, fixed its return on the 13th of April, 
the true time having been determined by Rosenberger, 
from a minute discussion of all the observations, to have 
taken place on March 12th. From the beginning of 
1759 to the middle of February, the comet was regularly 
observed, till it became plunged in the solar rays about 

VoL. L 


the latter period. On its reappearance, at the end of 
March, it was again observed. to the 17th of April, till 
its declination became too great to permit its observation 
at European stations. It was observed, however, from 
the 20th of April to the middle of May in southern sta- 
tions. La Nux, at the Isle of Bourbon, found the 
length of its tail on March 21st to be 8°; on the 28th 
of March, 25°; on May 1st, 33° to 34°; and on the 5th of 
May, 47°. It afterwards diminished, till, on the 14th 
of , it was not more than 19°. It afterwards reap- 
poet above the European horizon, and was observed in 
‘rance and Portugal to the 3rd of June. 

1759: The second comet of this yearis reckoned in the 
order of its time of perihelion passage. It was discovered 
on the 25th of January, 1760, in the constellation Leo, by 
the celebrated astronomer Messier, and regularly ob- 
served to the 16th of March. 

1759. The third comet of this year (reckoning, as 
before, in the order of perihelion passage) was discovered 
on the Ist January, 1760, by all the astronomers of the 
French Academy, and observed till the 8th of February. 
Its motion was exceedingly rapid, being, on the day of 
its discovery, 2° 25’ of a great circle in two hours, or at | 
the rate of 29° daily. The diameter of the nebulosity was 
OND upp Secs SA Ne: Its tail was about 4° in 
length. 

1762. This comet was discovered by Klinkenberg on 
the 17th of May, and_ observed by Messier and Maraldi 
to the 2nd of July. Its appearance at the time of its 
discovery was similar to a star of the fourth or fifth 
=n, Sey with a slight tail. The nucleus was readily 
visible to the naked eye, but in a telescope was bright 
and ill-detined. 

1763. Discovered by Messier on September 28th, and 
observed to the 25th of November. Its ap ce was 
that of a nebulous star. On the 4th of October, its dia- 
meter was 7’ or 8. The orbit of this comet gave Pingré 
considerable trouble. That of Burckhardt is founded on 
unpublished observations, 

1764. This comet was also discovered by Messier, and 
observed by him from January 3rd to February 11th. It 
was a bright nebulous object, visible to the naked eye, 
with a tail 2}° in my a, 

1766. Discovered by Messier on the 8th of March, 
when looking for the supposed satellite of Venus, 
which had created great sensation about this period, 
It appeared as a small nebulosity, with a luminous 
centre. 

1766. Second comet. This comet appears to have 
been discovered by Helfenzriella, of Dillengen, in Suabia, 
on the 1st of April. On April 9th, it presented a tail 
from 3° to 4°, its nucleus being similar to a star of the 
fourth magnitude. Pingré supposed that it would be 
visible after the perihelion passage, which proved to be 
the case ; but not, however, in European latitudes, La 
Nux observed it in the Isle of Bourbon, from April 29th 
to May 13th. 

1769. This remarkable comet was discovered by Mes- 
sier, on the 8th of August, and observed by nearly all the 
astronomers. La Nux observed it at the Isle of Bourbon, 
from August 26th to September 26th. On September 
11th, he found its tail by measurement 97° long, Pingré, 
the same day, measured its length to be 90°. On August 
28th, Dr. Mask e noticed its tail as 7°; Messier as 
15° ; La Nux and Pingré as 19° to 20°. On September 
9th, Dr. Maskelyne estimated its length 43°; Messier as 
55°; La Nux upwards of 60°; and Pingré as 75°. This 
comet was also observed after its perihelion passage, from 
October 24th to the 1st of December. 

1770. First comet. Messier discovered this comet on 
the 14th of June, and observed it regularly to the 2nd of 
October. This comet is celebrated for the trouble it has 
successively given astronomers in the attempts to investi- 
gate its orbit. Leverrier has recently determined its 
period to §°6 years nearly, but it has neyer been gb- 
served since the time of its discovery. 

1770, Second comet. This comet appeared in 1771, on 
the 10th of January of which year it was seen at Paris by 
Messier, and at Milan by Boscovich., It appears, how- 
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ever, to have been discovered by La Nux, at the Isle of 
on January 9th. 

1771. Messier discovered this comet on the Ist of 
April, and observed it to June 19th. It was also ob- 
served by Dr, Maskelyne, at Greenwich, from April 14th 
to May Its appearance was similar in brightness 
to a star of the third magnitude, with a train ing in 
oe. ta) ott 1°to 3°. The orbit is supposed, with some 
probability, to be hyperbolic. 

1772. Breta’s Comet.—This body, of which there is no 
doubt as to its near ge rine the sapere Gambart, hl 
Biéla, was discovered by Montague, at Limoges, on the 
aos ot March. Messier Kemeson rr on three occasions, 
on March 27th, March 30th, and April 3rd. 

1773. Discoyered by Messier on the 12th of October, 
and observed to the 14th of April, 1774. It was with 


difficulty seen by the naked ab 

1774. Montague discovered this comet on the 11th of 
A at Limoges. This was a small body, not visible 
to the naked eye. 

1779. The small comet of this year was discovered by 
Bode, on January 6th, at Berlin ; and independently ~s 
Messier, on January 18th, who observed it on the 17: 


of May. 

7780. First comet. This comet was discovered by 
Messier, on October 26th. 

1780. Second comet. This was discovered by Mon- 
tague, at Limoges, on October 18th. It was also seen by 
Olbers, on the same day. 

1781. First comet. This small comet, which was not 
visible to the naked eye, was discovered by Méchain on 
the 28th of June. It had no tail. The diameter of the 
nebulosity did not exceed 3’ or 4’. 

1781. md comet, discovered by Méchain on the 9th 
of October, and observed to December 25th. On No- 
vember 9th it was visible to the naked eye, the nebu- 
losity being 4’ or 5’ in diameter, and its tail 3° or 4° in 


length. 

1783. Discovered by ah aed at York, on November 19th, 
as a small faint body, with difficulty bearing any illumi- 
nation of the telescope. There is little doubt as to the 
ellipticity of its orbit, the period varying from five years 
ond ten y in Burckhardt’s two orbits. 

1784. La Nux first observed this comet on the 15th of 
December, 1783, at the Isle of Bourbon. At Paris, in the 
month of January, 1784, it was visible to the naked eye, 
with a tail from 2° to $° in length 

1785. First comet discover 
on the 7th of January. It was invisible to the naked 
eye. 

1785. Second comet discovered by Méchain on the 11th 
of March, and observed to the 7th of April, On April 
Hy) _ — was visible to the naked eye, with a tail 
° in length. 

1786. First comet. This is a well-ascertained appear- 
ance of Encke’s comet, which was discovered by Méchain 
on January 17th, and only observed on two occasions. 

1786. Second comet. is body was discovered at 
Slough, on the Ist of August. 

1787. This comet was discovered by Méchain on the 
10th of April. It was a small luminous body, only 
visible in a telescope. 

1788. First comet. This comet, which at its first ap- 
pearance was not visible to the unaided vision, was dis- 
covered by Messier on November 25th. Its. brightness 
| increased so much that it was visible to the naked eye 
| on November 30th. It appeared with a train 2° or 3° in 
length. The last observation was on December 29th, 
when the comet had diminished considerably in bright- 
ness. 

1788. Second Comet. This was discovered by Miss 
eee Loe on December 21st. It was a small 

escopic A ting, at its first a a 
po meic' Rod Sta ee atx: mipates in diam: Perper 

1790. First comet. Discovered by Miss Herschel on 
January 7th. This was also a nebulous body, only visible 
bs Bn help of a telescope, and of a diameter equal to 

t five or six minutes of are. 
1790. Second comet, Discovered by Méchain on Janu- 


by Messier and Méchain |, 


body. 
1792. Second comet. Disco eet ek 
on the evening of January 8th, 1 It was a 
nebulous body, with a faint appearance of tail. 
1795. First comet. Discovered by Messier or Mé- 
chain on the 27th of ber. 


y 

1795. Encke’s comet. Discovered by Miss Herschel on 
November 7th, and observed by Dr. Maskelyne, and 
other astronomers, to the end of the month. It wasa 
round, ill-defined body, without a nucleus. 

1796. This comet was discovered by Olbers on March 
It was a very faint body, and would bear no illa- 
mination of the field. 

1797. This comet was discovered by Bouvard on 
August 14th. It was a nebulous body from 3’ to 5’ in 
diameter. 
solr it treme Discovered by Messier on April 

1798. Second comet, Discovered Bouvard on 
December 6th. It was a faint body, with a slight in- 
crease of light in the centre. , 

1799. First comet. This 
chain on August 7th, and visi . It was 
very faint when first seen; but at the end of August it 
ee ee eta toe te ae a 
en, 

1799. Second comet. Discovered by Méchain on 
December 26th ; it was visible to the naked 


1° to 3° in length. 
1801. Discovered by Reissig, jun., of Cassel, on June 
and observed by Messier to July 23rd. It was a 


at Marseilles, on August 
26th ; it was not visible to the naked 


eye. 

1804. This comet, which had neither nucleus nor tail, 
was discovered by Pons on March 7th. It was seen the 
last time on the Ist of April. 

1805. (1) Encke’s comet. It was visible to the naked 
eye, and much resembled the nebula in Andromeda. It 
was discovered by Thulis, of Marseilles, on October 19th. 
One observer mentions its tail as being 3° in length. 

1805. (2) Biéla’s comet. Discovered by Pons, on 
November 10th, as a very faint body, the i 
scarcely bearing the slightest illumination of the field. 

1806. Discovered by Pons.on the 10th of November. 
The coma was from 5’ to 7’ in diameter. 

1807. Discovered fg ecages on September 20th ; but it 
appears to have been first seen eight days previously by 
an Augustine monk in — This was the finest comet 
that had appeared since 1769. On the 30th of September, 
the nucleus was equal to a star of the first itude. 
Olbers, on Muvensieer 7th, noted the division of the tail 
into two branches. 

1808. (2) Discovered Pons, in Camelopardus, on 
March 25th, and observed to the 2nd of April. 

1810. Discovered by Pons, on the 22nd of A 
and observed to October 8th. It was a faint and 
round nebulous body. “ 

1811. The great comet of this year, which was first dis- 
covered by Flangergues on March 25th, and visible to the 
end of October. 

The great comet of this year, so remarkable in 
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several particulars, was discovered Flangergues at | matta by Riimker on June 2nd.—1822 (3). Discovered 
Selene to August | by Pons on May 31st, but not observed much in Europe 


sented, 
but these 
but were hung er at a slight distance from it, and 
separated from it by a dark interval, so that they enclosed 
as a parabola does its focus. At this period its 
5° in length. On September 20th, Bode found 
the tail to be 10°. On October 11th, the 
13° long ; the diameter of the nebulosity 
Its maximum length ap’ to have oc- 
ie first week of October, when the tail was 
° long, and about 6° broad. Sir W. Her- 
paid considerable attention to the physical ap- 
ce of this comet, and the ceailde-te steered tortie 
Philosophical Transactions, 1812, for his remarks, which 
are too extensive to be given here. 
1811. The second comet of this 


January, 1812. It had a well-defined nucleus, with a 
faint surrounding coma, 
1812. This comet was disco sweety pe sero 
nd observed to the end of September. At first it was 
y visible in a telescope ; but in September it increased in 
(MM tes tHE ligdeeal. tho poried being 7077 pears, 
i period being 70°7 years. 
1813. First comet. This comet was dnsoveed on the 
4th of F , by the preceding observer ; and its ap- 
was of a small confused nebula. 
313. Second comet. ‘This comet, the eighteenth dis- 
covered ss was first seen on March 28th. It ap- 
we been visible to the naked eye on April 
and 25th, as a small round nebulosity without tail. 
is comet was telescopic, and was discovered 
ee It is remarkable as being one 
w elliptical 


t 


Bree 


ZB > 

HE 
gy 
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orbit is decided ; the periods of revolu- 
computers, varying from 72 years to 77 


First comet. Discovered by Pons, in Cetus, on 
the 23rd of February. It was very faint, and has re- 
cently been supposed to have been an appearance of the 
comet of Biéla. 

1818. Second comet. Discovered by 


1818. Third comet. Discovered by Pons, on No- 
vember 28th, as a round, and well-defined body. 
Bessel, independently, discovered a comet on December 
22nd, which proved to be the same body. 

1819. The first comet of this year was remarkable in 
affording to Encke the discovery of its periodic nature, 
and the identity of it with the comets of 1786, 1795, and 
1805. 1t was discovered by 


(See p. 962). . 

1819. Second comet. This was discovered by Pro- 
fessor Tralles, at Berlin, on July Ist. It appeared with 
= a sce planetary nucleus, and a tail from 7° to 

in length. 

1819. ePhird comet. Discovered by Pons, on July 
12th. Encke computed its orbit, which he found to be 
elliptical, with a period of 2052 days. 

1819. Fourth comet. Discovered by Pons, on De- 
cember 4th ; and previously at Marseilles, by Blanpain. 
on November 28th. Encke found its orbit elliptical, and 
its period 4°8 years. Clausen was of opinion that it was 
identical with the comet of 1743. 

From the year 1821 we can do little more than record 
the various comets which have appeared in our hemi- 
sphere, with their dates, and names of their discoverers :— 
1821. Discovered by Pons on January 28th. Santini 
saw it with the naked me on February 19th, and esti- 
mated its tail to be 24° long. It was observed to May 
Srd.—1822 (1). Gambart discovered this comet on May 


, 12th.—1822 (2), Encke’s comet. Discovered at Para- 


in consequence of its southerly declination.—1822 (4). 
Discovered by Pons on July 13th. On August 21st it 
was visible to the naked eye, and had a tail 14° long.— 
1823. Discovered by Pons on December 29th. Santini 
found it on January 3rd. De Zach, on January 23rd, 
noticed that in addition to the usual tail, directed from 
the sun, it had another in a contrary direction, varying 
from 4° to 7° in length. —1824 (1). Discovered by Riimker 
on July 15th.—1824 (2). Discovered by Scheithaner, at 
Chemitz, on July 23rd.—1825 (1). Discovered by Gam- 
bart on May 19th, in Cassiopeia. This comet has some re- 
semblance in its elements with the third comet of 1790.— 
1825 (2). ‘This small comet was discovered by Pons on 
the 9th of Au —1825 (3). Encke’s comet. Discovered 
by Valz on 2, 13th.—1825 (4). Discovered by Pons 
on July 15th. It was visible to the naked eye, and in 
October presented a remarkable aj in the 
heavens. —1826 (1). Gambart’s or Bicla’s comet. Dis- 
covered by Biéla on February 27th.—1826 (2). lis- 
covered Pons on November 6th, 1825.—1826 (3). 
Discovered by Flangergues on March 29th.—1826 (4). 
Discovered by Pons on August 7th, and observed to 
October.—1826 (5). Discovered by Pons on October 
22nd. It was vigible to the naked eye in December, 
with a beautiful train.—1827 (1). Discovered by Pons 


on December 26th, 1826.—1827 (2). Discovered by 
Pons on June 20th.—1827 (3). Discovered by Pons on 
August 2nd.—1829. Encke’s comet. Discovered by 


Struve in 1828, October 13th.—1830 (1). Discovered 
by Professor D’Abbadie in the Mauritius on March 
16th. It was also seen on March 17th, during a voyage 
from Caleutta to Boston, as a bright object, with a tail 
8° in extent.—1830 (2). Discovered by Herapath on 
January 7th, 1831. It exhibited a tail 24° long ; the 
diameter of the nucleus was 3’ or 4’. 

1832 (1). Encke’s comet. Discovered 
June 1, at Buenos Ayres, and at the Royal Observatory, 
Cape of Good Hope, on the next day. It was only seen 
once in Europe, by Professor Harding, on August 21st.— 
1832 (2). Discovered by Gambart, on July 19th.—1832 
(3). Gambart’s or Biéla’s comet. Discovered at Rome, 
on August 25th.—1833. Discovered at Paramatta, by 
Dunlop, in September.—1834. Discovered by Gambart, 
on March 8th, in Sagittarius.—1835 (1). Discovered by 
Boguslanski, on April 20th.—1835 (2). Encke’s comet. 
Discovered b: i, on July 30th.—1835 (3). 
Halley’s comet. Discovered by Dumonchel, at Rome, 
on August 6th. (See the history of this comet, at the 
commencement of the chapter. )—1838. Encke’s comet. 
Discovered by i ap on August 14th —1840 (1 
Discovered by Galle on December 3rd, 1839.—1840 (2). 
Discovered by Galleon January 25th. It was very faint, 
without any appearance of tail.—1840 (3). Discovered 
by Galle, on 6th. It had a tail several degrees in 
length.—1840 (4). Discovered by Bremieker, on October 
26th. 

1842. Encke’s comet. Discovered on March 9th, by 
Valz.—1842 (2). Discovered by Langier on October 
28th. It was very faint, and without tail._—1843, The 
great comet of this year is within the recollection of 
many readers of this work. It was seen in South 
America, on Febuary 27th, and observed afterwards in 
Europe to the middle of April. This was the finest body 
since the great comet of 1811.—1843 (2). Discovered 
os Mauvais, on May 2nd.—1843 (3). Discovered by 

‘aye, on November 22nd. Its orbit is elliptical, and 
it was again observed at the Cambri Observatory 
in 1850.—1844 (1). Discovered by De Vico, on August 
22nd.—1844 (2). Discovered by Mauvais, on July 
7th. It had asmall brilliant nucleus of 3’ in diameter.— 
1844 (3). Detected by 5 Wilmot, at the Cape 
of Good Hope, on December 19th.—1845 (1). Dis- 
covered by D’Arrest, on December 28th, 1844.—1845 
(2). Discovered by De Vico, on February 25th. 
—1845 (3). Discovered by Coller, on June 2nd. It was 
a beautiful object, visible to the naked eye, with a tail 
2° in length.—1845 (4). Encke’s comet. Discovered by 


Mossotti, on 


— 


Biéla’s comet. Discovered by De Vico, on November 
26th, 1845. At this appearance, the singular phenome- 
non of a double comet was seen.—1846 (3). Discovered 
by Brorsen, on February 26th. Its elements have some 
resemblance to the comets of 1532 and 1661.—1846 (4). 
Discovered by De Vico, on February 20th. There is no 
doubt as to the elliptical orbit of this comet, the period 
being 73 years.—1846 (5). Discovered by Hind and De 
Vico, on July 29th. —1846 (6). Discovered by Peters, on 
June 26th.—1846 (7). Discovered by Brorsen, on April 
30th.—1846 (8). Discovered by De Vico, on December 
23rd.—1847 (1). Discovered by Hind, on February 6th. 
—1847 (2). Discovered by Coller, on May 7th.—1847 (3). 
Discovered by Schweizer, on August 3lst.—1847 (4). 
Discovered by Mauvais, on July 4th.—1847 (5). Dis- 
covered by Brorsen, on July 20th.—1847 (6). Discovered 
by Miss Mitchell, on October 1st.—1848 (1). Discovered 
by Petersen, on August 7th,—1848 (2). Encke’s comet. 
Discovered by Hind, on September 13th.—1849 (1).-Dis- 
covered by Petersen, on October 26th, 1848.—1849 (2). 
Discovered by Gonjon, on April 15th.—1849 (3). Dis- 
covered by Schweizer, on April 11th.—1849 (4). Dis- 
covered by Mr. Jenkins, on November 28th, at sea,— 
1850 (1). Discovered by Petersen, on May 1st.—1850 (2). 
Discovered by Bond, on August 29th. 

1851 (1). Faye’s comet. Discovered at the Cambridge 
Observatory, on November 28th 1850.—1851 (2). Dis- 
covered by D’Arrest, on June 28th.—1851 (3). Discovered 
by Brorsen, on August Ist.—1851 (4). Discovered by 
Brorsen, on October 22nd. 

{Omitting various minor cometary a ame we 
may give a short description of two remarkable comets, 
which appeared in 1858 and 1861. 

On June 2nd, 1858, M. Donati discovered the comet 
which has since borne his name. Until August 23rd, it 
id not present any marked appearance to observers in 
this kingdom, but was a round, bright object, like a 
nebulous patch of light, with a condensed centre, and 
withont a tail. It was not visible to the naked eye till 
‘September, when it suddenly presented a most magnifi- 
sent appearance. On October 5th, it near Arc- 
turus, its tail being very brilliant, and of a length of full 

AO’, throngh which bright stars could be easily dis- 
rtinguished. The appearance of the tail continually 
varied. We,observed it about the beginning of October, 
at Campbelton, «in Argylehire, where the clearness of the 
| air was extremely favourable, and, on one evening, a 
curious contrast was presented to it by the display of a 
brilliant aurora borealis, which it however pat in 
Its periodic time has been calculated to be 


brightness, 
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De Vico, at Rome, on July 10th.—1846 (1). Discovered | 2,100 years. It was, at first, supposed to be the return 
by De Vico, on January 24th,—1846 (2). Gambart’s or | of the comet of 1556, but its Fig. 117, 


elements showed such an 
opinion to be erroneous, 
The annexed cut will give an 
idea of its general appear- 
ance at the commencement 
of October, as seen and sketch- 
ed at the time. 

In the Jatter portion of 
June, 1861, every one was 
startled by the sudden ap- 
pearance of a comet, at dusk, 
on Sunday evening, June30th. 
The writer observed it, before 
sunset, as a kind of nebu- 
lous patch, mistaking it for a star hid by haze. But, 
about eleven o’clock, all clouds having cleared away 
from the south-eastern sky, a magnificent comet, with a 
bright nucleus, and a tail of nearly 60° in length, pre- 
sented itself. Its image was distinctly reflected from the 
sea (Ramsgate pier being the point of our observation). 
The tail had a quivering motion, very much resembling 
that of the streamers of the Fig. 118, 
aurora borealis, and was divided 
near the head into two parts, 

i The Sg regen cut gives an 
ea of its appearance. 
also, folio plate, page oe 

It was calculated, on June 
25th, by Professor Challis, of 
Cambridge, that the comet was 
distant 82 millions of miles 
from the sun. And that its 
tail had a length of 10 millions 
of miles. Its brightness rapidly 
diminished as it receded from 
the sun ; and, on August 24th, 
its distance from that body was 
about 140 millions of miles, in- 
creasing, in a week, to 152 mil- 
lions, by which time it had ar- 
rived in the northern part of the constellation Bootes. Its 
tail had almost disappeared by this date, and in a few days 
powerful telescopes failed to discover it. 

The most remarkable fact respecting this comet was its 
sudden appearance. It had not been seen by any of the 
observatories in Europe, till it so suddenly burst on the 
eye, of a size which was its maximum. For three da 
however, previously to its discovery, the weather 
been very cloudy, and the sky almost entirely overcast. } 
—Eprror. 


ECLIPSES AND 


Tue striking phenomena attending eclipses of the sun 
and moon, in which, apparently, the course of nature is 
interrupted, and for a time the discs of the sun and full 
moon lose their wonted lustre, and their light is almost 
extinguished in the mid-heavens, have ever been a source 
of curiosity, and occasionally of terror, to mankind. 
Whilat they have furnished many examples of credulity 
which have been taken advantage of by superior minds, 
they have sometimes served a nobler purpose ; and the 
biography of astronomers is filled with instances in which 
the accidental occurrence of a solar or lunar eclipse, 
has been the cause of their first directing attention to 
the science that has been subsequently enriched by their 
investigations. Kclipses may be detined as a short inter- 
ruption in the passage of light to the earth, which is 
either real, as in the case of the interposition of an 
opaque body between the earth and sun; or apparent, as 
takes place when the earth itself passes between the sun 
aul object previously illumined. The first are 


CHAPTER IX. 


OCCULTATIONS, 


termed solar eclipses, and take place at the time of the 
new moon; the latter are lunar eclipses, and occur at the 
time of full moon, or when the earth is interposed be- 
tween the sun and her satellite ; the earth being a body 
of such dimensions that its shadow is sufficient to reach 
to the moon, 

Lunar Ecutpses.—Taking the latter case, or that of 
a lunar eclipse, we readily see by Fig. 119 the form of the 
shadow cast by the earth. The sun, S, scatters its rays 


Fig. 119. 


in all directions, and such as are directed towards the 
earth, T, will be interrupted in their onward passage by 


—— -~ 
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the interposition of this body ; and we perceive that if 
the rays of light, A B, A’ B ; preserve their straight 
= they cannot penetrate within the portion B O B’, or 
tween the summit of the cone AO A’ and the earth, 
and that this is the form and dimensions of the shadow 
cast by the globe T. In order that the moon may be 
eclipsed, it must be placed between the earth T and the 
summit of the cone O; and the distance of those two 
ints is easily determined in the following manner :— 
Dias this line TC elto O A, and in the two similar 
i OTB TSC, we have the proportion S C : 
TS::TB:OT. The radius of the earth, TB, being 
taken for unity, the line § C will be equal to the radius 
of the solar sphere, diminished by the former quantity, 
or to 111 radii of the earth. As the mean distance, TS, 
of the earth and sun are equal to 24,000 radii of the 
earth, we conclude that the distance O T is equal to about 
216 terrestrial radii; or, more exactly, that the length 
of the axis of the shadow is 216°531 radii of the earth. 
At the time when the sun is in perigee this will decrease 
to 212-896 radii of the earth, and at the time of apogee will 
be 220-238 radii. As the distance of the moon from the 
earth never exceeds 64 terrestrial radii, and the least 
length of the shadow is 212 terrestrial radii, it is obvious 
that the moon must be obscured when the earth is 
situated between it and the sun. The breadth of the 
shadow of the earth at the distance of 108 terrestrial 
radii will be equal to half the diameter of the earth, and 
considerably greater at the distance of only 60 radii ; but 
the exact dimensions of the latter point may be obtained 

as follows :— 
Dimensions of the Shadow.—Let MN (Fig. 120) be the 
Fig. 120. 


surface of the celestial sphere, which is here supposed to 
pass through the centre of the moon; this surface will 
cut the cone of the earth’s shadow at M M’, and the angle 
MT M’ is the apparent angle of the shadow which it is 
required todetermine. The half of this angle, or MT O, 
is equal to the angle BMT, diminished by the angle 
MOT; but the former is the parallax of the moon 
(since M T is the distance of the moon from the earth), 
and the latter is equal to the angle A TS (the semi-dia- 
meter of the sun) diminished by the angle BAT (the 
parallax of the sun). In order, therefore, to obtain the 
apparent semi-diameter of the shadow at the distance of 
the centre of the moon, we must add the parallax of the 
sun to that of the moon, and subtract the apparent semi- 
diameter of the sun. 

As the moon moves over a space about equal to its 
diameter in an hour, it follows that it may be entirely 
within the shadow for two hours. The greatest value of 
the dimensions of the earth’s shadow at the moon, may 
be readily obtained by taking the greatest parallax of the 
moon, and the least of the sun; and as the former is 
61’ 29” at its maximum, and the sun’s least semi-dia- 
meter and corresponding Seen respectively, are 
15’ 46” and 8”-6, it would follow that the greatest semi- 
diameter of the earth’s shadow at the distance of the 
moon is 45’ 52”. 

The apparent semi-diameters of the shadow for other 
distances of the sun and moon may be readily calculated, 
and are here annexed :— 


Moon in apogee. . 3 42 

Sun im perigee . . »» ®t mean distance 41 31 
+) im perigee ... 45 20 

Moon in apogee . . 37 58 

Sun at mean distance 3) at mean distance 41 48 
( 5, in perigee 45 37 

Moon in apogee . . 38 14 

Sun inapogee .. », at mean distance 42 3 
»» imperigee . . 45 52 


Respective Positions of Moon and Shadow.—Let A C 
(Fig. 121) be the great circle of the ecliptic, and B D the 


Fig. 121. 


orbit of the moon, N will be the nodes of this orbit. The 
shadow O moves along the first circle with a velocity equal 
to that of the sun, and the moon passes along the second 
circle with a velocity about thirteen times greater. In 
order that the moon may .meet the shadow, it must 
happen that the centre of the shadow is sufficiently near 
the nodes N at the moment of opposition. By taking 
into consideration the above facts—that the apparent 
diameters of the moon and the earth’s shadow vary from 
one epoch to another—and remarking that the distance 
of the centre of the shadow from the node N is precisely 
equal to the distance of the centre of the sun from the 
opposite node of the moon, we find that if the distance 
of the centre of the sun from the node at the time of 
full moon be greater than 12° 3’, there cannot be an 
eclipse ; and if the distance be less than 9° 31’, there 
must certainly be an eclipse. Between these two ex- 
tremes the case is doubtful ; but a more exact calcula- 
tion will show whether an eclipse really does occur. 
Parrtat Ecuirses oy THE Moon.—When the moon is 
wholly obscured, as we see it can be, the eclipse is 
termed total; but when only a portion of the lunar 
disc enters into the shadow, the eclipse is ial. 
In the latter case, the outline of the earth’s shadow 
projected upon the disc of the full moon, clearly 
shows its round and globular figure, although the 
diameter of the conical shadow is large in pro- 
portion to that of the moon. The accompanying 


diagram (Fig. 122) gives an idea of the relative pro- 
Fig. 122. 


portions of the shadow of 
the earth and the disc of 
the moon at those times, 
and of the curvature of the 
circumference of the shadow 
abe. But the definition 
of the earth’s shadow is 
far from being so sharp as 
is here represented, and, like 
that of the shadow of any 
other opaque body, is edged 
with a cloudy and imperfectly- 
defined penumbra, the dimen- 
sions of which may be estimated by the following con- 
siderations :—Let the lines A O’ B’ C’ and A’ 0’ BC be 
drawn (Fig. 123), another cone, A O’ A’, having its 
Fig. 123, 


summit O’ between the sun and the earth, is formed, 
and enveloping the sun and the earth in its opposite 
parts A O’ A’, BO’ B’. It is clearly seen that all the 
part situated within the space C B B’ C’, and without 
the real shadow B O B’, would only receive a portion of 
the rays of the sun coming from the part of the hemi- 
sphere turned towards it, the other part being hid by the 
earth ; and that the portion of the sun which is visible 
is greater according as this is nearer to the éxterior sur- 
face of the space C B B’ CO’, and, on the contrary, smaller 
as it is nearer to the real shadow of the earth, or BOB’, 
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The consequence would be, that as the moon passed into 
the part C B B’ C’ before meeting with the real shadow, 
it would insensibly lose a portion of its light, and its 
lustre would become gradually less intense as it ap- 
the real shadow. As, however, the breadth of 
the penumbra is equal to the angle O B C = A B A’, or 
the Slameter of the can as seen from the earth ; and as 
the apparent diameters of the moon and sun are nearly 
equal, it follows that the whole disc of the moon may be 
within the penumbra C BO, When any part of the 
disc of the moon is obscured by the real shadow, it fol- 
lows that the whole of its surface is more or less hidden 
by the penumbra. The insensible melting away of the 
real shadow into the penumbra is noticed at every lunar 
eclipse, but it is Aapossible to tell precisely where the 
penumbra ends, and the shadow begins. . 
Errecr oF THE eS ee ee 
we have su the rays p! m sun, 
pass in S t lines until they meet the lunar disc, but 
this is not the case; for those which pass through the 
| earth’s atmosphere are subject to refraction, and change 
their direction in the manner already explained in the 
case of a star. This will be more apparent when we 
consider the direction of the ray S A (Fig, 124), which 


Fig. 124. 


= 


traverses the atmosphere of the earth, and passes beyond 
it. The direction which it takes previous to enterin, 
the atmosphere of the earth makes an angle of 33’ wit 
its direction when it arrives at that point; and after 
passing through it, it is still further deflected from its 
| course, and by the same amount as before, The 
consequence of this will be, that it is altogether deflected 
more than a degree, and that the solar rays will meet before 
arriving at the point O (Fig. 125); and, instead of the ra: 
A Band A’ B’ taking a straight direction, they will 
deflected to the point D (Fig. 125), which is considerably 
DedeMNEitlien the point O, ‘Thus it will be only the 


. Fig. 125. 


inner cone B D B’, which is the real cone of the shadow ; 
the =sin"y Larrieg of the mathematical cone B O B’ will 
be traversed by the solar rays, which are bent from their 
primitive direction by the action of the terrestrial atmo- 
pages The distance of the point D from the centre of 
the earth can be calculated as in the former case, and 
it has been found that its average is forty-two terrestrial 
radii ; and we conclude from this, that as the moon’s 
mean distance is equal to sixty-four radii of the earth, 
it can never be inclosed within the real shadow of the 
earth BD B’; but at the time of total eclipse it falls 
within that part of the shadow where the rays, refracted 
by the atmosphere, penetrate. This is the cause. that 
when the moon is wholly eclipsed, it still shines with a 
| reddish light, being illumined by the faint rays refracted 

by the earth’s atmosphere, This, however, is not the 

sole effect of the atmosphere, for the apparent diameter 

of the earth’s shadow has been found by observation to 

be greater than might be expected from the preceding 
| investigation ; and it has been accounted for, by sup- 
| posing that the solar rays do not really touch the surface 
| of the earth, but that the lower strata of the air absorbs 
| those which approach its margin; and if such be the 


| 


the globe of the earth and ite 
‘ which the 


val 
the el rays will be sto in 
to in nneremaees and several ord are 
in which the disc of the moon was com feats at 
the air was 


tingu 
the ce vee oy be e sae ohh - 
telescope) during t ipse of April, ough 
sky was equally as clear as in the former case. how- 
ever, the sky is clear at those portions of the earth’s sur- 
face through which the solar rays the red rays are 
transmitted in great number, and the lustre of the lunar 
surface is but slightly dimmed in consequence, Such 
was the case with the eclipse of the moon which haponnad 
in March, 1848, when the lunar disc was almost as ap- 
parent as on ordinary dull nights, and when many per- 
sons who were observing it could be persuaded 
that it was really eclipsed. The dark spots and bright 
places were as well seen on its surface as if viewed 
through thin cloud or vapour; and one observer, 
wlio ied’: witnimed-hieeat Ga for more than sixty 
years, never remembered — in — the peg go 
was so stro ppearing like the glowing heat re 
from the furnace, and tinged with £ red, Some- 
times the moon becomes invisible during the progress of 
its immersion in the shadow, as was the case with that 
observed by Wargentin, in 1761, when the moon was very 
bright for ten minutes after its total immersion; but for 
an hour afterwards became so completely invisible that 
not the slightest trace of it could be detected, either with 
the naked eye or telescope, although the sky was clear, 
and stars, in the immediate vicinity of the moon, ap- 
peared bright and distinct. In other cases, the region of 
the atmosphere, through which the rays have passed, 
has been clear at some and obscured at others ; 
and the consequence has been, that whilst the lunar dise 
appeared clear and bright in some portions, it was 
dark at others. Kepler states that, during the 
eclipse of August, 1598, one half of the moon ap; 
atall, 
ae 


so bright that it seemed doubtful if it was ecli 

whilst the other was seen with the utmost di 
similar variegated appearance was presented by the lunar 
disc in October, 1837. Sir W. Herschel perceived many 
bright spots on the occasion of a total eclipse, and was 
a ge to believe yes they ers mere, nico in action. 
uch an ap ce, however, it will plainly be seen, may 
be sup, due to the various reflective qualities of the 
surface of the moon, and that the bright spots notived by 
Herschel were only the bright mountainous districts illu- 
minated bv the red light of the sun. (See Note, p. 984). 
Prepicrion, Duration, AND MaGnrrops oF A LuNA& 
Eciirse.—If the moon did not depart from the plane of 
the ecliptic, there would be a lunar eclipse at each full 
moon, anda solar one at new moon ; but as it is sometimes 
above and sometimes below this plane, an eclipse can only 
take place when the moon approaches the nodes of its 
orbit. It was known to the ancients that at certain in- 
tervals the new and full moon returned again on the 
same day of the month; and they had observed that at 
the end of eighteen years, eleven days, or a period of 223 
lunations, there was a return of the same ecli and 
were thus enabled to foretel them with considerable, but 
not with perfect accuracy ; for the exact recurrence, if it 
took place, would depend upon the return of the sun’s 
place, the moon’s place, the position of the moon’s 
apogee, and that of the ascending node of the moon to 


_when the eclipse is very slight, 
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exactly the same situation. This exact return cannot 
happen, but is sufficiently approximate to permit us to 
foretel eclipses with a remarkable degree of accuracy ; and 
Dr. Halley found that if the period of 18 years, 10 days, 
7 hours, 433 minutes, were added to the middle of the 
time of any eclipse, the return of the corresponding one 
might be predi within 1h. 30m. If only four leap- 
years occur in the interval, the period would be enlarged 
to 18y. lid. 7h. 433m. It may, however, happen that 
or an appulse occurs, that 
at the goerrs | period of 18y- 11d. it will not be ob- 
served. Since the position of the heavenly bodies at any 
epoch, as well as the aa = jeer their see 
are at present equally w own, the eclipses of the sun 
and moon are now Pioretialy calculated, meer to 
save time and trouble, the above period of 18y. 11d. (the 
period of 521y. 3h. 3m. would be still more exact) is still 
made use of. The Nautical Almanac contains the exact 
positions of the sun and moon in relation to the earth at 
any given time; and it is from these data that we shall 
determine the beginning and end of an eclipse at any 


given time. 
In order to calculate an eclipse of the moon, the follow- 
ing data are n , and the manner in which they 


are used will be seen by the diagram (Fig. 126) and ex- 
Fig. 126. 


Suppose the moon’s place at opposition to be 
at b, the centre of the be akieone an - 
i passing space T a, the 
of the ecliptic, whilst the moon’s centre describes 
the line L b, the path of the moon’s motion (which may 
be as straight lines, as well as those of L ¢, a, b): 

m = moon’s horary motion in longitude. 

n = moon’s horary motion in latitude. 

8 = sun’s horary motion in longitude. 

A = moon’s latitude when in opposition at b. 

¢ = time taken by moon to pass from L to b. 

d = distance from T to L. 

The moon’s motion in longitude will be ac in the in- 
terval it takes to from Ltob=mt. Its motion in 
latitude, during the same time, or Le—ab=nt. The 
sun’s motion in longitude, or the distance T a = s tin the 
same manner. Then 
Le=ab+nt=A+ntandTe=ac—Ta=mt—st 

@=LT=Lé+Te=A+n t+ (mt — st) 

Expanding this expression, we obtain a quadratic 
equation of which t is the unknown quantity (the others 
being derived from the above data), and will depend on 
the value given tod. Such values may be given to d as 

to the phases of the eclipse, and the interval 
between the time of opposition, and the occurrence of 
the phases will thus readily be obtained, the time of 
opposition being known, from the position of the sun and 
ae as given by the tables. Arranging them, we 
obtain 

d?—)? = #[ (m—s)* +n? ]+2trAn. 
ade sin.? 0 n® 

Substituting tan.? 0 =Tosn7o ae 
obtain, instead of the above, 

n? + 2d sin.? 0 t = (d*—X4) sin.20; or, completing 
the quadratic, 

nt? + 2dn sin. 70 t + d2 sin. #0 = (d? — 2%) sin. 70 + 
sin. 40 

=sin.? 0 (d?—d*) (1—sin.? 0 ) 
=sin,? 0 (d?—2? cos.? 0). 


ot (rain? 0 + sin, 0 /P—x* cos. 0, 


And from this expression the values of the times for any 
values of d may be obtained. For the determination of 
the time, ¢, at which the moon immerges into the earth’s 
penumbra, d = moon’s horizontal parallax + sun’s hori- 
zontal parallax + the sun’s semi-diameter + moon’s 


: é 
semi-diameter =P + p+) +5; the first value of ¢ 


giving the instant of immersion, the second that of 
emersion. At the time of immersion in the umbra 


d= P4p+5—2 At the period when the whole 


disc has entered the shadow d = sum of the parallaxes 


— sum of the semi-diameters, or P+ p—2— 2. The 
time at which the middle of the eclipse occurs (or the 


greatest phase) is when the two halves of t are equal, or 
er 
sehen di-s:lvoge, 18 senGpandil ex cateeecsit ke sie 


the distance d = cos. 0. When the latter term is 
known, the magnitude of the eclipse may be determined. 
Some part must be eclipsed when d cos. @ is less than 


the distance P + p +5 — 5 as the latter quantity 


shows when the moon’s limb just touches the shadow, 


and the portion of diamotor edipsod ia(P +p + 3—2) 


—A cos. 0. The portion of the diameter of the moon 
which is not eclipsed will, therefore, be A cos. @-+ > + 


2—P—p. The eclipse will be exactly total when this 
is nothing, and will be more than total when it is n : 
tive. The part eclipsed may be expressed either in digits 
or twelfths of the lunar diameter (6), or in decimal parts, 
the moon being taken for unity. 
: reece aes = eclipse of the moon, April 20th, 
By the tables of the sun and moon, the time of oppo- 
sition is at 9h. 13m.°6 morning, Greeenwich mean time. 


Moon’s lat. at time of opposition A=33 18 
3»  horary motion in lat. . n= 2 46 lat. increasing. 
horary motion in long. .m=30 8 


Sun's horary motion in long. . s= 2 27 

Moon’s apparent diameter . . 6=29 44 

», horizontal parallax . . P=54 33 

Sun’s apparent diameter . .D=31 52 

» horizontal parallax. .p= 9 
166” 


n . 
Dan. 6 = + i66i * Os + 5 4310”. 
The middle of the eclipse, or 
A sin.? 0 1998 


Therefore the midddle of the eclipse will occur at 
9h. 6m.’4 morning, reckoning from opposition. The 
times at which it entered the shadow and emerged from 
it are calculated by finding the value of d at those 
times :— 


a—3—?P +p + P =.53' $8”, and adding the one- 


sixtieth part of (P +p 4 for the effect of the earth’s 


atmosphere, d = 54’17”. Introducing this value into 


in.? in — A? con? 
the expression — >#0-"0 oil (es ? cos.? 0) 


we obtain for the two values of ¢: 


m.. h. m. h. m. 
End of eclipse = 7°16 + 1 32°68 = 1 39°84 
Beginning = 7:16—1 32°68 = 125-52 
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The commencement of the eclipse accordingly took 
place at Th. 33m.°8 morning, and the end at 10h. 39m. 
morning. The distance of the centres corresponding to 
the middle of the eclipse, or A cos, @ = 33’ 8” ; and the 


eclipsed part, or 3— 5 +p + P—2cos 0 = 219, 


(allowing for the effect of atmosphere), or the magnitude 
of the eclipse, reckoning the moon’s diameter at 1 = 
O71. 

In order to determine the time at which the moon 


entered the penumbra, we assume, d= P-+p+ > +5 


86° 98, whence the two values of ¢ are 2h. 44m. 32 and 
2h. 58m. 64, which, applied to the time of opposition, 
9h. 13m.-6, gives the time of commencement at 6h. 
lim. ‘0 a.m., and the time of ending at 11h. 57m.°9 ayn. 

Grapuicat Construction or a Lunar Ecuiprse.— 
Instead of preg ag the various phases of a lunar 
eclipse, they may be obtained by the following graphical 
process, applied to the eclipse of November 13th and 
14th, 1845. 

At Paris, mean noon of November 13th, the longitude 
of the sun exceeded that of the moon by 186° 20’ 7”:4. 
On the 14th, at the same hour, it exceeded it by 
174° 45’ 8”-6. Finding, by interpolation, the instant at 
which the difference of longitudes was exactly 180°, or 
the moment at which the moon was in opposition, we 
obtain, November 14th, at Ih. 4m. 20s.‘9 morning. At 
this time the of the moon was 55’ 39”°6 ; that of 
the sun, 8”-7 ; the semi-diameter of the moon, 15’ 107-1; 
and that of the sun 16’ 12’°3; whence, as before, we 
conclude that the semi-diameter of the shadow of the 
earth was 39’ 36”, or increasing it by gy = 2415”°6. In 
addition to this, we find that at Oh. on the morn- 
ing of the 14th, the longitude of the sun exceeded that 
of the moon by 180° 16’ 33”-7 ; and that the latitude of 
the moon was 0° 25’ 57”°6 S. At 1h. 30m. of the same 
morning, the excess of the longitude of the sun was 
179° 47’ 37” -7, and the latitude of the moon 0° 28’ 51”°58. 
Let the circle A B C D (Fig. 127) represent the dimen- 

Fig. 127, 


- 


heed 


ing. Drawa right line, M M’, through the points Gand 
Ks this line wi pent SS ae eae 
the eclipse, in reference to the w of the earth. 
point N is the position of the moon at the moment of 
opposition, or at 1h. 4m. 20s."9 morn. 

ith a radius equal to the sum of the radii of the 


and re it the position of the moon at the 

and end of the eclipse. If, moreover, the ¥ 

P O, be raised on M M’, the point P represents the 

Ce ee of the 
pse. 

As the moon employs an hour in from G to K, 
we may, by proportion, determine the time it takes in 
passing from N to P (if we make the figure large enough); 
and we thus find that it takes 5m, 41s. in going thro 
this distance, or 5m, 41s. before the opposition, or it is 
at Oh. 58m. 40s. that the middle of the eclipse 
In the same manner, we find that the moon sh be 
1h. 39m. 19s. in passing from P to L’; and it is therefore 
é po 29m. 21s. of the te ation. pdms 

e eclipse commences, and at 2h. the m 
of the Lith that itends. The itude of the par 1: 
is found, likewise, by this graphical construction ; and in 
this case we perceive that it is partial, since at the 
moment when the centre of the moon is nearest the 
centre of the shadow, a portion of its disc lies without 
the latter circle. If we draw the diameter Q 8, directed 
towards the point O, and we take the proportion of this 
diameter S R, which is in the shadow, and the diameter 
itself, we find the Fy rea In the present case this 
amounts to 0-92, the diameter being 1-00. Should the 
diameter QS be within the circle of the shadow, or the 
eclipse be total, the various phases, it will be seen, can 
hel ver met off with equal facility, as in the instance 

ere given. 

Instead of making use of latitudes and longitudes, the 
right ascensions and declinations of the sun and 
moon may be employed, as in the following ex- 
ample of the total eclipse of October 24, 1855 
(Loomis Ast.) The Greenwich time of opposition 
in right ascension is 19h. 17m. 55s.°6, or the 
Washington time = 14h. 10m. 29s. ‘6, for which 

time the Nautical Almanac furnishes the fol- 
lowing data :— ’ 
O. 2. oh 
Declination of moon . . = 11 42 24°3 north. 
Declination of sun + = 11 56 48-0 south. 
Moon’s horizontal parallax 


sions of the shadow of the earth at the distance of the 
moon (semid. = O A = 2415”°6), let E KE’ be the ecliptic. 
At 0h. 30m. of the morning of the 14th, the longitude 
of the sun surpassed that of the moon by 180° 16’ 33”-7, 
the longitude of the centre, O, of the shadow, there- 
fore, only exceeded that of the moon by 993”°7. Accord- 
ing to the scale adopted, set down O F = 993-7. Make 
FG rpendicular to E E’, and mark off F G = 25’ 67”-6, 
which is the latitude of the moon at the time, aud G is 
the position of the centre of the moon at Oh. 30m. morn- 
» In the same manner, take O H = 12’ 22-3, or 

742" 3, and H K = 28’ 51”-5, or 1731”-5; and K will be 
the position of the centre of the moon at 1h. 30m. morn- 


(lat. 45°). 2. ee me 69-390 
Sun’s horizontal parallax = 8-6 
Moon’s semi-diameter . .= 16188 

an’ 5) yy Us!” ee ES WD 
= Moon’s hourly motion in 
oR a ae eS ek CO IRE: 
Sun’s ,, ” Se 25: 223-5 
Moon’s hourly motion in 

declination . . . . = 15401 north. 

Sun’s ,, Be 0 52°0 south, 


The semi-diameter of the earth’s shadow, or CB 


The hourly motion of the moon from the sun in right 

ascension is 30’ 58”°6, and this reduced to the are of a 

+ circle by multiplying it by the cosine of the moon’s 
eclination = 18199. 

From the centre C (Fig. 128), with the radius O B de- 
scribe the circle A RB, or the shadow of the earth. 
Draw the line A C B to represent a parallel to the equator, 
and make O G perpendicular to it, equal to 14’ 23”°7, or 
the sun’s declination minus the moon’s declination, the 
taken below © as the centre of the moon 


int G bei 
e centre of the earth’s shadow. MakeCO 


is south of 


— 


ef 
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= 1819”-9 and C P, to the hourly motion of the moon in 
declination minus hourly motion of the sun in declina- 
Dos 


a 


tion, or 14’ 48-1; the point P being placed above C, as 
the moon was moving northward. Join OP and draw 
parallel to it through G the line N G H, which represents 
the path of the moon, and on NH let fall the perpen- 
dicular CK. At 14h. 10m. 29s.°6 the moon was at G. 
To find its position at 14h. we make the proportion :— 
As 60m. : 10m. 298.6 ::OP:GX. The position of 
the moon’s centre at 14h. is set at X, and its position at 
16h., 15h., &c., may be laid down in the same manner 
by adding the distance ae ee a Sir spel 
sixty parts, the beginning, end, and middle o ipse 
will te ascertain casera to the times when the 
moon’s centre is at E, H, and 

may be performed accu- 


The calculation of the ecli 
rately as follows :—In the right-angled triangle 0 C P we 
= 8881, then CP: R:: 
CO:tanCPO. 


have CO = 1819’-9 and C 
CO = 1819" 9 = 3-2600475 
888”-1 = 2-9484619 


CPO = 63° 59’ 16” = 0°3115856 log. tan. 
Sin. CPO :R::CO:OP. 
CO = 3-2600475 
Sin. CP O = 9-9536150 


OP = 2025”-0 = 3-3064325 
The angle CPO= angle CGK,GK and OP being 
parallel. The angle CGE = 116° 0 44”; the side CG 
=863”°7, and the line C E=3642”-2. The angles CEG 
= the side EG of the triangle CEG are found 

us ;— 

CE:sin, CGE::CG: sin. CEG. 

Comp. C E = 6-4386362 

Sin. CG E = 9°9536150 

CG = 2:9363629 


CEG = 12 18’ 18” ‘Sin. 9°3286141 
Therefore the angle EC G = 51° 40’ 58”. 


Sin. CGE:CE::sin ECG: EG, 
Comp. sin. C GE = 00463850 
CE = 35613638 
Sin. EC G = 9°8946428 
-EG = 3179’ 7 = 35023916 


To Determine the Time of Describing EG. 

As OP : Ih. :: EG ( = 3179s. °7) : lh. 34m. 12s. ‘8, 
which, subtracted from the time of opposition in right 
ascension, or 19h. 17m, 55s, ‘6 (Greenwich time), gives 
the time of the beginning of the eatipes, or first contact 
with shadow, at 17h. 43m. 42s. ‘8. e middle of the 
eclipse is found by the triangle CG K similar to CPO 
in which the angles and hypothenuse are given to find 
CK and KG, 

R:OG::sin.CGK:CK::cos.CGK:GK. 

Sin. CG K =9-9536150 Cos. C G K=9-6420319 


C G=2-9363629 C G=2-9363629 
CK =776"-2=2°8899779 GK=378":8=2-5783948 


VOL. L. 


on 


‘| below the horizon, it is onl 


To Determine the Time of Describing GK. 

2)25”: Lh. : : 3788 : 673s.:4= 11m. 13s.°4, which, 
added to the Greenwich mean time of opposition, 
gives 19h. 29m. 9s. for the middle of the eclipse. The 
duration of the eclipse will consequently be 3h. 30m. 
52s. °4, and the end 21h. 14m. 35s. -2 Greenwich mean 
time. The magnitude of the eclipse is found by 
subtracting C K = 12’ 56”*2 from C R= 44’ 23”-4, 
whence R=831’ 27”:2; to which adding the 
moon’s semi-diameter, we obtain R L = 47’ 46”°0. 
Dividing this by the moon's diameter, or 32’ 37”°6, 
peo wap aie of the eclipse=1'464 on the northern 


The beginning and end of total darkness is found 
as follows :—With the radius of the earth’s shadow, 
or C B diminished by the moon’s semi-diameter, or 
44’ 23”-4—16’ 18”:°8=28’ 4”°6, or 1684”-6, describe 
ae go oe cone Cc os HN it the points 

and T, whi ill represent the points of beginning 
and end of total dates: mn 

In the triangle CGS, C G=863-7, C S = 16846, 
and the angle CG ca 116° 0’ 44”, Hence CS :sin. COGS 


::CG:sin. CSG, 
Comp. CS = 6 7735032 
Sin. CGS = 9 9536150 
CG = 29363629 


CS G=27° 26’ 12”. Sin. = 9 6634811 
And the angle SC G@ = 86° 33’ 4”. 

Sin. CGS :CS::sin. SCG:SG. 

Comp. sin. CGS = 0-0463850 

CS = 3 2264968 

Sin. SC G = 9 7749107 


GS=11163 = 3:0477925 


To Determine the Time of Describing GS. 
2025°0 : Ih. : : 11163 : 1984°6 = 33m. 4s.-6, which 
being subtracted from 19h. 17m. 55s. °6, gives 18h. 44m. 
51s. for the time of disap ce or beginning of total 
darkness. The duration of total darkness is therefore 
th. 28m. 36s., and the time of the end of total darkness 
or reappearance = 20h. 13m. 27s., the middle of the 
eclipse occurring at 19h. 29m. 9s. 
the semi-diameter of the penumbra is equal to the 
semi-diameter of the shadow the sun’s diameter, or 
44/ 23-44 39 15-8=76' 392. Let the circle ARB 
represent, in this case, the limits of the penumbra, then 
CE=76' 39-2 + 16’ 18”-8=92' 58”-0. In the triangle 
CGE, the angle CGE=116° 0’ 44”. OG=863°7 and 
C E=5578"-0. 
CE :Sin. CGE::CG:sin. CEG. 
Comp. log. CE = 62535215 
Sin. CG E = 99536150 
CG = 2:9363629 


CEG=7° 59’ 56” Sin. = 9:1434994 
And angle E GG=55° 59’ 20”. 
in. CGE:CE::sin. ECG:EG, 
Comp, sin. CE G = 0:0463850 
CE = 3 7464785 
Sin. EC G = 9:9185174 


EG=5144" 9 = 3-7113809 

As 2025 : 1h. : : 51449 : 2h. 32m. 26s. ‘5, which gives 
the time of describing EG. This subtracted from 19h. 
17m. 55s.-6, gives 16h. 45m. 298.1 for the: time of first 
contact with the penumbra ; and the whole duration being 
5h. 27m. 19s.°8, we get the time of ending, 22h. 12m. 
48s. -9 for the last contact with the penumbra. 

An eclipse of the moon can only be seen at those parts 
of the earth where the moon is above the horizon, as well 
as the shadow of the earth, or at least a portion of this 
shadow. As this can only take place when the sun is 
during the night that 
eclipses of the moon are visible. It may happen, how- 
ever, that the eclipses may be seen for a few moments 
before the setting of the sun, or after its rising. This is 
due to the refraction of the atmosphere, which, when 

f 61 
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the sun is altogether below the horizon, as well as that 
part of the moon which is eclipsed, elevates both objects 
above the horizon, and an observer at A (Fig. 129) will 
be able to see the sun at one side, and the eclipsed moon 
on the other. 


Fig. 129. 


Ecurrses oF THE Sun.—Whilst eclipses of the moon 
follow from the interposition of the earth, and prevent 
the light of the sun from reaching to, and illuminating 
the surface of our satellite in the usual manner ; eclipses 
of the sun are due to the contrary cause, being the 
shadow of the moon falling on certain re of the earth 
(passing over it like the shadow of a cloud), and hiding 
t 


1@ dise of the sun at those districts. The dimensions of 
the shadow at the surface of the earth may be found in 
the same manner as in the former case; and an idea of 
the different kinds of solar eclipses may be gathered 
from the following diagrams. Let L be the position of 
the moon (Fig. 130) situated exactly in a line with the 

Fig. 130. 


corresponds to the distance of the sun and moon at the 
time. The smallest distance of the centres of the earth 
and moon being equal to 55-947 semi-diameters of the 
former body, and the greatest value of the shadow O L 
(ealculated in the manner already mentioned) being 59-73 
semi-diameters of the earth, it would follow that, under 
those circumstances, the shadow of the moon would ex- 
tend beyond the centre of the earth, and consequently, 
that at that region of the earth where the shadow would 
fall (as at a b Fig. 131), the eclipse would be total—the 


Fig. 13). 


moon completely obscuring the sun’s disc. On the con- 
trary, if we take the greatest distance of the earth and 
moon, which is equal to.63 802 radii of the former body, 
and the smallest value of the length of the shadow, which 
is found to be 57-76 radii, the summit of the cone of the 
shadow does not reach to the earth (Fig. 132); and, when 
this is the case, the eclipse cannot be total for any part 


Fig. 132. 


of the earth ; on all that hemisphere turned towards the 
sun, we perceive a portion, though not the whole of its 
‘ise, There is, however, a peculiarity to be noted ; which 
‘is, that if we prolong the cone of the shadow of the moon 
beyond the summit O, the base of the second cone formed 
will be situated on the purtion of the surface of the earth 
c d, and for all ie the edhipse will appear annular 
“tty, the moon will appear projegted upon the disc of 


A 
sun 8, and the earth T, cad at a distance LT, which” 


the sun at all those parts of the earth, and the exterior 
portion of the disc of the sun will consequently appear 
under the form of a luminous ring. When the moon is 
placed between the sun and the earth, the eclipse will be 
either total or annular for certain parts of the earth, 
according as the distances of the sun and moon are 
more or less great. This is'also apparent from consider- 
ing the respective dimensions of the discs of the sun and 
moon at different periods. The apparent diameter of the 


moon, as seen from the surface of the earth, may increase 
to 34’ 6”, whilst the diameter of the sun may decrease to 
$1’ 31”; and if an eclipse take place under those circum- 


Fig. 133. 


stances it must be total. As 
the diameter of the moon, on 
other occasions, may decrease 
to 29 22”, whilst that of the 
sun can attain its maximum 
value of 32’ 35”°6, it will follow 
that when an eclipse happens 
under such circumstances, it 
must be annular, and that for a 
few moments, at such parts of 
the earth as are exactly in a line 
with the centres of the sun and 
moon, the moon will be seen projected upon the sun ; 
the exterior parts of the sun will continue visible, 
and shine with their usual brilliancy (Fig. 133). 
At the parts of the earth adjoining those which are 
exactly in a line with the centres of the sun and 
moon, the eclipse cannot be total or annular, as 
only a portion of the moon can be projected on 
the disc of the sun. ‘This will be apparent from 
Fig. 130, in which it is easy to perceive that at 
all those points situated to the interior of the cone 
C 0’ C’, and not comprised within the real shadow 
BO B’, a similar appear- Fig. 134. 
ance will be produced as 
in the case of the penwmbra 
of the earth’s shadow, on 
the Junar dise, during an 
eclipse of the moon. From 
any such point we should 
consequently perceive the 
circular disc of the moon in- 
tercepting a portion of the 
surface of the sun (as in 
Fig. 134) ; and the 
nearer the observer 
is situated to the 
real cone of shadow BO B’, or the-further he 
is distant from the surface of the cone CO’ 0’, 
the greater will be the portion of the solar 
surface eovered by the moon. We have seen, 
in the case of lunar eclipses, that the whole dise 
of the moon can be hid by the shadow of the 
earth ; but the moon’s shadow only covers an area whose 
diameter is 180 English miles at the greatest ; while the 
penumbra ma; to nearly 5,000 miles in diameter. 
The dimensions of the lunar shadow, here mentioned 
at the surface of the earth, are calculated in the same 
manner as that of the earth’s shadow. We have already 
seen that the semi-diameter of the latter is equal to the 
parallax.of the sun added to that of the moon, 
and from which the apparent semi-diameter of 
the sun is to be subtracted ; in the same way 
the semi-diameter of the moon’s shadow at 


—- the earth is equal to the parallax of the earth 
a added to the parallax of the sun at the distance 
of the moon, from which sum we subtract the 


apparent semi-diameter of the sun, as seen 
from the moon. The latter quantity is found 
by inereasing the semi-diameter as seen from the ear 
in the proportion of the distances of the moon an 
earth from the sun at those times, or the apparent 
semi-diameter of the sun seen from the moon, 


=apparent semi-diameter of the sun @) as seen from the 


earth Xx =, K being the distance of the earth from the 
& 


“ aa 
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sun, and & the distance of the moon from the sun. The 
sun’s horizontal parallax at the moon is equal to the 
sun’s horizontal parallax at the earth, increased by the 
ratio of the distances, and diminished by the ratio of 
the diameters of the sun and earth ; or the sun’s hori- 
zontal parallax at the moon = sun’s horizontal paral- 


lax on the earth (p) x xX © r being the moon's true 


semi-diameter, and R the earth’s true semi-diameter. 
Substituting those values in the preceding expression, 


6 
the semi-diameter of the moon’s shadow will be 


ekyte$ a The parallaxes of the sun and 


moon may be used instead of the ratio of their distances 


in this expression, and as p = z and P= gy con- 


K pS r 6 6 
sequently k P= As R  2P we also find 3 + 


ew K ey sivas 
PR E-2(P—p’ and the apparent semi-diameter 


é—D bs 
, =F —_—e 
of the moon’s shadow 3 Xp 
from this that when the moon’s diameter is equal to that 
of the sun, the apparent diameter of the moon’s shadow 
is gga Jes the apex of the cone just reaches to the 
earth. m the moon’s diameter is less than that of 
the sun, the expression is negative, and the shadow can- 
not reach the earth’s surface, The formule for the 
dimensions of the penumbra may be adapted to the 
moon’s shadow in a similar manner. If the apparent 
semi-diameter of the neta or the snr cipro 
parallax, be added to the apparent semi-diameter of the 
shadow, the distance of the centre of the moon’s shadow 
and the centre of the earth is found ; and the limits of the 
distance of the moon from her nodes, when an eclipse can 
, will ily be obtained, and is found to be 17°27’. 
+ is thus seen that the same formulz apply to the cal- 
culation of both lunar and solar eclipses, in so far as the 
times at which, the earth in general would become enve- 
loped in the shadow of the moon, are concerned ; but this 
would only have reference to an observer situated on the 
moon, who would thus be enabled to foretel and note the 
duration, times, and magnitude of an eclipse, the instant 


We perceive 


at which the penumbra entered upon the enlightened 
disc of the earth, and the period of total eclipse. In 
Fie. 135. 


Figure 135 we perceive 
the phenomena which 
we follow ar) be 
interposition tC) 
moon between the sun 
and earth ; the fictitious 
observer situated at L, 
as the moon moved in SSG 

the direction of the ar- 

row, carrying with it the real shadow and the penumbra, 
would first see the penumbra touch the diso of the earth 
T, then (if the eclipse were total) the contact of 
the real shadow ; and the above formuls would give 


the moon, covering, successively, the various parts 

of its dise, advan on new regions, and leaving 

those which it had previously shadowed, Finally, 
the cone of the shadow, then that of the penumbra, 
would again become tangents to its surface; and the 
instant at which this paren, take place, would mark the 
end of the eclipse. But in the case of a solar eclipse on 
the earth’s surface, the time at which it became generally 
visible on the earth, or the period of first contact, would 
not be of such interest to any observer, as the time at 
which it would become visible, or total, at his own 


Fig. 136, 
North. North. North. North. 


the instant at which those appearances would 
happen. The two cones, that of the real shadow 
and the penumbra, would continue to traverse 
the portion of the hemisphere turned towards 
South. South. South. 


 sateceel locality ; and the position of the observer at dif- 
erent parts of the moon was not taken into consideration 
in the foregoing calculations, the latitude and longitude 
of the several places on the moon being a matter of in- 
difference to an observer on the earth. But to an obser- 
ver on the earth it is a matter of consequence to 
know the exact time at which the eclipse would com- 
mence at his own station (for it will not begin for him 
until such period), and also the extent and duration of 
the shadow of the moon, when it passes over a known 
station of any aatgnet latitude and longitude. The cal- 
culation of an eclipse of the sun is, therefore, more 
difficult than that of the moon, because more is required 
to be determined. The foregoing formule may be a 

plied to the case of an eclipse of the sun, viewed fromthe 
centre of the earth, to which they will exactly apply. But 
to the position of an observer on the surface of the earth, 
various corrections of parallax have to be applied on 
account of the angle which he makes with the centre of 
the earth, whether in latitude or longitude, as the various 
or of the eclipse at the different parts of the earth, 

y which it is visible at some parts and not at others, 
are due altogether to parallax. In calculating a solar 
eclipse for any assigned position, it is necessary to correct 
the angular distances, or the longitudes and latitudes, 
for the effects of parallax, This requires a long and in- 
tricate calculation ; but the principal appearances and 
phenomena, as likewise the times of contact, greatest 
eclipse, duration, and magnitude, may be determined in 
the following simple manner :— _ 

GEOMETRICAL OR GRAPHICAL CONSTRUCTION OF A SOLAR 
Ectipse.—If an observer be supposed to be situated at 
the centre of the sun, and the moon be interposed be- 
tween the sun and earth, he will observe the moon pass- 
ing across the disc of the earth in the same manner as 
an observer on the earth sometimes perceives the satel- 
lites of Jupiter traversing the bright dise of the latter 
planet. In the same manner, likewise, as an observer 
on the earth perceives the equator and axis of the sun 
inclined at different angles to the north and south points 
and to the ecliptic, at the various seasons of the year (pages 
929, 930, Figs. 27 and 28), the observer at the sun would 
perceive the poles and ee of the earth change their 
situations in respect to the ecliptic, but in a greater de- 
gree, the solar equator being only inclined at an angle of 
7° to the ecliptic, whilst that of the earth is inclined at 
23}°. At the time of the vernal equinox, the plane of 
the equator passes through the sun, and the north and 
south poles of the earth will consequently apt to an- 
observer at the sun situated at the margin of the disc, 
the parallels of latitude describing straight lines, as in 
Fig. 136. Atthe summer solstice, the north pole of the 
earth will be turned towards the sun, the south pole will 
be invisible, and the parallels of latitude will, to an ob- 
server on the sun, be projected into ellipses, as at Big. 
137. At the aut equinox, the parallels of latitude 
will again appear as straight lines, but, the poles of the 
earth will be on the opposite side of the poles of the 
ecliptic, as at Fig. 138. Finally, at the winter solstice, 
the south pole will be turned towards an observer on the 
sun, and the parallels of latitude projected into ellipses, 


Fig. 137. Fig. 138. Fig. 139, 


South, 
as in the former case, but in the contrary direction (Fig. 
139). 

By projecting in this manner the surface of the earth 
at the various seasons of the year, as it appears to a 
spectator on the sun, we can represent any parallels of 
latitude. By doing so for the day on which the eclipse 
is expected to occur, we can mark along the projection, 
the position of the place at the different hours of the 
day ; and the moon’s apparent path across the earth’s 
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whose distance is equal 
the sum of the semi-diameters 
f the sun and moon, As an illus- 


1858 (Figs. 140 and 141), and e- 
a north of 


the latitude of Greenwich, or 51° 
28’ 38”. 
By the Nautical Almanac the time 


isc may be laid down in a similar way, and its position | the relative positions of the 
noted. In order to determine the 
t which the eclipse a: pears greatest at this locality, moon, that of the moon 


which is the semi-diameter of 


c 


of new moon is March 15d. Oh. 12m. Os., mean time, 


corresponding to March 15d. Oh. 2-9m. ap 


nt time, 


the equation of time being —9-lm. The following ele- 


ments are calculated for that epoch ;— 


Sun’s longitude ° . . 
Sun’s declination . ° ° 
Moon’s latitude > . ° 
Moon’s hourly motion in longitude 
Sun’s hourly motion in longitude 
Moon’s hourly motion in latitude 


“fe © oe © 


Moon’s equatorial horizontal parallax 
Sun’s equatorial horizontal parallax . 


Moon’s true semi-diameter ° 
Sun’s true semi-diameter : 


The geocentric latitud 


which is found 
the angle of the vertical (p. 922) to the 


3 


tbh on Semi * 
—e oe wo > 
Srosuewk ans » 
~ 
Anos asns 
oaAar.w wn 


by se ecl 


Jatitude (and which in this case is 11’ 13”), = 51° 177-4. 


The moon’s horizontal 


being that 


which is given b the tables, the horizontal parallax for 


any other latitude will be found by applying the follow- 
ing correction ;— ‘ 
Moon’s Horizontal Equatorial 
Latitude. Parallax. 

53’ 57’ 61” 

oe -# ” a 

1 O7 08 08 

20 1:2 13 14 

26 19 20 2'2 

30 26 28 30 

35 35 3-7 40 

40 44 47 50 

45 53 BF 61 

50 62 6 72 

55 T1 77 82 

60 80 86 92 

65 87 9-4 10°0 

70 94 100 10°8 

75 99 107 114 

80 103 110 119 

85 10°6 11-4 12:1 

90 | 10°6 11:4 12:2 
The moon’s horizontal parallax for Greenwich will 
therefore be 58’ 8-0; and as the relative positions of 
the sun and moon will remain the same if the syn be 
supposed to retain a fixed position, and the moon be 
supposed to be affected with the difference of both their 
parallaxes, the relative parallax, or that which affects 


z 
= 


15’ 54”-6. The relative sizes of their discs will 
the same proportion if viewed from 
With a 64 Fa AC (Fig. 140) equal to 57’ 59’°4, 


ul 


which represents the northern 


535 


sun. If the 
of the earth’s disc should be that represented. 
perpendicular 
from a 

28’ (which i 
CB, and set i 
the circle, or 
straight line EH, cutting CD in K. By considerin 
i rT ft be soon tnt the north 


Ske 
5 SEE 


Ro 
a5 


is y 


Figs. 136, 137, 138, 139, it will 

rang the earth, as viewed from the sun, will constan 
appear on this line E K H, pg res position 
autumnal, H at the equinox, and K at the solstices. 
distanee from H at any time will be equal to the 
sine of the sun’s longitude, or its distange 
be the sine of the difference between 
and 90° or 270°. To the radius EK 
354° 3876 —270° = 84° 38”6, and set it 
the north pole of the earth ; for when the sun’s ong 
tude is between 270° and 90°, the north pole lies to 
right of the pole of the ecliptic, and to the left when it 
is in the other six signs. Draw CP, which is the 
northern half of the earth’s axis, and produce it until 
cuts the circle A DB in M. 

In order to draw the parallel of latitude of Greenwich 
on the earth’s dise as seen from the sun, from sunrise to 
sunset, the following method may be taken:—If the 
latitude of the place were exactly equal to the sun’s de- 
clination, it would be vertical at n and the of 
observation would be atthe centre C. But as the latitude 


into which the cirole of latitude is projected. 

mine the of the lon diameter, as 
shortened by being viewed obliquely, it will be eq 
the diameter of the el of latitude, or to 
of the co-latitude=38° 43’ ; and setting off this 
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from the point T (which is situated exactly between S 
and 12) on the line perpendicular. to C M, we obtain the 
extremities of the longest axis of the ellipse, or the. 
points at which Greenwich will appear at 6 a.m. and 6 


PM. At the times of the equinoxes these hours will be | 


projected at the edges of the disc (as they are almost so in 
the present instance), but at all the other times of the 
yoar will be more or less distant. 

In order to obtain the position of Greenwich at any 
other hour of the day, we take, with a radius equal to 
T 6, the sine of 15°, or one hour of time, which is set off 
on each side of the point T. The sines of 30,° 45°, 60°, 
75° may be obtained and set off in the same way. 
Through these points draw lines parallel to CM. With 
a radius equal to § T take the sines of 75, 60, 45, 30, 15, 
which are marked off on each side of the line T 6 respec- 
tively at the points 15°, 30°, 45°, &ec., as before. By 
drawing an elliptic curve through those points, the 
several positions of Greenwich at each hour of the day 
from sunrise to sunset are readily obtained ; and by con- 
tinuing it on the opposite side, its position (here repre- 
sented by the dotted line) is represented during the 
night. The points at which the ellipse touches the circle 
ADB show the time of sunrising and sunsetting. It 
will be seen that the ellipse will be more open near the 
time of the solstices, and more eccentric een ae 
noxes (as is the case in the present instance). 
points 6, 7, 8, 9, 10, 11, 12, 1, 2, 3, 4, 5, 6, represent 
the ition of Greenwich at those hours, which are 
ee wry from noon towards the right. If the sun’s decli- 
nation had been north, the diurnal path of Greenwich 
would be on the lower or dotted portion of the ellipse. 
Te ible, the figure should be constructed on such a 

that the hours might be divided into minutes with 
sufficient certainty. 


and, 
CG, above the oe Take in the same scale, 


gitude. Draw O R perpen- 
dicular to C B, and make it equal to 3’ 9”, the hourly 
motion of the moon in latitude; and as the moon is 
moving northwards, set it above the line CB. The line 
CR, joining the points C and R, represents the relative 
hourly motion of the sun and moon ; and parallel to this 


owe. gir pap yaeelenas tang 7 Nod LGN, on which, by | 


means of the hourly motion C R, we 
ition of the moon 


52m., or 52 minutes past noon of apparent time. The 
appearance of the moon at any hour may be shown by 
taking its semi-diameter to the adopted scale of equal 
and which in this instance=15’ 54”-6—and with 
this radius to describe a circle whose centre is the point 
where the moon’s centre is at the given time. The 
ition of the dise of the sun at the same moment may 
signendiedlsa fe the same manner, by taking a radius 
equal to the semi-diameter of the sun=16' 65, and 
describing a circle taking the same time on the path of 
the spectator for a centre. The relative positions given 
in the diagram are those at which the eclipse are greatest, 
when the magnitude of the eclipse = 0-976, on the 
northern limb, the sun’s diameter being 1:000 ; and as the 
moon’s semi-diameter is less than that of the sun, the 
eclipse will be annular and partial. The sun’s centre 
must be invisible over all that portion of the earth, re- 
presented as being covered by the moon’s disc, and 
throughout a much larger area some portion of the sun’s 
disc will be obscured. The extent of this area will be 
found by describing a circle with the same centre, and 
whose radius is equal to the sum of the semi-diameters 
of the sun and moon, measured on the adopted scale, 

In order to determine the times of the beginning and 
end of the eclipse, we take from the scale of equal parts 
a distance equal to the sum of the semi-diameters of the 
sun and moon=32'1’-1, and beginning near L, place one 
foot of the compasses on the moon’s path, and the other 
on the path of the spectator, and shift them backwards 4 
and forwards until the same times are found on the two 
paths, which are this distance apart. This will give the 
time of the beginning of the eclipse, which in the pre- 
sent case is 11h.32m. a.M., apparent time. In the same 
manner find the co nding times on the other side of 
the moon’s path, and the end of the eclipse will be de- 
termined, which in the present case is 2h. 9m. P.M., of 
apparent time. We thus determine :— 

Apparent Time. Mean Time. 


Beginning of Eclipse . 11h. 32m. am. 11h. 41m. a.m. 
Greatest Obscuratt - Oh. 52m. p.m. lh. 1m, Pm. 


End of Eclipse. . . 2h. 9m.PpM. 2b. 18m. Pm. 

When pce yee is made on a sufficient scale, and 
carefully fini it will give the above times accurately 
to one or two minutes, and furnish a useful chart of the 
various phases of the eclipse. By drawing different 
parallels of latitude, we can determine the phases of the 
eclipse for any place. The results are obtained in appa- 
rent time, because both the moon’s path and the path of 
the spectator correspond to apparent time. 

Provsection By Rigut Ascenstons AND DECLINATIONS. 
—lInstead of employing longitudes and latitudes in the 
projection of a solar eclipse, we may make use of right 

Fig. 141, 


from hour to hour; and as the mo- 
ment of new moon at Greenwich is 
at three minutes past noon of ap- 
parent time, the position of the moon 
at apparent noon is found by taking 
ion of 60m. : 3m. ; : the 
distance C R, to the distance G XIL., 
which is measured to the left of ee 
ition o: 


g 


In order to find the times at which 
the eclipse is greatest, those times 


’ * 


must be found on the path of the | A 


4 
TTT 


© } 
50 58 


x 
c 0 20 «9 30 40 


spectator, and the path of the moon, 
which are wavelet with the same 
times, and which are at the least distance from each 
other. The times which best correspond to those 
conditions in the present case are those of 12h. 


ascensions and declinations ; and as those are the ele- 
ments given in the Nautical Almanac for these pheno« 
mena, it may be convenient to append’ an example for 
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this eclipse, but for a different latitude and longitude. 
The radius of projection, C B (Fig. 141), is the same in 
this case as in the last, being the difference of the hori- 
zontal parallaxes of the sun and moon; C D is the meri- 
dian or circle of declination ; the ellipse represents the 
projection of the parallel of latitude ; L GN the moon’s 
apparent path ; C G the difference of declination of the 
sun and moon at the conjunction in right ascension, and 
© 12 the sine of the sun’s zenith distance at noon. The 
elements for the above eclipse, given in the Nautical Al- 
manac, are as follows, and the place may be considered 
as situated 0° 6’ west of Greenwich, and at 52° 41’ of 
north latitude :— 

Greenwich mean time of conjunction in right ascension 
= March 15, Oh. 44m. 7s. 6, or March 15, Oh. 43m. 44s.°2 
of the mean time at the given place. 

The apparent time will be 15, Oh. 34m. 37s. °8, 
the equation of time being—9m. 6s.:4. The moon’s 
hourly motion in right ascension=30’ 16’°4; and the 
sun’s, 2 17”-1; and the relative hourly motion of the 
moon from the sun on right ascension 2759” 3, = which 
must be reduced to the arc of a great circle by being 
multiplied by the cosine of the declination, or 1° 24’ 21”°8 
== 27'-98. 


The radius A C=58"-0 as in the last case. 
Hourly motion of moon from sun . “ == 27-98 
Moon’s hourly motion from sun in declination =15’ 31” 
Moon north of sun A 5 . . = 42’ 53” 
Sum of semi-diameter of sun and moon =32/ 1” 
Difference. s . 4 : . = 117-9 

The semicircle A D B represents the northern half of 
the earth’s disc drawn with a radius, A ©, equal to 58’ 0, 
as in the last case C D is the axis of the earth. The 
position of a point of 52° 41’ of north latitude, or 52° 30’ 
of geocentric latitude, will be obtained in a similar 
manner to the last, and its place on the axis of the earth 
at noon and midnight will be 54° 37’ and 50° 23’ to the 
north of the point where the sun is vertical. Obtain, by 
means of a sector or graphically, the sines of those angles 
to the radius C B, and set them off on the line C D from 
CtoS. The position of the locality whose latitude is 
52° 30’ at 6h. in the evening, will be obtained by taki 
the cosine of the latitude, and marking it off on the line 
T 6 — T 6, perpendicular to C D on each side of T, that 
point being the bisection of the two points S 12. ese 
distances may likewise be obtained, and with more 
exactness, by multiplying the radius O B = 58’ by the 
sines of 54° 37’, and 50° 23’, the former of which gives 
the distance C 12, and the latter C'S, the distance T 6 
being obtained by multiplying 59’ by the cosine of 
52° 30’; and those quantities may be marked off by 
means of the same scale of equal parts, as adopted in the 
radius OC B. The other times in path of the observer, 
are determined as in the former instance. The moon’s 
wee aceording to right ascension and declination, is 

id down as before. Take the difference of the declina- 
tions of the sun and moon = 42’ 53”, and set it off, 
from C to G above the line A C B, because the moon is 
north of the sun. Take C O equal to the hourly motion 
of the moon from the sun in right ascension, reduced to 
a great circle, and set it off from C toO. Make O R, 
which is perpendicular to C B, equal to 15’ 31”, the 
moon’s hourly motion in declination from the sun. The 
line C R represents the hourly motion of the moon from 
the sun in regard to right ascension and declination, and 
the line L GN, drawn parallel to this, represents the 
moon’s path across the earth, the point G being the 
position of the moon’s centre at the moment of conjunc- 
tion in right ascension. The even hours may therefore 

marked off on this point, by taking the point G to be 

34m. 38s. past noon on March 15th ; and the line O R to 
be the hourly motion of the moon, and the position of 
the moon at noon will be found by the proportion as 
60m. ; 34m. 388.:: CR: GXIL:: 316: 182. The 
hours on the moon’s path should, if possible, be sub- 
divided to minutes, and the same on the path of the 
spectator. The sum of the semi-diameters of the sun 
and moon being taken on the adopted scale = 32/1’, 
that distance is taken in the compasses, and those are 


shifted backwards and forwards, as in the former case, 
until the same times are found on the moon’s path and 
the path of the spectator, which are exactly at this dis- 
tance apart. When the left leg of the compass is on the 
moon’s _ and the right leg on that of the spectator, 
this will give the commencement of the eclipse ; and 
when the right leg of the instrument is on the moon’s 
path, the left on that of the s tor, and the corre- 
sponding times are again found at the same distance 
apart, we obtain the end of the eclipse in the samo 
manner. By applying the side of a small square to the 
moon’s path, and moving it along until the other side 
cuts the same hour and minute on both lines, we obtain 
the nearest approach to the centre of the sun and moon. 
If the scale of the projection be made of sufficient dimen- 
sions, the distance of those two points will show whether 
the eclipse be total or annular; if less than the difference — 
of the semi-diameters of the sun and moon, it will be 
annular at that locality. By describing a circle whose 
radius is equal to that of the moon, whose centre is 
situated seo moon’s path at the time of the nearest 
approach of the centres, we have a circle ti 
the moon’s disc. Taking the radius of the sun in 
the same manner, and the corresponding time on the 
path of the spectator for a centre, we describe the posi- 
tion of the solar disc, and their intersection will repre- 
sent the phase of the eclipse at the moment of Ure 
darkness. With the tae of the compasses at a di 
apart, equal to the differences of the semi-diameters of 
the sun and moon, thie times of the formation and rup- 
ture of the annulus may be determined in a similar 
manner, as the beginning and end of the eclipse. In the 
present case we obtain for the beginning and end of the 
eclipse at the given position 11h. 32m. a.m., and 2h. 8m. 
P.M. of apparent time, which is equal to 1ih. 4m. and 
2h. 16m. of mean time. The time of greatest obscura- 
tion is 12h, 52m., found by taking the shortest distance 
between the ding times on the paths of the 
moon and spectator, answering to 1h. 1m. p.m. of mean — 
time as before. 

From the relative dimensions and positions of the sun 
and moon, it will be seen that the ec' ipse is central and 
annular at this locality—viz., at 0° 6’ (of arc) of west 
longitude and at 52° 41’ of north latitude, or at a point 
which is a little to the east of Peterborough. The line of 
central eclipse across England from pay ges in 
Dorsetshire (at 2° 51’ of west longitude, and 43’ of 
north latitude) to the Wash, and a little to the north of 
the towns of Sherborne, Marlborough, Oxford, Bucking- 
ham, and Wisbeach. The diameter of the moon so 
closely approaches to that of the sun, that this eclipse 
might be total in the vicinity of the island of Madeira 
by the augmentation of the former value. At the sta- 
tion for which the above calculation is made, the duration 
of the annulus was only 12s.°3. 

Annular ecli are more common than total eclipses, 
and the prediction of their times and duration shows more 
palpably than anything else, the t accuracy to which 
the tables of the sun and moon have been carried; but 
astronomers still rely upon the careful observation of 
those phenomena, in order to correct the places of those 
bodies as given by theory ; and the times of the —— 
of March 15th, 1858, are liable to be slightly affected by 
small errors in the tabular places of the sun and moon ; 
whilst errors which are known to exist in the received 
diameters of those bodies affect the duration of the an- 
nulus. These errors, however, only amount to a frac- 
tional part of a second at most. How different is this 
from the prediction of the eclipse which was to have 
happened at Rome in 1684, which the tables at that time 
in use predi would be total, whilst in reality only 
three-fourths of the sun disappeared. In the prediction 
of the eclipse of 1706, the tables of La Hire were four 
or five minutes in error. 

Annual Number of Eclipses of the Sun.—Eclipses of 
the sun on the earth generally are more frequent than 
eclipses of the moon, in the proportion of three to two, 
as it will be seen should follow from the following con- 
siderations. In order that there be an eclipse of the 
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moon, it must happen that the moon 
of shadow BOB’ at C (Fig. 142) ; and it is easily seen, 
Fig. 142, ° 


that in order that there be an eclipse of the sun at some 
portion of the earth, it must penetrate into the cone 
AOA’ at the point D. As the diameter of the cone is 
larger at D than at C, it consequently Le 4m that the 
moon passes more frequently through the former than the 
latter, and that eclipses of the sun will be more frequent 
than those of the moon. Theory and observation alike 
prove, that in the period of 18 years 11 days, in which, 
as before mentioned, the moon to the same posi- 
tion in respect to the sun and its nodes, there are in 
general seventy eclipses, of which forty-one are of the 
sun, and twenty-nine of the moon. ere cannot be 
more than seven eclipses in one year, nor less than two ; 
and if the latter, they must both be eclipses of the sun. 
In any given place, however, the eclipses of the moon 
will to be more frequent than those of the sun, 
as will be apparent when we come to consider that the 
former are due to the total or partial extinction of light 
on the surface of our satellite, and are seen on every oc- 
casion on that hemisphere of the earth, where the moon 
is above the horizon. Eclipses of the sun, on the con- 
trary, can only be seen at one zone of the earth, and that 
a very narrow one ; for, in addition, it will be seen that 
the dimensions of the shadow of the moon are small as 
compared with that of the earth. Out of the forty-one 
solar eclipses, which may occur in eighteen years, there 
are in general twenty-eight of those which may become 
central according to circumstances—that is, either total 
or annular. It results from Du Séjour’s calculations, 
that the greatest possible duration of an eclipse of the 
sun cannot be more than 4h, 29m. 44s. for a place situated 
at the equator, or 3h. 26m. 32s. for the latitude of Paris. 
In total eclipses, the greatest possible duration of total 
obscuration may only be 7m. 58s. at the equator, and 
6m. 10s. at the latitude of Paris. In the case of annular 
ecli the greatest possible duration of the phase is 
12m. 24s. at the equator, and 9m. 56s. at the latitude of 
Paris. Such combinations are of course very rare. The 
total eclipse of 1706 lasted for 4m. 10s.; that of 1715, at 
London, 3m. 57s.; the total eclipse of 1806, at Kinder- 
hook, in America, continued for 4m. 37s.; and that of 
1724, at Paris, for 2m. 16s. In the eclipse of 1778, the 
darkness continued for four minutes. 
observed during a Total Eclipse.—The great 
and sudden darkness which takes place at the moment of 
a-central eclipse is, of course, the great phenomenon to be 
witnessed in solar eclipses, but many other curious cir- 
cumstances have been unexpectedly noticed by the tele- 
ic observers during the eclipses of 1842 and 1851, 
which serve to throw some light on the constitution of 
the sun ; so true is it, as Arago observes, that, in the in- 
tellectual world as in the terrestrial, we cannot advance 
a step without discovering a new horizon. It is not, 
however, to be strictly understood that those appear- 
ances were first ived on these occasions, but rather 
that they were o ed with greater care ; and from the 
number of observers engaged, and the different instru- 
ments they made use of, the results are placed beyond 
doubt, and confirm the desultory notes of former 
astronomers. 

The darkness which follows the total obscuration of 
the sun’s disc, though momentary, is generally ver. 
great, though not complete. The total eclipse whic 
occurred in Jand, on June 17th, 1433, was long 
remembered under the name of the “Black Hour.” 
That of 1598 was equally imprinted on the memories of 
the peasantry, and called to mind by the name of the 
* Black Saturday ;” whilst the total eclipse of 1652, is 
recorded in d by the name of ‘‘Mirk Monday.” 


etrates the cone | Nor, if we are to allow the testimony of Dr. Halley, are 


those titles misapplied in such cases. ‘‘1 forbear,” he 
says, in his communication to the Royal Society. 


‘al on the eclipses of 1715, ‘‘to mention the chill an 


damp which attended the darkness of this eeli 
of which most s wie ‘sea ee nae 
ually judges. Nor shall I trouble you wi 
aeeee that = peared in all sorts of animals, birds, 
beasts, and fishes, upon the extinction of the sun, 
since ourselves could not behold it without some 
sense of horror.” In the eclipse of 1706, during the 
yon total darkness at Geneva, bats flew about as at 
usk, swallows were seen flying about, and cage-birds 
put their heads under their wings. The stars ap, 
as thickly strewed as at the time of full moon. In the 
pr iw 1842, several stars of the first magnitude, as 
well as the planet Mars, were distinctly visible. The 
colour of the sky at those times does not appear, how- 
ever, either to belong to the darkness of night nor the 
hue of twilight ; in some places it was even noticed to be 
of a violet tint ; and red stars, such as those of a Orionis, 
Aldebaran, and others, were noticed to be white. At 
Montpellier, in the eclipse of 1842, the light had acquired 
a livid tint, imparting to the human countenance an 
aspect which it was painful to contemplate; and the 
spectacle was generally allowed to be of an extraordinary 
and appalling character. An owl was seen to leave the 
tower of St. Peter, the bats left their retreats, the swal- 
lows disappeared, the fowls went to roost, and the cattle 
stood still in the field. A heavy dew fell at Perpignan, 
Turin, and Vienna, during the obscuration. Similar 
appearances were noticed during the total eclipse of 1851, 
by the numerous observers stationed in the path of 
central eclipse in Sweden. 

Even during the greatest obscuration, and when the 
disc of the sun is completely hidden by that of the moon, 
its place is stiJl made apparent by the brightness in the 
part of the heavens in which it is situated. This light 
appears in the remarkable form of a corona or lustrous 
ring, and it has sometimes been so bright as to be 
observed and mistaken for au annular eclipse. This 
luminous ring was seen during the eclipse of 1567, 
and was mi en for the margin of the solar dise ; it was 
equally visible in that of 1598. Its radiating appearance 
seems to have been first noticed in the eclipse of 1652, 
and oe to be endowed with a sort of rotatory mo- 
tion, every subsequent eclipse, observed under any 
favourable circumstances, the corona has been observed 
with equal plainness, generally of about one-tenth or one- 
twelfth of the diameter of the moon, and of a pearl-white 
colour, or, in the words of an observer, ‘‘of that bluish 
tint which distinguishes the colour of quicksilver from 
that of a dead white.” In the eclipses of 1842 and 1851, 
it was the principal circumstance to which the attention 
of the observer was directed ; and M. Arago was able to 
perceive what might be termed two rings—the inner one, 
or that which bordered on the moon’s limb, being of a 
uniform brightness, whence it faded imperceptibly out- 
wards, and terminated irregularly. The inner ring was 
3’ or 4’ in breadth ; but the whole breadth of the corona 
was differently estimated by various observers, as 8’,16’, 
and 25’ in breadth. Several luminous jets of light were 
noticed in the corona by M. Struve, at Lipesk, as in the 
following diagram (Fig. 143) and it had a decidedly 
radiating appearance ; but the observers in France only 
perceived one or two radiations, and in some cases only 
the brighter or inner ring of light was observed. In the 
eclipse of 1851, the same discordance in the estimation of 
the breadth, and in the radiating aspect of the corona, 
existed between the several observers. The direction of 
the diverging rays did not seem to be perpendicular to 
the circumference of the moon, but were tly inclined ; 
and M. Arago noticed, that at one part of the corona, the 
rays were entwined within each other, like a skein of 
thread which was entangled. (See, also, page 165, ante). 

The appearance of this ring of light is now generally 
attributed to the effect of the atmosphere of the sun, 
rather than to anything of the same nature in the case of 
the moon. The latter was the supposition of Kepler; 


| 
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and before the want of an atmosphere to our satellite was | the moon. Their reddish light would seem to show that 


established by numerous proofs, it was the most natural 


Pig. 143, 


one which could be imagined ; although the great breadth 
of the ring would go to prove that its height must be 
three or four hundred miles, or ten times the extent of 
the earth’s atmosphere. No such difficulties exist in the 
case of its being supposed to be ‘the solar atmosphere, 
while its concentric form, in regard to the sun at the 
different periods of observation, tends still further to con- 
firm this conjecture. By what has already been stated 
of the photosphere of the sun, and the different strata 
which surround its surface, as well as the appearance of the 
zodiacal light, this may be deemed to be, in every respect, 
the most probable conjecture.* The corona, however, 
cannot be identified as forming the zodiacal light, for it 
has mostly been observed of a circular form, whilst the 
latter is elliptical; even where the corona has been 
noticed to be protuberant on opposite sides, the greater 
axis does not take the direction of the ecliptic. 

Red Flames.—In the eclipses of 1715 and 1733, when 
the sun was wholly eclipsed, and only the corona was 
visible, the margins of the moon were noticed to be 
marked with some red spots, which remained visible for 
some seconds. Whilst observing the corona in the eclipse 
of 1842, these appearances again became unexpectedly 
conspicnous to the different observers. They were first 
observed a few seconds after the time of total obscuration, 
and were of a fine crimson tint—being compared by one 
observer to the peaks of the Alps illumined by the setting 
sun; and, by another, to beautiful sheaves of flames, 


| which remained visible even after the sun had emerged. 


The length of the most considerable was, by actual 
measurement, found to be equal to 13 minutes of arc. 
Only two or three isolated prominences were perceived 
by the observers stationed in the south of France ; but to 


MM. Struve and Schidlowsky, these rose-coloured flames | - 


burst out at several ee of the lunar disc—a very large 
portion of the periphery being garnished with this red- 
dish bordering. M. Littrow noticed that they changed 


| their colour as the eclipse advanced, being at first white, 


then rose colour, and finally violet, passing afterwards in 


| a reverse order through the same tints. In the eclipse of 
| 1851, these crimson projections were beautifully seen, 


and by some observers in great number. Some seen 
were, in this instance, crooked, and resembled a flame 
bent aside by the wind, but their colour was of the same 
remarkable tint as in the former case. In the eclipse of 


| 1706, observed by Captain Stannyann, at Berne, ‘“‘a 
| blood 


-red streak of light” was noticed ; and Halley, in 


| 1715, saw a similar “Jong, and very narrow streak, of a 


dusky but strong red light ” Equally with the corona, 
these appearances have been conjectured to be in the at- 
mosphere of the sun, and to be in no way connected with 


* See ante, p. 929. 


they were of a cloudy nature, resembling our terrestrial 
clouds, and absorbing all the rays of the spectrum, with 
the exception of the red. (See, also, page 165, ante). 

Baily’s Beads.—In some cases when the margin of the 
moon comes in contact with that of the sun, instead of the 
faint and regular thread of light which would be sup- 
posed to ensue under those circumstances, the appearance 
presented is a broken glimmer of light, which was first 
noticed by the late Mr. Baily, who compared it to beads 
of light. These are noticed in total as well as annular 
eclipses, and were seen by different observers in the 
eclipse of 1851. They are generally regarded as being 
due to the rough and mountainous edges of the moon 
coming in contact with the margin of the sun, and the 
light proceeding from the latter shining through the chinks 
or valleys of the moon, the effect being greatly in 
by irradiation. 

Method of Observation.—We can follow the different 
phases of a solar eclipse without the help of a telescope, 
and by merely making use of a piece of coloured glass; 
that colour which is technically termed by opticians 
London Smoke being the most convenient for this pur- 
pose. If a pin-hole be made in a piece of card, and the 
image received on a screen, the dise of the sun, and the 
various phases it assumes from the interposition of the 
moon, likewise become very apparent, and we have thus a 
still more simple method of following the phases of an 
eclipse. The form of the aperture, or the pin-hole, is of 
little consequence in this instance, provided it be small. 

Application of Photography.—For particulars on this 
subject, the reader may refer to the article on Celestial 
Photography, in the section on Light (page 164). 

Oceultations of Stars by the Moon.—The occultations of 
stars by the moon are analogous to eclipses of the sun, 
and their graphical projection may be made with some 
slight modifications as in that case, and the same 
formule may be applied to their prediction. All the 
planets may be occulted by the moon, but only such of 
the fixed stars as are situated near the ecliptic, and 
within the limits of the moon’s latitude. Among the 
brighter stars which can suffer eclipse—those of Regulus, 
Spica, Aldebaran, Antares, and the group of the Pleiades, 
may be mentioned. An occultation can be seen at many 
different parts of the earth’s surface, and their accurate 
observation forms one of the best means of determining 
the longitude, being much more exact than the occulta- 
tions of Jupiter’s satellites, as the moments of immersion 
and emersion are instantaneous. The portion of the 
earth’s surface at which the star appears to be occulted at 
the same instant, will have a diameter equal to that of the 
moon, and will pass, like the shadow of the moon, over a 
certain zone of the earth. As the star has no perceptible 
diameter, there can be no penumbra in such a case, even 
if the light of the star were sufficient to cast a shadow, 
This circumstance renders the calculation more simple, 
which likewise follows from the star having neither 
motion nor parallax. 

[The lunar eclipse of June 1, 1863, afforded some 
beautiful phenomena of the kind described at page 974; 
and the evening being remarkably fine, was highly 
favourable for observation. At 10.45 p.m., being the 
commencement of the total eclipse, the limb last occulted 
showed a blood-red colour. On complete immersion, the 
dise was still visible, and continued so to the end of the 
eclipse, appearing occasionally red, with a strange flicker- 
ing appearance, like that produced by a “ London fog” on 
the sun,in November. A beautiful phosphorescence was 
noticed, at 11 p.m., over the whole disc, and this 
alternated with a red, or rather rose-coloured tint, until 
the reappearance of the illuminated edge. The course of 
the phosphorescence was the same as that of the earth’s 
shadow, for it immediately preceded both the immersion 
and emersion, and was greatest on the limb of the moon 
on which each took place. In observing the above, we 
preferred the naked eye to the telescope, so distinctly 
were the phenomena visible. —Eb. } 
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, CHAPTER X. 
ON UNIVERSAL GRAVITATION. 


Att experience shows, that every heavy body requires 
force, effort, or support, in order to prevent its falling to 
the earth. What are called light bodies, also require a 
similar counteracting force when their tendency to fall 
is not resisted by the presence of the air, as nume- 
rous experiments witb the air-pump have sufficiently 


This influence of the earth upon all bodies suspended 
over it, and which renders force necessary to keep them 
suspend is itself called foree—the force of gravitation. 
Such is the name which philosophers give to the hidden 
cause, whatever it be, which forces bodies to fall to 
the earth when left to themselves, instead of remaining 
suspended wherever they may be placed, or moving in 
any other direction. 

That this force of gravitation or attraction is not ex- 
clusively expended on terrestrial bodies, was a doctrine 
entertained by several astronomers before Newton’s 
time. Kepler had a steady conviction that the moon 
gravitated towards the earth; but he conceived that 
some additional force, animal or spiritual, was in opera- 
tion to check the gravitating influence, and prevent the 
two bodies from rushing into collision. y 

It ite reserved for Newton to oe that ep 
principle of gravitation, combi with one single im- 
pulse given & each planet, was sufficient to account for 
all the celestial movements, and to render clear and in- 
telligible the entire mechanism of the heavens. 

In addition to the first distinct enunciation of the 
eran Newton also discovered the law of gravitation. 
principle is, that all particles of matter mutually 
attract each an ; ent acekpentboregeryy soap Sichaves 
attraction varies inversely as the square of the di 
at ga i > 

'o veri ese important propositions, observations 
of a peculiar kind were indispensable. These, fortu- 
nately, had already been supplied by Kepler ; they are 
embodied in the three following statements, which have, 
however, a greater degree of generality than Kepler’s 
observations strictly warrant. His laws, as they are 
called, thus aserath lee, have been mentioned ‘at page 
944 : it is convenient to repeat them here. 

1. If a line be sup to connect any planet with 
the sun, this line will describe equal areas in equal 
times. 

2. The planets revolve about the sun in elliptic orbits, 
the sun occupying one focus of the ellipse. 

3. The squares of the times in which any two planets 

orm their revolutions about the sun, are as the 
cubes of their mean distances from it. 

The first of these three laws is not peculiarly connected 
with astronomy, and is of no special importance in 
establishing the physical theory of the planetary mo- 
tions ; for, as shown by Newton, it is a universal truth, 
that a body, moving round a point of attraction in any 
orbit and attracted by any force, must describe equal 
sectorial areas in equal times, This truth, therefore, is 
quite independent of every specified law of attraction, 
and is irrespective of all considerations as to the distance 
of the revolving body, or the form of its orbit. If only 
the direction of the force be towards a fixed point, the 
equable description of areas necessarily has place ; and, 
conversely, if this latter have place, the Siiso tion of 
the attractive force is always towards the same fixed 
A This is proved as follows, after the manner of 

ewton :— 

Suppose that a planet, moving at any distance from 
the sun, be subjected to the influence of an attractive 
force tending to draw it directly to that body; and 
imagine this force, instead of acting continuously, to act 
by successive impulses, after certain equal intervals of 

VOL. I, 


time. Let A B (Fig. 144) be the path described by the 
Fig. Lit. planet during one of these intervals, 
which path will, of course, be a 
} or line, since in describing it 
* planet is not acted upon by any 

‘orce. 


Arrived at the point B, the at- 
tractive force at S, acting merely as 
an instantaneous impulse, changes 
both the direction and velocity of 
the planet, which takes another ree- 
tilinear path, BC, described in an 
interval of time equal to the former 
interval; at the end of which, 
another impulse, in the direction 

4 CS, is given to the planet; and so 
on. 

Now, confining our attention for the present to the 
two sectorial areas (in this case the two triangles S A B, 
S$ BC) described in the first two intervals, we readily see 
that they must be equal. For if no fresh impulse had 
been Levee to the planet when at B, it would tats pro- 
ceeded onwards from B to M, in the continuation of 
AB, and in the second interval of time would have 
described B M equal to AB ; the impulse from S, how- 
ever, if acting alone, would have brought the planet to 
some point N in BS, and this impulse, combined with 
that which acting alone would have brought it to M, 
causes it to describe the diagonal BC of the parallelo- 
gram MN, as the first principles of mechanies show. 

Now MC being parallel to BS, the two triangles 
BMS, BCS are equal(Kuc., Prop. 37, B. I.); but the 
triangle A BS is also equal to the triangle BMS; hence 
the triangle ABS is equal to the triangle BCS; so 
that in the equal times, the equal triangles ABS, BOS 
are described, however jntense or however feeble the im- 
pulse from S$ upon the planet at B may be. 5 

By in ing the number of intervals of time, and the 


corresponding impulses from §S, the path of the planet 
would be represented by the sides of an irregular plane 
Fig. 145. 


polygon, as in the dia- 
gram (Fig. 145); and 
however these sides 
po differ in length 
and direction, it is 
plain, from what is 
shown above, that they 
are the bases of equal 
triangles of which the 
point S is the common 
vertex. As each tri- 
angle is described in 
the same time, by the 
line joining the planet 
aud the sun, it follows 
that equal areas are 
always described by 
this line in equal times. . 
It is obvious that this conclusion has nothing to do 
with the length of time which has been supposed to in- 
tervene between the impulses upon the planet, but only 
upon the equality of the intervals, 6 may therefore 
imagine these equal intervals to be as small as we please, 
and therefore the impulses to succeed one another with 
the utmost rapidity, and, in fact, to unite in one con- 
tinuous force; in which case the sides of the polygon, 
becoming shorter and shorter, must unite in one con- 
tinuous plane curve, the centre of attraction being itself 
in that plane. e infer, therefore, that a planet 
moving in virtue of a primitive impulse, and diverted 
from its rectilinear path by an attractive a residing 
K 
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were situated elsewhere than at the common vertex of 
the equal sectors. And this may be done thus :—If the 
force acting on the planet when at B (see Fig. 144) had 
a direction out of the line BS, BN would make some 
angle with BS, and CM, which is parallel to BN, 
would not then be parallel to BS; and the two triangles 
BCS, BMS, on the same base BS, would have their 
vertices at unequal distances from that base ; so that 
the surfaces of those triangles would be unequal. The 
triangle A BS, always equal to B MS, would no lon, 

be equal to the triangle BCS; nor, consequently, 
would the triangles ABS, BCS, CDS, &e. (Fig. at 
described by the radius vector in equal times, be eq’ 

We conclude, therefore, that, Ist, if the force acting on 
a planet be constantly directed towards the sun, the 
areas described by the straight line joining the planet 
and sun are proportional to the times of describing 
them ; and, 2nd, if the force which acts on the planet be 
not directed towards the sun, the proportionality of the 
sectorial areas to the times does not exist. The first law 
of Kepler, therefore, warrants the conclusion that the 
attractive force acting on a planet, is constantly directed 
towards the sun ; and this is the only conclusion deriv- 
able from that law. As respects the intensity of ‘the 
attractive force—how it varies with the distance of the 
planet, or whether it varies at all, are particulars of 
which nothing can be learnt from the observed fact of 
the equal description of areas; for, as the preceding 
reasoning shows, equal areas are always described about 
a point, provided only the force acting on the moving 
body be in the direction of the line from the body to the 
point, however the er of the force may vary. But 
if the body move in a circle round the centre of attrac- 
tion, then we may infer, from the law of equal areas, in 
equal times, that its motion must be uniform; for only 
equal ares of circles can belong to equal sectors ; and 
from the constancy of the distance, or radius vector, we 
cannot but infer the constancy of the attractive force. 

Kepler’s other two Suenenh laws of planetary motion 
evidently imply a certain law of attractive force. If the 
attraction be such as to cause the planet to describe an 
elliptic orbit, any alteration in the force acting upon the 
planet at any particular point in that orbit, would 
necessarily alter its path. And if two planets revolve 
round a centre of force, and it be observed that their 
mean distances from that centre and their times of revo- 
lution bear the same relation to one another, a uniform 
law of force is in implied. Let us endeavour to dis- 
cover what this law is from Kepler’s third proposition ; 
namely, that the squares of the times are as the cubes of 
the mean distances. 

It will be observed that the enunciation of this truth 
involves no condition in reference to the eccentricities 
of the planets; the proposition should hold, therefore, 
for all eccentricities, and even for circles, in which the 
| eccentricities are zero. For simplicity, then, we shall 
| consider the case of planets revolving in circular orbits, 
and comreqmentiy, as shown aboye, moving uniformly ; 
and shall thence endeavour to discover the law of force 
| necessary to justify the proportion, that the squares of 

the times of revolution are as the cubes of the radii of 
| the circular orbits, 
| The es pay pes which a force acts upon a body, is 
| Measured by addition it imparts to the body’s velo- 
| city im the direction of that force in a second of time. 
If no foree act, no addition can be made to velocity ; if 
a body be at rest, or move uniformly in a straight line, 
We infer at once that it is not acted upon by any force. 
If a force act continuously, and in the same direction, it 
Must generate equal increments of velocity in equal 
times ; and the motion of the body is thus said to be 


If a body fall from rest to the surface of the earth, it 
will acquire a velocity at the end of the first second, 
which, as stated above, is the measure of the earth’s 
attraction; throughout this second, the velocity in- 
creases uniformly from nothing up to the final veloci 
which measures the force. velocity midway is, 
therefore, half this final velocity ; and if the body were 
to move wni 'y with this midway velocity, it is 
pretty obvious that in one second it would describe the 
same length of path, as in falling from rest as above 
sw “ 


passed y bem h in a second) by the number of 5 
that is, - *, and 


s=v. Now, if v be the final velocity at 

second of accelerated motion, adverted to above, 

the space actually through in that second ; then, 
ing 4 V for v, and S for s, we have S = 4 V ; there- 
ore V i measure 


placed ; the intensity of gravity there would still be 
measured by double the space through which the body 
would fall from rest in one second ; for during so short a 
time, the force may, as before, be considered as constant. 
And a like conclusion applies whatever centre of force 
be considered ; the measure of its intensity on a body 
boa ey to its ope will always by Age 
ra’ expressed twice the space whi e | 
body falls towards that centre in one hers ip 

Let the circle in Fig. 146 represent the path of a 
planet revolving about the sun atS. When at 4, the 
planet is actuated by a velocity in the direction of the 
tangent AM, and in this direction it would, of course, 
continue to move uniformly if no force diverted it from 
its path. But it is acted upon by a force which is con- 
stantly directed towards the sun, 8, and which tends to 
draw it towards that body, or to deflect it more and 
more from the tangent. It may thus be said to fall 
towards the sun, just as a body near the earth, projected 

Fig. 146. 


a 


forwards in a straight line, A M (Fig. 147), falls towards 
* See ante, Mechanics, p. 734, et seg. 


INTENSITY OF GRAVITY. ] 


ASTRONOMY. 987 


the earth’s surface, the actual motion in either case 
being in a curved line, AB. Let AB, on the orbit of 
the planet, be the portion of that orbit described in one 
second of time; the distance D B will be that which the 
planet has fallen, from its wonted path, towards the 
sun, in this second of time, and the double of DB will 
measure the attractive force of the sun at that distance. 

Now, to find the length of D B we proceed as follows : 
—From the point B draw BE icular to the 
radius s = Riga gt se waite straight sag Ng the 

int A’ orbit diametri opposite to the point 
Fina make AE equaltoDB. It x plain that the are 
AB differs insensibly from its chord, and may be re- 
placed by it ; so that the angle ABA’, being in a semi- 
cirele, is a right angle. In the right-angled triangle 
ABA’, we have the proportion AE :AB::AB: AA’ 
(Eue. 8 of VI.), for BE cannot differ sensibly from 


parallelism with D A ; therefore, he ae AE = 
2 
oes As the arc AB is the portion of the orbit 


described by the planet in a second of time, it measures 

Fig. 147. the uniform velocity with 

,. D a which it moves; and we see 

j that the distance A E, or BD, 

# which the planet falls in that 

be ty dividing th sun, is 

oun @ square 

of the velocity by twice the radius of the aa” We 

have seen that the attractive force of the sun, acting at 

that distance, is measured by double the distance fallen 

in a second. The intensity of the foi therefore, at 

the is expressed by the quotient of the square of 
its velocity by the radius of the planet’s orbit. 

We may now compare together the intensities of the 
forces which act at different distances, or on different 
ogee by means of the third law of Kepler. In order 

this, let us peyooee that planets, moving uniformly 
in circles round the sun, be situated at distances from 
that central body proportional to the numbers 


og es agp ao Y 5% 


To obtain the velocity of one of these planets in its 
circular orbit, we must divide the length of the cireum- 
ference by the number of seconds occupied in describing 
it ; and to get the square of the velocity, we must divide 
the square of the circumference by the square of the 
number of seconds, But the squares of circumferences 
are as the squares of their radii; that is, in the present 
case, as the numbers 

1, 4, 9 16, 25, &. 


Also, from the third law of Kepler, the squares of the 
times of revolution are as the cubes of the radii of the 


| orbits ; that is, in the present case, as the numbers 


1, 8, 27, 64, 125, de, 


The squares of the velocities of the several planets 
will, therefore, be related to one another as the num- 
bers 


4 9 16 2 


Lea u ia ** 
| Or as the numbers 
gh pngry 
Lye vp m+ +++ @® 


| ral numbers (B) by the corres: 


And as the force acting on each wanes is measured by 
the square of its velocity divided by its distance, we 
shall evidently discover law by which the intensity 
varies, from one planet to another, by dividing the seve- 
ing numbers (A) ; 


| that is to say, the forces at the several distances (A) will 


be as the numbers 
Be Deri Dee By 
1, 7 9° i6 2° 
or inversely as the squares of the distances (A). And in 


this way is the law of solar attraction established ; and 
not only does this follow from the third law of Kepler, 
but this law itself may be shown to be a nec conse- 
uence of the law of force just established. For, since 
the length of orbit, divided by the uniform velocity, 
ives the periodic time in seconds, and that circum- 
erences vary as their radii, the periodic time varies as 
the radius divided by the velocity. Hence, calling the 
aoa time P, the radius R, the velocity v, and the 
orce F', we have in symbols, 


2 
Pe = os P20 = Now r=". 


fl .F 
Tf, then, Fo garg ae R3 .*. P? cc R§; so 
that if the force vary inversely as the square of the dis- 
tance, and bodies move round the common centre of at- 
traction in circles of different radii, the squares of the 
periods of revolution will be to one another as the cubes 
of the distances. 

Having proved that the relation observed by Kepler 
between the periodic times and the distances is a neces- 
sary consequence of the above-named law of gravitation, 
Newton sought to determine whether the forms of the 
planetary orbits were not also a necessary consequence 
of the same law ; and he accordingly found that, under 
the influence of that law of attraction, it was impossible 
for a body to move in any other curve than a conic sec- 
tion ; that is to say, the orbit must be either an ellipse 
& which a circle is a particular case), a parabola, or an 

U pricey This may be proved as follows :— 
v be the velocity in a circle of radius R; v’ the 
velocity in a parabola, ellipse, or hyperbola, whose radius 
of curvature at perihelion is hy ; then 


2 v 
F=7= jp “kR=RG 


Now R’ is what, in the doctrine of the conic sections, 
is called the semi-parameter of the curve; and R being 
the distance of the focus from the vertex of the curve, it 
is also proved in that doctrine, that the curve will be 
a parabola, an ellipse, or an hyperbola, according as 


R’is=2R, Z2R, or 72K. Hence, it“ =2, the 


orbit is a parabola; if va Z 2, the orbit is an ellipse; 
and if "=> 2, the orbit is an hyperbola, And as one or 


other of these conditions must necessarily have pier, 
whatever be the velocity v’, it follows that the planets 
and comets must all move in one or other of these three 
curves. 

The above established law of force is thus competent 
to account for the revolutions of all the planets and 
comets round the sun, as also for the motions of those 
comets in the system, if any there be, which describe 
parabolic or hyperbolic orbits, and which consequently 
proceed onward in space continually, and never return. 

The same law of force accounts, in like manner, for 
the revolutions of the satellites round the planets to 
which they belong, for these all describe elliptic orbits. 

This general statement, however, is, in strictness, only 
an approximation to the truth, although an approxima- 
tion so close, as to be but very little at fault in explain- 
ing the great phenomena of the planetary motions, and 
therefore regarded by Kepler as strictly accurate. In 
the foregoing reasonings the attracting body has been 
sup to be absolutely fixed in space. is is not 
entirely consistent with Newton’s laws of universal gravi- 
tation, according to which all bodies in the universe 
mutually attract one another with a force directly pro- 
portional to their masses, as well as inversely propor- 
tional to the squares of their distances. On account of 
the masses of the planets being very small in comparison 
with the mass of the sun, the rejection of the planet’s 

* See ante, Mathematics, p, 608, et seq. 
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attraction on the latter body involves an error compara- 


ti a XL 

“Tt is true, that ete hip a genede rary Syeda 
high degree of precision, when planet is traced 
thro many successive revolutions, and its history 
carried back, # the aid of calculations founded on these 
data, we learn to regard the laws of Kepler as only jirst 
@ imations to the much more complicated ones which 
actually prevail ; and that to bring remote observations 
into rigorous mathematical accordance with each other, 
and at the same time to retain the extremely convenient 
nomenclature and relations of the Exxipric System, it 
becomes necessary to modify, to a certain extent, our 
verbal expression of the laws, and to regard the numeri- 
cal data or elliptic elements of the planetary orbits as not 
absolutely ent, but subject to a series of extremely 
slow and Rlscosl Senpareepattle changes, These change 
may be neglected when we consider only a few re 
lutions; but going on from century to century, and 
continually accumulating, they at length produce con- 
siderable departures in the orbits from their original 
state.”—Herschel. 

From the principle of universal gravitation, the third 
law of Kepler, from which the law of attractive force 
has been deduced above, requires to be modified as 
follows :—The cubes of the mean distances of the planets 
from the sun are as the products of the squares of the 
periodic times, by the sum of the masses of the attracting 
and etbenaieat bastbon: In the original enunciation of the 
law, the mass of the attracted body was neglected ; the 
trifling amount of error thus introduced—seeing that 
even Jupiter, the 1 t of the planets, has less than a 
thousandth part of the matter contained in the sun—is 
evidently such as to render the di from strict 
accuracy too minute to be detected, except by delicate 
observations extended over a leng period of time. 

PERTORBATIONS OF THE Pxianetary_ Mortions.—In 
consequence of the law of universal gravitation, each 
planet exercises an influence over every other planet ; 
these mutual disturbances necessarily modify, in a slight 
degree, as just noticed, the orbits of all, and occasion 
what are called perturbations and inequalities. But all 
these are fully accounted for, and satisfactorily explained, 
by referring them to Newton’s great principle. Calcula- 
tions foustled upon this principle, enable us to predict 
the position of a planet at any future time with a degree 
of accuracy that appears little short of marvellous, when 
we consider the complication involved in the mutal actions 
of the sun and all the planets on one another. ‘The 
motion of Jupiter, for instance, is so pitas Be gre 
that astronomers have computed, ten years before hand, 
the time at which it will pass the meridian of any speci- 
fied place ; and we find the prediction correct within half 
a second.” —A iry. 

No physical law has ever been enunciated which long 
and careful observation more completely verifies than 
Newton’s law of universal gravitation. The distances 
and masses of the planets being known, the effect of the 
attractions of all, in modifying the path of each, can be 
correctly ascertained, though only by aid of investigations 
of the most difficult and recondite character ; but one of 
the most remarkable attestations to the truth of this 
universal 8g is that which has been furnished in 
our own day by Mr. Adams, of Cambridge. Knowing that 
there were certain small 
Uranus that the combined attractions of all the other 
planets of the system were insufficient to account for, 
and fully confiding in the competency of Newton’s law 
to explain every movement of the heavenly bodies, he 
had the boldness to pronounce that a yet unseen planet 
existed beyond the ds of what had till then been 

ed as the remotest planet in our system; and 

ing the unaccounted-for perturbations of Uranus as 
data, he had science enough to assign the place where, 
at a specified time, the new planet would be found. An 
eminent French mathematician, Leverrier, had inde- 


pendently, and but a short time afterwards, arrived at a | 


similar conclusion ; and upon transmitting the necessary 


alle, the pre- 


urbations of the orbit of | 


dicted planet, Neptune, was revealed to his telescope on 

the evening of the day'that the communication reached 
a. , 
nad ebb dwg fay inher pra ate oe dow» 

researches in’ planetary perturbations have con- 

ducted is, that the major axes of the variable 

orbits always preserve the same values. The disturb- 

ances to which each planet is subj 


of revolution, sexveabh to the third law of ms 
And thus the stability of the system is secured. 

be € Sots for this great truth to the genius and researches 
o ge. 

Masses OF THE PLANETS AS COMPARED WITH THE Sun. 
—The mass of a planet is ascertained by observing the 
disturbances which its attraction produces in the orbits 
of other planets, or, if it have a satellite, by determining 
the force exerted upon that satellite. ‘The mass of the 
sun being represented by unit, the masses of the planets 
have been estimated as in the following table.* 


Names of the Planets. | Masses. Names of the Planets. | Masses. 
‘ae 1 
Mercury ......... 3925810 | Jupiter ....... + | 050 
oe 1 
Wenusty. .vscu..ss Disa | Saturn ........ - | 3500 
1 1 
Barth ...ccesccses 354990 Uranus .......66 “21000 
1 1 
BEATS s6s aeeceees 2680337 | Neptune ......... 746 


It must be understood that the mass of a body is not 
the same thing as its bulk or volume. The mass is esti- 
mated by volume and density ; if one body have only half 
the volume of another, but be twice as dense, their 
masses are equal. If a planetary body be so minute in 
volume, or so feeble in density, as to render its attractive 


energy too small to perturb sensibly the motions of the 


otker planets, the mass of that body cannot be deter- 
mined, On these accounts there is still some uncertainty 
as te the mass of Mercury ; and res 
the small planets between Mars and Jupiter—asteroids, 


as they have been called—we know nothing. In like 
manner, as respects the comets, all we know is, that their 
masses must be exceedingly small ; that is, that they 


contain but a very small quantity of matter, as they pro- 
duce no x a a disturbance of the planetary move- 
ments. It has happened that acomet has sete | among 


the satellites of Jupiter without occasioning any observ-, 


able disturbance even in the motions of these compara- 
tively small bodies. ‘ 

Before concluding this section on the principle of 
universal gravitation, we must devote a short article to 
one of the most noticeable effects of that principle on our 
own planet—the phenomena of the tides. 

Tue Trpes.—The principal 
periodical oscillations of the surface of the ocean called 
tides, is the attraction of the moon; the sun contributes’ 
to the general results, but in a far less degree. 

Sup; the earth were entirely covered with water: 
from the mutual attraction of all its parts, its surface 
would assume an exactly spherical form. Its rotation 
on its axis, however, would cause the equatorial parts to 
recede from the centre, and to bulge out. ‘ 

This receding from the centre, of t the equatorial regions 
of the earth, is caused by a new force, opposed to that of 
gravitation, being brought into operation by the planet's 
rotation. It is called the centrifugal from its im- 
parting a tendency in the outer particles of the rotating 
niass to fly off or recede from the centre. Just such a 
tendency would be excited if the earth were at rest, and 

* See Note, ante, p. 926, 
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an attractive external influence were uniformly diffused 
round its equatorial regions, and penetrating only to a 
small depth below the surface. If, however, the external 
attractive influence, instead of being thus diffused as a 
ring round the earth, were confined to a limited place, 
the bulging out of the waters would of course be confined 
to the place immediately under the attracting body; and 

_if the force of attraction extended to the centre of the 
earth, the elevation of the waters would evidently,be due, 
not to the force acting on their surface, but only to the 
difference of the forces acting on the surface and on the 
centre. The waters would, as it were, be drawn away 
from the earth by the influence of this difference. 

If the attractive force of the external body extended 
to the opposite part of the earth’s surfacu, then the force 
on the centre being greater than that on the remote sur- 
face, the earth would, as it were, be drawn away from 
the waters at the further surface, and there would in 
consequence be also a bulging out there; and as the 
difference of the forces on the centre and near surface 
must be very nearly the same as the difference of the 
forces on the centre and remote surface, the waters will 
be heaped up to nearly the same extent at both places. 

The application of these general considerations to the 

Fig, 143. moon and the tides, will 
M sufficiently show that the 
bulging out of the waters 

by the attraction of the 

moon M (Fig. 148), is 

nearly equal at the two 


marked m on the earth’s 
surface, diametrically 
opposite to each other, 
causing the waters of the 
entire globe to assume a 
spheroidal form, the ele- 
vations atm necessitating 
a subsidence or depres- 
sion at OC and D. As 
different portions of the 
earth’s aqueous surface 
are brought under the di- 
rect influence of the moon, 
those portionsin like man- 
ner bulge out, producing a continuous succession of tides, 


places under the moon | 


If the moon alone acted, and always moved directly 
over the equator, the interval between two consecutive 
high tides would be just half a lunar day. In like man- 
ner, did the sun alone act on the waters, its motion being 
supposed to be directly over the equator, the interval 
would be just half a solar day; but the combined action 
of .both these bodies causes, of course, the intervals to 


vary. 
ie the actual state of the earth, whose surface presents 
both land and water, the phenomena of the tides cannot 
be expected to be in strict agreement with what they 
would be if no solid matter existed on it. Headlands, 
coasts, the shallowness and contraction of channels, c&e.,: 
continually obstruct the free motion of the tide-wave ; 
these obstructions often greatly delay the time of high 
water, and cause a much greater rise than would take 
place if the advance were unimpeded. Such local influ- 
ences,,indeed, greatly modify the results of pure theory, 
both as to the time and height of high water at different 
ports. Special observations, therefore, at each place are 
necessary to supply the proper data for predicting the 
time of high water, and to determine what is called the 
“establishment of the port.” The height of the tide, 
too, often depeads upon the set and force of the wind ; 
but, ‘‘of all the causes of difference in the height of the 
tides, local situation is the most influential. In some 
places, the tide-wave, rushing up a narrow channel, is 
suddenly raised to an extraordinary height. At Anna- 
lis, for instance, in the Bay of Fundy, in Nova Scotia, 
t is said to rise 120 feet. Even at Bristol, the differ- 
ence of high and low water occasionally amounts to fifty 
feet.” — Herschel. 

The same influences which produce the tides of the 
ocean, operate also on the surrounding atmosphere of 
the earth ; and produce tides in i#. It is popularly sup- 

too, that the weather is subjected to the moon’s 
influence ; but careful and long-continued observation, 
by competent persons, has shown this supposition to be 
fallacious. A change in the moon is imagined to be at- 
tended with an immediate change in the weather; it 
being overlooked that the moon changes her position, and 
passes through her several phases, by imperceptible 
gradations ; which is ee with a sudden change 
in the weather. The predictions frequently given in 
almanacks, in reference to this point, will generaily be 
found to prove fallacious. 


CHAPTER XI. 


PRACTICAL 


| We have now er we are somewhat be- 


ond—the point where the astronomer’s labours must 
ceased but for the intervention of instruments, by 
which he has been enabled to sweep the heavens, and re- 
veal some of their hidden mysteries. We propose, at 
this stage of our labours, to give some description of 
these instruments, of the principles on which they are 
constructed, of the manner in which they tend to the 
augmentation of our power of sight, and the most con- 
venient methods of mounting them, with directions for 
their practical application. : ‘ 

The apparent size of an object, as perceived by its 
image on the retina, depends on the distance between 
the eye and the object. Thus, for instance, if the object 
be M (Fig. 149), and the eye be placed at o, the right 

Fig. 149. 


line which joins the extreme points, A and B, will be 
seen under the angle Ao B. If the eye be placed at 
*the point o’, or at half the distance at which it was pre- 
viously situated, the line AB will, in the same manner, 


ASTRONOMY. 


| be viewed under the angle A o’ B, which will be the 
' double of the preceding, suppesing that the line A B is 
small in comparison with the distance of the object M 
from the eye of the observer. In the same manner, the 
augle A B will be three or four times greater, as the dis- 
tance of the object is one-third or one-fourth of the 
primitive distance. The angle A o B is, therefore, the 
measure of its apparent size (which is different from its 
real, the latter being invariable), and is called the visual’ 
angle, or the apparent diameter of the object. The 
surface of the body becomes ‘four, nine, and sixteen 
times greater, as the distance is decreased to one-half, 
one-third, and one-fourth of the primitive distance. In 
other words, the diameter of an object varies inversely 
as the distance of the eye from it, and its apparent area 
varies inversely as the square of this distance. The 
power of the eyesight is limited ; and it is generally held, 
that when the diameter of an object is less than a minute, 
the object ceases to be visible. But, the brightness of the 
image performs as important a part in this respect as its 
size, as is easily proved by the. visibility of the fixed stars 
and of the planets, none of the former of which can sub- 
tend an angle as great asa second. Where the colour 
or brightness of an object, however, differs less frou the 
ground on which it is placed, the above rule holds true. 
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The distinctness o ision, as e one is a depends lenticular (whence they derive their general name of 
ale apg wt Hey ine tee Reece otieal and | lenses)—2° those which are vex (Fig. 152), and 
this distance is variable for different ven the | 3° concave-convex the convexity being, in 


this case, more consi than the concavity—and 


of the same individual ve a longer range 
of vino sod which are likewise known by the name of menisci, in 


of vision than the other. one knows, also, that if 
an object be held at a greater or less distance from the 


consequence of the form of 
eye than that which is customary or natural, in either | their section. The conver eee 
case it becomes indistinct. : ing glasses are those whic 
In regard to the brightness of aay, obgeck, according as | are doubly concaye, as in 
it is more or less removed from eye, the following | Fig. 154; 
considerations are to be taken into account. From any | convex-concaye, 
bright object as M, rays of light are sent in all directions ; | cavity being more consider- 
from the point m, as from any other point on its | able than the convexity, 
surface, these rays are sent before it, as represented in | and likewise known as menisci. The radii of lenses are 
Fig. 150. Fig. 150. Of all| the radii of the spheres of which their surfaces are the 
the rays of light, ents, ‘ 
the eye only receives f we expose a convex glass to the rays i 
those which _petie- | from the sun, they will be converged to a point, A (Fig. 
trate through the | 157); and if we remove the lens more or less away from 
pupil ab. If the | the surface on which the converging rays are received, 
eye now approach Fig. 157. 
the object M, 80 
that its distance is 


one-half of what it 
was in the previous |. 
4 case, and its position 
a’ U’, the diameter of the cone of light will be only one- 
half of what it was in the previous case, and consequently 
the area of the section in that part, is only one-quarter 


of that at the base ab, where it was equal in area to the 
surface of the pupil of the eye. Hence it follows that 
the opening of the pupil at a’b’ will take in a greater 
number, by four times, of rays, than when it was situated 
at ab, so that the light received from the point m will be 
four times as much in the latter case, as in the former. 
At the same time, however, as the eye approaches the 
object M, a greater portion of its surface is taken 
in, and the position m becomes four times as great. 
The bright light is thus spread over a ter sur- 
face, re in a like proportion ; and it follows that 
the brightness of the surface is unchangeable. If 


this bright spot (A) will be of greater or smaller extent. 
To that point where it is of the smallest dimensions, the 
name of focus has been given, and its distance from the 
nearest surface of the lens is called the focal distance. If 
we turn the lens round, the same effect is produced ; 
and if both the surfaces have the same radius, the dis- 
tance will be alike in both cases, though it will vary but 
‘ Fig. 158, 


esc 


it happen that this is not the case in nature, it 
must be remembered that the interposition of the 


air causes a loss of light, and even a change in the 
colour of objects ; for distant mountains appear 
blue, as likewise does the sky—being the effect 
when viewed through great depths of the atmosphere. 
Without this, a atte object would appear of equal 
brightness whether it were seen close at hand or ata 
distance, 

Lenses.*—Many solid bodies, and a greater 
portion of liquid ones, are transparent; but, in 
order that the former become perfectly so, it is 
necessary that their surfaces shoukd be highly 
polished, which condition is fulfilled, in liquids, by 
the natural effect of ~ jorine d In the grinding and 
polishing of glass and crystal, or even reflectin 
metals, into various shapes, it was early Snnanered 
that various effects were produced ; but none more extra- 
ordinary than those which took place in the apparent mag- 
nitude of objects when viewed through these artificial 
media. The fundamental law on which all those changes 
are based is, that when a luminous ray passes obliquely 


_ from one transparent medium into another, it departs 


; 


| 


from its primitive direction, and unde a refraction. 
On this law the theory of lenses is based: 4 
There are two different species of lenses, the surfaces 


being, in both cases, spherical, or one of the faces may 
Fig. 151. Pig. 152. vig. 153, b€ Plane. The first are 
which are doubly convex 


those in which the surface is 
convex or converging, and 
the other in which it is con- 

(Fig. 151), the form being 

* The construction of many of the following arrangements has already 
been described, under the head of Optical Instraments, in the section on 


eave and diverging. The 

converging glasses are those 
Light, but not specially in reference to natronomy, to which the succeed- 
ing remarks are mainly direoted.—Ep. 


very slightly should they be different—even in the case of 
& meniscus Lens, - 
The line a A (Fig. 158) is termed the axis of the lens, 
and the point o its optical centre. In the above case the 
Fig, 159. 


rays are supposed to pass parallel to the optical axis; 
but if ot octal from a luminous point, A, a short 
distance from the axis (Fig. 159), or rather, if the parallel 
rays make a small angle with the optical axis, the manner 
in which they conv to a focus, a, is the same. In 
both cases the 2 tito the optical centre o of the 


lens (Fig. 160). grt seth the parallel rays of light 
Fig. 160, 


which pass from an object are rendered di nt; or if 
already divergent, are rendered more so by inter- 
position, as in Fig. 166, p. 992. , . 
Supposing that, ins' of proceeding from a pe t, A, 
the rays of light from a luminous object, A B (Fig. 161), 


~ 


| 
| 
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ass through a convex Jens. In this case the rays of | vision is different for almost every person; and, in the 


ght coming from the point A, will, as in Fig. 161, con- | second place, 


when we look through magnifying glasses, 


verge to the point a; and those from the point B to the | almost every guide which serves to regulate the judg- 


Fig. 161. 


ment, on the distance and size of the object 
looked at, is removed. 


TeLEscopes.—Every convex glass, as wa 


have seen, produces an image of the object. 
from which it receives rays of light; and 


by a combination of such glasses, viz., by 


focus b; and in the same manner, all the other points of 
the object A B will be represented by opposite points in 
the image formed by the lens. It thus follows that the 
image is. reversed ; and if the eye be placed at the focus 
a b, the object A B will appear turn ide down ; but 
in all other respects, a perfect picture of the object A B 
will be perceived. This effect may likewise be seen by 
placing a candle, A (Fig. 162), in a dark chamber, at a 
Fig. 162. 


certain distance from the mounted lens B, the light 
from the candle passing through the optical axis of the 
lens, to the opposite wall, C, which is at the proper dis- 
tance from the lens to receive a well-defined image 
of the flame of the candle. A reversed image of the 
candle may here be perceived, as well as of that 
portion of the candle which is illumined by the flame. 

The well-known effect of convex glasses in mag- 
nifying small objects, will be seen from the fol- 
lowing diagram (Fig. 163). The object A B being 

Fig. 163. 


laced between the lens and its focus E, the rays of 
ight proceeding from the point A do not lose all their 
divergence, but appear to come from a more distant 
int a, formed by the prolongation of the line O A ; and 
in the same manner the point B seems to be situated at 
b, formed by the prolongation of the line BO. To the 
eye situated at the other side of the lens, therefore, it 
will appear as if the object A B were replaced by the 
image a b, and the latter object will appear more or less 
distant from the eye, according as the object A B is 
nearer or more removed from the focus of the lens. The 
lens can be so shifted in respect to the object, that the 
image a b will appear distinct and well defined, as well as 
magnified. We can readily perceive that the image a b 
is greater and more distant when the focal distance is 
smaller, and, in consequence, that a lens magnifies so 
much the more as its focal distance is less. The magni- 
fying power of lenses is somewhat illusory, and nearly 
every one judges differently in estimating the magnified 
size of the object under examination. This may arise from 
two causes—in the first place, the distance of distinct 


examining the image formed by one lens 
(as if it were a real object) by means of 
another, and thereby magnifying the image as ex- 
plained in the last paragraph, distant objects can 
be seen with a distinctness unapproachable with the 
naked eye. The most simple and most common de- 
scription of the telescope, used by the astronomer, is 
that formed by two convex lenses, L and L’ (Fig. 164) ; 
the first of which, from being turned in the direction of 
the object, is termed the object-glass ; the second the eye- 
piece. In this, the rays of the object AB, passin 
through the convex lens L, form an image a 
in the focus of the lens. The second lens serves 
to magnify the reversed image b a in the 
same manner as if it were a tangible object. 
The image b a is not always at the same dis- 
tance from the object-glass, but varies more 
or less according to the distance of the object ; 
and when the latter is so far removed that the 
rays which fall on the object-glass may be 
considered as parallel—which is the case with 
all celestial objects—the image b a falls in 
the focus of the lens. As the object should be 
seen with the requisite distinctness at b’ a’, 
which is the distance of distinct vision, and as 
the latter varies almost with every person, 
it is necessary that the eye-piece should 
be drawn in or out from the image b a, 


Fig. 164. 
e° > 
we a, A 
Eh Fy at, 
“ 
2 
in order to give perfect definition. It will be seen 


from the diagram, that the telescope does not, like 
the microscope or magnifying-glass, increase the 
natural size of the objects vitweds for the image b’ a’ is 
much smaller than the object A B, which is at a great 
distance from the object-glass: it only tends to increase 
the apparent size of an object when viewed from a dis- 
tance, 

To compare the size of a distant object when viewed 
with natural and telescopic sight, we have only to com- 
pare the angles A o B (Fig. 164), or a o b, which is the 
angle subtended by the object to the unassisted vision, 
and the angle a’ o’ b’, which is the angle subtended by the 
image to the eye of the observer. The proportion be- 
tween the relative sizes of the object A B, and the image 
a’ b’, is consequently the same as that between the angles 
aoband a o’b ; and this is what is termed the magnify- 
ing power of the telescope. The angle a’o’b’ and ao b 
being always small, they may be regarded as in the 
inverse proportion of the two points o and o’ from the 
image ab ; or, in other words, that as these distances 
may be regarded as the focal lengths of the object and 
eye-glasses, that the magnifying power of the telescope is 
in the same proportion, This instrument allows a la 
Jield of view (or the circular space which the eye would 
take in without the assistance of any telescope), for this 
depends on the dimensions of the instrument at a b, or 
the common focus of both lenses. Equally important 
with the perfect definition of the object, is, as already 
stated, the brightness with which it appears when under 
examination. If a ray of light pass from any point, M 
(Fig. 165), of an object, it will fall on the whole surface 
of the object-glass, and thence through the same point, 


— 
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m, of the focus, a 6, after which it will form’a pyramid | Galileo the 


ifying power reached to thirty-two. 
terrestrial 4:8 is 


of rays, the divergence of which will be lessened by pass- | Another form of the erecting or 
Fig. 165, 


that imagined by Rheita, in which three convex 


glasses, of equal but short f avo fixed in a 
tube, and form the eye-piece. e first of those 
lenses, or that most distant from the eye, would 


ing tnrough the eye-piece in such a manner that they 
will appear to come from the point m’ in the image a’ b’, 
1f the eye viewed the i ab, without the interposition 
of the eye-piece, it would only receive a portion of the 
light and rays emitted from the point M, many of the 
outer diverging rays having been lost, the opening of the 
eye being toosmall to takethe wholein, But by employing 
a second convex the divergence is diminished, a’ 
the eye receives the whole of the light emitted from the 
point M, which falls on the object-glass. Comparing, 
therefore, the brightness of an object, as seen with the 
naked eye and seen through a telescope, and supposing, 
in the latter case, that all the light passes through 
lenses, it would follow that the light received by the eye, 
in using a telescope, would be as many times greater 
than that received by the unassisted eye, as the surface 
of the object-glass exceeds that of the pupil of the eye. 
This, however, is only theoretically true, for there is a 
considerable absorption of light effected by its passing 
through the lenses, as well as by reflection from their 
surfaces. If the size of the objects were increased Whew 
telescope in the same proportion as the brightness of thei 
surfaces, it would — = the brightness vou al- 
ways remain the same. e magnifying power, however, 
is quite distinct from the illuminative power of the tele- 
scope, the first depending on the poremn between the 
focal distance of the two lenses, the latter upon the area 
of the object-glass. It thus happens that the brightness 
of the image will vary greatly with the power applied ; 
and, with high powers applied to the same telescope, the 
objects become dim and indefinite, and the two excel- 
lences of brightness and good definition are very difficult 
to be obtained. 

This description of telescope was not, however, the 
first invented. The optical principles on which its con- 
struction is founded were not started by Kepler until 
some time after the discovery of Galileo. In Galileo’s 
arrangement, the object-glass, as in all other instruments 
of this sort, is a convex glass, but the eye-piece is a con- 
cave one, the focus of which is very short. The disposi- 
tion of the lenses is seen by the diagram (Fig. 166),. The 


Fig. 166. 


reversed image of distant objects produced by the object- 
glass L is formed in ab, but the concave eye-piece is 
placed between the two, in such a manner that the “ye 
placed behind the lens L’, will see a’b’, instead of the 
image ba ; and the eye-piece can be so adjusted that the 
image a’ b’ will appear well defined. - This telescope mag- 
nifies the apparent diameter of objects as many times as 
the focal distance of the eye-piece is contained in ‘the 
focal distance of the object-glass. It will not admit of 
any considerable magnifying powers, the field of view 
being very small, on which account it is never used at the 
present time as an astronomical telescope. On the 
other hand, it is ape convenient as a pocket telescope, as 
it does not reverse objects ; and asthe eye-piece is placed 
yg the ee ms ms focus, it is shorter than 

common telescope. In the common opera-glasses, 
which are of this construction, the maaguitying’ wer 
does not exceed three; but in some of those made by 


second one, produces an erect i and finall: 
ox it is babes ° third lens, it 19 
viewed and magnified by this one. The magnifying 


y, 
by comparing the sizes of an object, such as the 
and the orkanal 


the field of view may be found by ing the diameter of 
the moon at about half a d The er, however, 
is determined more exactly by an instrument called the 
dyanometer, which serves, when a telescope is directed 
towards the sky, anda sheet of paper is held behind the 
phen to measure the diameter of the luminous circle 
whit upon the white and the best 
tion of which is found by trial. By dividing the dia 
eter of the object-glass by the diameter of this 
ee eee ae pore ot telescope is obtained. T 
luminous circle is itself an image of the object-glass, and 
is contained as many times in the latter as the 0 
agnifies distant objects. y E gin 
itherto the obj has been supposed to be 
formed of one piece of one sort of , but in ad 
M instruments this is not the case. The image 
situated at a greater o 


colours of which white light is com: are 1 n 
refracted, and cannot have the same focus, If the eye of 
an observer be gs ore - ~ — a Pe ata will 
not see the image perfectly defined and col £ it 
will appear surrounded with the prismatic colours ; the 
violet rays of the es are more strongly refracted than 
the red ones, and will be thrown nearer the lens. In ad- 
dition to this source of indistinctness of the image, there 
is another less important one known by the name of 
spherical aberration, which depends on the figure of the 
lens, there being no curvature in which all the rays of 
light coming from any object are exactly united in a 
common focus, In order to get rid of the first source of 
indistinctness, in using a single lens for the object-glass, 
it was found necessary, with high magnifying powers, to 
have the lens of very long focus (some of those used by 
the earliest observers were 300 feet in length) ; for by 
this means the causes which led to the formation of the 
colour, viz., the considerable curvature of the lens, were 
diminished, and the larger images were formed. By an 
examination of different species of glass, Dollond found 
that some sorts refracted light, and ry Bs the colours, 
much more than ordinary glass ; and by passing a ray of 
light through two prisms made of different glass, he 
the satisfaction of finding that a white light was trans- 
mitted. After this, he aeanoree the two sorts of glass in 
forming an object-glass, w. ich would transmit Fig. 167. 
light without decomposing it. This he effected ; 
by uniting a convex lens of crown-glass, of 
a ish colour, with a concave lens of 
flint-glass, of a white tint (Fig. 167). When 
a ray of light falls upon this object-glass, 
it is acted upon by both—that of the 
crown-glass ers it convergent, and decom- 
poses it; the concave flint lens, on the con- 
trary, destroys the effect of the first, and_an 
uncoloured i is formed at the focus. By 
this beautiful discovery, the refracting tele- 
scope has been made a convenient andeasily = 
managed instrument, to which higher powers can now 
* The observer should not aT this experiment hen ig d —— 


scope to the if shining its hght and heat would 
Pupil of the eye.--Ewiroa. - 


———— 
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be applied, and with better effect in one of 10 feet in 
length, than to those formerly made, which were some 
hundreds of feet in focal distance. 

It is a matter of considerable moment to have the 
telescope mounted as steadily as possible, and to be able 
to direct it easily to any particular part of the heavens, 
so as to follow any object with the requisite facility. In 
the following figure (Fig. 168) a telescope-stand is repre- 


Fig 168. 


z | 


~ 


_ 
sented, which serves these useful purposes. It consists | by means of the eye-piece O. 
Fig. 169. 


of a firm support, A, resting on the ground by 
means of the feet B’ B’ B’ and the rollers B B B, 
and two movable supports, C and D, the former 
of which directly supports the telescope E, and is 
connected with the stand A by means of hinges 
at MM, by which it can be inclined more or less 
to the horizon. The second support, D, is con- 
nected with the first in a similar manner by the 
hinge n, by which means the angle between the 
two pe tg C and D, may be varied at will. 
The inferior beam, 00, of the branch D, should 
slide along the inclined side of the stand A, 
and this motion produces the requisite elevation 
or depression of the extremity n, which turns 
on the hinge m. Two endless chai 

the stand A, and are attached to the en 


| D. An axis, r, terminated by 1wo handles, s s, 


carries a pinion which works in a wheel mounted 
on a second axis, ¢; this second axis is furnished 


nected with the support C by a pin at the object end, 
round which it can easily be turned as on a pivot. At 
the eye end of the telescope, the support uu rests upon 
two wheels, and a milled head, V, attached to a pinion, 
works in the toothed edge of the support C in such a 
manner, that in turning the milled head it turns the tele- 
scope to the right or left. The observer, by turning one 
of the handles, ss, with the one hand, and the milled 
head, V, with the other, is thus able to change 
the direction of the instrument according to 
his wish. A smaller telescope, Z, is commonly 
attached to the tube of the larger one, and is 
known by the name of the finder. Having a 
larger field of view than the principal telescope, 
the observer can discover the ores he is in 
search of with greater facility ; and by placing it 
in the centre of the finder, he guides the larger 
telescope directly upon it. 

Rertectine Trenescorrs.—If an object A B 
be placed before a concave reflecting mirror M 
(Fig. 169), a similar effect is produced as when 
the rays of light proceeding from such an object 
pass through a convex lens, The ray of light 
passing from the point A will be reflected to the 
point a, while those passing from B will take 
the direction b, and the inverted image a } will 
be produced. The image a b can be magnified in 
the same manner as the image formed by a convex 
lens, though evidently not with the same facility ; 
for here the image is formed between the object 
and the mirror, and there is a difficulty in know- 
ing in what manner the eye-piece is to be placed. 
To obviate this difficulty, the inventor of this 
telescope, the celebra’ Gregory, thought of 
placing a smaller concave lens N (Fig. 170)— 
which would only intercept a portion of the 
rays proceeding from any object—after their 
passage through the image a b, and to send them 
through the opening at the centre of the mirror 
M, in such a manner as to produce a second 
image, a’ b’, which could be examined with the 
requisite distinctness by the eye-piece 0. By this 
combination an erect image would be produced, 
and the telescope ould ke used in precisely the 
same manner as the Galilean telescope. The 
telescope independently invented a few years 
later by Sir Isaac Newton, is more simple than 
the former, receiving ‘the rays which from 
the E> mirror on a plane reflector N (Fig. 171), 
inel at an angle of forty-five degrees, 
before they arrive at the focus a b, and pro- 
duce the image a’ b’, which ean be examined 
In this form of the 


44% pass round | reflecting télescope, the observer looks in a direction 


with two pinions at both ends, of which the 
teeth catch in the links of the endless chain | 


00 of the branch | perpendicular to that of the object observed, In order 
Fig. 170, 
PI = bs 
8 


qq._ In turning round the handle ss, the chain 

ia thus worked up and down; the portion o o 

of the support D slides on the inclined plane, X 

and the projecting branch is raised more or less. 

The telescope, E, rests in uu, the latter part being con- 
VoL. L. 


to obtain as much light as possible, a considerable portion 

of which was lost by-being reflected from successive sur- 

faces, Herschel conceived the plan of inclining the great 
64 


Fig. 171, 


ae 


object A B (Fig. 172) were reflected to b a, and the 
image thus formed could be examined in the ordinary 


Pig. 172, 
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coneave mirror at a small angle to the object observed, known objects; in other words, by measuring their 
by which means the rays of light ioe, md from the | angle. 


The length of the are of a circle is described be- 
tween the two sides of an angle, valued by means of a 
particular arc taken as unity. This arc, by common 
consent, is taken as the three hundred and sixtieth 

rt of the entire circumference, which is called a 

egree, marked thus, J°; and the angle which 
corresponds with it is the angle of a degree (Fig. 
174). 
It rarely happens, however, that the angle we seek to 
determine comes out exactly in degrees. It becomes 

n , therefore, to divide. the degrees into frac- 


manner by the eye-piece, the back of the observer being 
turned to the object. This disposition (termed by 
Herschel front view) is, however, only suited for instru- 
ments with large apertures, in which the loss of light is 
less than when reflected from a second mirror. 


tional parts; and for this purpose the degree is 
A divided into sixty parts, called minutes, written thus, 
p Jl’. For further accuracy the minute is again sub- 

divided into sixty parts, called seconds, written 

thus, 1”. When the instruments which we are 

about to describe are properly and the 
two telescopes are presented to their proper side of 
the object whose position or itude is to be mea- 
sured, the angle is read off the graduated scale, 
Fig. 174. 


The great forty-feet telescope of Herschel, with a 
mirror of four feet in diameter, was mostly used in this 
manner, the observer being placed in a gallery at the 
end. The engraving below gives a view of this magnifi- 
cent instrument, which was moved upwards and down- 
wards by means of numerous ropes and pulleys, whilst 
the motion to the right and left was favilitated by rollers. 
With this mighty tube Herschel was able to apply a 
magnifying power of six thousand! Unfortunately it 
was too much exposed to the weather; the polished 
mirror was dimmed in one night by the damp atmo- 
sphere ; and the instrument remained in use for only a 
very few years, when it was found unfit for service. 


Fig. 173, 
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[NsTRUMENTS FoR Measunino Tux ANGLE.—Hitherto 
our attention has been directed to instruments of great 
magnifying power, intended to bring distant objects 
apparently nearer to the observer. We have now to 
speak of graduated instruments of more delicate con- 
struction, by which the astronomer is enabled to mea- 
sure, with wonderful accuracy, the size and distance of 
celestial objects. The true solar time is also obtained, 
by comparing their angular distances from other well- 


which surrounds the circumference of the circle, by 
means of an index, which extends its limb over the 
whole length of the are. 

In measuring the angle by the visual rays which abut 
on each side of an object, two operations are required. 
The two rays of the graduated circle must coincide with 
the two sides of the angle. This is effected by viewing 
it successively in the direction of each of its sides ; the 
object being to value the degrees, minutes, and seconds 
contained in the are of a circle comprised between the 
two rays. 

Tue Rereatine Crecre consists of a graduated circle 
AA (Fig. 175) divided into 360°, with their 
respective fractional parts, and fitted with two 
telescopes furnished with micrometers, the 
telesco ing in power according to the 
size and value of the instrument, and the 
‘whole mounted on a tal, as represented 
in the figure. It is so arranged as to 
ere! of its being turned in any required 

irection. The circle, A A, turns on its own 
plane round an axis implanted in it perpen- 
dicularly, and in its centre. This axis traverses 
a socket, B, which is fixed to the horizontal 
axis, O, and is terminated by the eee 
drum of the pedestal D. This weighted drum 
is intended as a counterpoise to the circle 
and its telescopes, and to prevent it from 
swinging while turning on the axis C; the 
extremities of the axis C are supported by 
the mounted frame E, which is so 
as to turn freely in the openings left y the 
mounting. In short, the pedes F, can 
itself turn, with all it carries, round an axis 
which penetrates its interior, and which is 
fixed in the foot of the instrument. By this 
disposition of its parts in turning the circle 
round the axis C, and at the same time turn- 
ing all the instrument round the axis of the 
pedestal E, the plane of the circle can be 
trained in any desired direction. 

A telescope, SS, is fixed on the upper 
face of the circle in the direction of one 
of its diameters, and turns freely round 
its centre. A second glass, I I, is adapted, 
in the same manner, to the under-face of the circle at an 
wee with the other, but so adapted as to turn freely 
and independently of the circle. The eccentricity of the 
under telescope, and the great distance of the objects 
usually under observation, render the errors scarcely 
appreciable, 

n Fig. 176 an enlarged portion of the circle is repre-_ 
sented, showing the graduated scale and the ey, of 
the piece K (Fig. 175). The piece a (Fig. 176) 
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ia pierced with a rectangular opening, traversed in 
its Mniddle by the screw b, which is formed to turn 


Fig. 175. 


os 


upon itself in the collars fixed at the two extremities 
the opening. Screw c acts upon 6, and is besides 


Fig. 176. 


attached to the clamp 
d, which clasps the 
edge of the limb 
above and below. The 
screw ¢ is to regulate 
the "yaa of the clamp 
on the opening, press- 
ing the edge of the 
limb between its jaws, 
and thus fixing the 
screw, c, to the limb. 
When it is required to 
displace the telescope 
rapidly, it is necessary 
| to press the screw oc, 
which throws it loose, 
so as to move round 


impulse of the hand. 
When the glass has 
nearly attained its pro- 
per position, it, is 
trained more exactly 


by turning the screw e The vice d and the screw 


the circle under the, 


e are acted on and fixed again to the limb, and by 
turning the screw b, a slow movement is communicatea 


to the screw a, which trains the telescope to the 
exaot spot required. 

Another disposition has been adopted for pro- 
ducing, in an analogous manner, the movement of 
the circle round its centre. The axis, after having 
trayersed the socket BB (Fig. 175), and the cylin- 
drical counterpoise D slightly inclined from below, 
carries a toothed wheel of the same diameter as 
the counter-weights. An endless screw is connected 
with this wheel, and is carried by a collar fixed to 
the counterpoise D, as is shown in Fig.175. If the 
endless screw a b be moved by turning one of the 
two milled heads, the toothed wheel with which it 
is connected will receive a rotatory motion, in 


Fig. 178. 


Fig. 177. 


which the circle to which it is fixed by the same axis 
will necessarily participate. - 
But the screw a b may be EY 74 
withdrawn from the toothed 
wheel in such a manner as to 
stop all communication be- g 
tween them. To do this, it = 
is only n to turn the # 
finger a of the screw when ~ 
the two are disengaged, as in 
Fig. 178. Having thus ex- 
plained the mechanical details 
of the repeating circle, its ap- 
plication to measuring the 
angle is as follows :— 

Let A and B (Fig. 179) be 
the two distant points, which ~ 
are the sides of the angle to 2 
be measured. Having placed 
the upper glass at zero of the 
graduated scale, and fixed it 
to the circle in that position, 
the circle is now placed in the 
plane of the angle and made 
to turn-in this plane, so that _; 
the telescope of the face is directed = 
towards the point A, the other # 
telescope being directed to the 
point B, the circle remaining in 
the position Fig. 179. The circle 
is now to be turned until the 
lower instrument is directed to- 
wards the point A, as in Fig. 180. 
The circle being again fixed, the 
upper telescope is detached and & 
trained so as to be directed to the 5 
point B, asin Fig. 181. The upper & 
instrument is thus made to de- 
scribe an angle exactly double 
that sought for, and the index 
travels over the limb the exact 
measure of this double angle, 
which it represents in degrees, 
minutes, and seconds; dividing ¢ 
this number by two, the exact ~ 
value of the angle is obtained. = 
Supposing the operation to require, 
confirmation, the same process 
maybe repeated, turning thewhole — ; 
instrument round the axis of the circle, so that the 
upper telescope is again directed towards the point 


é 
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A, as in Fig. 182, the other detached and turned towards 
point B, as in Fig. 183, when the instrument stands 
exactly in its first position, as at Fig. 179; the 
only difference being, that the index, which at the 
beginning of the first operation was at zero of the gradu- 
ated scale, has, at the end of the first operation, travelled 
over it double the distance of the angle sought ; and, at 
the end of the second operation, this distance from zero 
is quadrupled ; therefore, to get the exact value of the 


angle, the ion of the circle thus travelled over has to 
be divided four. In order to diminish the chances of 
error in 


ing off the scale at the end of macy pe 2 
tions, four different verniers, regularly subdivided, are 
fixed upon the circle; one of the indexes only which ac- 
company these verniers, is employed to determine the 
entire number of divisions of the limb which the tele- 
scope has turned ; but the four verniers give each a value 
of the fraction of division which is to be added to thie 
entire number, and it is the mean of their indications 
which is given as the value of this fraction of division. 
The microscopes M M (Fig. 175) are so disposed that 
the divisions of the yernier can be easily observed, as 
well as the coincidence of one of them with the scale of 
the limb itself. It is hardly necessary to add that the 
repetition of the operation secures immunity from error, 
and that it also gives its name to the-instrument. 

To Meascre rue Zentru Distance.—In measuring 
the angle, we have real objects to deal with ; it is other- 
wise in the present operation. We name that point of 
the heavens the zenith to which the vertical line is 
directed, and this direction is indicated by the plumb- 
Fig. 194, line (Fig. 184). The zenithal distance of a point 

is the angular distance of this point and of the 
zenith—that is to say, the angle that the ra 
directs towards the point made in the pertiodl, 
at the place of observation. The zenith is not, 
as we have said, a point that we can observe 
with an instrument ; but the zenith distance is, 
nevertheless, to be found by the following ope- 
ration :—In order to render the repeating circle 
available for measuring the zenith distance, the 
axis of the column F (Fig. 186) is rendered 
perfectly vertical. For this three powerful 
screws, G, are required, on which the instrument is to 
Fie. 185. rest; these screws are 


I itr, wich 


fectly level, which is as- 
eo ‘tained by means of a 
spirit-level (Fig. 185) fixed to the tube of the lower tele- 
seope, in a horizontal position, while the circle itself is 
nearly vertical, as in Fig. 187; the serews, M nq (Fig. 


Fig. 186. 


187), being used to late th iti 
Ra rfeclly ra oa © position, and render the 


This position being attained, turn the whole instru- 
ment round the axis, F (Fig. 186), until the spirit-level 
is parallel to the line p q, and perpendicular to the line 
m n» (Fig. 187). 

The axis of the column of the circle and the plane of 
the circle being thus rendered perfectly vertical, the 


upper telescope is to be turned upon the circle so that its 

index stands at zero of the uated scale, and the circle 

is fixed in this position. ‘The circle is then turned with 

the telesco’ rst around the axis of the column so 

as to lead the vertical plane of the circle by the point A 

Fig. 188), and afte round the axis of the circle so 

as to train the optical axis of the 
lass exactly towards the same point. x 

e circle being fixed in this position ,, 

by means of the tangent screw a 

acting on the extremity of its axis, = 

a half turn is given all the in- # 

strument, which carries it round ™ 

the axis of the column, placing it * 

in the position indicated (Fig. 189), 

detaching the instrument, train- ' 

ing it along round the axis of the a’ 


circle in such a manner as to point ¢ 

towards A (Fig. 190). It is clear Ah > 
that in this movement the telescope 5 

has made an double al “) 
distance A O Z (Fig. 193), which is & 

to be determined; and that by 2 


accompanies the telescope, corre- 
sponds, we have only to take the 
half of this number to have the 
value of zenithal distance. 

The operation may here terminate, 
if the operator be satisfied with the 
measure obtained; but should he 
wish to verify the calculations by 
increasing the multiple of the angle, 
he may continue the opera 
making a half turn round the 
of the column, crossing the circle 
in its plane, so that the telescope, 
which remains fixed, is again di 
towards the point A (Fig. 190). 

The instrument is now in exactly 
the same position asin Fig. 188, in 
the first tion ; but the index, 
in plage of being at zero, is now at an 
angulardistance from zero justdouble 
the data we seek to value. A new 
operation, exactly like the first, con- g 
sequently gives, at its termination, 
a value of four times the value % 
of the zenithal distance, and the 
sum found, divided by four, will 
give the precise value, 

Tue THeopotte.—The repeating cirele measures with 
ange exactness the angle A O B (Fig. 193), formed by 

e right lines joining the two points A and B at the 


z 
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point O. But it frequently happens that the angle com- 
prised between the vertical plane ZOA, ZOB, which 
Fig. 193. 


Z 


passes between these two points, is required—that is, the 
angle a O b, formed by the intersections, 0a0), of the two 
nae vertical with the horizontal plane, HH. Our 

owledge of the angle A O B, measured by the repeating 
circle, added to that of the angles, ZO A, ZO B, which 
are the zenith distances of the points A and B, enables 
us, by deducting the angle a O }, either by geometrical 
construction, or by trigonometrical calculation, to deter- 
mine the angle. But it is sometimes more convenient to 
ascertain its value by direct measurement ; and the theo- 
dolite we are about to describe enables us to do this with 


great exactness. : 
‘This i t is represented in Fig. 194. It is com- 
Fig. 194, 


A, is adapted to the horizontal axis B, round which it 
turns. The axis B is carried by the upper extremity of 
the vertical axis C, round which the circle A and the axis 
B cam be turned by one common movement. The weight 
D acts as a counterpoise to balance the circle A, pre- 
serving it steadily on the vertical axis ©. The second 
circle, E, has its centre upon the same vertical axis C, 
and turns on its plane round the axis. The foot of the 
instrument is furnished with three double screws like the 
repeater, by means of which the instrument can be ren- 
dered perfectly vertical, which is ascertained by means of 
the spirit-level, F, on the axis B. This spirit-level is not 
carried round with the circle, as in the repeater, but a 
slight motion can be given to it by means of the screw a, 
thus slightly raising or depressing one of its extremities, 
and making it turn round a small axis at its other ex- 
tremity. In this manner it is so managed that the bead 
of the level will be exactly in the centre of its tube when 
the axis C is in a vertical position ; and, consequently, 
Fig. 195. the plane of the circle A will be vertical 
, also. As a test of the circle and the 
axis OC being perfectly vertical, and the 
axis B horizontal, the movable spirit- 
level (Fig. 195) is used. This instru- 
ment is made so as to rest on the axis B; 
the feet of the spirit-level being adapted 
to it for that purpose, while it is supported in its place 
by the fork h (Fig. 194). 

The telescope Gis adapted to an inner circle, which 
moyes round the interior of the circle A. In like manner 
the parts of the instrument attached to the horizontal 
circle, E, are fixed to an inner circle, which moves round 
its interior, the outer extremity of each circle carrying a 
graduated scale, to which the inner circle acts as an index 
guide. A clamp, d, having an adjusting and guiding 
screw, serves to fix the circle E to the pedestal ; while 
another clamp, e, in a similar manner, serves to fix the 
upper parts to it; and a third clamp, f, serves to fix the 
limb A in such a manner as to be in opposition to 
it when tarned round its centre. A fourth clamp, not 
seen in the figure, attaches the telescope G to the 
circle A. 

A second telescope, H, is adapted to the pedestal of 


p the instrument, having movements which, from its ead 
ow- 


tion, are very limited; it serves no other purpose, 

ever, than to show that the foot of the instrument is 
steady while the observation is in progress, . With this 
object, profiting by the limited movements it can take, 
its optical axis is trained in the direction of a point which 
can be easily recognised ; and from time to time, while 
shifting the instrument, it serves to assure the observer 
that the telescope is directed to the same point as at the 
commencement of the operation. A guiding-screw, g, in 
the foot of the pedestal, serves as a slow movement, by 
which the optical axis of this glass may be trained to the 
required point. h 

‘To measure the angle comprised between the two ver- 

tical planes passing between two objects, turn the whole 
upper part of the instrument, independently of the 
graduated limb, E, so that the index traced upon the 
inner circle coincides with zero of the graduation, and 
fix this circle to the limb E in this position by means of 
the clampe. By turning the limb E and all it carries, 
and at the same time moving the telescope G round the 
centre of the circle A, so that the optical axis is directed 
to the first of the two objects to be observed, the first 
operation is completed. Fix the limb E in this position, 
by means of the clamp d, for the second operation, throw- 


. ing loose at the same time the clamp e, and turning the 


posed of two graduated circles, of which the one is verti- 


cal, the other horizontal. The first of these two circles, 


upper instrument round its axis so as to lead the tele- 
scope G direct to the second object. The index of the 
circle, moving in the interior of the limb E, has described 
upon this limb an are representing the value of the angle 
sought, and of which we can read the amount on the 
graduated scale, 

If it be intended to apply the principle of repeating 
the angle, fix the higher instrument to the limb E in 
the position it has now attained ; loosen the clamp d, 
and turn the limb K, with all above it, so that the tele- 
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turning the upper part of the instrument until the tele- 
scope G is directed to the second object, it is clear that 
the index of the inner circle has described another are 
equal to that already described in the first operation ; 
and so on, b weogegae | the same series of operations 
until the ‘aultiple is sufficiently enlarged, a result may 


be secured free from error when it is reduced to its real 
value, which is done by dividing the result by the 
number of multiples. The readings on this instrument are 


accomplished by secured verniers, whose divisions are 
enlightened by small plates of 2 mace glass, m m, and 
by the microscopes, n n, trained on the scale; by these 
means indications are easily read off. 

Tae Aurirope anp AzimorH Instroment.—This 
is the most useful of all the portable instruments, 
and to the scientific avskere ae —_ — 
suring with great accuracy vertical and horizon 

ten. (See folio plate). 
= applying the instrument to astronomical purposes, 
it was formerly the custom to clamp it in the direction of 
the meridian, and, after taking an observation, or series 
of observations, with the face of the instrument one way, 
to wait till the next night, or till opportunity permitted, 
and then take a corresponding series of observations of 
the same object with the face reversed, Seal of verifi- 
cation. This is now seldom practised, being obvious! 
imperfect. The instrument consists of a central tripod, 
to which is fixed the azimuth circle, having a horizontal 
motion of about three degrees, so that its zero can be 

t exactly in the meridian by means of a slow 
moving screw beneath the circle, The tripod rests upon 
foot-screws, which are described by Mr. Troughton, in 
the Memoirs of the Astronomical Society, as ‘being 
double ; that is, a screw within a screw, the exterior 
one having its female in the end of the tripod, and the 
female of the interior screw being within that of the ex- 
terior,” by which ingenious contrivance, three distinct 
motions are gained for ing the azimuth. Brass 
eups are placed under the spherical ends’ of the foot- 
screws ; this screw, invented by Mr. Troughton, is in- 
tended to give a very slow motion to one of the feet, and 
the foot of the tripod is designed to be placed either 
north or south. Above the azimuth circle, and concentric 
with it, is a strong circular plate, which carries the whole 
of the upper works. This plate rests on the axis of the 
azimuth, and moves concentrically with it. Rising from 
this plate are two strong conical ae on which the 
transit instrument is supported. Upon the axis, as a 
centre, is fixed a double vertical circle with the telesco 
between them, the circles being fastened together by 
small brass pillars, while the uated scale is made on 
@ narrow silver ring, inlaid on the outer face of one of 
the circles. Two reading microscopes are placed at each 
extremity of the circle, supported by two attached near 
the top of the pillars. The adjustments required are as 
follows :—The horizontal circle is first to be leveled, 
which is to be effected in the same manner as with 
a theodolite. The axis of the telescope must also be 
leveled, as in the transit instrument, and the spider-lines 
adjusted for collimation and verticallity. The meridi- 
enal point on the azimuth is its reading when the tele- 
scope is pointed north or south. This may be determined 
by observing a star at equal altitudes, east and west of 
the meridian, and finding the point midway between the 
two observed azimuths; or the instrument may be 
adjusted to the meridian, in the same manner as a 
transit instrument. The horizontal point of the altitude 
circle is its reading, when the axis of the telescope is 
horizontal, and may be found, as with the mural circl 
by alternate observations of a star directly, and reflected 
from the surface of mercury. The telescope usually 
carries, in its principal focus, a spider-like micro- 
— as in the transit instrument, to be described pre- 
sently. - 

Tur Micnomerer.—We have had occasion to mention 
this instrument, and a short account of it may not be 
out of place here, It consists of a system of very fine 
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scope G is again directed to the first object. By fixing | wires (Fig. 196), by which the apparent magnitude of 
the cirele Ein this position by means of the clamp d, re | Fig, 196. : eaves bodies may be m 


and the exact moment of their i 
across the wires observed with great 
exactness. In the case of refractin 
telesco’ the micrometer is fi 

in the instrument itself. In circular 
instruments, and the instru- 
ments of observatories, it forms a 
part of the microscope attached to 
the outer edge limb for reading off 


the hey scale, 
_ When a telescope is fitted with the micrometer, the 
right line of the optical axis o (Fig. 197), exactly coin- 


4 ; 


cides with the centre of the crossed lines B. When it 
receives the ray A, it is very obvious that, by a proper 
arrangement of wires, the utmost exactness of observa- 
tion may be attained, The micrometer is usually formed 
of the finest platina wire, having three horizontal and 
four transverse wires. When the telescope is furnished 
with this instrument, the reticulated frame A (Fig 198) 
Fig. 198, 


is placed at the end of the tube B C, near the eye-piece, 
which again shuts into the principal tube D of the tele- 
scope, On the other hand, the object-glass E, F, formed 
of two lenses, also shuts into the same tube, each re- 
quiring to have their focal distance from the object-glass 
adjusted either -by the hand or by means of a guiding 
screw. 

In the case of circular instruments, the micrometer is 

Fig. 199, fitted in a microsco 

as represented in Fig. 
199, It is firmly fixed 
in its position, so as to 
enable the observer to 
read off the angle from 
the graduated scale on the outer side of the limb © D, 
Fig. 200. In small instru- Fig. 200. 
ments, the screws which 
serve to fix the microsco: 
in its position are usually 
arranged so as to regulate its 
distance from the limb of the 
circle. In the body of the 
microscope at A are placed 
two wires, crossing each other 
diagonally, which may be 
made to traverse the field of 


of view, wit 


bars of the oye scale ag D 
seen through the microscope. 

A small mirror, / (Fig. 199), is sometimes fixed to the 
micrometer, arranged in such a manner as to throw the 


Fig. 201. 


light of a lamp, ora jet of gas upon 
aes part of the limb vhich is oppo- 
site to the microscope ; it is some- 
times pierced with an opening in 
thecentre, which receives the rays, 
and vagtiot ts —_ eigen tes 
scope itself. In the in- 
struments of observatories, they 
are fixed in the wall which sup- 
ports the circle, the uated 
scale being illuminated by a lamp 
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Fig. 1.—Gridirom Pendulum. 
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Fig. 3.— Micrometer-Microscope. 


Fig. 2.— Mercurial Pendulum. 


Figures 1 and 2 illustrate contrivances for over- 
ing the changes, produced by heat, in the 
pendula of clocks referred to at page 1001. 
in the Gridiron Pendulum, this is effected by 
employing rods of different metals, or the same 
metals, so fixed, as that whilst one series ex- 
pands or contracts in one direction, the other 
shall doso in an opposite one. In the Mercurial 
Pendulum, a cistern containing mercury is em- 
ployed, which, by its changes of lengih, com- 
pensates for those of the rod of the pendulum ; 
that being the object of each arrangement, 


Fig. 3 gives a sectional view of the Micrometer- 
Microscope, which bas been already described 
at page 995. 
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The Altitude and Azimuth Instrument, 


ASTRONOMICAL INSTRUMENTS.—(See page 998), 
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The Equatorial Instrument, 


ASTRONOMICAL INSTRUMENTS.—(See page 999), 
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or jetofgas. The shaded part (Fig. 201) represents a dia- 
with the cross wires, m, the angle of which may, 
turning the micrometer screw, a, be bisected by any 
line on the circle in the field of view. On the left hand 
of the diaphragm is a comb, or scale, each tooth of which 
represents one minute ; and one revolution of the screw 
moving the wires over one tooth of the comb is equal to 
one minute of space. 

The adjustment of the microscope consists in making 
the cross wires in its focus, and the divisions on the 
circle, both appear at the same instant of time, and free 
from : the adjustment is such that five revo- 
lutions of the micrometer screw shall measure a*five- 
minute space on the graduated circle. For the former 
of these adjustments in the telescope, the eye-piece is 
drawn out until the distinct vision of the wires is ob- 
tained, and the divisions or bars of the instrument are 
well defined. 

The motion of the comb, or scale of minutes, is regu- 

by a screw ; and the micrometer head, by friction, 
can be made to read either zero, or any required second 
when the cross wires bisect any particular bar, by hold- 
ing the milled head of the micrometer screw. 

x Equarortat.—The instruments we now come to 
describe belong exclusively to observatories, and in these 
establishments the equatorial is specially adapted to 
mark the diurnal movements of the heavens. The axis 
A A (Pig. 202), round which the whole of the instrument 

Fig. 202. 


centre. The telescope C O, fixed to this circle, follows 
its movements, and its optical axis thus makes an angle 
variable with the earth’s axis. A second graduated 
circle D D, whose plane is parallel to the celestial equator, 
and having the axis A A as its centre, is fixed in such a 
manner, that it follows all the movements of the instru- 
ment in its rotations round this axis ; the position of this 
second circle determines the altitudes, and gives name 
to the instrument. The clamp E E, with guiding and 
reversing screws, intended to fix the circle and the tele- 
scope to’ the axis A A, when the circle turns round its 
centre, is carried by the pieces F F attached to the axis. 
Two micrometers, G G, are adapted to the extremities of 
the cross beam, firmly attached to the axis in such a 
manner as to permit of the divisions of the graduated 
scale, carried on the side of the limb of the circle, being 
read off. Other micrometers are attached to the mason- 
work which carries the extremities of the axis, and are 
intended to read the graduated scale of the second circle 
DD, which, in this instance, is on the upper face, and not 
on the outside of the limb. Such an instrument affords 
great advantages in measuring the relative position of 
two contiguous bodies, in measuring the diameters of the - 
planets, &c. The circle which is connected with the 
polar axis is graduated into hours, minutes, and seconds 
of time, to indicate the right of ascension of the object 
under examination; while the circle connected with 
the declination axis is graduated into degrees, minutes, 
and seconds of are, to indicate declination, or 
polar distance. (See, also, the folio plate). 

From this disposition of the instrument it will 
be seen that the optical axis or line of collima- 
tion of the telescope turns towards all points 
of the heavens, and, in making it turn with the 
circle B B round its centre, it can be made to 
form any angle with the axis of the earth. If 
the circle B B be fixed in one particular position, 
by means of the clamp E E, and an entire turn 
be made all round the axis A A, it is evident 
that the optical axis of the telescope meets the 
celestial sphere at various points of the same 


A particular piece of mechanism, K, permits 
the equatorial circle, D D, to be put in commu- 
nication with a clock movement, so disposed that 
the circle, D D, performs an entire turn on its 
axis in a sidereal day. If the optical axis of the 
telescope be directed to a star after the circle 
BB is fixed to the axis A A, and the circle 
D D put in communication with the clock-work, 
the whole instrument will be carried along with 
it, and the telescope will continue to follow the 
movements of the star; thus affording a means 
of verifying the uniform rotatory movement of 
the celestial sphere, after having made due al- 
lowance for the effects of atmospheric refraction. 

The telescope of the equatorial requires to be 
in such a position that it can be directed to 
every part of the heavens above the horizon. 
This renders it necessary that the instrument 
should be so placed as to be clear of interruption 
from ne objects. It is usual, there- 
fore, to I it in the upper part of the observa- 
tory. he following engraving represents a 
section of the equatorial room of the Paris ob- 
servatory, Fig. 203 representing a part of the 
instrument, of which we shall here give a brief 
description. 

The axis is supported at its lower extremity 
by a massive piece of masonry, L, its upper 
extremity being supported by the iron beat Wi: 
made as light as the safety of the instrument, 
and its required steadiness will permit. The in- 
strument is protected from the weather is a 
roof in the form of a hemisphere, having a lon 
opening following its vertical plane, and forme 


ean turn, is so arranged as to follow the axis of our planet | with doors sliding laterally so as to leave a free openi 


the earth, and it carries, laterally, the gradua 


scale | any required direction. 


ng in 
By this arrangement the glass 


BB, which can turn both in its plane and round its | can sweep the heavens on its vertical plane from the zenith 


i. ne 
/ 
| 
| 


| 


| generally determined by a mural arch or quad- 


| dian, the position of which was frequently 


| his catalogue of three thousand stars, which 


methods, 


Ra 
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{THE TRANSIT INSTRUMENT, 


to the horizon ; and by sliding the other parts of the roof, | central—a construction which evidently rendered the de- 


the whole of which is placed on friction rollers, and fur- 
Fig. 208. 


nished with a crank, R, for the purpose of moving it, 
every portion of the heavens can be swept with the 
instrument. The equatorial, consisting, as we have 
seen, of one circle, parallel to the plane of the equator, 
and of another circle which follows the axis of the earth, 
is arranged so as to coincide with any circle of declina- 
tion, and is well adapted for measuring the differences of 
right ascension and declinations of two neighbouring 
stars. 


termination of error of collimation: very troublesome. 
The form of the transit instrument used by Dr. 
Bradley (the next Astronomer Royal) differs 
little from that adopted in modern times—viz., 
a telescope fixed at right angles to a cross axis, 
and capable of taking all positionsin the meri- 
dian of the place. is axis terminates in two 
cylindrical pivots, resting in Y’s. so that they 
only touch in two points for the purpose of 
diminishing the friction. One of these Y’s is 
movable in such a manner as to correct either 
an error of horizontality of the axis, or an error 
of deviation from the meridian. The instru- 
ment is furnished with a graduated setting 
circle, sometimes placed at one extremity of 
the axis concentric to this axis (as was the case 
formerly with Troughton’s Greenwich transit 
instrument), or two small divided circles placed 
near the eye end of the telescope. In the com- 
mon focus of the object-glass and eye-glass, a 
system of wires is placed for the purpose of. de- 
fining the position of an object as it passes 
through the telescope. These wires are of ex- 
\ treme tenuity, and generally consist of five or 
¢ seven vertical wires and two horizontal (Fig. 
204), the central vertical wire 


M Fig. 204, 
closely approaching to the AMAL 
meridian. The object of the ArITTe 


lateral wires is to diminish 
the error of estimation of a star’s 7} 4 
transit, by taking the mean of all, {{— 
since the time of transit over a single XI 

wire would be liable to some uncer- > 
tainty. To prevent any error arising , 
from parallax in the observation of the wires, the eye- 
piece is movable by a screw, so that the transit over 
each wire may be observed in the centre of the field. 
The adjustments of a transit instrument are, first, that 


Tint 


Tae Transit Instrument.—The place of an object in | its optical axis, or the line joining the centre of the 


the heavens is mostly defined by two elements ; 
viz., by its right ascension and north polar 
distance. In the first approaches to accurate 
results of observation, these elements were 


rant, firmly fixed in the direction of the meri- 


checked. by equal altitudes of stars. It was by 
means nearly similar, that Flamsteed observed 


has been so ably reduced and edited by the late 
Mr. Baily, and is generally known as the British 
Catalogue. 

La Caille, at the Cape of Good Hope, ob- 
served his zones in like manner, using certain 
well-determined stars as ‘‘zero points,” whose 
positions had been obtained by independent 
The first astronomer was content 

with noting his observations to seconds of time 

—an accuracy, which, from the imperfection 

of his instruments, he considered to be quite 

sufficient. The invention of the transit instru- 
ment by Roémer, in the year 1690, enabled as- 
tronomers to inake great advances in the accurate 
determinations of right ascensions. This ele- 
ment, the most delicate and important, essen- 
tially depends upon time, and is, therefore, 
more difficult of direct estimation than the 
other, which consists of angular measurement, 
read off on graduated instruments, Which 
modern artists have been enabled to bring to 
an astonishing degree of perfection. The tran- 
sit instrument has been successively improved § 
since the first idea of Roémer. Dr, Halley, 

when Astronomer Royal, introduced its use at 

Greenwich, the construction being similar to 

that given by Lerrebow in his Praxis Astronomia. 

In this arrangement the telescope was placed twenty- 

six inches nearer one end of the axis, instead of being 
; 


Fig. 205. 


object-glass and the middle wire, be perpendicular to the 
axis of rotation ; secondly, that the axis be horizontal ; 
and, lastly, that when corrected for the two preceding 
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ASTRONOMICAL INSTRUMENTS..—(See page 1000). 
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adjustments, the line of collimation describes the meri- 
dian. (See, also, the folio plate). 

The other instrument, equally im % in connec- 
tion with a transit instrument, is a sidereal clock, beat- 
ing seconds, and so regulated that the hour-hand will 
describe a complete revolution, or 86,400 seconds, from 
the time of a star’s transit over the meridian fibre, to its 
return to the same point. The difference of the clock’s 
gain or loss from this number is termed its rate; the 
excellency of a clock, therefore, depends on the steadi- 
ness of its rate, and every means are taken by mechani- 
cal refinements to preserve its uniformity. Astronomical 
clocks are generally furnished with mercurial pendulums 
for the purpose of compensating for extremes of tempe- 


wires is seldom liable to an error greater than one-tenth 


part of a second. : 
- Recently, a new method of recording transit observa- 
nm brought into 


wich, which pro- 
of observing. Its 
first introd 

¥ e, and Professor Mitchell, it has been 
considerably improved. The form of the invention, as 
the Astronomer Royal, is as follows :— 
From the principal instruments of the observatory, gal- 
vanie wires are connected with a recording surface placed 
in another part of the building. The transit clock, at 
each beat, completes a pays eden Adal is regis- 
tered r apparatus on the recording surface, con- 

bl eytindrica 


ly in t 
peicker, which is connected with the transit clock, will 


seconds of time—the duty of the observer merely con- 
in writing down, in addition to the preceding 
the name of the object observed. For the pur- 
registering 


arranged signals at known instants of the transit clock. 
In this manner the paper, when taken off the barrel, 
may be easily translated. This system has so far suc- 
ceeded admirably at Greenwich, requiring only the use 
of the nerves of sight and sensations of touch, of which 
there is a more intimate connection than those of the 
eye and the ear. It will, therefore, most probably 
reduce the amount of ‘‘ personal equation.” 

It frequently happens that two observers will not give 
the same time of the occurrence of the same phenome- 
non ; as, for instance, the passage of a star over the 
wires of a transit instrument. The amount of this 
difference, which is termed “ personal equation,” varies 
from two-tenths to half a second, though instances have 
been known of this quantity exceeding one second of 
time. Dr. Maskelyne, and Kinnebrook his assistant, 
differed in this manner seven-tenths of a second. In 
modern times, Bessel and Argelander have differed 
upwards of asecond. The method of determining it is 
to com the ‘clock error” of one observer with that 
of another independently obtained (at a short interval of 
time). Or it can be deduced by taking transits of the 
same star over some wires of a transit instrument, by 
one observer, compared with the transits over other 
wires by another observer. Reducing each separately to 
the middle wire, the difference of their methods of 
observing may be at once deduced. We refer to the 
annual volumes of the Greenwich observations for ex- 
amples of the first of these methods. 

t can also be obtained by a binocular eye-piece, an 
instrument which permits two observers to see the star 
in its passage over the wires at the same time, and thus 
to observe the whole transit. This instrument is the 
invention of the late Mr, J. Jones, 

In order to determine the relative accu of transit 
observations at the separate wires, the following method, 
first introduced by Bessel, and recently used by Struve 
and Dr. Oudemans, may be applied. Let « be the 
mean error of one observed wire, arising from a defect 
of hearing, y the mean error produced by an imperfec- 
tion in the sight, which =e be caused by a wrong esti- 
mation of the time at which the star passes behind the 
wire (varying with the thickness of the wires) ; then the 
mean error of an observed transit at one wire will be 


M= /(@+y's00? 6). 


The error of hearing, or «, will arise from the estima- 
tion of the precise instant of the origin of second, and 
will, therefore, be the same for all stars. The other will 
vary as the secant of the declination. 

“Then, if the transits of several stars are reduced to the 
middle wire by the known intervals of the wires, and 
the difference of each result from the mean is taken, the 
squares of these differences will be = (n—m) M?%, where 
nm =the number of wires, m =the number of observed 
culminations. The probable error of M, determined by 


this equation, will be me the probable error of 


thé value M? will be ern 
n 


Forming for each culmination 3 (c?), and their sums 
for all the culminations of the same star, the equation 
will become 

(n—m) 2* + (n—m) y? sec.? 5 = = (¢*). 

Proceeding in this manner, Dr. Oudemans has found, 


from 228 culminations, observed from October, 1847, to 
October, 1848, the mean error of a single wire = 


8, Ss. 
or M = j/ (01242? + 00603? sec.? 8), 
But the probable error 


w= a/ (0838? + 0°0407? sec. 2). 


A similar investigation from October, 1848, to October, 
1849, gave a mean error, or, é 
M 


ments of the transit instrument, before menti are 
satisfied. And, firstly, with regard to the line of colli- 
mation. This adjustment is generally made by the 
observation of a well-defined terrestrial mark in one po- 
sition of the axis, measuring its distance from the central 
vertical wire (in terms of the micrometer) with which 
the telescope is furnished. If, on reversal of the axis, 
the mark be again seen at the same distance from the 
central wire, the collimation of the instrument is correct ; 
but, if not, the wire frame must be moved to one-half 
the difference of the two bisections. In the practice of 
modern observatories, the complete correction of this 
error is seldom attempted; this adjustment, though 
probably in large instruments the most permanent, being 
nearly corrected, and then left for occasional verifica- 
tion. 

The following extract from the Greenwich Observa- 
tions, 1850 (Introduction, page xvi.), will show the 
method of determining the error of collimation :— 

‘The value of this error, which is given in seconds of 
space, is supposed positive when it implies an additive 
correction to the transits of stars above the pole. For its 
measurement the following method has been used :— 

** A small transit instrument is fixed on temporary 
wooden piers in the north opening of the transit room, 
and its object-glass is turned towards the principal tran- 
sit instrument. In this position, when the principal 
transit instrument is turned towards the small one, the 
wires of the latter are seen as well-defined marks at an 
infinite distance, and the error of collimation of the 
principal transit may be determined by repeatedly re- 
versing it, and viewing these wires. 

‘In November, 1846, a new determination of the 
value of the micrometer-screw (of the transit telescope) 
| was made by means of six transits of Polaris over the 

two wires moved by the micrometer. The mean of the 
intervals of the times of transit was found to be 
| 3m. 1s.°17 ; and the north ae distance of Polaris being 

1° 30’ 9-3, this corresponds to an interval of space = 
| '71"-188, But, by bringing each micrometer wire several 

times into contact with the fixed central wire, this inter- 
| val was found to correspond also to 4r. 368 of the micro- 
| meter. Hence, one revolution = 167-297. 
“April, 20d. 22h. The St. Helena transit instrument 
| was used in the manner stated ubove. The wire ap- 
peared as a broad white line, there being no reflector ; 
and the edges of this line were observed alternately by 
placing upon them the micrometer wire of the transit 
instrument, 


‘tion for the object observed, which can be reduced 
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8. 8. ** OBSERVER M. 
M = 4/ (00962? + 0°0602* sec.* 8) 5 Tluminated End East 
and the probable error See : 8. 
‘i - Micrometer reading on coincidence with colli- 
w = a/ (0°649" + 0406 sec.* 2). mator(12 measures) . «© «+ «+ « 0404 
It would, eyo arent tes iis hensing had Tlwminated End West. 
improved, whilst his sight remain e same | wicrometer . : P 
oa before. This determination rests on 360 culmina- miate (12 anaes eckanidgues with colli- eae 
tions. . . . . 
Dr. Robinson has recently investigated this subject, y - 
and has introduced another error arising from atmo- Illuminated End East. 
spheric tremor, which he considers to vary as the secant | Micrometer reading on coincidence with colli- 
ot the zenith distance. From his observations in 1830, mator (12 measures) . . ‘ : . 10500 
he deduces the following probable errors for a star Whose : 
declination is 6 :— Illuminated End West. 
8. 8. : Micrometer reading on coincidence with colli- 
r= +0045 y=+0-0619, Z, or the atmospheric mator (12 measures) .« e diets ‘ - 8873 
8. Fy . . . 
Hence reading for true line of collimation by 
pee Tot tea thes a th el aed 4 : : : > oon 
tence years rwards, he foun e fo ala Hiei ‘eeitiaar Yok ea Rese ail by 
8. 8. 8. 3rd and 4th sets . : : . oe” OGRE 
r=+00732 y= +00554 Z=+0049. | Reading for true line of collimation. . . 9691 
But between the periods of the two observations, new 3 x ‘ . 
and more numerous wires had been inserted in the tran- Micrometer one oo eee with D or 
sit instrument. ; central vertical wire. ote ee 
‘Astronomers are very careful that the three adjust-| Hence apparent error of collimationforD . 0017 


“The illuminated end of the axis was left east, which 
was also the position of the micrometer head ; and, as 
the readings of the micrometer increase as the wire 
moves from the head, D (or central vertical wire) was 
therefore east of the line of collimation, and stars it 
too late, or the error of collimation of D is —0r.-017, or 
— 0”-277. Also, with the illuminated end of axis 
Polaris passes the mean of wires earlier than it passes 
by 0s. -07, which in are is equivalent to 0”-03 ; and the 
correction for diurnal observation is—0”19, Hence 
the corrected error of collimation is— 0-44.” 

The second method of determining the error of colli- 
mation is by observations of the transit of Polaris, or 


axis, compared i 

the axis. By propes spree reversal of the in- 
strument can be effected during the time of 
therefore, three wires of Polaris, or A Ursse 
observed in one position of the axis, and 

of the transit in a reversed position, and if each set of 
wires be separately reduced to the central wire, half the 
difference of the two results will be the error of collima- 


gs 
F 


Transit of \ Urse Minoris on August 7th, 1845, 


End C of the axis to the east. 
h. m. 8. 
At 3rd wire . 20 4 24 
Movable wire— « 2011 3 : 
4th wire . 20 17 48 Here the instrament was reversed. 
w 20 24 31 
Srd wire . 20 31 10 
, m & 
Interval from Srd to 4th wire . « . 13 24=f 
» 4th to 3rd wire ee « 313 22 =to 
Difference = 2=t—to 
t—to 
l= 
2 
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Interval from «to 4th wire. . . . 
‘ > 4th wiretow. ... 6 


Error of collimation or C = Cmte) Dee = 0303 


The third method was originally introduced by Pro- 
fessor Struve, at the Pulkowa Observatory. It consists 


in mounting firmly two telescopes in the direction of the 
meridian, the wires of which can be adjusted on each 


other. It is evident that by comparing the principal 
instrument (transit or meridian circle) with each suc- 


cessively, the true line of collimation may be obtained 
without reversal. ‘ 
For the pu of determining the line of collimation 
of the Greenwich transit circle (as the instrument is not 
capable of reversion), two collimating telescopes, the 
axes of which are as nearly as possible in the same line 
with the principal instrument, are firmly mounted on 
brick piers, a few feet north and south of it, These col- 
limating telescopes are furnished with proper wires, 
which can be accurately adjusted to coincidence, and will, 
therefore, represent (when viewed with the telescope of 
the transit circle) two objects at an infinite distance, and 
exactly opposed to each other. When a series of bisec- 
tions is taken of each collimator in terms of the micro- 
meter of the transit circle telescope, the mean of these 
will give the geometrical line of collimation. The an- 


nexed form will show the work :— 


ROYAL OBSERVATORY, GREENWICH. 


Readings of the Transit Micrometer at coincidence of central wire with the wires of the Collimators for determining 
the position of the Line of Collimation of the Transit Circle, in the year 1851. 


: h h Ik h 
Approx. Solar Time. Oct.11, 7 12, 23 13," 8 13, 22 
Observer. H. R. R. H. B. 
Collimator observed. South North. | South. | North. South. | North. | South. | North. 
r r r r r r r r 
28°358 | 34572 | 28296 | 34602 | 28312 | 34580 | 28302 | 34-563 
349 586 294 600 310 596 318 587 
Readings of Transit 347 578 293 595 307 590 306 594 
Micrometer ........ yeas 346 580 290 592 314 592 301 556 
345 581 300 590 315 585 303 575 
340 582 294 598 310 600 507 584 
Sum of Readings ..........- 85 479 67 577 68 543 37 459 
SERRE sn) 2a conncnancn coats me 6 6» 28348 34580 28°295 34°596 28°311 34°591 28°306 | 34:°577 
Mean of South Readings... 28°348 28°295 28°311 28°306 
PW sesccchesospeistssoraceceisers 62°928 62°891 62°902 62°883 
Concluded Reading for } r oD r r 
line of Collimation ... 31-464 31°446 31°451 31442 
2 h h h h 
Approx. Solar Time. 
PP Oct. 14, 8 14) 922 15, 6 15, 22 
Observer. H. B. J. H. E. 
Collimator observed. South North. | South. | North. South, North. South. | North. 
r r r r r r r r 
28°327 | 34-582 | 28°355 | 34592 | 28332 | 34-626 | 28-284 | 34-692 
291 614 345 600 323 626 278 683 
Readings of Transit 330 600 330 578 329 618 290 695 
Micrometer ....... asaes 312 593 337 598 340 592 284 695, 
337 612 348 585 350 590 285 685 
331 604 342 602 342 605 280 686 
Sum of Readings ............ 28 05 57 555 16 57 501 536 
MOG: sesarevssaanes oduepabighvas 28°'321 | 34601 | 28343 | 34:593 | 28-336 | 34°610 | 28-284 | 34-689 
Mean of South Readings... 28°321 28343 28 °336 28° 284 
Bente iioiks aeckacsshecea tise 62-922 62-936 62-946 62:973 
Concluded Reading for r r r r 5 
line of Collimation ... } 31°461 81-468 31°473 31°487 
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igh in reversed positions of the axis, it is evident 
‘< eacctian tae nal it ocala, 
‘ectly horizontal, .we 
pivots from level 


Dey, 10. | Cre | ei. | Bw 
‘ - 
Jan. 16 —_ le + 914 
| Be | HR |i 
nr a| ae | the Ute 
; Eat | +301 |j +56! 
Apel) Wet | taar [f+ 4% 
1) Wet | tovo |} +520 
July 7 Ed Bi fo + 3-60 
=| BS | 3H | + 
West | —0-22 |{ +520 
Eat | tai2 [jt 
0| West | —1-09 : 
Sh Le 
7 ea pee ti 
29| East | +0-48 | + 631 


**From these it results, that when the lamp is east 
the west end of the axis is highest, and when the lamp 
is west the east end is highest ; thus they show that the 


solid pivot is than the ‘orated one. 
ot the level’s Y’s is the same as that of 
the pivot’s Y's, both being rectangular, or very nearly 


80; therefore the difference of the radii of the pivots 
= Difference of the Level Readings in Opnosite Positions of the Axis. 


4¥2 
“The column E — W shows the difference of the level 
en ae arithmetical mean of which = 5445 ; 
therefore > 55) = 07-962 is the mass of the radius of 


the solid above that of the perforated pivot, and 0”-962 
x 2 = 1”-361 is the correction to be applied to the 
level readings to obtain the inclination of the pivot 
centres. This correction is to the added bigaheatcalty bo 
the level readings when the lamp is west, and subtracted 
when the lamp is east.” 

A careful series of levellings at different elevations of 
the object-glass, showed that there was no appreciable 
diffrence in the circularity of the pivots, as the reader 
will observe reference to the descriptions of the 
Altazimuth Transit Circle in the Greenwich Observa- 
tions, 1847 and 1852, for the method adopted by the 
oa Royal to insure perfect circularity of the 

Dr. Oudemans, in his essay on the Transit Instru- 


ment, gives the following formule for the correction of 
the level indication caused by unequal diameters of the 


tions of the axis ; r and r’, the two radii of the pi 
L, the distance between the points, where the two 
rest on the planes of the Y’s. Now g, f, u, and 
known, the difference of the radii r and 7’ 
known by the following formule ;— 


tremities of the axis, the correction of any inclination 
can be obtained by the level. 
+30 sin. g 
o= = 3" sin. g + sim f 
In his transit circle, 2 f=98° 40’, 2 g=91° 25’; therefore 
8. 
a=+}x 04854 x 47°15 = +1” 01 = + 0-067. 
In order to eliminate any errors in the level itself, it 
is the practice to reverse it several ti or to take a 


series of readings in one position, and then to turn it, 
end for end, and to take a set of readings in an opposite 
position. e following is an example :— 
ROYAL OBSERVATORY, GREENWICH. 
da. h. 
1848, April 14, 21. 
Position of Illum, End. East. 
East Scale. | West Seale. 
Cross Level. div. div. 
E 1152 110°3 
Wi 1070 119-0 
E 1153 110-4 
Ww 1070 119-0 
E 1154 1105 
WwW 106 6 1190 
Sums. 5 -400058.. «> «bw ee 688 2 
Subtract Sum of East Scale . 6665 
12)21-7 
181 
Add for inequality of Pivots . 
West End high in Scale 
Divisions. . . . « « } 161 
Multiply by IPRs ey Shes 12 
362 
181 
West End high in seconds 2172 


The value of one division of the level scale wow A | 
determined by the application of the level to a verti 
circle, moving it so as to produce changes in the circle 
reading, and in the position of the bubble. Thus,.in the 
Greenwich Observutions, 1836, Introduction, pages xvi. and 
xvii., ‘‘on January 27, the level of the transit instrument 
was lashed to Troughton’s circle, and the circle being 
moved till the bubble was alternately near the end of one 
and the other scale, the microscopes A and B were read, 
This operation was repeated sixteen times. The mean of 
the results gave 2’ 003 = 112:18 parts at one end, 
= 108-93 parts at the other end of the scale; the mean 
value of one part being, therefore, 1”-086.” 
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Tt can also be determined by the comparison of the 
results of the transit of a star o| ed by reflection and 
direct vision. A slowly moving star is generally selected 
for this four or more wires being observed in 
each position. The difference of the two results (sepa- 
rately reduced) is equal to double the level error of the 
object observed, which can be converted into ‘error of 
inclination” for an equatorial star by the proper factor. 
By comparing this result with the level indication, the 
Selinb.of didftivinktn, of thal scale may be found. 

Lasily, it can be obtained by elevating or depressing 
the Y’s by the proper screw, and finding the effect of a 
change of level indicative of the transits of a close cir- 
cum star. The level error may also be obtained by 
a Bohneberger’s eye-piece, an instrument consisting of an 
ordinary eye-piece, perforated at the side, and so arranged 
that, by means of a reflector, placed near the eye 
lens, inside the tube, the light of a lamp may be thrown 
into the instrument. In this manner the system of ver- 
tical and horizontal wires may be seen, by directing the 
telescope nearly to its nadir position, and placing under- 
neath object-glass a trough of mpi 6 By causing 
the two images to overlap, by means of the right ascen- 
sion micrometer (noting its readings), and comparing 
these with the corresponding readings for the line of 
collimation of the instrument previously obtained, the 
level error may be easily deduced. This method is now 

ractised in the use of the Greenwich transit circle. 

e following form shows the readings of the transit 
micrometer for coincidence of the central wire, for deter- 
een of error of level of the axis of the transit circle 

1851 :-— 


Approx. Solar h h h h h 
POrTime. Oct.11, 7 13, 22 | 13,8 | aad 14, 8 | 14, 22 
Observer. H. R | BR. | aB. J. H. 

r r r i. r r 
31-694 | 31-850 | 31-450 | 81-625 | 31-620 | 31-599 

= : 4 
Lee 640 | -650 | 660 | +625] 642] 583 
ee 643 | -640 | 650} -669 | 662 | +578 
635 | -639 | -643 | +655 | 621 | 582 
650 | 650} 648 | 667] “661 | -580 
Sum of Readings | -237 | +271 | -309| -301 | -281 | -492 
De she 31-639 | 31-645 | 31-652 | 31-650 | 31-647 | 31-582 

Subtract from 

Heading for ine | 31-449 | 91-455 | 81-455 | 31-455 | 31-455 | 91-455 

Remainder......... 0-190 | 0190 | 0-197 | 0-195 | O-192 | 0-127 

Reduction for | 
Value in Are. | 

Error of Level... 281 | 281 | 20 | 299 234 | 188 


The azimuthal error may be determined by the transits, 
above and below the pole, of —p close circumpolar star. 
In observatories, where the adjustments of an instru- 


Minoris, com with the transit of a star south of the 
zenith. Thus, Polaris and @ Ceti can be used advan- 
tageously the difference of their right 


irteen minutes, and their tab: 


rmined wi y. | These 
stars are distributed in such a manner, that the observer 
have little trouble in finding one transiting above+ 
and another ing below the pole, within 
short interval of time of other. Thus, the result 
entirely free from any doubt as to the rate of the 
or other causes, and the principal error can only 
from the unavoidable uncertainty of observation. 
It is frequently necessary, in the use of a small transit 


instrument, to have a fixed mark in the direction of the 


meridian, which can be easily referred to for the purpose 
of determining the error of collimation, and also its 
deviation from the meridian, in cases when, from cloudy 
weather, observations from circumpolar stars cannot be 
obtained. : 

At the distance of 286 feet,-a.circle of two-tenths of 
an inch in diameter will subtend an angle of 12” of 
azimuth. By noting the positions of the central wire of 
the transit in reversed positions of the axis, an approxi- 
mation sa A be made at once to the error of collimation, 
from its relative positions in this circle. This meridian 
mark may be frequently verified by observations of cir- 
cumpolar stars. 

If the instrument be. furnished. with a micrometer, 
this method of determining the collimation will not be 


necessary. 

We will now proceed with the investigation of the 
formule for the three preceding errors, and will show 
the method of application to thé results of observations. 

Error or Contimation.—The error of collimation is 
the distance of the middle line from the true line of 
collimation, east or west. When the middle wire is east 
of the true line of collimation, the transit is observed too 
soon, and consequently the correction for collimation is 
additive for stars above the pole, and subtractive for 
those below the pole. The contrary takes place when the 
middle wire is west of the line of collimation. According 
to this, the transit telescope may be supposed to describe 
a circle parallel to the meridian. Thus, let CS A (Fig. 
206) bo the circle described by the telescope, or the eirel e 


Fig. 206. 
2 AS 
Ss 
—& P 
8 
ic 
0 AN 


in whose plane the middle wire is. Then AN, or SN, 
is the error of collimation, which is generally expressed 
in seconds of arc. Let S be the place of a star, PSB 
a Pay: circle passing through it. We have now to 
ine Bree corresponding Part of the equator; but 


an, PS ~ BE in are, or -[ ps = BE in time, 


which is the correction to be applied to the observed 
transit. In that investigation, stars, however, near the 
pole, are supposed to transit the middle wire; that is, 
their distance from the pole is supposed to be greater 
than the error of collimation. If this were not the case, 
such stars could not pass the middle wire. 

ine correction for the error of collimation is written 
thus :— 

1 


Correction =. GtrOr ee Cnn Bae NED 


Correction For Levet.—The error of level is con- 
sidered positive when the western pivot is too high. In 
that position the great circle, passing through the north 
and south points of the horizon, and which is the circle 
on which observations are made, lies to the east of the 
meridian, and the observed time of passage is less than 
the true time for stars above the pole. 


Thus (Fig. 207), O Z = the error of level. 
ZO xX cos. SO =S a, and 
BE= Sa =: on Sa 
i5sin. NPD idsin. PS 
- BE= ZO X cos, zenith distance south 
oo 15 sin. NPD 


AzimuTHat Errox.—This error is considered positive 
when the eastern pivot is too farnorth, In this position, 
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i the star O prrec' 
R. Aso in are, which, being divided by 15, will give the 
correction in time ; but EQ =-O0PX FPO; 


in. Z 
therefore, E Qs = 88 X i. sp; 


= azimuthal error 


sin. Z D south 2 ‘ 
—— eee * the correction to 
Xipan NPD Since the sign of 


the north of the zenith is contrary to that of the south, 


* 


if zenith distances south have the sign plus, and those to 
tho north the siga minus, the above expression will give 


She preceding Sar eee level, azimuth, 


and collimation being all supposed positive, may be re- 
presented by 
leos. ZD , asin. ZD 


c 
an NPD + sm NPD + am NPD 


where / represents the error of level, a that of 

and c the error of collimation. By introducing the 
tude L, the expression for the sum of these corrections 
may be written thus (6 being the declination), 


* 
I (cos, L cos. 6 $ sin. L sin. 8) 
cos. 6 


- cos. 


=m -+nsin. 8+ sec. 3, which is the form of these 
corrections Bessel gives in the Tabule Regi ke 

To Find the Azimuthal Errors by Transits of a 
Let T = the time of superior transit, supposed too 
late ; = the time of an inferior transit, which will be 
too early ; then, since the difference between these tran- 
sits corrected for motion in R. A. should be 12h., all the 
other corrections being made, we shall have— 

asin. ZD asin. ZD’ 

T— igen. NPD ~ 2+! +5 cin, NPD 

Let T —t = 12h. + b, then— 
b a (sin. Z D+sin. Z D’/) 
~~~ 16 sin. NPD 

a (sin. (colat. - N P D) + sin. (colat. +N P D)) 
ie id sin. NPD 
2 asin. colat. cos. NPD , 15) x tan. NPD 

ibsin. NPD ***~ 2sin. colatitude 
In a future page we shall afford numerical examples of 
the determination of azimuthal errors. 
ee  Seeeny sarees oe 
mu viZ.— 


orb = 


sin. Z D south 
Error of azimuth X i NPD 


are tabulated for different north polar distances at the 
root observatories, the multiplication being easily 
made by means of a ruler, Several other contriv- 
ances have been invented for forming these corrections by 
mechanical methods, by the Astronomer Royal, Professor 
Challis, and Mr, Carrington, for which we beg to refer to 
the Memoirs ot the Royal Astronomical Society. 

Having thus explained the formulw and methods of 


_ boos. (L—8) + a sin. (LF 2) +e 
: F} 


+ a(sin. L cos. 6 + cos. L sin. 6) 
cos. 6 


= loos, L-+ Usin. L tan. 8+ asin. L— Ltan. 8+ ¢ sec. 8. 
ane ER awed) + Co cen Ech coon! Bh mn.de- sek 


determining the three preceding we shall now 
proceed with the investigation Prapege VPeblbcae of 
the equatorial intervals of the + which are immedi- 
ately necessary for the reduction of imperfect transits. 
hen a heavenly body is observed with a transit in- 
strument at a distance from the meridian, if this distance 


3 be added to or sub- 


€ tor, O the 


measured on a great circle. (It may be well to remark 
that to whatever part of the heavens a transit instrument 
is pointed, the distance from any wire to the middle wire 
is an are of a great circle; it is the same as if the 
equator had been moved into that position). Now in the 
triangle we have OS and O P given to SPO, which 


expresses the time ; therefore sin. BPO=a- om or if 


h=the distance 6=the declination, c=angle SPO; then 
eee tennetly ‘Mappenn, eoeselie me ae 
ow it uently 
weather, that an object has not been, or cannot be, 
served at all the wires of the transit instrument; but if 
the intervals of the wires be known—that is, the times 
employed by an equatorial star in ing from the first 
to the from the second to the &c,—the 
true time at which an object, which has been on 
i wires, would transit the meri 


| 


, 
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sign 
and those after it the sign minus, for stars above the 
signs to be changed for stars below the pole. 
the instrument be reversed, the si are to be 
changed. For the ination of these intervals, 


then for each transit, the difference between each wire 
and the mean of all the wires is taken; and the mean of 
all these differences for the same wire for all the obser- 
— then, if we call this mean for any wire=c, we 
ve 
Sin. A=sin. ¢ cos. 6=sin. ¢ sin. star's NPD 
sin. ¢ X sin. star's NPD 
therefore h= ib sin. 1” 
This gives the equatorial distance in seconds of time from 
the wire under consideration to the mean of all the 


Now let + a, + }, +¢, + d,—e,—f, —9, be the 
equatorial intervals for a telescope having seven wires, 
and su; the times of transit of a star to have been 
observed on two of these wires ; if the mean of these two 
observed times of transit be taken, it will be the time at 
which a star passed a point equally distant from both 


or some other star near the pole, is observed ; | 


wires. We shall suppose the two wires to be the first 
and second ; to find the distance of this. point from the 
mean of wires, or from what we consider to be the 
meridian point. The distance between the first and 
second wires is a—b; hence the distance of the first wire 


from the required point ist the distance of the first 


wire from the meridian point is a, therefore a5? 


2 LPs the distance of the point, for which we have 


‘the time of transit to the meridian point. This shows 


that we have only to take the sum of the equatorial in- 
tervals for the wires observed ; this sum, divided by the 
number of wires, will be the distance of the point for 
which we have the time of transit from the meridional 
point. This distance being called h, and ¢ representing 
the correction required, we have— 

(1) sin. ¢ = sin. h sec. 4, or 

(2) c sec, = h' sec. 6, 


For the pole star and others near it (1) must be used. 


Determination of Intervals of the Greenwich Transit Instrument by the following Transits of Polaris :— 
Distance of each Wire from the Mean of the 7th Wires (Polaris), 1848, May 2S.P. to May 12S.P. 


ri Decl. of 
1848 y B 0 D E F el fh 
8 $9 
™, 8. ™, 8. ™, 8. s. ™., & ™. 8. m™. 8. ” 
May 28.P. |+24296|—16 2086/—8 9:36| —0-86 | +8 10-14 |+1617-14 [+24 34:14] 503 
32-00 21-00 9:00} +050 950 17-50 34°50] 500 
48.P 32°14 2214] 1044] +136 1036 17°86 3481] 49-8 
4 32°57 20°57 857] +043 10-43 18-43 32-43|. 49-7 
5S.P 33-29 2129} 11:29] —029 971 20°71 35°71| 49-5 
5 30-14 19:14} 1044) —114 9:36 17-36 33°86| 49:4 
6 S.P. 33°14 2164 814] +036 8:86 18:36 35°36| 49-2 
28-57 22:57 857 | —057 6-43 18-43 35°43 |. 48-9 
30°86 20°36] 1186] +1-14 1214 19-14 31:14| 48-7 
98.P 31°57 21-57 957 | +043 8-43 19-43 34:43| 48-6 
9 29°57 19-07 8:57 | +043 8-93 15-43 32:43| 48-5 
May12S.P. |-24 29-00 2200} - 1000} —100 800 | 1619-00 35:00] 480 
™. 8. 
Means. —24 31-06 |16 21:06| — 8 9-64| +007 | +8 9:36 |+1618-23 |+243411| 49-29 
Or in Are 6749 128 {90/24 %-60| +105 [492 20-401 424 33-45/-46 8 si-65 
Log. Sinies 9-0284678 | 8-3529932 | 85514513 | 4-6855749 | 8:5512029 | 88517407 | 9-0293639 
Constant 25571186 | 2°5571186 | 2°5571186 | 25571186 | 25571186 | 2°5571186 | 2-5571186 
Log, Equat. Interval | 1:5855864 | 1-4101118 | 1-1085699 | 7-2426935 | 1-1083215 | 1-4088593 | 1-5864825 
& 3. 3. 8. 8. 38. 8. 
Equatorial Interval | + 38511 | 25711 | 12840 0-002 | 12633 | 25-636 | 38-591 
In Are 6 $0716 S67 |$ foo | +603 | fe50 | 6 445419 S887 
Log. cos, $8 £9 49-22 . .  » « 84187848 
Ar. co. log. sin. 1”. . ee 63144251 
Ar. co.log-15 . ~ ss 88239087 


+ «  « 25671186 


— 
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Computation of Intervals from Middle Wire for Polaris for Declinations 88° 29’, 88° 30’, and 88°31’, 
A B © D E F G 
Log. sin. equatorial interval | 74472539 | 7°2717901| 69702297 6-9700041 | 72705157 | 7°4481553 
. 00. log. cos. 88° 29 15772832 | 1-5772832| 1-5772832 15772832 | 1°5772832| 15772832 
Log. sin. interval 9-0245371 | 88490733] 8'5475129 8-5472873 | 8°8477989| 9°0254385 
Interval 4’ 26°33"| 4° 3 3-45” |2° 1’ 18-27” 2° 1° 14°50" /4° 2 20-656? 5’ 11 94” 
In. time 24’ 17°76" | 16’ 12-23"| 8’ 5-22" |0-07"| 84-97" | 16’ 9:37” | 24’ 20-80” 
sin, equatorial interval | 7-4472599 | 7-2717901] 6-9702207 69700041 | 7-2705157| 7-4481553 
Ar, co. log. cos. 88° 30’ 15820810 | 1:5820810| 1°5820810 15820810} 1:5820810) 1°5820810 
Log. sin. interval | 90203349 8:8538711| 85523107 8°5520851| 8-8525967| 9-0302363 
Interval 6° 8’ 30°17" 4° 5’ 45°73”/2° 2’ 39-16” 2° 2 35°33”| 4° 5 2:45” 6° 9” 16-29” 
In, time | 24’ 34-01” | 16” 23:05” | 8’ 10°61” | 0-08" | 8’ 10°36” | 16’ 20-16” | 24” 37-09” 
Log. sin. equatorial interval |'7-4472539 | 7-2717901| 6-9702297 69700041 | 7-2705157 | 7-4481553 
. 60. log. cos. 88° 31! 15869324 | 1-5869324| 1-5869324 15869324! 1-5869324| 1-5869324 
Log. sin. interval | 9°0341863 | 8:8587225| 8:5571621 8°5569365 | 88574481! 9-0350877 
Interval (6°12 39 52” 4° 8’ 31-66"| 2° 4’ 1:86” 2 8° 67-99" 4° 7’ 47°89" 6°13 26.15" 
In. time | 24’ 50-63” 16’ 34:11” | 8 16-12" 8! 15°87” | 16’ 31-19” | 24° 53:74” 
Comparing the intervals for 88° 29’ and 88° 30’ we have— 
dep + 10:82s, | + 5°39. | | —5:39s. | —10°79s. | — 16-295, 
And dividing these b: we have the change for one second of are— : 
+0271 | + 0°180 |. £9.000-1 | —0090 | — 0180 | -— 0-271 
Therefore for Polaris, ee = 29’ -+- ni” 
m 8. ; 
Ao we HOE TT OAR X ORT Beh c. nivel feo oe 8. £OT— 0 ORO 
B de ae = +16 12°23+nx 0:180 Bo =e50 ue Sun —16 937—n x 0-180 
3 bob * S + 8 Bor Time ee ine ies a —24 2080—n x 0-271 


Zenith Point of Transit Circle for 1849. (See page 1026). 


Circle Reading, Circle Reading, Sum of | Half of Adoption 
Day and Hour. Object. Direct. Reflection.” Le ale BS ed —— 
North Paral. 
° im O ° FY 4 
Oct. 14 8 hei 349 22 15°10 190 20 11°35 26°45 
16 9 BAO 7851 325 58 47°99 213 43 40°48 28°47 
17 8| aCephei 349 22 12°87 190 20 11:86 24-73 
17 8| BCephei S41 25 18°15 198 17 8-48 26°63 
or 4) 106 28 
r. ~~" 96. 13-29 ‘ 
Oct. 12 23| Wire R. 179 BI 1408 gist alee 
13 8 
13 22 a 14-09 
468 ns 14:12 
14 22 < 13:18 
15 6 ” 13°72 
15 22 3 14-70 
16 6 - 14:56 
16 22 i 14:32 
17 6 ” 13°43 
17 22 ” 13°76 
18 7 » 1465 
; 12) 16892 
779 51 1408 16°32 
South Paral. 
Oct. 16 8] ¢ Pogasi 26 41 52-07 153 (0 38°51 30°58 
17 12) a Trianguli 22 28 17°15 157 14 15°10 82°75 
63°33 
S07] 184 | 18 
10) 41-16 
{ 379 51 1412 
Or Z. P. correction «© «© «© « « 6 4568 
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The following examples will illustrate the whole method of completing imperfect transits :— 


SPECIMEN PAGE OF THE COMPLETION OF IMPERFECT TRANSITS. 


Day. 1848, July 20. July 20. July 20. July 20. July 20. 
Object. B. A.C. 5509. | © a Herculis. B Draconis. aOphiuchi. | B.A. C. 6125 
N.P.D. 27° 57’ 75° 26 37° 35’ 77° 20 Lb 27’ - 
Ist wire. 515 50-0 
2 ” 9°6 10°8 
eit 22-8 32-0 32-7 
> be 21 395 36-4 527 46-0 
ee 22 67 59°5 116 
roa es 22 34-0 125 257 
P44 16 23 16 | 177 17 26 17 28 256 | 17 58 396 
4) 89 218 | 4) 65:3 | 4) 855 | 5) 29 63 3) 76-9 
Mean of wires, 16 22 20-45 | 17 7 1633 | 17 26 21°38 | 17 27 59°26 | 17 58 25-63 
perp ners | — 4 + 19-91 + 3159 — 13:16 — 27-6 
Concluded transit over 
mean of the seven} | 16 21 39°34 | 17 7 36-24 | 17 26 52-97 | 17 27 4610 | 17 57 58-03 
wires, 
® See the Form at page 1011. 
COMPLETION OF IMPERFECT TRANSITS OF POLARIS. 
Day. 1848, July 21. July 22. Sept. 5. Sept. 21. 1848, Oct. 2. 
Object. Polaris, Polaris, S.P. | Polaris,S.P. | Polaris, S.P. | Polaris, S. P. 
Ist wire, 40 26-0 40 29-0 
Sih 48 34-0 48. 40-0 48 47-0 
ae 56 46°5 56 47-0 56 24-0 57 00 
a. 4 54-0 57-0 4 35-0 5 19-0 5 10-0 
x 4-0 12 40-0 13. 28-0 13. 21-0 
“a 52:0 21 40-0 
a 1 13 13 4 13. 20 13 29 505 | 13 
528 3 445 | 3) 1440 | 4) aso | 4) 1375 | 28 4 47-0 
Mean of observed wires. 56 44:90 | 12 56 48°00 | 13 8 37°75 | 13 17 34-38 | 12 56 57-40 
Reduction.* +s i009 | + 8 985 | — 4 564 | — 12 1704 | + 8 11-94 
Concluded transit over 
mean of the seven 1 4 5499 | 13 4 5685 | 13 4 3211 | 13 5 1724 | 13 5 9°34 
wires. 
© See the following Form, 
6N 
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ROYAL OBSERVATORY, GREENWICH. 


Calculations for Completing Imperfect Transits in the Year 1848. 
For Stars and Planets in general. (See, also, page 1009). 


Day. July 21. 
Object. B.A.C. 5509. a Hereulis. B Draconis. a Ophiuchi. B.A.C. 6125 
For observation 
on... A 38-511 
» B 25-711 
a Cc 12°840 + 12-840 
2 -D| — 0-002 — 0-002 — 0-002 
12°838 
” E | — 12833 — 12-833 — 12°833 
0-005 : 
- F | — 25-636 — 25°636 — 25-636 
— 25°631 
js G | — 38-591 — 38591 — 38°591 
Sun and mean — 77°062—19 266 77-060 19°265 19°265 | — 64°222—12°844 | — 77:060 
Lae a —25°687 
nat. sec. 62° 3’ 553-312 14° 34’ 23-301 52° 25’ + 69°361 12° 40' 74-201 21° 27’ 44-701 
38 532 19 265 19 265 12 844 25 687 
1 927 578 11 559 257 1°798 
578 58 578 51 103 
58 os 173 9 10 
10 12 
1 
Product . . 41-106 19°905 31°587 13-161 — 27°598 
Another Sere oR ay ws imperfect manels a to 1823, October 23. 
form a table of interv: m the middle wire for differ- i Dist Dist 
Setervals tthe vecnnt of tre dedlimetn peta ates ‘ * ee re : ™ eit 
1D. ; = 
formule). When the ries paet of any obj table have Wire 4 i ao : reer ' nto. e tao 
been reduced to the middle wire ” 3 
the mean of oneness go paella », LIL. 358°225 357-750 33766 337-23 
For a planet, the change of right ascension in the inter- » V. 858350 359375 33824 383-71 
= i ain ene in the formation of the results for » VL 75362 753875 71274 71298 
‘iee's recs Page Pitt aes », VIL. 1117°600 1117775 1019-11 1019-28 
‘ollowing example olaris ; 
1848, October 2. Wires observed—A, B, ©, D, E. At the Observatory, Greenwich, the Astro- 
Declination of Polaris 88° 29’ 65”°7. — Royal Fi male, sues of be south collimator for 
e determination e wires e transit circle. 
space ee a sae Naive “The eye-piece of the transit circle was turned round 90°, 
Au. 40 290... + 2417°76) _ 0495-56 hao 4:56 | 80 as to bring the wires into a sensibly horizontal posi- 
17°80 tion, and with’ the head of the micrometer eee when 
B.. 48 470... + 1612-23) _ 5 11-06 | the telescope was directed to the south. h of the 
P oe ree + . pes wires, in succession, was then brought upon a determi- 
See os 22) _ 5 11°13 | nate point of the image of A Mee of the nearly horizontal 
> 66. ie oor ‘% aad wires of the south co! greta h weg by turning the in- 
z. “” isis 210. irs strument, and partly os the right ascension micrometer, 
ate w—— = 5 10-12 | and the instrument ing clamped, the six microscopes 
5°91 of the zenith distance own as wellas the right 
5) 46°80 | ascension micrometer.” 
Ts 5 936 io Se See the reer ica concluded circle read- 
ls Sheetal llre mend age Barr Agen nn i hecho ror 
mined by directing the telescope of a theodolite to the , 
object-glass of a transit instrument. In this manner the Wire “e Ss en ae) a mse 
wires may be distinctly seen; but it is also necessary Mare 5.6 Pe ore tee phew 
that the axes of the two instruments should be exactly in OE | ete oe ke 1: 52 39°290 
the same Ge: tor bear eppmpnmaner oem Anars ey Oe ieee pedo 
at Gottingen. following is an example :—It is to be rial 3 Saas ey Cae 
4 Pi te tote h to eae 
Eat" ent o cl Saray ht th ” VIL ‘ * * * 88 50-482 


Le circle, and iby an that the 
diminished by multiplying 
the inclination, or 23° 58’ 53 md 


Tiwinssas al Gave amncbine is 49’ 12” 051 ; 
paring this with each number separately, we 


 Baaly a 
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8. 

For Wire I. + 1021645 or + 41-443 
» IL+ 654-659 27 646 

» © LL. + 8: 27°-239 13816 

» IV.— 0083  — 0002 

»  .v-- 82471 49 13-811 

» VEL — 654809 - 27-654 
VIL —1021569 —- 41-438 


Dr. Drew has usefully applied a wire micrometer, 
attached to a five feet telescope, for the determination of 
the intervals of his transit circle—an instrument of forty- 
two inches focal distance. The value of one revolution 
of the micrometer being known, he was able to measure 
easily the distances of the wires, by sarecting the two 
object-glasses towards each other. The result es 
closely with that deduced from a transit of 6 Urse 
Minoris. 

To find the correction to an imperfect transit of the 
moon or a planet :— 

Let h” be the a) nt distance from the middle wire. 

»> # = the right ascension of the zenith. 
», @ = the apparent right ascension of the interval. 


», ©'= the apparent declination. 
we have— 


Sin, h= cos. & sin. p—a’ = 5008. 8 sin. (ua) 


Put sin. h = Asin. 1’, and sin, p—a —p—asin. 1’, 
Then we shall have— 


d cos. 6 


h=—py—@-4). +. p-a= x@ 


dcos.8°*°* 


1 ge 
1=X\d cos. 3) ™ 
sin. Geo. Z. D. h 
= (19) X Sopp. 2 oon 
This is the formula given in the Greenwich Observa- 
tions for the same purpose. In the case of the planets 
d is very nearly equal to d, and the formula is—_ 
h 
(1+) x yyy where ) is the increase of the planet's 


right ascension in one second of sidereal time. — 


COMPLETION OF AN IMPERFECT TRANSIT OF THE MOON, 


He, 18h Agee 1848, August 9. iy 
Object. 1L. 
< > D's goo. NPD... se sie ss 6 10741 
able te er Co. lat. of Greenwich . 9s» . . « « . 8881 
” -_ 
- 147 3" Ged. Ze Deis ie Is Geils inMs = boy) is oe Oe 
~ Parallax in altitude . . 2. 2. . «ss 49 
” ———aae 
6 > 
. a“ 17-4 d’s app. Z.D.. Syne) OR eet sO eke oe 69 59 
3) 26 I= 131” *62 = the increase (in seconds of time) 
: f the Moon’s right ascension for a transit over 
Observed mean of wires 17°4 0°87 . oe ‘ : 
Ralachionk =. Sr6 ces 27-79 a meridian upon the earth, distant by lh, of 
terrestrial longitude (Nautical Almanac, 1848, Sec- 
Concluded transit over 3 : ‘nati 
 SericmmngicA ond } 174 28°66 tion—Moon-Culminating Stars), 


3600 + T 

Log. 3600 . . . . . . . . . . 001559 

Log: win:: 3s g00.ZeD. yt Ws te me eg OG ene 

Ar. co, log. sin. )’s app. Z.D. . ° © 4) pile ae + «© « 0°02706 

Log. sec. D’s geo. decl. . . . . . . . . . 002102 

0°03431 

1848, August 9th, 8. 
. * . . . . * 
Wires i” Log. 25°687 (see below*) 1:40972 
For an A ‘ae pete aes a Mes 
ag - : : : <a tn Completion of imperfect transit, to sole ihe 

U mean of seven wires, 5 5 « 27-79. 
3) 77-062 ‘ TROT TES 
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DETERMINING COLLIMATION. ] ASTRONOMY. 
COMPLETION OF AN IMPERFECT TRANSIT OF A PLANET. 
Plan N.P.D, = 70° 22’ 8. i 
Day, 1848, August 9th. Tm variation iA in Th =-+ 1999 
ak, are ie pe aoe ty ar cea ge tt tee 
1st wire. 27° et Pe stein! IR ea eek ok 
2 =, 40-2 ra acer eee ~ ~2° + 198 
3 ” 54-2 D . - . . . . . . _— “002 
4 5 81 : 
Bi ys 4) + 77-060 
6 
7% 86 + 19-265 
4) 1897 
.19°265 . . . . . . + 1:28477 
Mean of observed) | ¢3——gy-@g 4 co. sec. planets, NPD. oe 0-02601 
Reduction : : ; + 20°53 3600 + I a 
Concluded transit 84 7% Log: 3609 > : ah 001559 
j ? Mercury 2 L. 8, 
NS es EWE apse Be ewig tools | Fargas 


Formunta ror Dererminine Contimation.—In the 
operations of the Brussels Observatory, the following 
formula for the determination of the collimation, inde- 
espana of the other errors of the instrument, is used. 

investigation is to be found in M. Lingré’s memoir, 
Sur les Corrections de la Lunette Méridienne—one of the 


prize essays of the Brussels Academy, vol. xviii., 1844 
—’45. The stars best suited for this method are, one 


near the another near the zenith, and a third of 
— inati The example and formula are as 
ollows :— 


Example —Greenwich Observations, 1842, May 10th. 


, o 


h m s. h. m. 8. ° 
Corvi .  . «© H=12 2% 3953 RA = 12)26).,8°86 =112 81 39 
Uses Majoris " Holl 4 388 RA°=11 45 8311 “p°= 55 22° 39 ee 
olarisS.P. H=13 1 3042 RA’ =13-2 652. yp’ = 1 81 59) “OD: 
Calculation of the Collimation. 
C=D° sin. p° cos. $ (p — p’) +D : sin. p’ cos. 3 (p — p*) 
™ -2 sin. $(p — p*) sin. $ (p°— p’) 2 sin. 3 (p — yp’) sin. $(p’ — p°) 
D° = 15[(H + R A°) — (A? +. RA)] = — 1-50. 
D =15{(H + RA) —(H’ + RA)] = + 1017-40. 
4(p— p’) = 57° V 49" : § (p — p®) = 38° 33’ 0”: $(p°— p) = 18° 28’ 49” 
Log. Dp *- . . . . . . ~—0-17609 Log. yp . e . . . . > 200604 
ae Se: ee SY Oe O76sy | Toe Been OS eee os ee 
Log. cos. }(p—p’) -« . - ; = 9°73516 | Log. cos. }(p—p?) . . =e ta eee 
tek Mer Sco me nS CT ae eee es 8S ee eee 
Ar. co. log. sin. }(p—p*). » «+  «  0°20537| Ar. co. log. sin, }(p—p). «. «4.» 0°07626 
Ar. co. log. sin. $(p’—p’). + + « ~——0°49897 | Ar. co. log: sim. $ (y/ +p Ye 9+ + 7. — 049897 
—0-07773 + 0-60086 
1st Number = ~— 1°20 2nd Number . + 3°99 
2. 398 
C= + 2-79 


caloulation, made on May 13th, 1842, 
mer he Urse Majoris, and Polaris, gave C = 


agrees very satisfactorily with the pre- 
error determined (by reversal of the instrument in 


the usual way ised at Greenwich) was found to be, 
on mg 6th, = + 1’°51, which is a very good agree- 
men 


1828, » proposed a method, nearly similar, fe determini 

the errors, and the errors of collimation an 
the imperf: laces the » selapacn; ond th aim. 
e imperfect p! stur ca’ es, e diffi- 
culty of making ions sufficiently accurate. The 
following is the investigation :—‘‘ Let a, y, z, be the 
clock error, and the errors of collimation and deviation 
(the clock being supposed slow). O, 0’, O”, the observed 
times of transit corrected for the error of level and the 
Seen 
pass the meridian ; We og: respective multi- 
pliers of the error of collimation, which give results 


azimuth, but was ob! 


additive to the observed transits ; Z, Z', Z”, the same 
for the error of meridian. Then the following equations 


subsist :-— : 
O+2e2+Yy4+Z2=T 
OC +e+VYy4+2Zz2=T 
OY + a + Y“y + 22 = T” 
And subtracting the 2nd from the 1st, and the 8rd from 
the 2nd— 
0’ 
10) 


-Y’)y + Z-2’)2=(T-O) -(P — 
ew) y 4&2) 2 =O) — 

“The catalogued R. A. and the observation of the 
transit must be extremely accurate, in order that any 
result worthy of confidence may be obtained from these 
equations, ¢ most favourable stars are Polaris, a star 
below the pole, and a star above the pole, whose N. P. D. 
is considerable.” 

Mernop oF Frxpine Tae Trme.—The method of find- 
ing the time given in the following pages is capable of so 
many useful applications to travelling astronomers, that, 
a a treatise on this subject, is would be unwise to neg- 

ect it, 
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Nachri: vi., p. 189, a expe- 
ditious means of cee ke Gas Se cual tone 
instrament, which requires only the observed transit 
of Polaris in a certain and the transit of a 
known fundamental star in the same vertical. The for- 


mul of reduction are as follow :— 
Aw tan. = tan. 3 
tan. 6 — tan. a cos. P 
Buar_tan- G+ 2 tan. 
tan. 6 — tan. d’ cos, P 
P= 15 (a — a’ + T) 


O=- in 16” + ain. 9 
In which 6 and a are respectively the declination and 


h. 
Polaris : a = 24 
» Urse Majoris . 
a Bootis . . 

Therefore we have— 
h m. 3s. 


a—a’ = 11 17 58-43 

r= + 5 33-46 

a—a +r = 11 23 3189 
P =170° 52’ 58” 


a = 13 40 34°47 . 
a =14 73738 . 


right ascension of the pole star; 6’ and a’ are the same 
co-ordinates of another fundamental star ; @ is the lati- 
tude of the place, and T is tho sidereal interval of the 
Siesmple At: Christions, on-the ib of’ Nommshes 
on ovem 
1823, the following transits of stars were observed with 
& universal instrument of Reichenbach :— 


Star, Eye-piece towards the East. 
bh mm 8. 
Polaris .. r . »° 13 36 315 
o Urse Majoris ... rr. . 13 42 496 
Star. Eye-piece towards the West. 
hm «8, 
Polaris (3 v.46, 0/00» bc eon Ole 
Polatits 9. 4-0 5) ain vr Fo ed, LO 
The apparent places of the stars are— 
m 8. 
58 32:00 + 8 = s 22 26%8 


& = 50 11 34°79 
&= 20 6 866 


h ms. 
a—a” = 10 50 5552 
r= + 10 18:96 
a—a”’+r=i11 1 1448 
P’ =165° 18’ 35” 


The latitude ¢ is assumed to be 59° 54’ 8”°4, 


00791592 | 
9°9944783 


— 0°0736375 


. tan. & 
ae . . 


Log. 


- 9°7204185 
. — 15612716 


Log. A . 81591469 
Log. sin. 15” . . 471383339 
Log.sin.P «ss. (91999056 


1-4973864 


A? . - 631829 

é 0-61543 
° - 843873 
fe 90” + 336018 
sin. 3 . ° . 7 “59971 


633234 


In the same manner, if a calculation be made for a 
Bootis, we shall have— 


8. 8. m. 6. 
& = 133-205 +-0-004 = + 2 13-21 
From these values of the quantities @ and 6’ are found 
the binary angles ¢ and ¢ for these two stars; and the 


zenith distance of the pole star by this formula— 
Cos. E = cos. ¢ cos. 6 cos. (P — t)+ sin. Pain. 8. 


Therefore, by calculation— 
° ° , 
P-—t=170 45 P’—t = 164 45 
= 31 43 = $1 40 
&—G+Z——-—9 42 ¥-P4+7/=m— 48 
C= 013754 C’ = 015755 


The daily gain of the clock was 2s.°5 ; therefore for the 
time r’— 7 or 23m., a was = (0s, 047. Therefore, if « 
and « = 0, 0+ C’ will be equal to 0-29 


tans 0434 = 35°22949 


1-18478 
N  . . 936°41427 


*Log. tan. + « = 1°7752525 
Log. tan. .  — = 1:1999391 


(Tan. bg — tan. *» - 05753134 
Tan. @ + 2 tan. - | 41251307 
+ 31-433 


S) 
O+ © “1 ~ 029500 ~*“ 
By this value of vy itself we find, 8. 

for n Ursee Majoris Cy = — 1-044 

a gregh gs — 1:196 
Wherefore the state of the o is as follows -— 
n Urse Majoris. 
m. s. 


s 

i 
++8 

2 

& 
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Arcturus, a = 14h. 7 37°38” to find the sun’s right ascension, by comparing the transit 
O = 2 13°21 of his centre with the transit of the fundamental star, or 
+0y7 = — 1-20 with the transits of several principal stars, related to it 


Siderealtime = 14. 9 4939 

Clock time =14 10 47°46 

Error of Clock + 58-07 
_ This method is likely to be of considerable value to the 
astronomer travelling from place to place; and for this 
purpose we give it here. : 

Ow THE DeTeRMrNation OF RicuT ASCENSION BY THE 
Transit InsrrumeNt.—The origin of right ascensions is 
the intersection of the ecliptic and equator at the vernal 
equinox. For the purpose of determining this origin, 
Dr. Maskelyne selected a cn age the place of which he 
arbitrarily assumed, and with which he compared thirty- 
five other — stars, applying the clock error and 
rate ; and, by these means, forming apparent right ascen- 
sions. These were afterwards converted into mean right 
ascensions, for the beginning of each year, by the appli- 
cation of precession, nutation, and aberration, from cer- 
tain assumed constants. The places of all the others’ 
were, therefore, affected with the error of the assumed 

ight ascension of a Aquile. To determine the amount 
of this error, he computed the sun’s right ascension from 
the transit observations depending on the assumed place 
of a Aquile ; and he also computed a right ascension of 
the sun, from observations of declination by the quad- 
rant, by the formula, 

Rad. X sin. R. A. =cotan. obliq. x tan. declination. 
And comparing the two results for certain periods of 
time, on each side 3 the equinoxes, so as to tee 
any errors arising from refraction, parallax, obliquit 
of the ecliptic, and latitude of the place, he obtained 
a correction to his assumed place of a Aquile, which was 
common to the remaining stars of the catalogue. 

When a number of stars have had their right ascen- 

yf Sires. them to some fundamental 
star, they will all charged with the error which may 
happen to belong to this star; and it is an object of the 
utmost importance to ascertain the existence and quantity 
of such error. The difficulty lies in the determining 
accurately the position of the first point of Aries, from 
which the right ascensions of all the stars are counted. 
The course pursued, therefore, by astronomers, is first 


Errors of the Assumed Position of the First Point of Aries, 


by known differences ; and, secondly, to compute from 
his observed declination the right ascension belonging to 
the moment of the meridian . These operations 
should be performed on several days, near both the 
vernal and autumnal equinox. The right ascensions 
derived from a comparison with the stars, should agree 
with those derived from the observed declinations of the 
sun. If there bea constant difference, this will be the 
Fig. 210, correction to be applied 
to the assumed right 
ascension of the funda- 
mentalstar. The sun’s 
right ascension is de- 
duced from his decli- 
nation in the following 
manner :—Let AO (Fig. 
210) represent a part of the equator, AD a part of the 
ecliptic, and A be the first point of Aries. Suppose the 
sun tobe at S, and draw S B perpendicular to A C; then 
AB will be the right ascension of the sun, and 8B his 
declination. But, by Napier’s rule, rad. X sin. AB= 
cotan. SAB x tan. SB; that is, sin. R. A. = cotan. 
obliquity < tan. dec. + 
Or, representing the sun’s declination by 6, and the 
obliquity of the ecliptic by w, we have { 


7, 
A 


.—The following observations of the sun’s 
centre were made at Greenwich in 1851 :— 


Date. | Sun’s R. A. Observed. | Sun’s Dec. Observed. 
) a a OM 
Sept. 15 11 34 16°15 247 O18N. 
16 37 51:22 2 23 50°70 N. 
21 55 48°55 0 27 15:35 N. 
22 59 24-19 0 3 51°53 N. 
23 12 3 032 0 19 33°76 8. 


The following example, from the Appendix to the 
Greenwich Observations, 1851, willexplain this process :— 
by Observations made near the Vernal and 


Autumnal Equinoxes of 1802. Assumed lat. of Observatory, 51° 28’ 38”°9. Assumed mean obliquity, 1802, . 
Jan. 1, 23° 27’ 55°58. Assumed mean R. A. of a Aquilw, 1802, January 1, 19h. 41m. 7s. ‘00. 
Sun's R. A. from | Sun's R.A. com-_| sR. A. "s R. A. com- 
ont snd | “Chacrvaton of" | puted frm served #xcemefeom-| Month sod | *Sbaervation of | pated frm observed [nt oom 
Transits. ransi' Declination. 
a 4 ’ 4 
Feb. 13 | 336 27 486 | 386 2817-6 | + 25-0 lloct. 30 | 214 2149 | 214 1 4077 | — 342 
14 | 32726 28-5 | 32726525 | + 24-0 28 | 212 553-7 | 212 5295 | — 24-2 
-26 | 338 56 40-4 | 338 57 72 | + 268 16 | 200 42 448 | 20042199 | — 24-9 
27 | 339 63173 | 339 53 385 | + 21-2 15 | 199 46 52:5 | 199 46 30-2 | — 223 
Mar. 1 | 34145 548 | 34146 211 | + 263 14 | 198 61 55 | 198 50450 | — 206 
7 | 34720518 | 34721185 | + 267 7 | 192 24 316 | 192 24120 | — 196 
15 | 354 41 56-4 | 354 42 12-9 t 16-5 |Sept.29 | 185 8236 | 185 8 104 | — 132 
18 | 35726 40 | 357 26 10-4 64 26 | 182 25.525 | 182 55403 | — 122 
20 | 35915180 | 35915 335 | + 155 24 | 180 37 546 | 180 37 35:1 | — 19% 
23 1 58 53-7 169 78 | + 14-1 31. | 177 65 578 | 177 55439 | — 139 
25 3 47 46-4 347675 | + 111 19 | 176 8156 | 176 7 552 | — 20-4 
26 4 42 147 442268 | + 121 18 | 17514203 | 17514118 | — 85 
27 5 36 41:3 5 36 507 | + 9-4 17. | 174 2033-3 | 174 20104 | — 229 
28 6 31 11-0 6 31 24:1 | + 13-1 16 | 173 26 38-7 | 173 26 226 | — 16-1 
29 7 25 40-2 725575 | + 173 15 | 172 32443 | 172 32333 | — 110 
31 9 14 39-2 914639 | + 147 13 | 17045 16 | 17044416 | — 200 
Apr. 1 10 9 97 10 9220 | + 12:3 12 | 169-51 75 | 169 60 519 | — 156 
sf 12 62576 | 1263115 | + 139 9 | 167 9170 | 16791 53 | — 17 
6 | 18 47 37-1 13 47 53-9 | + 168 8 | 16615128 | 166 14 564 | — 16-4 
10 | 1821369 | 1821463 | + 9-4 3 | 16144 90 | 16144165 | + 75 
12 | 2011375 | 2011583 | + 208 1 | 15955159 | 15955 90 | — 69 
14 | 22 1589 | 22 2 94 | +105 {Ang 30 | 158 6 50 | 158 5587 | — 63 
Mean ......| + 1673] Mean ...... | — 1558 


{The correction applicable to the right ascensions of all stars observed in 1902, is (+ 16°72 — 15°58) + 2 = + 0°57 = + 0°04s.] 
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| Errors of collimation may be determined by a micro- | azimuth, have been 
| meter attached to the of the telescope, by | the transit instru bsct etipe 
which the angular distance of the object from the central | determination of accurate time and i of 
| wire is first measured. The instrument is then reversed, | apparent right ascensions. The Nautical Almanac con- 
and the distance of the same object from the central wire | tains the apparent for every tenth day in the 
again measured. The azimuthal direction may be found yess, of comme stars called clock stars, can 
we: rae mar two stars, differing in declinati immedia’ compared with the corrected instru- 
w are Polaris being acres plo mental results. A series of clock for certain 
| these stars. At the t time, the p' of certain epochs of time, will thas be obtained (by taking the dif- 
fixed stars are used these purposes, and a correction | ferences of the foregoing numbers) ; which, being grouped 
of the assumed equinox is obtained from all the right | on successive days, will give at once a rate of the clock. 
ascensions and north polar distances of the sun. (See | In adopting the rate for use, due weight must be allowed 
the annual volumes of the Greenwich and Cambridge | for the interval of time on which each deduced rate de- 
| Observations). agen 2d mer fi mhee-cenet Aer ee tet ets + 
' When the preceding errors of collimation, level, and number and distribution of the clock stars. 
/ . ; : 
Apparent Errors of the Transit Clock, and Adopted Clock Rates and Clock Errors at Oh. Sidereal, in the 
Year 1848, 
a 5 a i - 
Pome del a] ge Adland 
e Ca 5 1 so 5 i 4 & 
ma 6 : ie 23 e322 z a5 te i 
| 5 EG Seep " E E 3 
; h m «& ho m 8. & 8. 8. 6. 8. 8. 
March 14,7 | H. | 6 38 28°04 | 6 38 23°65 | 4:39 0-34 
/ 7 | ow» | 7-1) 366 | 7 10 5970.| 4:56 , 
& ” 7 24 54°90 7 24 50°40 4°50 
8 ” 7 B81 21°74 7, 31 17°36 4°38 
9 ” 8 38 44°87 8 38 40°32 4°55 
5)39 37. 21 22°38 
7 7 28 | 443 | 4.49 
‘ll 
ahh — 
March 13 23 at 0 sidereal. 4:37 74.32 117 0°37 


March 17, 10 H. | 10 © 17-94 | 10 0 1229 | 5:66 
22°21 0°59 0-64 


March 18,7 | R. | 6 52 40°08 | 6 52 33°39 | 6-69 0°54 
7 » fF M358] 7. 10.5677. | 681 
8 » | 7 24 5483]. 7 24 48°20 | 6:63 
8 | 7 81 2168 | 7 81 15:01 | 6-67 
8 ~ | 7 86 168 | 7 35 55°03 | 6°65 
8 , | 8 1 566 | 8 O 5896 | 6-70 
Nl » |i 6 277 J) 11 5 5616 | 661 
11 » | 1) 11 4668 | 11 AL 40-22 | 6-46 
8) 68 66 48 53°22 
188 8 21 665 | 6.25 
—18 
March 17d. 23h, at Oh. sidereal. 6°47 2647 | O48 | O44 
- —— 
March 19,11 | H. |} 11 6 277,11. 5 55:87 | 6:90 0°47 
1 yo fl 1 4668 | 11 11 4015 | 653 
19°11 ll 8 6-72 | 6.73 
"21 
March 19d. Oh, at Oh. sidereal. 6°51 


The following forms will show the method of reducing | wich, as well as the formation of clock errors at Oh. 
transit observations at the Royal Observatory, Green- | sidereal and adopted rates :— 


SPECIMEN TABLES. ] - ASTRONOMY, 1017 


Example I.—Observations of Transits in the Year 1851 with the Transit Circle, and Computations 
of Right Ascension, 


ah m da. oh. m. d. h. m. “d. bom. 
Approx. Sol. Time. August 15 8 27 15 10 26 15 10 32 15 10 49 
Name of Object. pm Sagittarii. @ Aquilz. a? Capricorni. ¢ Delphini. 
Approx. N.P.D. of Object. 91 16 79 12 
Observer. H. B. 
Reading of Transit Mi- 
' crometer. 31-500 
1m. h. m. 8. h. m. 8. hm. a | 
Trans. over wire I. = 26 2 15°2 a 24-4 43-1 
” a JT 41°2 29°1 38°3 57°3 
” Pye ti & 55°9 42°83 52°3 114 
* ore ts 10°7 56°7 64 25-3 
” » _V. 25°6 10-4 20°9 39-6 
” ss VIL. 407 244 35°2 536 
n oe VEL 18 4 547 20 3 38-0 20 9 49-4 20 2578 
| 7) 25:0 7) 366 7) 369 7) 381 
Add..... oaseree 3°57 5°23 5°27 544 
| 7-14 1:43 1:43 
| Observed Transit......... |, 18 4 1071 20 3 56°66 20 9 6-70 "20 25 25-44 
Col. error — 0°76 X | + -071=—-05 | +067 =—-05 | + -068——-05 | + 068 —— 05 
Level error— 4°34 X | + -021=— 09 | + -040=— "17 | + -029=—"13 | 4 052 =— 23 
Azim. error —0°36 X 068 = — +03 | +°053—=— 02 | + 062 =— 02 | + -044 = — -02 
True Transit over Me- 
MNOSOUE osx ct seneas secab ta 18 4 10°54 20 2 56°42 20 9 6°50 20 25 25°14 
Clock slow at Oh. Siderl. 
AEDT Eee : 41°83 41°83 41°83 41°83 
Adop. los. rate 1°14...... “86 95 “96 ‘97 
Ob. R. A. of Object ...... 18 4 53°23 20 3 39°20 © 20 9 49°29 20 26 7-94 
Star’s Correc. with sign 
POTS | — 2-09 — 2:24 — 2°33 — 2-25 
Obser. Mean R. A. Jan. 
I, for Stars ............ 18 4 51°14 20 3 36°96 20 9 46°96 20 26 5°69 


Ezample U.—Computation of Star Corrections applicable to Mean R. A. by the New Constants, in the year 1851, 


Day. * August 15. | 
Star's Name. p Sagittarii. | 6 Aquile. a* Capricorni. € Delphini. 
Star’s R. A. 
Star’s N. P. D. 
Reference for Star Con- 1578 1804 1816 1836 
stants. Gr, 12 yr. Cat. Gr. 12 yr. Cat. Gr. 12 yr. Cat. Gr. 12 yr. Cat. 
Log. B ccsccsseses TSE. 1°60053 1°60053 1°60053 1-60053 
Lawl 55 Si pesivedeocnded . | 007971 009141 0'09228 0-09355 
8. 8. 8s. 8. 
Sum and Number ...... 168024 47:390 | 1°69194 49°197 | 1°69281 49-296 | 169408 49-440 
Log. F iesse sessereseeseeee | 1°09921 1-09921 1-09921 1-09921 
Se arene eo tee 0'05253 0°05794 005774 005897 
Sum and Number......... 115174 145182 | 115715 14:360 | 1°15695 14°353 | 1°15818 14-394 
| Sy: eae 0+18447 018447 0-18447 0:18447 
Log. 9 sesesss Se seve | 1°45615 1*44865 1745226 1°44507 
Sum and Number......... 164062 43°714 | 1°63312 42:966 | 1°63673 43-924 | 1°62954 42-613 
Pe ee 1°45769 145769 145769, 1-45769 
L0g. A escessesseeseveresee | 0°07899 0:07891 0:07618 | 008191 
Sum and Number......... 1°53668 34-410 | 1:53660 34-403 | 1°53387 34-188 | 153960 34-642 
74-433 74-433 74°433 74°433 
87°459 86°878 86-736. 86°727 
302-088 "-302"237 302-330 302249 
300-000 300-000 300-000 300-000 
Star Correc.— Remainder 2-088 2:237 2-330 2-249 
60 


VOL 
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The following examples will show the methods of determining azimuthal errors of the transit instrument at the 
Royal Observatory, Greenwich. 
r ; 
Sake ‘Eimes | Tame, corre fr Bro of Colman and aver, withthe Coren 
April 38, 7 Transit of 6 Leonis corrected for erga 
: twoerrors. . . — +2 X 0041 
Tabular Right Ascension . . 11 41 19-74 
Clock Slow ae er: 34:29 
8. h. m, 
Rate [125] forl 20 ... +07 
34:36 —z x 0-041 
h. m. s. 
April 28, 10} Transit of Polaris S.P.. . —13 3 25°35 +z x 1:638 
Tabular Right Ascension . . 14 876 
_ 42°91 — z X 1°638 
Z + 8-55 
. Z = 1597 _ 5 54 
June 13, 8 ‘ h, m. s. ’ 
Transit of PolarisS.P.—. .134 546+ 2 x 1.638 
20 Transit of Polaris EB 1 4 15°84 —z x 1533 
8. 
Clock Rate [1°06] for12 . . + 0°53 
Subtract Increase of — 0-40 
R. A. in 12h. wea? * 
1 4 15°97 + 2+ 1533 
ot QR n +973 


The practical directions for using them, as given in the 
Greenwich Observations, are as follows (1848, p. xx.) :— 

“If two consecutive transits of Polaris have been 
observed, the first transit (as corrected for error of colli- 
mation and level error) is altered by the change of the 
star’s right ascension, and by the estimated clock error 
for 12h. ; and the difference, in seconds of time, between 
the altered first transit and the second transit (rejecting 
12h.) is divided by 3°171 to obtain the azimuthal error in 
seconds of space. 

*«Tf three transits have been observed, the difference 
between the first and second is taken (rejecting 12h.), 
and the difference between the second and third in like 
manner ; and the mean between these is supposed to be 
independent of the change of right ascension and the 
clock’s rate, and is then divided by 3-171. 

“Tf several transits have been observed, the same 
process is used for every successive set of three, and the 
results are used separately, or the mean of the results 
is taken, ing as there appears reason to think that 
the position of the instrument has or has not undergone 
ce ” 


Example of the Determination of Azimuthal Error by 
Three Consecutive Transits of Polaris :— 
Transit 
1846. Dec. 15. Polaris . 
Dec. 15. Polaris, S.P. . 13 4 35:30 


+1178 
Dec. 16. Polaris . . . 14 47°08 
25°87 
. + 12-94 
if po Pee ey tes 


On THe DererMINaTION OF TERRESTRIAL Lonat- 
tupEs.—In this section we shall explain the principal 
methods used in the determination of terrestrial longi- 

Longitudes by transits of the moon and moon culmi- 
nating stars. 

The first introduction of this method appears to be 
entirely due to the German cop ese eo the 

1820, it was agreed on by Gauss, Bessel, Struve. 
Nicolai, and others, to observe transits of the moon, and 
certain prearranged stars lying in its parallel, for the 

urpose of determining longitudes. The celebrated 
umacher gave his zealous co-operation by the imme- 
diate publication of the results in the Astronomisch Nach- 
richten. In these kingdoms, the method was cultivated 
by Dr. Brinkley and the late Mr. Baily; the latter astro- 
nomer having contributed to its advancement by his 
memoir on the subject, in the Zransactions of the U 
Astronomical Society, which led to the insertion of the 
uisite data in the pages of the Nautical Almanac. 
he stars with which the moon is to be compared, are 
selected in the same parallel of declination, for the pur- 
pose of nullifying any small errors which may be left on 
the transit instrument ; but, notwithstanding all the care 
which was taken by these refinements, there are still un- 


certainties produced by irradiation and a uliar per- 
sonal equation of the limbs of the moon, which tend to 
throw doubt on the results. The former quantity, or 


‘*irradiation,” may be eliminated by the results of the 
moon’s 1 L. and 2 L.; but the latter is a variable and 
unknown quantity, in some instances affecting the tran- 
sits of the first and second limb in a different proportion. 
In the following pages we will show the method pur- 
sued by the Astronomer Royal in the longitudes of the 
North American boundary, and also those of MM. Rum- 
ker and Struve. The method of the Astronomer Royal 
is to be used in cases where there are no corresponding 


[yiwpixG sccmaiae 


the Nautical Almanac, an approximation to which, how- 
ever, may be made by observations on other Sars a ony 
standard o) . The methods of M. Rimker 
Professor Struve are intended for corres ing obser- 
vations ; the former ha’ been applied in the determi- 
nation of the itude of Port Btophens, New South 
Wales, and the latter in the itudes of several places 
in Turkey, during the 1828 to 1832 inclusive. 
The first method of oacnintbe i Sy ig is by the 
absolute right ascensions of the moon’s limb, and is only 
to be used when there are no corresponding observations 
of moon-culminating stars. It consists in making two 
assumptions of longitude, differing by any known quan- 
tity, and in’ lating, for these times, the right ascensions 
of moon’s limb from the numbers given in the section 
of ** Moon-Culminating Stars,” in the Nautical Almanac. 


ferences. This gives— 
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observations, and the results will be affected | These tabular right ascensions are given for the time of 
with the tabular errors of the moon’s right ascension in | transit of the upper and lower meridian at Greenwich, 


By comparing interpolated data with the result of 
the gma pee S bel bo exact differ- 
ence ‘tude ma ou a proportion. 
The pedingy aca A i hei 


Moon’s R. A. on preceding day. 

R. A. at lower passage, ten A day. 
R. A. of ae 

Moon's R. A. at next lower passage. 
Moon’s R. A. at following day. 


The following method of interpolation may be used, the fourth differences being considered constant :— 
Suppose a, = a, + bh + ch* + dh® + ch’. In this, for h write — 2, —1, 0, +1, + 2, and take the dif- 


ones = ay + ( S05 


stn temaber nen any two consecutive terms of the 
ven quan’ 48 @—», @—,, is supposed to be uni’ 

and therefore h must be a fractional part of ‘this unit, 
Thus, if this interval be 12h., and the time for interpo- 


lation Sh. 20m., then f= =" 20@. re the interval be- 
tween the consecutive quantities be 24h., then we should 


Sh. 20m. 
have h = 24h, + 8nd 80 on for other intervals. 


Pines following example will illustrate the whole pro- 
Longitude of Port Essington, north-east coast of Aus- 
Scalia) dndoced from lunar transits observed there in 
x 
f 


Captain Owen Stanley, R.N. 
Peek tition right ascensions of the moon’s 

gton are found by the usual means, 
the error and rate of the chrono- 


6d +12¢+6d—12¢= A” , 


Bet 20= A" 05 M8 


Na ” ” 
—a) i+ (4°--) (Seep hh re 


Ist differences. _ 2nd differences. Srd differences. |4th differences. 
o—, = & —2b-+4e—8d +166 |) +0—aepra—a0e 
75 hs, earid yA ge ae _ jamais 2¢-Gd+ le 
4 = +b eeade 2o+26 6d-—12e J 
4% =a,+b+e—d+e ™ If s P e 
@, =a) +2b+4c+8d+16¢ b+Sct+7d+ Whe t|9e46d4+1het) 188+ ase a 
Now take the differences of the terms a—,, d—1, @, @, a”, thus— 

as, ‘ 

ata» 

a— +A’ oo A” Compari this with the fi 

"+ al, $A"o Bah Ned i ce, we shall have 
a—) rer + A” 
a—,+4's * 


mt 


24e = A” .*.€ oa 7 a 


mw 


+ AN5 vd aA th" 


bHotdtetb—ctd—em Ay tA; b= SOF Sia, 


wn 


hm 56 
1839, June 20, )1L. . . 12 50 1438 
» dune 22, p1L . .- 14 2 67-01 
» June24, dD 1L. . . 16 2 59°99 
» June26, Dll. . . 16 69 Ill 
de. &o 


By assuming two longitudes, 8h. 49m. east, and 
8h. 48m. east, and interpolating, with fourth di 
the right ascension of the moon’s limb, from the data for 
upper and lower transit over the Greenwich meridi 
we find for longitude 8h. 49m. east, right ascension 
the moon’s 1 L., 12h. 50m. 14s.°64; and for longitude 
8h. 48m. east, right ascension of the moon’s 1 L., 12h. 
50m. 16s,°46. The correction to the tabular right ascen- 
sion of the moon’s 1 L, is — 0s."27, from an o tion 
inade at the Royal Observatory, Edinburgh. 

The cheated right ascension of the moon’s 1 L. is 


= 
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12h. 50m. 14s.-38 ; therefore, by a proportion, the longi- | and for a culmination at another station, B, these quan- 


tude froni this observation is 8h. 48m. 59s.°67 east. tities are called p and 6 respectively, the correction 
Proceeding in a similar manner, we find for the obser- | will be 

vation in 1839, June 25, for assumptions of longitude| . 1 . ; 

8h. 49m. east and 8h. 48m. east, the right ascensions of + 35(aca— es 

the moon’s 1 L. 16h. 59m. 9.95 and 16h. 59m. 12s."36 15 \ cos. 0°" 08. 6 


iyi te Aighesm: GES A heen te eae 
arg observa’ z 2 the true difference of the right ascension of the centre 
The result of the meridian observation at Port Essing- | for both times of ohberodiaen The sign — applies to 
ton is 16h. 59m. 11s.-11; therefore the resulting longi- | the western limb, and the sign + to the eastern limb. 
tude is 8h. 48m. 31s.-12 east. But, if the apparent right ascensions of all the objects 
‘The second method will include the use of moon-cul- | observed are given at the stations, the more direct way 
minating stars observed at other stations. The simplest | will be as follows (Struve’s method) :— ‘ 
way is to form differences at each observatory between | Example—1846, March 10. The following correspond- 
the transits of the moon’s limb and each moon-culmi- | ing observations of the moon 1 L. and moon culminators 
nating hah ayia meg for the rate of the clock in | were observed at Greenwich, Oxford, Hamburg, and 
the int Comparing these differences with the | Georgetown c -S.) Observatories. The differences of 
respective differences at other stations, the increase of | longitude of Greenwich, Oxford, and Hamburg are sup- 
the right ascension of the moon’s limb will be obtained, | posed to be accurately known; and it is proposed to 
which will, however, differ from the increase in the right | determine the longitude of the Georgetown Ghuarnato 
oe bok the moon’s centre, in consequence of the 
moon’s geocentric semi-diameter in the in- i i . 
pa ye two This correction may be com- Boole. ops et nine: cexit 5 sg Prmbe 
puted as follows :—If the geocentric radius of the 9% 32 ee at ej : 
culminating in A be called r, and the true declination d ; x» _ Georgetown. 5h, 8m. 20s. + West. 


1846, March 10. Apparent Right Ascensions Observed :— 


Greenwich, Oxford. Hamburg. Georgetown. 
hem. 58, h. m. 8. hm 5. hm 8 
= Leonis 9 23 40°73 9 23 40-94 9 23 40-773 
o Leonis 9 32 57-99 9 32 58°08 9 32 57°996 | 9 32 57°995 
d1L. 944 4-21 9 44 14-22 9 42 44°850 9 54 13°876 
Regulus 10 0 12°39 10 0 12-42 | 10 0O 12:327 | 10 0 12-380 
p Leonis 10 24 44°47 10 24 44-46 | 10 24 44358 


Then, comparing each star with the Greenwich Observation, we have the following corrections :— 


Name of Star. Oxford. Hamburg. Georgetown, 
8. 8. 8. 
= Leonis — 0°21 — 0°043 
o Leonis — 009 — 0:006 — 0°005 


Regulus — 0°03 + 0-063 + 0°010 
p Leonis +001 + 07112 


Mean — 0°08 + 0:032 + 0°003 


When the above corrections are applied to the right ascension of the moon’s limb, we ‘shall be enabled to give 
its place independent of any errors, either in the assumed equinox, or of any small residual instrumental correction. 
Thus, the following sidereal times of observation are formed :— 


Greenwich. Oxford. Hamburg. Georgetown, 
h. m.. 8. hm. 8. h. m. 8. h.m. s. 
Sidereal time of observatio 9 44 4-210 9 44 14°140 9 42 44:°882 9 54 13-879 
Longitude $ 3 0 0000 + 5 2-600 | — 39 54100 +5 8 20-000 
Greenwich sidereal time . 9 44 4-210 9 49 16-740 | 9 250°782 | 15 2 33°879 
Greenwich mean solar time 10 31 13°45 | 10 37 26°94 950 677 15 48 50°95 


Interpolating for these times, from the Nautical Almanac, we find the following right ascensions, declinations, 
and semi-diameters of the moon :— 


|D 3 R.A. of Centre. )’s Semid. )’s Geo. Deel. | 
i h. m. 8. ” ‘ °o ’ ” 
For the Greenwich Meridian Passage} 9 45 3:86 14 48:06 +8 225 | 
» Oxford 93 9 45 13°84 14 48°06 + 8 21 48 
, Hamburg re 9 4344-87 14 47-95 +8 29 10 
yy Georgetown + 9 55 13°54 14 48:93 +7 33 40 
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>’s somid. 
Computing the moon’s geocentric radius, by the formula 75 (45 qoqj’ We have for the four observations :— 
Caerved Bb: 2 — Observed R.A. | Seconds ofN. A. | Correetioasof N, A.) Means, 
b. h. 8. 
Greenwich . | 944 4-210 59843 «| 9 45 4-053 3°86 0"198 DA 
Oxford . . | 9 44 14°140 59°843 9 45 15-983 13°84 0.143 + 0-067 
Hamburg . | 9 42 44882 59°852 9 43 44-734 44°87 — 0136 
Georgetown . | 9 54 13°879 69-782 9 55 13-661 13-54 +0121 DA 
The itudes of the first three observatories are con- | The following table of reductions is formed :— 
sidered well known, and, by taking their means, we - 
obtain + 0s,-067. correction from the assumed lon- Object. | Schurscha. | Dorpat. | Cracow | Greenwich, 
itude of Georgetown is + 0s.°121; therefore the dif- 
nat -++ 0s."54, is to be converted into an error of lon- 8. 8. s. ® 
gitude. mvire:| 5013 | 200s | Jom | —oo 
The motion of the moon in R, A. at the time of George- | 174 Virginis| — 041 + 0-13 ~ 013 oor 
town transit, by the formula dL = d A’— a AS | Means. «| — 08 ee Pay — 008 


# 


where d is + 115s.-08 in 1m., or + 0s.03197 in 1 second 
of sidereal time — hence the correction of the assumed 


= . + 0s.054 - 
longitude is 0s.03197 = 1s.°69, or thetrue longitudefrom 
this observation is bh. 8m. 21s.°69 west. 


The following additional example of the determination 
of longitude, by observation of the moon and moon-cul- 
oe is from Struve’s Geographical Investiga- 
tions in Turkey. 

1831, May 22, the following transits of the moon and 
moon-culminating stars were observed :-— 


APPARENT RIGHT ASCENSIONS. 


h. m. 8. h. m. 8. h. m. 8. h, m. 8. 
@Virginis . | 13 11416 | 13 1 13°83 | 13 1 13-90 
pt. V9 13 46:60 13 40°93 14 34°05 | 13 17 10°37 
Virginis . 26 45°64 26 45°80 26 45°75 45°77 
174 Virginis 35 8-90 35 861 35 8:87 35 8°81 


Taking the mean of the apparent right ascension-at 
Dorpat and Cracow, we obtain— 


By applying which to the observed right ascension of 
the moon’s 1 L., the right ascensions of the moon’s 1 L, 
are obtained, viz.— 


h, m. 8, 
' AtSchurscha.. . . 13 13 46-49 
», Dorpat . . . 13 13 40-97 
pe w . « « 1314 34:00 
», Greenwich. . . 13 17 10-34 


Proceeding, then, with an assumption of longitude of 
Schurscha=4, aa Be a Pros a5 of the pai seers 
d A’, which includes, both the error of the ep i 
and also the motion of the moon in R. A. produced by 


he observations at Dorpat, Cracow, and Greenwich, the 
residual error at Schurscha will be entirely due to the 
erroneous assumption of the longitude of the latter po 
Thus, if d A be the correction of the ephemeris deter- 
mined at the three standard observatories ; and, if the 
observed right ascension of the moon at Schurscha be a’, 
and that from the ephemeris A’, so that a’—A’=d A’, 


then the correction of the assumed west longitude— 
aL dA’—dA 


The longitude of the eg deduced from the lunar 
culmination will be then L=L+d L. 
» is the increase in R. A. (in are) for the time of obser- 


SLbae eS vation at the required place. 
@Virginis . . 13 1 13°86 Assuming L’=—1h. 34m. 0s. 0 from Paris, and comi- 
Cow ab re + 26 45°77 ting the value of the geocentric radius of the moon, 
17h. 0.10 + 35 874 by the preceding method the following table is formed : 
R. A. of Moon’s Centre. 
Place. Mean Time at, Observed R. A. of ree, Corrections, 
Berlin. Dei Observed. eit the Berlin 
h. m. 8 omer ck) ie a ° ” ” 

Schurscha. 8 25 1739 | 198 26 37:35 | +14 54-49 | 198 41 31-84 | 198 41 53:57 | dA=-2173 

Dorpat . 8 21 38:48 | 198 25 1455 14 54:50 | 198 40 9:05 | 198 40 946 | dA=— 9°41 

Cracow . 8 49 29°93 | 198 38 30-00 14 5446 | 198 53 24-46 | 198 53 24:47 | dA=— 001 

Greenwich 10 11 45°25 | 199 17 35°10 | +14 54:34 | 199 32 29-44 | 198 32 31°68 | dA=— 2-24 

The three observatories give an error of the ephemeris ; —21"'32 8. hm. 6. 
very accordant ; the mean is d A = —0”-88, with p= | With Dorpat dL=-9.g744 = —44°9 lon.=1 34 449. 

0” 4744, —21772 
—2173+088 —20”-85 Cracow =——>5,, = -459.. <= 45°9. 
CL “og Ceres rin 
b. oy 1049 ge a - 

or the longitude of Schuracha= —1 $4 440 from Paris, Greavihegaygg = 7414. $i. 
The comparison with the individual observatories ee 
yives— The Meanis, . =—1 34 440, 
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M. Struve then proceeds to in the differences 
of determinations of Sousiatety-ae moon’s 1 L., and 
moon’s 2 L., and finds it , in order to reconcile 
the observations made at twelve stations, to increase 
determinations of longitude by the moon’s 1 L. 7s. “2, 
and to diminish those of the moon’s 2 L. by the like 


ef additional examples of the determination 
be iongeedat moon are extracted from 


Riimker’s Langen Bestimmung durch den Mond, Ham- 
1849. 


longitude of Hamburg, in — examples, being 
Cesc Aeahastinar pada to be the sidereal time of 
the earlier, and w that culmination ; ¢ the 
mean time of the med ahameaen: and r that of the 
later, deduced from the known longitude. Then for 
these times, the moon’s right declinations, 
and semi-diameters (viz., a a, dand 4, r and p re- 

ively), are to be in Selitules ellie dphemacis. 

will thus be obtained from the ephemeris, the 
difference of the moon’s right ascension a —a, and there 
ete ee, ne Seer the liens 
27 —p + (p sec. 5—r sec. d) = A, the upper sign app 
eee tis art, end the Jodankothelerted Dub cris 
moon. Hence there will be this proportion— 

a—a:A=r—t:rA—L; 


consequently (A — (¢ — a Sexe 5 ¢, the correction of 


the assumed itude. The westerly place in these 
examples being the first, the of ¢ is to be changed, 

The observations at Port Stephens were made by 
Captain , R.N., and have ig ons Saar to in the 
monthly notices of the eM. iti wey gg : 
those at Hamburg, pee are 
twenty-second a of the Astronomische 


1843, April 12, Hamburg, mT 


Moon’s1L. . 2 . 143 39-797 
9 Virginis 4 : 12 11 55°612 
April 13, Port Stephens, West. 
Virgi e F Bb 13 21-38 
Ieoit 2 2 1 i219 1246 


r = 999414 = 2°9997454 


Log. pe, 8° 47’ 5” = 0:0009482 6 = 7° 37’ 345 log. sec 0:0038585 


30006936 


rsec. d = 1001”5985 
“r sec. d = 1001-5985” 
psec. 6 = 1010 8150” 


p sec, 8 —rsec.d _ 
15 
hm. s. 
mw = 12 18 46392 
p = 11 43 39-797 


7—p= 
A = 2107-2094 

a—a = 2107-0477 Ar. co. log. = 6676326 

A—(a—a) = 401617 log. = 9208791 

r—t=15 495027 = 54265027 log. = 4.734520 

log. = 0-619637 


Correction = — 4165 
A = 10 87-000 


Sine longitude = 10 8 2835 


bc arama es Movrat Crrcirz.—The north polar dis- 
is determined by means of them meridian 

or Soomieat Previous to the introduction of the 
cirele, the astronomical quadrant was used for this pur- 
poset but it was Malone’, about the beginning of the 


35 6595 = 2106-5950 


Then, reducing the sidereal clock-times of the star’s 
passage to one standard, as Hamburg, we have the 
right ascension of the moon’s 1 L. at Port Stephens, 


12h. 18m. 46s.°392, 


| 


m. 
Moon’s1L.p . .  . 11 43 397 
Sid. time at mean noon — 120 2°455 
10 23 37°342 
Acceleration * 7 « — 1 42165 
Mean Hamburg time - 10 21 55177 
Long L. . . . -— . 39 54:000 
Mean Greenwich time t. . 9 42 1:°777 
April 12. ‘ 
hm 8 
Moon’s1L.7 . F - 12 18 46-392 
Sid. time at meannoon ,.— 1 22 25°662 
a A 10 56 20-730 
Acceleration . 4 - — 1 47-426 


Moon time $3 Rest Siphen 10 54 33-204 
--10 8 7-000 


Mean Greenwich timer . 0 46 26:204 
April 13. 


The £ ascensions of the moon's limbs, accurately 
interpolated from the hourly ephemeris in the Nautical 
Almanac, are— 

hm & 
—11 44 47-1369 = 
And 12 19 54:1846 = a 


357-0477 = a —a = 2107-0477. 


The moon’s semi-diameters accurately interpolated are, 
or ae A r= 16’ 39” =o e = 16’ 41”°8745. The 
be pe are respectively d = 3° 47’ 5”, 6 = 7° 87’ 


p = 1001°8742 log. 30008133 


3°0046718 
psec. 8 = 1010815 


92165 


3 4 06144 


present century, that its results had been in a great 


measure vitiated by the expansion of the instrument, 
and consequent a of fi The late Astronomer 
Royal (Mr. Pond), by aid of a circle only two feet in 


diameter, was hed to dalack eal pak out the errors 
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| of the Greenwich yuadrant bya direct comparison of the 


results of the two instruments. Since that time, circular 
instruments have been very generally employed. The 
improved method of graduation, first introduced by 
Troughton, in 1806, and the previous invention of the 
micrometer-microscope by Ramsden, have allowed artists 
to give to this instrument the greatest de of per- 
fection. The first large instrument of this class appears 


to have been the Greenwich mural circle, which was com- 

pleted by Troughton in 1811, and which, in several 

details, may almost be considered as a new instrument. 
Fig, 211, 


nent observatories, varies from four to eight feet in 
iameter. The Greenwich circles were six feet ; that at 
| Cambridge is eight feet in diameter. The number of 
| microscopes made use of at Oxford and Edinburgh is 
| four; at Greenwich and Cambridge six are constantly 
/ read off. It was formerly thought necessary to have two 


instruments at Greenwich for determining a star’s place— - 


| namely, a transit instrument and Troughton’s mural 

| circle ; but a larger transit circle has been constructed 

| for the Observatory, under the direction of the present 

| Astronomer Royal, which has been in use since 1851, 
The telescope of this instrument has an a) 


perture 
_ af. eight, inches, and a focal length of eleven feet 
; andl a-half; a length of axis between the extre- 
mities of the pivots of six feet, the diameter of 
each pivot being.six inches. The circle is six feet 
in diameter, of cast iron. 

The axis. of the circle is made horizontal by the 
aid of a.plumb-line suspended in front of the 
circle, and viewed by two microscopes—one near 
the top, the other near the bottom of the circle ; 
or, as this instrument is supposed to be used in 
conjunction with a transit instrument, the axis 
may be made horizontal by moving the adjusting 
screw, so as to make a zenith star the middle 
wire at the-instant. the star is passing the middle 
wire of the transit.instrument. 

The adjustments of the meridional position of 
the mural circle are made by the o) ations 
_ of certain :stars in .conjunction with the transit 
instrument, ~The reading microscopes should 
accurately describe 300”, or five revolutions be- 
tween each graduated space-on the limb of the 
circle. This can be approximated to by proper 
adjusting-screws, which regulate the distance of 
the microscope from the limb ; but, notwithstand- 
ing the accuracy with which the adjustment ma 
besmade,-it:is found that unequal temperature wi 
alter these numbers’ considerably. The error 
arising from this circumstance is called the 


] ‘correction for runs.” It is the practice in 


Some years previously, the celebrated Ramsden made a; 
circle of five feet in diameter, with which Piazzi: framed 
his great catalogue. The idea, however, is an old»one, 
as Roémer, although better known as the inventor of 
the transit instrument, used a meridian circle for several 

ears, similar in construction to the modern form. In 
fis letter to Leibnitz, December 15th, 1700, he mentions 
that he preferred an entire circle of four feet in diameter 
to a quadrant of eight feet radius. -Of his observations 
with the meridian circle, extending from December, 1704, 
to December, 1710, only three days remain, the others 
having been destroyed by the fire whichaoccurred at 
Hafnia, October 2nd, 1728. These three days’ observa- 
tions, from October 20th to October 23rd, 1706, have 
been carefully reduced by Dr. Galle, and contained in his 
Inaugural Dissertation, printed at Berlin, in 1845. The 
diameter of this meridian circle and the length of the 
axis was five feet and a quarter ; the length of the tele- 
scope fixed to the axis was five feet. The circle was 
ai off” by two microscopes placed at an interval 

The mural circle consists of the graduated circle (Fig. 
211) fixed in the meridian, and supported by a long axis, 
on which it revolves. This axis passes through a block 
of stone, or solid masonry, the weight of the instrument 
being taken off the pivots by means of counterpoises 
placed at the back of the pier. The circle is generally 
graduated on its rim from 0° to 360°, and also into 
emaller subdivisions of 5’ of arc. 

The instrument is furnished with a telescope, B B, 
firmly fixed to the axis, and perpendicular to its plane, 
with which it revolves. The divisions are read by 
micrometer-microscopes, F, generally six in number, 
placed at equal distances around its circumference, their 
object being to eliminate, by readings of opposite 
diameters, errors arising from eccentricity, flexure of the 
axis, and expansion. Tho size of the instrument, at the 


observatories to determine the amount of this 
quantity frequently—which applies to a microscope 

ing of 5’'—and to form corrections proportional for 
other ¢ircle.readings.. The following is an example 
(Cambridge Observations, May 3rd, 1834) :— 


KB Celene) oF 
Negative o Lite. ‘ 3 é a | Sums 
ete tT] 23:5 fp dB7 | 192] 24-7) 190) 27-3) eee 
Positive. .| 25°1 | 194] 20:3) 26°5] 20:3] 261 | cesses. 
1-6] 0°7 | $11 | 41-8 | 41-3 | — 1-2 | 53 


The telescope is furnished with a system of vertical 
wires similar to the transit instrument, and a fixed hori- 
zontal wire placed at right angles to the others. This 
wire is generally adjusted so that an equatorial star will 
continue bisected during its transit ; but it is sometimes 
left with a small inclination, which can be easily observed 
by comparison with the movable horizontal wire. Several 
stars being bisected at the first and seventh vertical wires, 
the effect of inclination can be readily determined for the 
whole, by comparison with the micrometer of the mov- 
able horizontal wire. To determine the value of one 
revolution of this micrometer, any distinct terrestrial 
object may be bisected at one position of the micrometer, 
and the circle carefully “read off.” The same mark is 
again to be bisected at another position of the micrometer, 
and the circle is again to be ‘‘read off”’ When the two 
circle readings have been properly reduced, and the runs of 
the microscope having been applied, their difference will 
be a value of circle reading, in minutes and seconds, equal 
to a certain number of revolutions of the micrometer. 
This operation being repeated at different micrometer 
readings, a current value of one revolution of the tele- 
scope micrometer can be obtained. The more distant 
and distinct the terrestrial object selected is, the better. 


A very convenient transit circle has been erected for 


—- 
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the Observatory at Cenleiten: Massachusetts, of which 
the accompanying engraving is a representation, With 
this. instrument one observer can, at the same time, 


determine the right ascension and declination of a star 
with great precision. The telescope T (Fig. 212) has. 


an object-glass of four and one-eighth inches of an 
reper and of four feet focal length. The length of 
axes between the shoulders of the pivot is ninety-six 
inches ; the pivots are of steel, and two-and-a-half inches 
in diameter, and the same in length. The eye-piece is or 
vided with two micrometers, one having a vertical, and 
the other a horizontal movement. Besides the usual 
mode of illuminating the field through the axis, there are 
also facilities for illuminating the circus in a dark field. 
The circles are four feet in diameter, and cast in one piece, 
and both circles are graduated on silver from 0° to 360°, 
divided into five minute spaces. There are eight micro- 
meter-reading microscopes attached to the granite piers, 
being four for each circle. Four of these are seen at 
ABCD, the other four being on the opposite side of the 
34 These micrometers bisect diametrically both piers. 
arm E, attached to the pier, supports an additional 
microscope, which serves as a pointer to indicate approxi- 
mately the degrees and minutes. For levelling the axis 
a striding level is em ied and this, combined with a 
method of reflecting quicksilver at the nadir point, 
affords means of the amount of collimation 
of the middle wire without reversal of the pivots. There 


is, Vetere’ Teng enh gare for reversing the instrument 
he object-glass of this circle is by 
Mees of anomie the fitting by Simms of London. 


Pd aaa thy observation with the mural circle Shs 

Ws i — be mgt oli set approximately 
to the culminating rt, Based bisects the object 
by the movable horizontal wire as it p the meridional 
vertical fibre. He then ‘‘reads oif” the points and the 


six microscopes, as well as the aseope micrometer, by 
a combination of which a concluded circle reading may 


be obtained. It fnay be necessary to mention that the 

instrument is furnished with a clamp and a slow motion | 

serew, by which the horizontal wire may be brought on 

the star, after the telescope has been approximately | 

directed ‘to it. If, by inadvertence, or other causes, the | 
VOL, I. 


object is not observed at the meridian wire, it will 
involve a ‘“‘correction of curvature,” which is thus 
investigated. 

For the purpose of recording the position of every 
star within range by means of electro-mnaguetism, the | 
telescope is firmly clamped to remain in its position, 
while the observer, sitting with his eye at the telescope, 
has but to press his finger upon a key at the instant a 

Fig. 213. star is seen to pass the 
wires, which, for this 
7 RY NO purpose, are divided 


my . into two systems (Fig. 
ay to two sy: (Fig, 


(Dp scons shir 
ny ane na Se 
ee v\ 
LS 
Spe | 


intervals between the 

wires being from two 

to three seconds. The 

wires for difference of 

tween observations for right ascension and declination, 
the rale is, to observe for right ascension on one set of 
wires first, and denote the magnitude of the star by 
telegraphic symbol; and afterwards to observe for 


declination are also 
thirty-five, and ar- 
ranged in __ similar 


declination on the inclined wires. 
When an object is observed by the mural circle off the 


. Fig..214, 


meridian, the north polar 
distance found from_ the 
circle reading is the N. P. 
distance of a point of the 
meridian, which is inter- 
sected by a t circle 
passing through the place of 
the object at the time of ob- 
servation, If the object 
moved in a great circle, this 
would be its north polar distance when on the meridian ; 
but as it moves in a parallel to the equator, a correction 
is required, which, as it is evident, will be positive for 
stars north of the equator, and negative for those south 
of it. It is thus computed :— af 
Let P be the pole (Fig. 214) ; S the place of the object ; 
6 = its north polar distance ; a= its distance from the 


meridian; 6 — «x = the observed N. P. D.; then we 
have 
cos, 8 = cos. acos. (6 —x) = (1—2 sin. } a) (cos. d cos. » 


+ sin. 6 sin. x) 
cos. 6 = (1— 2 sin *}a) (cos. 6 X sin. 6 pe vain ar} 
= cos. 6 +sin. 6 X wsin. 1” —2sin*4acos. 6 
— 2sin. ésin.2 $a X xsin, 1 
If a be small, the last term will vanish, and by making 
sin. 4a = $a sin. 1’, we have 2 sin.? 4a = $a?sin? 1” 
.’. sin. 6 X wsin, 1” = cos. 6 X $a?sin.? 1”. 


x = cos. é, i a, 


The distance between the wires is supposed to be 
20s. = one interval; and if n be the number of intervals, 
a=nxX 20; 
sin. x 400, 


x = tan. declination x (sin. 1” x 200) n?. 


In the case of a star near the pole, the following is tho 
investigation for curvature of path (Fig. 215):— 

Let ZS’ = Z = the observed zenith distance +ZS —a 
= zenith distance on meridian; Z PS = p" the difference 
between the star’s R. A. and the sidereal time of obser- 
vation ; d = star’s declination; L = the latitude of tle 

es of observation. Then in the triangle Z 8’ P, we 


6e2 


.". a? = n? x 400, consequently x= cot. 6 


| the zeni 
picoe. 
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cos. Z = sin. L sin. a + cos. L cos. d cos. p 
= sin. Lin. d +008. Loos. ¢(1 — 2 


Fig. 215. 
z 


iS 


) 


oe = Y 


cos. Z --2 =sin. Lsin. d+ cos. Leos. d; 
or since z is small, 
cos. Z + sin. ZX x = sin. Lsin. d + cos. L cos. d; 


therefore wsin. Z= cos. Loos. dx % 


But 


2 
sin. Z X «sin. 1” = cos. Loos. d x @?) sin.?1” 


we oom Fore Fy! number whose log. = 673673 
or log. «” = log. cos. L + log. cos. d — log. sin. Z 
+ 673673 + 2 log. p 

+ log. cos. d + ar. co, log. sin. Z 

+ 6°73673 +- 2 log. p. 

‘or the purpose of obtaining a zero point of the mural 
circle, we Sikes use of two different methods, of which 
the first consists in the observations of stars by reflection 
from a surface of mercury. The mode of sitewien fea as 
follows :—Point the telescope to any known star when it 
crosses the meridian, and record the reading of the circle; 
on the next night observe the same star as it crosses the 
meridian, by pointing the telescope upon the image of the 
star reflected from the surface of the mercury. ‘As the 
surface of a fluid at rest must be horizontal, and as the 


| angle of reflection is equal to the angle of incidence, this 


will be just as much depressed below the horizon 
as the star itself is above it. The arc intercepted on the 
limb of the circle, between the star and its reflected 
image, is the double altitude of the star, and its middle 
point is the horizontal point of the circle, allowing for 
the difference of refraction at the moment of observation. 
It is evident that the image of a star seen by refloction 
will be as much depressed below the horizon, as the object is 
really abvve it ; and by combining the two readings of the 
circle for the same star, observed by reflection and direct 
vision, theshorizontal point of the instrument may be 
reddily determined. This method of obtaining a reflec- 
tion and direct observation of a star, at the same transit, 
is daily practised at our principal observatories. 

The second method is by the use of a Bohnenberger’s 
eye-piece, previously explained. By causing the two 
images of the wire of the declination micrometer to 
coincide, and noting its readings, the nadir, and conse- 
quently the zenith, points of the circle may be determined 
by directing the telescope vertically downward upon a 
basin of mercury, the reflected image of the horizontal 
wire being made to coincide with its direct image. The 
telescope is directed towards the nadir, which is distant 
90° from the horizontal point, or 180° from the zenith 

t. As this observation can be made at any time, 
pendently of the weather, it is a most valuable 
method, and in many observatories is the one exclusively 
vos: pa be The horizontal point determined by direct 
reflected observations, should differ exactly 90° from 


th point, a determined by the collimating eye- 
This eye-piece, first suggested by Bohnenberger, 


consists of an sage ae pop with an tran, 
ig. 216 it in its a plane \ ¥ 
Pri ey sorted beteredk the 0iey elie aaa of 
Fig. 216, 
As 
A 


—_nr 


45°, with the optical axis, having a lamp 
throw a strong light on ihe apedubass. 

images of the wires may be seen with great distinctness. . 
Instead of a perforated opaque speculum, a piece 


& 


lass without difficulty, while sufficient light is 
m the lower surface to render the lines visible. 
the axis of the telescope be not horizontal, half the dis- 
tance between the middle wire and its image, corrected 
for error of level, will give the error of collimation of the 
middle wire. 


merical example of their application is given further on. 


Example of a zenith point determination from the Green- 
wich Observatory, 1849. (See, also, page 1008). 
Concluded Concluded 
Day. Name of ie Cirele R=Di/i°e2'’" 
1849. Star. Z. 367°5’ | 13032 
(Reflection.) | (Direet.) 
North Paral. 
e'-4 sod ec 2 3: 
April5 | B.A.C,-+3528 305 23 249] 61 42 33-68 4117 " 
B.A.C. +3593 295 83 2°60] 68 32 33-53 39:13 
§ Urse Majoris | 279 56 2411 | 87 9 17-96 R+D 
3) 12237 
40-79 [50°40 
South Paral. 
April3 | Pollux 250 27 39°07 | 116 37 59-10 "17 
3) 26 Lyncis 27011566) 97 4 24-29 39°95 
5| Regulus 234 46 57-72 | 132 18 41-52 39-24 
5 | 9 Cancri in Va. | 263 46 41-08 | 103 19 0-48 41-56 
4) 158 92 ’ 
39-73 | 49 87 
183° 32” 
Horizontal Point a 50-14 
or Zenith Point = 504 


The adopted Zenith Point is 93° 32’ 49’'-89. ’ 


The printed form given as follows, will show fully the 
smehbiod of reducing observations of zenith distance. Itis 
for the reduction of the zenith distance observa- 
tions with the transit circle, which differs from the above 
specimens, principally in the valuation of the micrometer- 
microscopes. ‘The manner in which the revolutions and 
parts of revolutions of the microscope-micrometer are 
converted into arc, are explained as follows in the 
Greenwich Observations, 1852, page iv.:— Nid 
‘I must premise that, as one revolution of each 
microscope-micrometer does not differ penser type 
from I’ on the limb of the circle, we may consider 
revolution as a nominal minute. Next, sapposing the 
number of integral revolutions, as shown by each micro- 
beopey. to. be. Sie :eaane. Oe Ally. Ni aera 
obtain the mean of the fractions of a revolution, to add 
ther the subdivisions as shown by the different 
micrometer-heads, and divide the sum by 6. Thirdly, as 
the subdivisions are in the decimal scale, we should then 
multiply this mean by 60 to reduce it to seconds. It is 
evident thus that the number of nominal seconds to be 
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attached to the nominal minute will be found by simply “The results given above show that the screws of tho 
adding ther the subdivisions on the micrometer- | micrometers are so sensibly equal that, in the reduction 


heads, and shifting the decimal point. of the observations, it is sufficient to take the mean of 
“‘The following were found by trial to be the runs of | the six readings, and to apply to it the mean correction 
the six microscopes :— forruns. To do this, the following process is employed :— 


iecainue acne The sum of the runs for the six microscopes above given 
- saa com ta ei is 291320. Now, if the correction by which each revyolu- 
tion of a micrometer may be converted into a minute of 


[4 |Bio|p|sz F 


arc were exactly xm part of the reading, then the sum of 


ie 
Means ... | 4-912 


r Tr . ' 
4:879 | 4-886 | 4:878 | the runs would be a + 30:000, or 29°4118. Itis not 


ROYAL OBSERVATORY, GREENWICH. 


Observations of Zenith Distance with the Transit Circle in the Year 1851, and Computations of Geocentric 
North Polar Distance. (See, also, page 1008). 


Approximate Solar Time. Oct. 24. | 24. 24, 24, 24, 
Name of Object. Wire (Nadir obs.)|  Z Eridani. | —o Tauri. ¢ Eridani, Pallas, 
Mode of Observation. R. | 
No. of Vertical Wire at 
which observation is made _ 4 4. 4, 4. 4, 
Observer. H. B. | 
° ’ ° ’ ° ‘ ° 4 ° 
Pointer. 179 40 60 25 42 35 61 0 74 30 
Micrometer reading of Mi- r. %s f. r. r. 
croscope A 0°652 5°102 2-410 4-196 1-462 
B °637 5-046 2°385 4°137 “445 
Cc 37 *712 302 5°154)141 2°443/247 4°222)85 "539 
D “414 4°822 27146 3°940 ‘ 234 
‘E “497 4°872 2.221 3973 "270 . 
F 775) 5°168 2-498 4°252) 575 
Uncorrected Mean of Mi- 
croscopes . 179 40 36°87 60 30 1°65 42 37 21:03 61 4 7:20 74 31 25°25 
First part of Correction for 
Run. . eee: 0°74 6°04 2°82 4:94 1:70 
Second Part,-+-0"381 forl00" “l4 115 “53 “04 32 
Micrometer , and 
equivalents . . . |21°428 | 10 22°15 | 20°923 | 9 52°52 |22-845 | 10 51°77 |23°425 | 11 21°40 |24°730 | 11 51-02 
12°44 27°26 27°88 12°44 21°63 
“24 09 “15 “15 
Correction for flexure and 
errors of division . . 0:86 1:49 1-94 1°52 2°03 
Circle reading at observa- 
tion . ; . a 179 51 13°44 60 40 30°20 42 48 43°12 61 15 48°59 74 43 41°95 
Add zenith point correction 8 46°25 8 46°25 8 46°25 8 46°25 8 46°25 
Apparent zenith distance 
south . om ee 60 49 16°45 42 57 29°37 61 24 34-84 74 57 28-20 
Add refraction (from below) 1 45°37 54°94 1 47°96 3 36°54 
True zenith distance south 60 51 1°82 42 58 24°31 61 26 22-80 75 1 4:74 
Subtract parallax (see 
1028)... ; ; oo 4:97 
from — 
astronomical zenith - 75 0 59-77 
Add colatitude . . . 88 31 21°80 38 31 21-80 38 31 21°80 38 31 21°80 
Observed north polar dis- : 
tance . . . ‘ 99 22 23°62 81 29 46°11 99 57 44°60 113 32 21°57 
Star’s correction with sign 
ae wes OF 11°79 9°95 11°38 
Mean N.P.D. Jan. 1, for 
stars. . . « 99 22 35°41 81 29 56-06 99 57 55°98 
From {Barometer and B in. in. in, 
A ~ (Table I. 30 30] *03720 “03720 | 30 29] 03706 *03706 
No. to Thermometer ani 
Gren) TT. (Table II.) 48° | -04257 04257 | 48°-3 | +04275 | 47°8 | -04319 
wich | Z. (Table JIL. 1-94005 1°65823 1-95186 2°25086 
Obser- Proportional 00264 00178 “00119 “00341 
— parts . 00007 00012 -00018 00023 
(Table IV. “00020 “00021 00080 
Sum or log. Refraction in r 
seconds - wie 2-02273 173990 2703325 2°33555 
Refraction = A : 10537 54”94 107”"96 21654 
Interior Thermometer, 53:0 52°°0 


se 
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likely that the sum of the runs will, in ordinary cases, sin. ZOD, r 

rae Hore this quantity ; and the variable correction, Now we have tmp Fr" - sin, p = D sin, Z' = 
after adding J part to the mean of the readings of the J sin. (Z2+p) +. + @ 


wb will therefore always be additive. To 
determine this quantity, let the sum ‘of the runs be 


29-412—2. Then the true reading, in seconds of space, 
corresponding to a nominal reading of r” (including the 
value in seconds of the nominal miuutes), will be 


30-000 
wn 29-412 — a 


Or v {14340-0008 x 2 | 


Hence the correction, after adding Ba part of the mean 


of readings, will be + ra x 0”-03468. For the purpose 
of calculating this quantity easily, by the ordinary pro- 
portioned scale, it 1s convenient, in the first place, to 
compute its value, where r= 100”. This value, which 
is evidently +3468 x x, is tabulated for different 
values of x. Let X be the number taken from this 
table ; then, for any actual reading r, the correction will 
be oF a quantity which can easily be taken from the 
ordinary sliding rule. 

Parattax.—The change which takes place in the 
position of a heavenly body on account of its having been 
observed from a point which is not the centre of motion, 
is called its Saree. All the heavenly bodies appear to 
move in the concave surface of a sphere concentric with 
the earth ; hence the centre of the earth is.considered to 
be the centre of motion. We shall now inquire into the 
change which would take place in the position of a body 
which has been observed at the surface of the earth, and 
its position as seen from the centre. Or, in other words, 
to find the correction which should be applied to an 

Pig. 217 observation made at the earth’s 
a surface to reduce it to what it 
7 would be if made at the centre. 
Let O (Fig. 217) be the centre 
of the earth, O the place of 
observation on its surface, Z 
the geocentric zenith, S the 
object observed ; then Z OS is 
the observed zenith distance, 
ZOS the zenith distance as 
seen from the centre, which is 
c called the true zenith distance. 
because astronomers reduce all 
their yap hg be to this point. % ~~ bag eo . ind 
angles is parallax ; it is, therefore, the angle sul 
tended by the earth’s semi-diameter at the object 


Pat Z CS the true zenith distance = Z. 
a $ the apparent zenith distance = Z’. 
8 


the earth’s semi-diameter = r. 
the distance of the object from the earth’s 
The parallax 08 C | 
e =p. 

Then Z+p=2Z', or Z=Z/’—p. 

This shows that the observed zenith distance is ter 
than the true zenith distance by the quantity p. ence 
the true zenith distance is found by subtracting the 
parallax from the observed zenith distance, 

_ It is evident that parallax exerts its influence in a ver- 
tical plane eee Boas the object ; apse arg it 
has no effect on the right ascension of an ebject when 
observed on the meridian ; but if the observation be made 
on either side of the meridian, the right ascension will be 
affected by it, as it raises the object to an hour circle nearer 
to the meridi Hence, if the object lay east of the 
meridian, the apparent right ascension is diminished ; but, 
if west, it is increased parallax. Refraction has a 
contrary effect. 


Z 
Z 
Cc 
Cc 


D 
The equation sin. p =F sin. Z, gives p = 0 when Z'= 


0, and sin. p = D when Z = 90°. As this is the greatest 


value of Z;, 5 is the greatest value of sin. p. 


Therefore, in the geocentric zenith the parallax is 
nothing, whereas in the horizon it is the greatest possible. 


Put 5 = sin. 7, then sin. p = sin, sin. Z. This equa- 
tion may be put under the form 


v(Se)--(S2)as 
spar(St) (ghz) in Bee 


The horizontal parallax 7, or rather the horizontal 

uatorial parallax (for the moon), given in the Nautical 
Almanac, is the angle subtended by the earth’s equato- 
rial semi-diameter. 

Let r’ be the semi-diameter of the place of observation, 
then *’ sin. will be the sine of the horizontal parallax 
at that place, and we shall have ~ E 


F sin. 7 p : j 

parn(AE ) (wep) am. Pierre () 
This is the formula given in the Introduction to the 
Greenwich Observations for computing the moon’s parallax 

when observed on the meridian. ; P 
The equation sin, p” =r’ sin. 7 sin. Z may be written 
p” sin. 1” = 7 7” sin, 1” sin. Z’ 

Or, po=rer'sin Z . . . fa) i 
This will be sufficiently exact for the planets, In the 


Example of the Reduction of an Observation with the 


Mural Circle. page 1027). 
1848, Dec. 21. 
Uranus. 
° , w 
Mic. sedi ie! 2 ape eS 
5 a <9 Mabe 3 37-7 
Bit, on 44:8 
C.; ane 65°8 
D. 39°9 
ee 42°3 
Bs. eae is 27°9 
Correction for Runs—9°S 2584 
for an arc of 5’... «. —02 
258-2 
118 3 43°03 {Sirians 
Adopted Zenith Point... | 73 12 52:03 
Apparent Zenith Distance | 44 50 51:00 
Add Refraction... —... 1 073 
44 51 51°73 
Subtract Parallax ove 0-31 
44 51 51-42 
Add Colatitude... .... | 38 31 21°80 
Geo. N.P.D. of Centre... | 83 23 13°22 
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case of the moon, a correction will be necessary, which is 
found thus— 
p’? sin.31” 
6 


sin, p” = p” sin. 1” — 
in.3 1" "3 sin 31” 
p” sin, 1” eae ats a ) sin. 2’ 
but p” sin.” = 7"3 sin.? 1” sin.* Z’, by neglecting powers 
stor than the third ; hence, ‘by substitution, 
pein =a" sin. 1" cin, F— 7 in, 7 —sin.2Z) 
ind 
= x’ sin, 1’ sin, Z—7 SOY" gin. 7008.9 Z 
Consequently the correction is 
3 ot 3 ” 
2 5 ~ sin. Z'cos.?Z’ . . « (5) 
This correction is applied in the Greenwich Lunar Re- 
ductions from 1750 to 1830. 


Again, since sin. 7=5 


nearly ; hence 


sin. 1”— 


for any other distance D’, 


we shall have sin. x’ =: therefore, 

: ee: o © 

Dip" p-D 

If D’ be expressed in parts of D taken as unit, we have = 
=53 therefore, if 7 be the sun’s horizontal parallax at 
the mean distance from the earth, and D’ the distance of 


any planet from the centre of the earth, expressed in 
terms of the sun’s mean distance, the planet’s horizontal 


parallax will be represented by * X jy and for a planet 
we shall have 
: bsp) : 
p= psn 2 wat DAE 


sin. 7: sin. 7’ 


- (6) 


It is by this method the parallax of the planets has 
been computed in the Greenwich Planetary Reductions 
from 1750 to 1830. 

Equation (1) gives the means of finding the parallax 
when the true zenith distance is given ; thus 
sin. p = sin. x sin. (Z +p) = sin. w(sin. Z cos. p + cos. 

sin. p) 

tan.p = sin. wsin. Z + tan. p cos. Zsin, + 

sin. 7 sin. Z 
tan. P= sin. wos Z @ 
And by the usual method of development, 
sin, rsin. Z , sin.2 w sin. 2 Z , sin.?rsin. 3Z 

sin. 1” San? + Sein 


p= 


We have seen that sin. 7 =F; hence, if D be very 


great, + will be very small; and, therefore, bodies at an 
extremely great distance, compared with the radius of 
the earth, have no sensible parallax. 

Before proceeding be | further, it may be well to re- 
mark that the value of sin. p depends on lines drawn 
from the centre of the earth, or from what is called the 
geocentric zenith, which differs from the astronomical 
zenith for this reason :—All astronomical instruments 


a normal to the curve by which the earth is generated, 


razon i bo a aoiace 0 of revolution. The earth is 
8 


1 to be a surface of revolution, eens an 
rev the 
axis being 300 


‘olving round its shorter axis ; the ratio 
3 Now, it is well known that nor- 
mals to an ellipse do not pass through its centre; hence 


the lines drawn from the centre of the earth to the place 
of observation, which determines the geocentric zenith, 
will make a small angle with the normal to the earth’s 
surface at the same place, which determines the’ astrono- 
mical zenith; and this angle is called the angle of the 
vertical. The geocentric zenith is nearer to the equator 
than the astronomical zenith by the value of this angle ; 
and as all the bodies (some comets excepted) for which wo 
have to compute ax, lie to the south of the zenith, 
the angle of the vertical is subtracted from the astrono- 
mical zenith distance, in order to have the geocentric 
zenith distance. This angle is easily determined, for it 
is the difference between the astronomical and ‘tric 
latitude of the place of observation, and is thus formed : 
—Let P (Fig. 218) be the pole of the earth ; E a point of 
Fig. 218. 
Z , 


the equator ; O the place of observation ; Z’ the geocentric 
zenith ; Z the astronomical zenith; then Z’ C E is the geo- 
centric latitude = L g, and Z G E is the astronomical’ 
latitude = L a, and Z’O Z = OC O Gis the le of the 
vertical, Let a and b be the axis of the ellipse, the 
equation of the normal Z G is 


a a 
y—y¥=p- ¥ @=2) =" tan. Ly @—2); 
therefore, 
a 
tan. La = Rr 
hence, Lg becomes known. For an ellipticity of 300" 


and the astronomical latitude of Greenwich, viz., 51° 28’ 
39”, we find the geocentric latitude, 51°17’ 29”, and con. 
uently the angle of the vertical = 11’ 12”, 

The value of r’, by which the moon’s horizontal paral- 
lax must be maultiplied, to have the horizontal parallax 
at the place of observation, is thus computed (Fig. 219) : 

Fig. 219, 


P 
=] 0 


2 ; 
tan. L g, or tan. Lo =Stan.La.. 2 (9); 


C O=7’, OCE= Lg; then by the elli 
Bat at y2 = a? BY, wo easily find pany rm 
f= a? 0% 
a sin.* Lg + 6? cos.2Lg 

a? }? 
a — (a@— b) cos.2 Lg 


r= 


i 
where sin.? 0 = saad Lg. 


—- 


— 
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The reductions from the apparent to the mean laces 
are performed in a manner simi to that pre ly @x- 

ined for right ascension. ‘ 

The other corrections for circle viz., de- 
fective illumination of Moon and Venus, &c., are so fully 
explained in the Introduction to the Greenwich Observa- 
tions, that a short investigation will only be necessary. * 

Connection vor Dargcttve InLumiNation,—The fol- 
lowing is the investigation of the correction for the defec- 
tive Fit umination of the moon in the right ascension :— 

Lat & (Big. 290) be the place orth ink M that of the 
moon ; i sun were at 8’ both limbs of the moon 

Fig. 220. 


C P 


~ 


would be full 12h. «» apparent time of moon’s transit = 
BP Q = arc BQ, but BQ x cos. SB=SS=SMS’ 
=OMn=arc On. This is the are on the moon’s disc, 
which is not illuminated, and its versed sin. is the part of 
the surface not enlightened. 
Moon’s semi-diameter x versed sine § 8’ = correction. 
Defective Idumination in N. P. D.—Moon gibbous. 
Let E Q (Fig. 221) be the equator, P the pole, E M= 
Fig. 221. ae 


P 


M 


> 
& 


EOM=S’/0B=D =the moon’s declination. If the 
sun were at S’ both limbs of the moon would be enlight- 
ened. EPS = sun’s hour angle = the difference between 
the times of of the sun and moon without regard 
to sign. Then in OB = cot. BOS’ x tan. BS’. 
-’. tan. BS = sin. O Bian. D = sin. (E P 8 — 90°) 
tan. D = 

— 00s. sun’s hour angle X tan. moon’s apparent 

A eclination. 
BS’ is called the new declination. 
New declination — sun’s declination = angle required. 


When this angle is positive, the north limb is full. 
From 8’ let fall perreuntionlar se 2, then oe, 
cos. 


BO 8’ cos. BS’ sin, BS’ O.". sin. B8’0= 7 
- cos. B § 
sin. SA = oy hee AS’S = sin. SS’; sin. AS’ S = sin. 
cos. * 
SS xs BS sin. 8 S’cos, BOS’ sec. BS’. SA 


* The subject of parallax has already been in reference to the 
un, moon, &c., at page 926: to Sian the ater te refi 
Ly = ferred for the 


s called the new angle, therefore sine new ® = cos. 
app. decl. x sec. new decl. x sine angle req 
The new angle, S$ A, is taken for the measure of 
SM Aor p Mz, the angle of defective illumination. 
Defective Iumination in N.P.D,—Moon horned. 
Mean time of Sh. to Gh. 


dian, ac toSM. JonMO,D=EM= 
Fig. 223. 
Pp 
fl 
(al 
“4 $ 
—E- | a 


t declination, d = the sun’s apparent 
e angle MPS = T = the difference be- 
of the sun and moon ; 


the moon’s a) 
declination. 
tween the mean times of 
90°— ae 
sin. 
fan PMS = oa. D tan. d—sin. Doon T 
tan. SMO=cot. PMS= 9 _ SOO 


sm T 
Tue Zenita Tecescore.—The instrument employed | 
in measuring the difference of the zenith distance and | 
Fige 223, ; 


hour, called the zenith telescope, ma: 


y be described here, 
although it is scarcely the proper place for it. A A (Fig. 


[zexrrm rexescore. | 


Let 8 (Fig. 222) be the sun, M the moon on the meri- 
perpendicular 


tho angle 8 MO is the angle of defective illumination = | 


— 
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223) are the screws which support the entire instrument, 
and by which the column carrying the telescope-screw 
is rendered truly vertical; C is the horizontal circle 
twelve inches in diameter, graduated to 10’, and reading 
to 10”, by means of its Vernier and microscope, V. B is 
the tangent-screw for slow motion. 

This circle serves to mark the position of the meridian 
when it has once been determined. It likewise enables 
the observer to turn the telescope promptly through 180° 
of azimuth. D is the vertical column which supports 
the telescope, and about which the ‘telescope turns in 
azimuth. Bis a horizontal axis, to one end of which is 
attached the telescope TT, which is counterpoised by 
the weight, W, at the other end ; this axis is hollow, and 
through it passes the light of the lamp, H, to illumine 
the wires of the telescope. The telescope has a focal 
length of about forty inches, and an aperture of three 
inches. Lis the level by means of which the column D 
is rendered truly vertical, riding on the horizontal axis. 
M is a graduated semicircle attached to the telescope, 
and having a Vernier, N, with a microscope. This semi- 
circle serves as a finder for setting the telescope to the 
altitude of the stars tobe observed. SSisa very delicate 
level attached to the semicircle. P is the wire 
micrometer for measuring small differences of altitude ; 
and R is the diagonal eye-piece, so constructed that the 


micrometer may not interfere with the field of obser- 
vation. 

The stars selected for observation by this instrument 
should be within 'a convenient range of the micrometer— 
say 10’—one culminating to the north, and the other 
south of the zenith. Having levelled the instrument, 
set the telescope to an altitude midway between the two 
stars, and bring the bubble of the level S to the middle 
of its scale. : 

Bring the telescope into the plane of the meridian by 
setting the Vernier of the horizontal circle to the point 
previously determined. 

As the first star enters the field of view, follow its image 
with one of the horizontal wires, and bisect it at the in- 
stant it crosses the middle wire. . Record the position of 
the level S, noting the divisions corresponding to each 
extremity of the bubble. Turn the telescope 180° in 
azimuth, taking care to preserve the same inclination to 
the horizon, and make a similar observation on the second 
star, bisecting it with the horizontal wire. A comparison 
of the readings of the two micrometers will give the 
zenith distance of the two stars after correction by read- 
ings of the level, and also for the difference of refraction 
of the two stars. 

We here subjoin a table of calculated orbits of comets, 


from the best authorities. 


TABLE OF CALCULATED ORBITS OF COMETS. 


-_ 


‘ H Di 

No. Ses Ment re "Perea | ran ec® Of | Inclination. | Mogarithm of Pécentticity. Gonot Calculator. 
OLD STYLE. ° , ” o 7 ” ° , ” 

1| 371 Winter. 3c . |150 to 210 | 270 to 330 | Ab. 30° | verysmall | 1 R | Pingré 
2| 137 Apr. 29... ... 230 0 0/220 0 0/20 0 0/0003 {1 R | Peirce 
3| ¢0July... ... 315 0 0/165 0 0/70 0 0|9-90 1 D | Peitos 
4| 12Sep.15. av. |. |310 0 0| 35 0 0|67 0 0|9949 {1 R. | Peirce 
5| 66Jan.142... .. 325 0 0| 3242 0|4030 0| 96480 1/1 R | Hind 
6| 240Nov.10 ... ; 271 0 0/189 0 0/44 0 0/9570 [1 D | Burckhardt 
7| 451July35... .. Halley’s | Comet. Langier 
8 | 539 Oct. 20°62 |. =. |313 30 0 58°or 238/10 0 0] 953307 |1 D | Burekhardt 
9 | 565 July 14-5 [so 0 0/159 30 0/59 0 0|9-92000 [1 R | Burckhardt 
10 | 568 Aug. 2932 1318 35 0/294 15 0| 4 8 0|9-95771 {1 D | Langisr 
11| 874 Apr. 728 143 39 0/128 17 0/4631 0|9-9836 |1 D | Hind 
(7) | 760Junell ... ... ey’s, Comet. 
12 | 770 June 6588 |. 257 7 0; 9059 016149 0| 980766 |1 R | Langier 
13 | 837 March 1 ... 239 3 0/206 33 0/|10°to12°| 9°763428 |1 R | Pingré 
14| 961 Dec. 30°16 268 3 0/35035 0|7933 019-7418 [1 R | Hind 
15 | 989Sep.12 ... 264 0 0| 84 0 O17 0 0| 97546 [1 R | Burckhardt 
16 | 1066 May 30 or 31 120 0 0/230 0 0|70°to80°| 9-53 1 R | Pin 
17 | 1092 Feb.15 ... <.. 1... |156 20 0/125 40 0/2855 0|9-9676 {1 D | Hind 
18 | 1097 Sep. 21-9... ‘: |332 30 0/207 30 0/73 30 | 9-86832 |1 D. | Burckhardt 
19 | 1231 Jan. 303... *. |134 48 0/13 30 0/ 6 5 0|9-976698 |1 D | Pingré * 
20 | 1264 July 17:25. 1.) 3.) [275 45 0/178 45 0/3025 0| 961364 |1 D | Pingra 
21 | 1299 March 31°312... |. | 320 0/107 8 0/168 57 0|9-50233 |1 R. | Pingré 
22 | 1301 Oct. 24 ... ... ... |312 0 0/138 0 0/13 0 0/9806 |1 R. | Pingré 
23 | 1337 June 15074 |. |) | 220 0| 93 1°0/4028 0|9-91815 |1 R | Langier 
24 | 1351 Nov. 265 .... . 69 0 0} Indeterminate. D | Burckhardt 
25 | 1362 March 233 |. |. |227 0 0/237 0 0/82 0 0/ 967214 |1 R | Burckhardt 
26 | 1366 Oct.13 ... |. ... | 66 0 0/212 0 0| 6 0 0.99814 |1 Peirce 
(7) Halley's Comer 299 31 0| 4717 0/17 56 0| 976604 |1 R | Langier 
27 Oct. 16-26 .. °. |101 47 0/268 31 0/5215 0/ 98886 {1 R | Hind 
28; 1433 Nov.442 ... ... |281 2 0/183 49 0/79 1 0/9°%3079 j1 R | Langier 
@ [Halley's Gomet. }/301 0 0| 48:90 0/17 66 0| 976754 |1 R | Pingré 
29 | 1457 Sep. 377 ... 92 50 0/256 5 0/2020 0/03229 |1 D | Hina 
30 | 1468 Oct. 7-4265 |, 122 0| 71 5 0/38 1 0/9-91893 |1 R | Valz 
31 | 1472 Feb. 28-218 <.. <.. | 48 3 0/207 32 0| 155 0/9-751718 |1 R | Langier 
32 | 1490 Dec. 359... <.. <.. {113 0 0/268 0 0/75 0 0/9878 {1 R_ | Peirce 
33 | 1506 Sep. 3662 °.. ... | 25037 0/132 50 0/45 1 0/9:58656 |1 R | Langier 
Cpl hye ey ||301 12 0| 45.30 0/17 0 o/9-76838 |o-9er301 | R | Halley 
34 | 1592 Oct. 18-3324 |) 3) |111 48 0| 87 23 0/32 38 0|9-715351 |1 D | Olbers 
35 | 1533 June 14883 |. ©. | 217 40 0/299 19 0/28 14 0| 9:514362 | 1 D | Olbers 
20) | 1556 Apr. 22-0233... <2. | 274 14 54/175 25 48|30 12 42| 970323 |1 D | Hind 
36/1558 Aug. 1032 |. °) |329 49 0/332 36 0/7329 0|9-76140 |1 R | Olbers 
87 | 1577 Oct. 269476 «2. | 129 42 0| 25 20 24/75 9 42/9-24990 |1 R | Wolstedt 


- — ~ 
| 1032 ASTRONOMY. [rate oF comers. 
No. | Greenwich Mean Tire of Lengitnde of | Longitude of | taetiation. | 2°sstithm et] pecentricity. | thon of 
“hee ee ov Leite 
$8 | 1580 Nov. 28-5727... ... | 10911 55| 19 7 37/64 51 50) 9-774903 |1 D 
30 | 1582 May 7348... vce | 281 26 45/214 42 95/59 29 5/ 8602754 | 1 R 
: NEW STYLE. 
| 40 | 1585 Oct. 80262 ... .. | 9 8 21| S7 4410) 6 6 52/ 0-0399530/1 D 
| 41 | 1590 Feb, 8-0271 ... .... |217 57 21/165 37 5/29 29 44/ 9-7541996 | 1 R 
42 | 1593 July 185685 .. _.. |176.19 0/1615 0/87 68 0/894940 | 1 D 
43 | 1596 July 23-012 .... 1. |274 24 0/335 39 0/52 48 0|9°75258 |1 R 
en |f 180% 2 ni } 301 38 10] 48 40 28/17 12 17| 9769358 | 0-9e70887 | R 
| 44 | 1618 (1) Aug. 17-1263 31." 918 20 0/293 25 0/21 28 0/9-71010 |4 D 
| 45 | 1618 (2) Nov.83507. ... | 3 5 21| 75 44 10|37 11 31/ 9-590556 | 1 D 
| 46 | 1652 Nov. 12653 ... ... | 2818 40| 8810 0/79 23 0/9-928140 |1 D 
1661 Jan, 26881 : ; 
47 {See St 1533, ant). | 29 2° 8| 81 54 0)33 0 55| 9646131 |1 D 
48 | 1664 Dec. 4-494"... ... |180 41 25} 8114 0/21 18 30/0-011044 | 1 R 
1665-Apr. 24219... ... | 71 54 30/2282 0176 6 0/9-027309 |1 R 
50 | 1668 Feb. 23°83... ... ... |277 2 0/357 17 0/35 58 0|7-680000 | 1 R 
1672 March 1:359 ... ... | 46 59 30/297 30 90/83 22 10| 9-843476 |1 D 
1677 May 6-026 |. ... |137 37 5/236 49 10/78 3 15|9-448072 |1 R 
1678 Aug. 26586 ... .. |827 46 0/161 40 0| 3 4 20] 0092797 |1 D 
1680 Dec. 1799338... _. |262 49 5/272 9 29 60 40 16|7-793551 | 0-999985417| D- 
1682 Sep. 14°79505 . 
| Mallert Comet as 301 55 37| 51 11 18/17 44 45| 9-7655808 | 0-96792019 | R 
) 1683 July 12°72586... |... | 86 $1 42/173 18 15/83 47 46] 9-7430148 | 0-9832470 | R 
1684 June 8-423... ... |238 52 0/268 15 0 65 48 40| 9-932339 |1 D 
| 1686 Sep. 16606... <.. | 77 0 80|350 34 40/31 21 40| 9-511983 | 1 D 
/ 1639 Dec. 2°1403 ... ... |27016 0/34418 0/3025 0|8-01284 -|1 R 
1695 Nov. 97018 ... ... | 60 0 0/216 0 0\22 0 O|99261 |1 D 
| 1698 Oct. 18-706 |. ... |270 51 15|267 44 15|11 46 0} 9-839660 |1 R 
) 1699 Jan. 13349 212 31 6|321 45 35/69 20 0|9-871570 |1 R 
1701 Oct. 17-410; 133 41 0/298 41 0|41 39 0| 9-772784 |1 R 
1702 March 13-6065 138 46 34/188 59 10| 4 24 44| 9810790 |1 D 
) 1706 Jan. 302060 ... 72 36 25| 13 11 23/55 14 5| 9630290 |1 D 
1707 Dec. 11-9885 ... 79 59 8| 52 50 29|88 37 40| 9-934013 | 1 D 
1718 Jan. 14-90573... 121 39 67/127 55 31/31 8 6|90-010008 |1 R 
67 | 1723 Sep. 27-62783... 42 62 35| 14 14 17|50 0 18/ 9-9994743 | 1 R 
68 | 1729 June 1326350... |320 31 221310 38 0|77 5 18| 0-6067570| 10050334 | D 
69 | 1737 (1) Jan. 30°34767 ... 1325 55 0/226 22 0/18 20 45| 9347960 | 1 D 
70 | 1737 & June 83185 |... |262 36 39|123 53 43/39 14 5/9-93802 1 D 
71 | 1739 June 17-4164 ... 102 38 40/207 25 14|55 42 44| 9-828389 |1 R 
1742 Feb, 86192 |. 216 39 20|185 9 30| 67 31 40/9-886523 |1 R 
1743 (1) Jan. 819403 93 19 37| 86 54 30| 1 53 43| 9-9352858 | 0-7213086 | D 
1743 (2) Sep. 20 8866 246 33 52| 5 16 25/45 48 21'9-717310 | 1 R 
1744 March 13282... .. |197 11 58| 45 46 6|47 10 53/ 9:346783 | 0-999100 D 
1747 March 32991... |. |277 2 0|147 18 50|79 6 20) 0342146 |1 R 
1748 (1) Apr. 28°78065 |... | 215 28 29|232 51 50|85 28 23/9-94486 «1 R 
1748 (2) June 1888751... |278 47 10] 38 8 29\67 3 28/9-796128 | 1 D 
1757 Oct. 21°38450... ... | 122 36 29]214 7 11/12 41 17) 0530610 |1 D 
1758 June 11°1373 .. |.. |267 38 0|230 50 0/6819 0 9:333148 |1 D 
{at @) Mar. 12°5517 1} 1303 10 28| 53 50 27|17 36 52) 9-7607990 | O-2676844 | R 
759 @ Nov. 2702358 |... | 53 38 4/139 40 15|79 319] 9-904218 |1 D 
82 | 1759 (3) Dec. 1653392 ... |139 3 52| 79 20 24| 4 42 10| 9-993064 |1 R 
83 | 1762 May 28-33451... ... |104 2 0/348 33 5/85 38 13|0-003912 |1 D 
84 | 1763 Nov. 1:86141 ... 84 58 58/356 24 4\72 31 52| 9-6974784|0-908680 | D 
85 | 1764 Feb. 12°57100... 15 14 52/120 4 33/52 53 31] 9-744462 | 1 R 
86 | 1766 (1) Feb. 17-3616 143 15 25/244 10 50|40 50 20] 9-703570 |1 R 
87 | 1766 (2) Apr. 2698882... |25113 0| 7411 0| 8 1 45] 9-6009521 | 0861000 | D 
88 | 1769 Oct. 762039 ... .. |144 11 29|175 3 59|40 45 55| 90890392 | 0-9992100 | D 
89 | 1770 a ‘Aug. 13°54085 |... |356 16 51|131 58 56] 1 $4 23] 9°8239491 |0-786119 | D 
90 | 1770 (2) Nov. 22-2352 |, | 208 22 44,108 42 10/31 25 55| 9°722833 | 1 R 
91 | 1771 Apr. 19°21271... ... |104 3 10| 27 51 49|11 15 19] 9-9559104 | 1-0093608 | D 
92 | Bica’'s Comet () . 110 14 54|254 © 1/13 17 38] 0-0058652 | 0-9031481(?)| _D 
93 | 1773 Sep. 6 37685 |. 3.’ | 74 57 41]121 4 49/61 13 19| 0:0512720 | 0-9935023 | D 
94 | 1774 Aug. 15-83010 317 27 40/180 44 34/83 20 6| 0-1562066 | 1-0282955 | D 
95 | 1779 Jan. 410445 ... |. | 8653 0| 2340 0/32 43 0] 9-859090 |1 D 
96 | 1780 (1) Sep. 3092630 ‘.. | 246 35 56/128 41 15) 54 23 12| 8-9836418 | 9-9000640 | R 
97 | 1780 (2) Nov. 28°84790 ... |246 52 0/141 1 0\72 3 30| 9°7120410|1 R 
98 | 1781 (1) July 7-18887 <.. | 239 11 25| 83 0 38|81 43 26| 9-8897840 | 1 D 
| 99 | 1781 (2) Nov. 29-52320 -.. [16 3 7| 77 22 55|27 12 4| 9-9827930 | 1 R 
100 | 1783 Nov. 19°56218 49 31 55| 55 12 0/47 42 0| 0-1747341 | 0-6784 D 
| 201 | 1784 Jan. 2119900... 80 44 24/56 49 21/51 9 12] 98499460 | 1 R 


r 


TABLE OF COMETS. ] ASTRONOMY. 1033 
re, Greenwich Mean Time of Petineton, | "Moda, | Tnelination, | Hosarithm of |p ocentricity. ton Calculator. 
otion 
. °o * ” °o ’ ” °o ’ a 

102 | 1785 (1) Jan. 27°32549 ... |109 51 56/264 12 15/70 14 12] 0-0581980 | 1 D | Méchain 
103 | 1785 (2) Apr. 8°47200 |. |297 34 30| 64 44 40/87 7 0|9-6310240|1 me ales 
104 | { 1786 (1) Jan. 3087350 1) 156 38 0/334 8 0/13 36 0| 95248100 | o-s4sz6 D | Encke 
105 | 1786 (2) July 8-56747. |. |158 $8 30]195 23 32/50 58 33] 9:5957630 | 1 D | Reggio 
106 | 1787 May 10°82545... ... | 7 44 9|106 51 35| 48 15 51| 9-5427140 | 1 Rm tere 
107 | 1788 (1) Nov. 10-30932 ... | 99 8 7|156 56 43/12 27 40| 0-0265380 | 1 R. | Méchain 
108 | 1788 (2) Nov. 2030254 ... | 22 49 54/352 24 26/64 30 24| 9-8799760 | 1 D | Méchain 
109 | 1790 (1) Jan. 16-79038 ... | 58 24 45/172 50 2/29 44 7| 98735160 |1 R | Leron 
110 | 1790 (2) Jan. 28-31677 ... |111 44 37/267 8 37|56 58 13) 0-0266503 | 1 D | Méchain 
111 | 1790 (3) May 21-24090 .. |273 43 27| 33.11 2/63 52 27| 9-9019814 | 1 R | Méchain 
112 | 1792 Jan. 1353489... ... | 36 20 32/190 42 9 39-45 47| 0-1114563 | 1 R | Zach 

113 | 1792 (2) Dee. 27°25360 |.. |135 59 24| 283 15 17/49 1 45| 9-9851060 | 1 RB. | Prosperiss 
114 | 1793 (1) Nov. 484140 ... |228 42 0|108 29 0/60 21 0| 9-6057360 | 1 B | Tarn 
115 | 1793 (2) Nov. 28-59981... | 75 58 68|359 4 48/47 35 5|0-1461360 | 0-734765 | D | Burckhardt 
(104) wT nckels Comet ais ay 156 41 24) 334 39 26) 13 42 30 | 9:5243046 | 0-8488828 | D | Encke 
116 | 1796 April 232478... |... |192 44 13] 17 2 16) 64 54 33/ 0-1981510|1 R. | Olbers 
117 | 1797 July 911424... <2. | 49 34 42/329 16 30/50 35 50| 9-7205310 | 1 ey ee 
118 | 1798 (1) April 449879 105 6 57 | 122 12 21/43 44 42/ 96853710 | 1 D | Olbers 
119 | 1798 (2) Dec. 31°05300 ... | 84 27 27 | 249 30 90] 42 26 4) 9-8018200 | 1 R. | Burckhardt 
120 | 1799 (1) Sep. 722626... | 338 9| 9921 11/51 1 29|9-9244710| 1 R. | Olbers 
121 | 1799 (2) Dee. 2589640. |190 20 12/326 49 11|77 1 38 9-7964370/! 1 R | Méchain 
122 | 1801 Aug. 85574... ... |183 49 0| 4428 0/21 20 0|9-417304 |1 R | Burckhardt 
123 | 1802 Sep. 9:89102 ... |. |332 9 4|310 15 39/57 0 47|0-039061 | 1 D | Olbers 
124 | 1804 Feb. 1358813... ... | 148 44 51|176 47 58/56 28 40|0-020858 | 1 D | Gauss 
(104) 1805 (1) Nov. 21:40987 _||156 47 19|334 20 5/13 33 30] 9-5320168 |.0-84617529 | D | Encke 
(92) Bate Cader. 32°97430 _ | )109 32 23/251 15 15/13 38 45) 9-9575120 | 0-745784 D | Gambart 
125 | 1806 Dec, 28-93150... 97 2 3/322 19 15/35 2 50) 00340550 | 1 R | Burckhardt 
126 | 1807-Sep. 18°738870 270 54 42/266 47 11| 63 10 28| 9-81031575| 0-9954878 | D_ | Bessel 

127 | 1808 (1) May 12953... | 69 12 57|322 58 36\45 43 7|9-59091 |1 R | Encke 
128 | 1808 (2) July 12-16768 ... | 252 38 50| 24 11 15| 39 18 59| 9-783870 | 1 R | Bessel 
129 | 1810 Sep. 20-0007 ... ... | 52 44 42/310 21 2| 61 11 15| 9-9893549 | 1 D | Iriesnecker 
130 | 1811 (1) Sep. 12°25731 |.. | 75 0 34/140 24 44/73 2 21/0-0151178 | 0-9950033 | R | Argelander 
131 | 1811 (2) Nov. 1099048 .. | 47 27 20] 93 1 45| 31 17 11| 01992359 | 0-9827109 | D | Nicolai 
132 | 1812 Sep. 15-3136... ... | 92 18 46/253 1 3)73 57 3| 9-8904995|0-9945412 | D | Encke 
133 | 1813 (1) Mar. 452650 |... | 69.56 8| 60 48 24/21 13 33| 9-8445579 | 1 R | Nicollet 
134 | 1813 (2) May 19°62378 ... |197 28 37] 42 39 36|80 55 5|0-081364 | 1 R | Olbers 
135 | 1815 Apr. 2599217... ... |149 2 12] 83 28 50| 44 29 55| 0-0838109 | 093921968 | D | Bessel 
(92) 1818 (1) Feb. 7-397. ... | 95 7 0/254 0 0/20 2 24\0-86526 |1 D | Pogson 
136 | 1818 (2) Feb. 25°95890 ... |182 45 22] 70 26 11| 89 43 48/ 0-0783711 | 1 D | Encke 
(104) { 1810 G2) Jan. 2725616} 156 59 12|834 33 19/13 36 54) 9°525771 | 08485841 | D | Encke 

138 | 1819 (2) June 2773098... |287 13 4/273 42 28| 80.43 56) 9°5340268 | 1 D | Nicolai 
139 | 1819 3) July 18-90020 ... | 274 40 54/113 10 48| 10 42 48| 9-8885382 | 075519035 | D | Encke 

140 | 1819 (4) Nov. 2024553 ... | 67 18 42| 77 13 51| 9 1 16| 9-9506368 | 0-6867458 | D | Encke 

141 | 1821 Mar. 21°53656 ... |239 29 25| 48 40 56/73 33 7|8-9629523 | 1 RB | Rosen 
142 | 1822 (1) May 557938 |. |192 45 48/177 27 22/53 34 48/9-70280 | 1 R | Encke 
104, { 1822 (2) May 23°96206 |) 157 11 44/934 25 9/13 20 17] 9-5390382| 0-8444643 | D | Encke 
143 | 1822 (3) July 16-02433 |. |219 53 48] 97 51 23/97 43 4|9-92743 | 1- R._ | Heitligenstein 
144 | 1822 (4) Oct. 23-76978 ;.. |271 40 17] 92 44 42|52 39 10| 0-0588305 | 0-9963021 | R | Encke 

145 | 1823 Dec. 944408 ... .. |274 34 30/303 3 1/76 11 57| 92550726 | 1 R | Encko 
146 | 1824 (1) July 1151296 |... |260 16 32/234 19 9|54 34 19] 9-7717807 | 1 R | Rimker 
14 | 1824 (2) Sep. 19-2440... | 4 44 24/270 5 40/04 22 3 0-0200404 | 1 D | Bouvard 
148 1825 (1) My 30-55880.. 273 65 48| 20 7 53|56 41 30| 9-948064 |1 R | Hansen 
149 | 1825 (2) Aug. 18°71105 ... | 10 14 57|192 566 41/89 41 47| 9-9461924 | 1 D | Clausen 
(ios f 1825 G) . 16-2732 157 14 31/334 27 30/13 21 24| 9°5376348 | 08448885 | D | Encke 
150 | 1825 (4) Deo. 10-68186 | | 818 46 41}215 43 14,33 32 30 0-0937189 | 09953690. | R_ | Hansen 
(92) [i maken, eae ; 109 46 0| 251 28 23/18 33 51] 9-9554571| 0-7465727 | D | Santini 
151 | 1826 (2) Apr. 2197761 |... |117 11 30/197 30 34/39 57 24| 03016581 | 1-0089597 | D | Nicolai 
152 | 1826 (3) Apr-29-03004 .. | 95 48 1| 4029 1| 517 2|9-2744975|1 R | Oliver 
153 1898 (8) Oot $5208 “. | 67 48 24| 44 6 28/25 57 18| 9-9308520|1 D elander 
154 | 1826 (5) Nov. 18°41206 ... |315 31 38/235 7 48/89 22 10| 8-4296128 | 1 R | Cliver 
155 | 1827 (1) Feb. 492156 33 30 16|184 27 49/77 35 35| 6746000 | 1 BR. | reittigenstein 
156 | 1827 (2) June 841120 ... | 297 32 42/318 10 28)| 43 38 45/ 9°9074940| 1 R | Heilligenstein 
157 | 1827 (3) Sep. 11-69286 ;.. | 250 57 16|149 39 14/54 4 42| 9-1393857 | 0-9992731 | R | Oliver 
ae | 157 17 53| 334 29 32|13 20 34| 95985038 | 0-8446245 | D | Encke 
158 | 1930 (1) Apr. 9°60506 |... | 212 23 19| 206 22 43/21 11 9| 9-9650186| 1 D | Santini 

vou L Q 


1034 ASTRONOMY. [TABLE oF comets. 
Greenwich Mean Time of ude of | Longitude of | 1. nati Logarithm of Eccentricity. —_— 
No. Perihelion Passage. peelbellon. Node. per * | Motion! 
° , * ° , * 2 , ” 
159 | 1890 (2) Dee. 27-6040... |310 59 19/387 53 7| 44 45 90] 9-0999822 | 1 R 
(104) ein Came 107 21 1/334 32 9/13 22 9) 9958905 | 08454141 | D 
160 Sep. 2552156 ... | 297 55 36] 72 26 42/63 18 3) 0-0732061 | 1 R 
1832 
(92) , Bids Comet. weve being: 
161 | 1833 Sep. 10-186... 222 51 14/323 0 48] 7 21 2| 9°6612600| 1 D 
162 | 1834 April 2.821 276 27 3/226 131| 6 59 48) 97096600 | 1 D 
163 | 1835 (1) Mar. 2757651 |.. | 207 42 55| 58 19 46] 9 7 $9| 03099084 | 1 R 
104) { 18S @) Au “eeu 187 23 29) 334 34 59| 13 21 15| 95971089 | 08450856 | D 
Re Comet... {| 804 81 82) 55 9 59) 17 45 | 97688194] 0-9673000 | R 
Fe | Sa chaz drs ar es 157 27 4/334 86 41) 13 21 28] 9-5366085 | 08451775 | D 
164 | 1840 (1) Jan. 4-47111 192 12 17| 119 57. 54| 53 5 41| 97913112 | 1 D 
165 | 1840 (2) Mar. 12,99004... | 80 18 20/236 49-16] 59 13 20/ 0-0808068 | o-9078896. | R 
166 | 1840 (3) Apr. 240544... |324 12 40/186 2 57| 79 51 52) 9-8740048 | 1 D 
Lup | 1840 (4) Nov. 13:64438 | 22 91 $4| 248 86 15| 57 57 25| 0-1705070 | 09608527 | D 
(104) [iinelae Comet. | | 157 29 27 | 334 39 10] 13 20 26/ 95378361 | o-ea7o04 | D 
168 | 1842 (2) Dec. 15-95070 |. |827 16 13|207 49 1] 73 83 37| 9-7020605 | 1 R 
(sot) 1843 (1) Reb. 27-414015.., | 278 43 12| 1 26 69) 35 38 94| 77302079 | 0-9000863 | Re 
169 | 1843 (2) May 6-05503 “.. | 281 29 35/157 14 46! 52 44 46| 0-2085315 | 1-0001798 | D 
171 | 1843 (3) Oct. 17-14786 49 84 9/209 29 9| 11 22 31| 0-2285488 | 0°5559623 | D 
\t} 1844 (1) Sep. 247402 342 30 50| 63 49 0| 2 54 50| 0-0742309 | 0-6176039 | D 
72 | 1844 (2) Oct. 17°33613 -., | 180 23 59/ 31 38 55| 48 36 22] 9-0321180 | 1 R 
173 | 1844 (3) Deo. 13-68294 -.. |296 0 30/118 22 23] 45 36 34| 94001230 | 1 D 
174 | 1845 (1) Jan. 8-15698 |. | 91 19 42/336 44 31] 46 50 36 | 99567272 | 1 D 
175 | 1845 (2) Apr. 2103098 :.. |192 83 34347 7 0] 56 23 36| 0-0985390 | 1 D 
176 | 1845 (3) June 567342... | 262 3 17/337 49 18] 48 41 59| 9-6038230 | 09808743 | R 
(104) [Mrncke's Comet __.} | 187 44 21) 984 19 33/13 7 94) 9-5201008 | o-sara3e2 | D 
Arr | 1846 (1) Jan. 22-09887 ... | 89 6 25/111 8 20) 47 26 6 | 0-1704080 | 0-9024026 | D 
(92) (2) Feb. 1098766 ... |109 2 26] 245 54 45| 12 34 53| 9-9327011 | 07570030 | D 
(92) (ae oh 2) Feb. 11-0401 109 2 45/245 56 7/12 34 13] 9-9926965 | 0-7558001 | D 
178 | 1846 (8) Feb. 25°37406 ..." | 116 28 22/102 41 6| 30 55 53/ 9-8120897 | o-7933879 | D 
179 | 1846 (4) Mar. 535599 -.: 16 50| 76 49 35| 85 34 58 | 98245330 | 1 D 
180 | 1846 (5) May 25-94071 «.. | 84 48 14/161 31 51/57 43 40| 0-1314317 | 1 R 
181 | 1846 (6) June 121242". |240 "7 $5|260 28 50| 30 24 24| orsiov0r | Orat985 | D 
182 | 1846 (7) June 547921 -.. |162 6 2/261 53 12| 29 18 47| 9:8018857 | 0-9899389 | R 
183 | 1846 (8) Oct. 29-91663 -.. | 98 47 19| 4 38 22/49 39 3/9-9187601 | 09933127 | D 
184 | 1847 (1) Mar. 3032230... |275 46 42) 21 37 44| 48 32 23/ 8-6457238 | 0-9993425 | D 
185 | 1847 (2) June 4°69052 ... |141 37 13/173 67 43| 79 33 43/ 09253373 | 1 R 
186 | 1847 (3) Aug. 9-25914 *.. | 21 20 33| 76 42 2| 32 38 24/ 0-1715239 | 0-0074948 | R 
187 | 1847 (4) Aug. 944226 <. |246 42 4/338 18 1/83 27 1| 0-2472780|1 R 
188 | 1847 (5) Sep. 954272... | 79 12 41|309 49 24/19 8 25) 9-6882986 | 0-9725003 | D 
189 | 1847 (6) Nov. 1441856... | 274 28 85|190 51 37 |71 67 46| 9-5187097 | 1 R 
190 | 1848 (1) Sep. 8-04532 310 34 41/211 32 31/84 24 50/ 9:5050568 | 1 R 
(108) | EGees Comet }|197 47 8) 334 22 12/13 8 96| os27e717 | 0-847e281 | D 
191 0) Jan. 1934781 .., | 63 14 18/215 12 56/85 2 54| 99821497 | 1 D 
192 May 26:49803 ... |235 43 48/202 33 15/67 9 19/ 00642078 | 1 D 
193 1840 (3 June 8-20364 ... |267 6 30] 30 32 22/66 55 19| 99515250 | O-9978912 | D 
194 1) July 23°51966 ... | 273 24 27| 92 53 25/68 12 7 | 0-0340307 | 0-9900868 | D 
195 | 1800 (2) Oot 1934851 |. |°60 20 31/206 “1 -0| 40 6 64 | Syeimee | § D 
(171)| 1851 (1) Apr. 180560... | 49 41 38/209 31 19/11 21 39| 0-2303547 | 0-5549226 | D 
196 | 1851 (2) July 809107 <-: | 322 59 49/148 27 41|13 66 -4| 0-0000476 | o-G007426 | D- 
197 | 1851 (3) Aug. 26-23463 -.. |310 59 22/223 41 6/38 9 2/9-9931273 | 0-9968016 | D 
198 | 1851 (4) Sep, 3079993 ,.. |338 45 56] 44 26 14/73 59 44! 9-1503928 | 1 D 
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INTRODUCTION, 


Tue principles of Navigation rest almost entirely upon 
that Plane Trigonometry which is limited to the 
doctrine of plane triangles. A person unacquainted 
with the sasthcasdioal theory upon which the practical 
rules followed by the —— _ based, a 4 a WA 
imagine, as the trac a ship isa path marked out 
rong gpa ofa sphere, that to calculate, from the 
n data, the length of this track, the aid of 
srical Trigonometry would be required. But, in 
general, such is not the case; and for this reason :— 
herical dee ere is wholly concerned with the ares 
i of the sphere, and with the angles formed 
; whereas, the course of a ship at sea, unless 
it sail on the equator, or on a meridian, is never a great 
cirele ;—it is either a small circle, a parallel to the equa- 
or else a line cutting the successive meridians over 
which it sails, obliquely, and at the same invariable angle, 
so long as its cowrse remains unchanged. A ship, con- 
tinuing on this unchanged course, would trace out, on 
the surface of the sphere, a winding or spiral curve, 
called in navigation a rhumb line, and which is. widely 
different in figure from acircle. If a vessel were to start 
any point between the equator and either pole, and 
a course inclined ever so little towards that pole, it 
would wind round the globe in this spiral path, approach- 
ing nearer and nearer to the it y arriving 
at it only after it had ci round it an infinite 
number of times. 


a flat surface. 
are not interested in any investigations ting the 
form or shape of the spiral path of a ship ; but only in 


rely ge it happens that a ship’s course and distance 
sailed, are matters for ere by plane, and not by 

herical trigonometry. In the latter subject, the form 
of the lins concerned cannot possibly be diare ed. 
any more than their yoo it would not be sp erical 
trigonometry unless the lines of which it treats were all 
of them portions of great circles of the same sphere. 
Plane trigonometry ds lengths and angles only ; 
ee eee + navigators require to be cal- 

ited. 


It is ‘obvious, therefore, that, in order to understand 
the science of bay vgs the theory ey pationct plane 

igonometry—as far, at as triangle is con- 
pa gp be i y sejuired ; but. modern nae 
on Trigonom with but few exceptions, are very defi- 
cient in this wid ul instruction ; so that it 
becomes almost imperative upon a writer on navigation, 
who wishes to be clear and intelligible, to conduct his 
reader through some amount of preliminary matter be- 


| 


fore formally entering upon the special object of his 
work. We shall, therefore, introduce the ea by an 
article on the calculation of plane triangles ; referring to 
the chapters on Trigonometry, in the Section of Marnr- 
matics, for the necessary theoretical principles; except 
in a few cases where it may be thought expedient to use 
rules of operation not expressly provided for in that part 
of this work : in such cases the theoretical investigation 
will precede the practical rule. 

Most persons who read this Section, will very likely do 
so for the sole purpose of becoming acquainted with the 
general principles of a most valuable part of practical 
mathematics ; and more especially for learning in what 
way a few elementary theories, in pure mathematics, are 
made available for objects of such commercial and na- 
tional importance, as the conducting a ship across the 
ocean from one port to another ; the daily registry of its 
nes ition on the globe; the determination of its direct 

from any preceding position, however i 

its actual course between the two positions may have 
been ; of its distance from the equator at any time, and 
from the meridian of Greenwich, &c., &c. These things 
are well worth inquiring into even by the non-profes- 
sional student of science ; as they give a practical value, 
of the highest kind, to what might otherwise seem to be 
but barren speculations. 

Nothing can more forcibly illustrate the importance of 
the theoretical principles developed in the Mathematical 
Section above referred to, than the application of those 
principles to Navigation and Nautical Astronomy ; for, 
aided by the Compass and the Log, and by a simple 
optical instrument—the construction of which those 
principles have suggested—they instruct the mariner to 
read aright the intelligence of the stars—those faithful 
finger-posts of heaven, which direct him unerringly on 
his course across a vast and dreary expanse, where no 
human skill can erect .a signal to guide, or a beacon to 
warn ; and where even the busy traffic of ages has left no 
beaten pathway behind it. . 

Our object is to describe, in simple langu: but ina 
strictly scientific manner, how all this is brought about ; 
and while we shall explain everything that can be reason- 
ably desired by the mathematical student, we shall also 
furnish, to the practical seaman, the reasons on which 
his rules of calculation are founded, and the principles 
on which his tables are constructed ; and will thus, we 
hope, afford a useful accompaniment to whatever book 
of rules and tables he may choose to consult in the or- 
dinary exercise of his profession. It is in the highest 
degree desirable that persons en, in a calling so re- 
sponsible, should be enabled to judge for themselves of 
the soundness and acc of the directions which guide 
them, and not deliver themselves blindly up to authori- 
tative rules. The amount of mathematical knowledge 
necessary to convert their art intoa science is really very 
small ; and the satisfaction re, from knowing a thing 
as an ascertained truth, ins of receiving it upon 
trust, is alone sufficient to compensate for the time ex- 
pended on the study of it. Besides, mere printed di- 
rections can never suffice for unforeseen emergencies ; and 
in no occupation are these more likely to arise than 
amidst the hazardous duties of the sailor’s life. In such 
circumstances a little science may often be of more avail 


—- So + 7 


1086 


NAVIGATION. 


okie 


than volumes of prescribed directions ; and even in the 
ordinary calculations, which form part of the every-day 
routine on shipboard, time and figures are often both 
thrown away by the unscientific mariner, under the im- 
pression that he is increasing the accuracy of his work, 
when he is, in reality, only encumbering it with errors. 
A very meritorious writer, Lieut. Raper, justly remarks, 
that *‘very indistinct and erroneous notions prevail 
among practical persons on the subject of accuracy of 
computation, and much time is, in consequence, often 
lost in computing to a degree of precision wholly incon- 
sistent with that of the elements themselves. The mere 
habit of working invariably to a useless precision, while 
it can never advance the computer’s knowledge of the 
subject, has the unfavourable tendency of deceiving 
those who are not aware of the true nature of such ques- 
tions, into the persuasion that a result is always as cor- 
rect as the computer chooses to make it; and thus leads 
them to place the same confidence in all observations, 
provided only they are worked to the same degree of ac- 
curacy.”* These are very judicious observations ; and 
Lieut. Raper is, as far as we know, the only person who 
has drawn attention, in print, to this customary waste of 
calculation. cain eae 

The tables which accompany books on navigation are, 
in general, computed to an extent of decimals—usually 
six or seven places—much beyond what the ordinary 
calculations of navigation require ; and the unscientific 
seaman uses them al, when half the number would, in 
most cases, be amply sufficient : his fault is analogous to 
that of the ill-taught school-boy, who, having to multiply 

ether two numbers of five decimals—the final decimal 
of each number being confessedly inaccurate—is at the 
trouble of computing ten decimals in his product, and 
fancies, if there be no error in his operation, that they 
are all correct, whereas five of them at least are wrong, 
and, therefore, worse than useless, 

We shall now proceed to those preliminary matters 
which furnish the suitable introduction to the different 
sailings—plane sailing, parallel sailing, middle latitude 
sailing, and Mercator’s saili ¢: 

Own Locarrrams.—Logarithms are a peculiar kind of 
numbers, invented by Lord Napier, for the purpose of 
shortening the calculations by common figures, when- 
ever these calculations require the operations of multi- 
plication or division, the raising of powers, or the ex- 
tracting of roots. 

Logarithms are of great importance in the computa- 
tions of Navigation and Nautical Astronomy; and it 
was mainly for the purpose of reducing the labour of 
such computations, that Napier was led to construct a 
table of logarithms. 

The peculiar character, and the practical use of these 
important numbers may be briefly explained as follows, 
the principles of Algebra, as given in our mathematical 
section, being previously understood. 

It is therein shown (see Algebra, page 465) that, a 
being any base, and x and y any exponents, 

a? X a = a*+¥, and a? + av = at—¥; 
and, moreover, that whatever exponents m and n may 


ba for y= a, X 

ow let us suppose that any number N could be 
written in the form a*, a being some chosen number 
fixed upon as a base, and x the suitable exponent to 
justify the equation a* = N ; thus, the base a might be 
the number 2, or 3, or 4, or any other positive number 
different from unity ; and it is plain that, whether we can 
find it or not, some value exists for x which would satisfy 
the equation just written, whatever be the positive 
number N. There is no doubt, for instance, that a 
numerical value for 2 exists such that 2* = 12 : the 
value of z must evidently lie between 3 and 4, Again, 
the value of x, which satisfies the condition 2* = 6, must 
evidently lie between 2 and 3. \ Now imagine two num- 
bers thus represented, one of them N by a*, and the 
other N’ by a” ; then, from the principles stated above, 
we should have, by multiplication and division, 

* The Practice of Navigation and Nautical 
way i mae tromeme- By tap, 


a X a’, that is, att? = a geet that is, a*- 
= -- wf 
where we see that the multiplication of the two numbers 
N,N’ is replaced by the simple addition of the two ex- 
ponents and y, in the proposed notation for those 
numbers, and that the division of N by N’ is replaced by 
the simple subtraction of the exponent y from the ex- 
ponent 2. The proper exponent 2, to be placed over 
the base a, so that a* may replace the number N N’, is 
therefore = 2+; and the proper exponent, for the 


N 
number ¥, isze=2—y. It appears from this, that ifa 


table were constructed in which the numbers 1, 2, 3, &c., 
up to the highest number likely to occur in calculation, 
were inse and against each number n were placed 
the proper exponent «—that is, such a value of x that 
the equation a*=n should, in each case, be satisfied— 
the operations of multiplication and division might, by 
aid of the table, be converted into the simpler operations 
of addition and subtraction. 

Such a table was actually constructed by Napier ; it 
was afterwards improved by Briggs, who found that 10 
was the most convenient number to choose for the base 
a; and the tables constructed to this base, and in which 
are inserted against each number n the value of x proper 
to satisfy the equation 10*=n, are the modern of 
logarithms :—the exponent x, adapted to any pro 
number n, being called the logarithm of »; so that a 
table of logarithms is nothing more than a table of ex- 
ponents—the base-number, to which each exponent is 
conceived to be attached, being 10. 

For example, suppose we want the logarithm of 67 :— 
in other words, that we soquire the value of the exponent 
a, fitted to satisfy the condition 10* = 67, we turn to the 
tables, and find the value to be « = 1°826075. 

In like manner, if we want the logarithm of 58, or to 
solve the equation 107 = 58, we find, from the table, 
that z= 1-763428. We therefore say that log. 67 = 


1-826075,-and log. 58 = 1°763428 ; which is only another || 


way of expressing that 
67 =10! 75, and 58 = 10! 78, 
The product of these numbers is 67 X58 = 10!"**6075+! 76428, 
that is 10°, The quotient of the first by the second 
is 67-58 =10'*75—''76.%; that is 10%", In other words, 
log. (67 x 58)=3-589503, and log. (67 + 58)= 062647. 
Turning now to the table, we find, against the logarithm 
3589503, the number 3886, and against the logarithm 
*062647, the number 1-155. . . : we conclude, therefore, 
without actually performing the operation of multipli- 
cation or division, that 
67 X 568=3886, and 67 + 58=1:155.... 

And in a similar way may the product or quotient of any 
two numbers, within the limits of the table, be found : for 
the product, we add the logs. of the factors ; for the 
quotient, we subtract log. of divisor from log. of dividend. 
The result, in each case, is a log., against which, in the 
table, is the product or quotient sought ; and in this way 
addition east subtraction is made to replace the more 
lengthy operations of multiplication and division. ’ 

It must be noticed, however, that the integral part of 
the ns pera or exponent is not inserted in the table— 
only the decimal part : the insertion of the in part, 
or index, as it is called, is unnecessary, because this index 
is at once known from inspection of the number to which 
the logarithm belongs : thus, since 
10°=1, 101=10, 107 =100, 105=1000, 10¢= 10000, &e. 
we know that the log. of a number between 1 and 10 
must lie between 0 and 1; we know, therefore, that the 
index of a positive number, anywhere between these 
limits, is 0. e see, also, that the log. of a number be- 
tween 10 and 100 must lie between 1 and 2; the index 
of such a number must therefore be J. In like manner, 
since the log. of a number between 100 and 1000 must 
lie between 2 and 3, we know that the index of such a 
number must be 2; and so on. 


Hence the index of the log. of a number es 
Ww 


but one integer—however many decimals may fo! 


integer—is 0 ; the index of a log. of a number consisting | 


— 
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of two integers, however many decimals may follow, is 1; 
of a number consisting of three integers, the index of 
the log. is 2; of a number consisting of four integers, the 
index is 3; and, generally, of a number consisting of n 
integers, the index of the log. is n — 1. 

e have, therefore, only to count the fi in the 
integral part of a number, disregarding the decimals, 
and then to write down, for the index of the log. of that 
number, the figure denoting what was counted, diminished 
by 1 : to this index the proper decimal part of the log., 
called the mantissa, which is furnished by the table, is to 
be united, when the complete log. will be exhibited. 
Thus, for the numbers 43, 58, 32°47, 67°813, &c., the 
index, in each case, is 1; for each of the numbers 246, 
835, 647-29, 158-72, &c., the index is 2; and so on. 

If, however, the number proposed have no vee tg 
figures—that is, if it consist wholly of decimals—then 
the index of the log. will be negative. For instance, 
suppose the number is 3247, we may write it thus 
a and, from the principles already explained, the 
log. of the quotient thus indicated is log. 3:247 —log. 
10 ; that is, log. 3°247—1. Consequently, the index of 
the log. of “3247 is the index of log. 3-247 diminished by 
1: but as there is only one integer in the number 3-247, 
the index of its log. is 0; therefore the index of log. 
“3247 is—1. Suppose the number is 03247 ; this may 

324 

be written “5; hence log. 03247 = log. 3247 —log. 
10; that is, = log. -3247—1: but the index of log. 
‘3247, as just shown, is—1; hence the index of log. 
03247 is—2. Similarly, the index of log. -005247 is— 
3, that of log. 0003247 is—4, andso on.. Consequently, 
whatever be the number whose log. is required, we find 
the index of that log. thus :— 

Count. how many places the leading figure of the 
number is from the unit’s place, and put down what is 
counted, for index : the figure thus put down will be plus 
if the counting is towards the right, and minus if towards 
the left ; or the rule is ex otherwise, thus :— 
** Place your pen between first and second FicuRE 
(Not cipHer), and count one for each figure or cipher, 
until you come to the decimal point ; the number this 
gives will be the index. If you count to the right the 
index is positive, if to the left it is negative.” (See 


522). 
Pethe decimal part of the log. of a number is always 
found against that number in the table, which is to be re- 
ferred to so soon as the index is written down. Because 
of this ready way of ascertaining -what the index of the 
log. of a number is, it is not necessary to insert more 
than the mantissa, or decimal of the log., in the 
table : but it is to be observed that this decimal part is 
always plus. For instance, having first written down 
the proper index, we find, on referring tu the table, that 
log. 3247= —1-+- *511482, log. -03247 = —2 +- 511482, 

: log. 003247 = —3 + 511482, &e. 
But a more compact and convenient way of writing these 
logs. is this, namely : ag 

log. *3247=1-511482, log. 03247 =2°511482, log. 

003247 =3°511482, &c. 

And in this form the logarithms of numibers less than 
unity—that is, of numbers of which all the figures are 
decimals—are always used in practice. 

The logarithmic operation for finding a product from 
its factors suggests that for finding any power of a known 
rvot, gi of a known power : thus, since n’ merely 
denotes product of p factors, each equal to the 


1) 
number , we have log. n? = p log. n; and since if np= 
f, we must have n=r’, it flows that log. n=p log. r, 
and consequently that log. r= :- .. We thus derive 
the following practical rules for performing the more 
troublesome Hf ergy of arithmetic in a short and easy 
matner by help of a table of logarithms. 

L cay pene —From the table take the log. of each 
factor ; these logs. together: the swm will be the log. 


of the product of the factors ; and against this log. in 
the tables, will be found the product sought. 

2. Division.—Subtract the log. of the divisor from the 
log. of the dividend: the remainder is the log. of the 
quotient. ; 


3. Powers, and Roots.—Multiply the log. of the 
number to which the exponent is attached, by that ex- 
ponent, whether it be integral or fractional: the result 
will be the log. of the power or root. 

As to the means which algebraists have devised for 
constructing such a table as that here referred to, the 
student consult the Chapter on Logarithms and 
Series in Section on Mathematics: it has been 
thought sufficient, in this introductory article, to show 
the general principles on which tables of logs. are based, 
without entering into details as to their actual for- 
mation. These tables are given at page 525, et seq. 

Ow THE Srnzs, Costes, Tancents, &c., of ANGLES. 
—In the Section on Mathematics (p. 613) the trigonomet- 
rical terms, sine, cosine, tangent, &c., are defined in 
two different ways. For the purposes of navigation, the 
first of these ways will be found to be the more conve- 
nient, as Se as the more intelligible to the a 
Taking the diagram at page 613, we may explain the 
lines there figured as follows (Fig. 1) :— 

Fig. 1. . 


Sine.—The sine of an angle A OB, or of the are A B, 
which measures that angle, is the straight line Bn drawn 
from the extremity B of the arc, at right angles to, and 
terminating in, the radius O A, drawn to the commence- 
ment of the are, 

Cosine.—And the cosine of the same angle is the por- 
tion On of the radius between the centre O and the foot 
n of the sine. 

Tangent.—The tangent of the same angle is the line Af, 
touching the measuring are A B at its commencement A, 
and verses: | in the prolonged radius drawn through 
the extremity B. 

Secant.—And this prolonged radius, that is, the line 
Ot, is the secant of the angle A O B. 

As A is regarded as the origin or commencement of 
the are which measures the angle A O B, so O is regarded 
as the commencement of the complement of that arc; 
that is, of the are which, united to the former, makes up 
a quadrant or 90°. The sine, cosine, &e., of this arc (or 
of the angle which it measures) are the cosine, sine, &c., 
of the former, as is obvious ; and the tangent and secant 
of the latter are called the cotangent and cosecant of the 
former ; thus :-— 

Cotangent.—The cotangent of the angle AOB, or of 
the are AB which measures it, is the line Cu, drawn to 
touch the complement of that are at C, and terminating 
in the secant Ot, or in that secant prolonged. 

Cosecant.—And Ou, drawn from the centre through 
B, up to the cotangent, is the cosecant of the angle 
AOB, or of the are A B. 

The lines here defined refer to circular arcs and the 
angles which they measure. The sides OA, OB of the 
angle at O, are each equal to the radius of the circle 
here considered : if these sides or radii had been of any 
other length, no change would have taken place in the 
angle at O ; neither would any change have taken place 
in the number of degrees contained in the measuring arc ; 
but the actual length of that are would have varied 
being longer than AB in a circle of longer radius, an’ 
shorter than A B in a circle of shorter radius. On this 
account the sine, cosine, &c., of an arc are not lines of 
fixed lengths for a fixed number of degrees: a degree of 
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one circle is double the length of a degree of another of 
only half the radius of the former. Now, in trigono- 
metry, angles alone, independently of all connection 
with their measuring arcs, are almost exclusively the 
subjects of consideration ; and it is therefore necessary 
that an invariable angle should have an invariable sine 
and cosine, &e. It is therefore, that the trigo- 
nometrical sine, cosine, &c,, should be estimated accord- 
ing to the scale OA =1:; in other words, that the 
abstract number 1, being the numerical representative of 
the radius OA, the abstract numbers, which, con- 
formably to this scale, are the numerical expressions for 
Bn, On, &e., should called .the trigonometrical sine, 
cosine, &c., of the angle AO B. The lines in the pre- 
ceding diagram, Siesektened as lines, are the geometrical 
sine, cosine, tangent, d&c., of the arc A B, or of the angle 
A OB to radius OA; but viewed as merely linear repre- 
sentations of abstract numbers, O A denoting the abstract 
unit, they are the ry waenacgine sine, cosine, tangent, 
&c., of the angle A O 

It is thus that the terms sine, cosine, tangent, dc., as 
employed in trigonometry, are re as ratios ; for 
from what has just been said, 


OA:Bn::1: or the trigonometrical sine of O. 


On * 
OA’* * * © & © ¢ Cosine . « 


At 

OA: Ati:l: ogy. + + + + 

&e. 

And generally any geometrical sine, cosine, é&c., divided 

by the radius of the arc with which such sine, cosine, &c., 

is connected, is the trigonometrical sine, cosine, &c., of 

the angle measured by that arc: but in trigonometry, 

the terms sine of an angle, cosine of an angle, &c.— 

without any prefix—are sufficiently explicit, because 

wn geometrical lines are meant, the fact is always 
sta’ 

The learner will find it an assistance to keep the dia- 
gram at page 1037 before his mind in investigating the 
relations among the trigonometrical quantities now con- 
sidered, the les defined above as merely the 
linear representatives of the abstract numbers, sine, 
cosine, d&c., the radius being the representative of the 
abstract number 1; for he will have the aid of geometry 
to assist him in establishing the fundamental priziciples 
of trigonometry. Thus, from Euclid, Prop, 47, Book I., 
we know that 
Bn? + On? = O BY, O A? + At? = OF, 0 C?+ Ou? = On, 
so that we have from the first of these, 

sin.20 + cos.270 = 1 
from the second, 1 + tan.20 = sec.?0 » +0 (2) 
ani from the third, 1+ cot.2O = cosec20 .. . (3) 

Also from the property that the sides about the equal 
angles of equiangular triangles are proportional (Euc., 
Prop. 4, B. VI.), we find, upon comparing ther the 


equiangular rig’ gon te triangles BOn, tO A, as also 
the equiangular right-angled triangles BOm, uOC, 


sin. O => that is, tan, o-= 


OA:On::1: 


- tangent. . 


< *® 


sin. O 
cos. O 


sun) as 
Ng 0) 2 «+» (5) 
ete ae tr va 
cosec. O 


1 
moe @) 


These fundamental relations will suffice for our present 
purpose. We learn— 
From (1), that sin. O = J (1 —cos.20) ; and cos. O 


= J (1—xin.*6). 
From (2), that ser. O = ,/ (1+ tan.*0) ; and tan. O 


) 


- cos. O= 


= af (x00. — 1). 


F , that O= 1 20); 
Bratt ir 
1 


From (4) (6), that tan. ae ; and cot. O=— 5. 


And from (6) (7), that cose. O= =~ j and sec, O 
1 - 
ae as 
‘or the more general theory of the trigonometrical 
ee student is referred to the Chapters on Trigo- 
nometry. 

On tae Tanres oF Srvzs, Costnes, Tancents, dc.— 
The numerical values of the ‘sipopenateleel lines con- 
sidered above are computed according to the scale radius 
=1 nod ee ge in tables called tables of — 
sines, cosines, &c. As: Ae ene secants, an 
cosecants, may be dataock oiak but le” trouble from 
sines and cosines, as shown above, and as, moreover, the 
natural sines, cosines, &c., are seldom employed in navi- 
gation, the tables of these, which accompany books on 
that subject, usually give only the sines and cosines. 
But the tables which furnish the logarithms of th 
pela inlepeusaple in most of the calculations performed 
by the mariner, are always given in a comp! 
and contain the logarithmic sines, cosines, tangents. co- 
tangents, and cosecants of all angles from 0° up to 90°, 
In the former tables the numerical values of the sine and 
cosine of every angle between 0° and 90° is less than 
because the radius itself is only 1: the logarithms of 
these sines and cosines would, therefore, have negative 
indices (p. 1037), which is an inconvenience in practice. 
To remedy this, the govee re tables are computed, not 
to the scale rad. = 1, but to the scale rad. = 10", which 
is so large as to preclude the possi ility of any logarithm 
in the tables requiring a negative index : in these 
the index, or in part of the log., is always i 
before the deci: ;. while in the logs. of neethera 
as already stated, the index is omitted.* 

Now, in investigating the rules and formule of trigo- 
nometry, the argument rape proceeds on the supposi- 
tion that the numerical value of the radius is 1; and 
consequently, in the practical application of those rules 
and formule, it must be borne in remembrance, when 
logs. are used, that the radius is taken 10 times as 
great—that is, instead of the log. of a natural sine, co- 
sine, &c., we employ in reality the log. of 10° times that 
nitural sine, cosine, &e. For instance, if we call 
natural sine, cosine, &e-, P the logarithmi tables will 
sive us, not log. p, but log. 10'p—that is, log. 10.° + 
og. p; or since log. 10° is 10 log. 10=10x 

of every 


tables will give us 10+ log. p, so that the log. 

natural sine, cosine, d&c., is increased by 10. 

therefore, that our practical results may agree with our 
theoretical formule, these superfluous 10’s—introduced 
merely to avoid negative logs.—must be suppressed at 
the close of our operation. 0 
these logarithmic trigonometrical quantities are used 
subtractively as are used additively, then, of course, as 
the superfluous 10’s destroy one another, no correction 


of the final result becomes necessary; but if more of | | 


these logs. are additive than subtractive, as many 10’s as 


mark the excess of additive over subtractive logs. must | | 
be suppressed in the result ; and if the excess be in favour | | 


of the subtractive logs., so many 10’s must be introduced. 
The suppression or the introduction of a 10, in any 


amount, is so easy a matter, that the trouble attending P 


it is not worth consideration, in a pi: with the 
advantages gained by the avoidance of logs. with nega- 
tive indices. . 

What has now been said being understood, let us sup- 
pose that, by aid of the braic series and formulss 
our Section on Mathematical Science, the two sets of 
trigonometrical tables have been constru 
tables of natural sines, cosin 
rithmic sines, cosines, &c. ; an 
a little into the use and advantages of what is thus sup-— 


[rnicoNomerny. 1] i 4 


, in our work, as many of he 


= —_ 


ie 
&c!, and tables of loga- | 
let us endeavour to see | | 


plied, in the calculations of plane es. 


© Por tables of logarithmic sines, cosines, &c., see p. 666, et seq. | 


— 
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And first as to the table of natural sines, cosines, éc. 
By referring to the diagram at p. 1037, We see that this 
table supplies, already computed for us, the numerical 
len of the sides of éwo similar jen a triangles 
10) OtA, whatever be the angle O, from O = 0°, up to 
O = 90°. We may be quite sure, therefore, whatever be 
the magnitude or shape of any right-angled triangle met 
with in practice, that two triangles, i to i 
will always be found in the table ; the sides of the one, 
O Bn, being computed to the scale O B, the hypotenuse, 
= 1, and the sides of the other to the same scale, the 
base OA, =1, The table thus furnishes us with the 
perpendicular and base of every possible right-angled 

iangle whose hypotenuse is 1, and also with the per- 
pendicular and hypotenuse of every possible right- 


les of equi 
triangles are proportional (Euc., Prop. 4 Book VL), so 


own, and all the 


perpe 
perpendicular, and hypotenuse with hypotenuse. The 
sides of the two triangles O Bn, OtA, computed in the 
table, do not, however, go by these names: the base of 
Stetveor is called Sees of ea siglo, ad tho hypo- 
jar is sine of the ai , an 

tenting scaled radia or 1. Also the bao of the snr 
triangle OtA is radius or perpendicular is tangent 
of the angle O, and the hypotenuse is secant of the angle 
O: the angle O, expressed in degrees and minutes, is thus 
a sufficient guide to direct us to that part of the table where 
the equiangular triangle we are in search of is to be found. 

It is always best to fix upon that one of the two tabu- 
lar triangles in which the unit-length, or radius, corre- 


then have to compare the ene of the proposed 
i with Bn, that is, wit! 

On, that is, with cos. O. For example, if the angle equi- 

valent to O, and the hypotenuse were given to find the 

perpendicular and the base, then, referring to the neces- 


particulars, on the of the table headed by the 
vil and minutes in the given angle, we should be 


supplied with the first three terms of the proportion. 
1: sin. O :: given hyp. : required perp., 


; hyp. in, O 
Consequently the required perp. = wn a 
= hyp. X sin. O. 
Also, 1: cos. O : : given hyp. : required base, 
: hyp. xX cos. O 
Consequently the required base = << ad 
= hyp. x cos. O. 


As the first term of each proportion is 1, all division is 
thus avoided ; and the ion reduced merely to the 
multiplication together of two factors. 

On the other hand, if the base were given to find the 

ndicular and hypotenuse, the other tabular triangle, 
tA, would be the better to compare with the p: 
one, because the radius or unit-line here is O A, the base 
corresponding to the side given, and the p’ ions would 
be 1: tan. 0 :: given base : req perp., 

and 1: sec. O :: given base : required hyp,, 
.". required perp. = base < tan. O, and required hyp. 

= base X sec. O. 


As to the tables of logarithmic sines, cosines, &e., little 
need be said in addition to what has already been stated ; 
they furnish the logarithms of the tabular numbers in 
the table of natural sines, cosines, &c., with the addition 
of 10 to each logarithm, as before explained. By using 
the logarithmic tables, we convert the multiplication of 
the two factors adverted to above, into the addition 
of the corresponding logarithms. Suflicient practical 
details of these operations will be given in the next article. 

It may be noticed here, however, that in what is said 
above, as to the assistance afforded by trigonometrical 
tables, our observations have had exclusive reference to 
right-angled ee ; we shall shortly see that they are 
equally available for oblique-angled triangles; but, it will 
strike the learner as a remarkable fact, that, notwith- 
standing the complicated character of the curve, traced 
on the surface of the oes by the course of a ship, all 
the calculations in reference to the different sailings, 
involve only right-angled triangles—the simplest kind of 
triangles with which trigonometry has to deal ; we shall, 
therefore, give a distinct article on the calculation of the 
sides and angles of right-angled triangles. 

To CatconaTe THE Srpes anp ANGLES oF RiIcHT- 
ANGLED TRIANGLES.—The sides and angles of any tri- 
angle make up what are called the six parts of the 
triangle ; and if any three of these six parts, provided 
they are not the three angles, be given, the remaining 
three can be found by calculation. In a right-angled 
triangle, one ef the six parts is always known—namely, 
the right angle; so that a side and one. of the acute 
angles, or two sides, being measured, we can always cal- 
culate the remai parts. 

The reason that the three angles alone will not suffice 
for the determination of the other three parts—the three 
sides—is obvious from the simplest principles of geome- 
try ; for all iangular triangles are ‘alike, as respects 
the equality of the angles ; so that, from the angles alone, 
we could not conclude to which one, out of an infinite 
variety of similar triangles, the proposed angles are con- 
sidered to belong, for they belong, in reality, equally to all. 

In a right-angled‘triangle the given parts must there- 
fore be either :-— 

1. A side and one of the acute angles, or, 
2. Two of the sides, to find the remaining parts. 


I. When the Hypotenuse and one of the Acute Angles are 


given, 
Let the hypotenuse A B (Fig. 2), and the angle A be 
given; then turning to the diagram at page 1037, we 
should compare the given Fig. 2. 
side AB, with the radius B 
Ob, as directed above ; so 
that OBn would be the 
tabular triangle equian-- 
gular to the triangle ABC. il a 
And, therefore, if c denote 
the numerical length ‘of 
AB, since the numerical 
length of OBis1, AB, c 
= OB X c; consequently, * 4 
a and b being the numerical lengths of BC, and AO, we 
have, since the like sides are proportional, 
BC = Bn X c, and AC = On xX «¢, that is, 
a =csin. A, and b = c cos. A. 
Hence the following rule :— 
Rore.—Multiply the given hypotenuse by the sine of 
Fig. 3. the angle at the base; the pro- 
8 duct is the perpendicular. 
Multiply the given hypotenuse 
by the cosine of the angle at 
the base: the product is the 
base. 
Or work by the following 
form i 3 
perp. = hyp. X sin., ang. 
at base ; base = hyp. X cos., 


ang. at base, 
- fia gis we by logarithms ree Me 
og. . = log. hyp. + log. sin., ang. at -— 10; 
log. fase = log. hyp. + log. cos., ang. at base sie 
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~ Beample L—In the rightangled triangle ABC (Fig. | tabular trianglos aro equiangular, BC must be b times 


3), iven AB = 480 feet, and the angle A = 53 At, and A B b times Ot ; is, 
fe bw the perpendicular BC, and the base AC, am 0 ee Ree 
, ence wing fo 
1. To find the perpendicular B C. Rore.—Multiply the given base by the tangent of 
Without logarithms. the angle at the base: the product be the perpen- 
BC = AB sin. A, dicular, Multiply the given base by the secant of the 
Sin. A, 53° 5, = °7995 angle at the-bases She. Daathes Witt? Opens 
AB= 480 n a right-angled triangle either of the two perpendi- 
= Fase cular sides may be ed as the base, and the other 
639600 as the perpendicular ; so that two distinct rules would be 
31980 unnecessary. And as in the former case, when the ver- 
: tical angle B is given i of the base angle A, the 
”. BO = 383-7600 former may take the place of the latter in the operation, 
: : rovided only that we write cotan. for tan., and cosec, 
With logarithms. for sec, * i “ 
Log. BC = log. AB + log. sin. A — 10. But, as already observed at 1038, the tables of 
—10 natural sines cosines, whi yn fp books on 
Le AB ree Be aoaee sanignthy ie not, in Ot thie rE = am 
. sin. , = tangents and secants ; so that, if thi emplo 
19> _ | inthe work, Dacmmort lhe tse Pinger poser 
Log. BC log. = 3838 = 2°5840 * | at page 1038, namely, 
Hence B C is 383°8 feet. tan. A= ey 4 pa oo B 
2. To find the base AC. cos. A’ ‘a coten 2 nie 
Without logarithms. cosec. B = an 8. 
AC = AB cos. A. The working formule for the present case are as } 
Cos. A, 53° 5’, = *6006 follows -—= 8 
AB= 480 perp. = base x tan. ang. at base ; hyp. = base X sec. 
480480 on yi a ' 
rT, rit’ 
24024 ee ee ee te + log. tan. ang. at base — 10; 
4 naicis log. ont = log. base + log. sec. ang. at base — 10. 
“. AC = 288-2880 The first of these formule, if the table referred to be 
With logarithms. limited ¥ natural sihnes and cosines only, must be 
. AC = log. AB + log. cos. A — 10, Dy cael 
eg A ig. ee Ph eee “ 
Log. AB = log. 480 = 2°6812 Perp cos. ang. at base” cos, ang. at base 
Log. cos. A, 53° 5’, = 9°7786 agreeably to the relations given above. 
eee ee 1. Inthe right-angled triangle A BO, Fig. 8, are gi 
: " . given 
— eee hat tis bass AO 327, and ween rer required 
In‘solving the preceding example we have taken only | ¢he perpendicular B ©, and the hypotenuse A B, 
four places of decimals from the tables ; this is a uumber : 0. 
quite sufficient for all the ordinary purposes of naviga- 1. To find the perpendicular B O, 
rae and it will be omer that a present intro- Without logarithms. 
uctory article is re to discussion of . 
that subject. decane pos ACSA 
If, instead of the angle A at the base, the angle B at |: : 409 OS 
the vertex had been given, the operation would have sin. A 54°17’, = 8119 
ote: much the same as that above ; for, since A = 90° AC= 327 
— B, sin. A = cos. B; and cos. A = sin. B, because the 9 
sine and cosine of an angle are respectively the same as 56833 (See the remarks 
the cosine and sine of the complement of that angle ; so 16238 at page 1042.) 
that where we have used above sin. A, we should have 24357 
used its equal cos, B ; and where we have used cos. A sae RVers 
we should have substituted its equal sin. B. This must cos, 64° 17’ = *5838)265°4913(454'8 = BC, 
be ares in solving the last three of the following With logarithms. 
2. In the triangle A BC (last figure) are given log. BO = log. AC + log. tan. A— 10. 
AB=291, angle A=47° 55’, to find AO, BC. —2 
Ans. A C=195, B C=216. AC = 327 . 2 6 + « + 25185 
3. Given A B=480, angle A=53° 8’, to find AO, BC, tan. A, 54° 177 . . ee 6» 1071433 
Ans. A C= BC=384. 
4. Given A B=521, angle B=36° @ to'ind AO, BO. log. BO, 4543 . . . - + 2°6578 
Ans. A C=307, B C=421, I te 6 
5. Given A B=645, angle B=50° 50’ to find AC, BC. Hence BO = 454'8 
Ans, A O=6500, B C=407°4. hypote 
6. Given AB=98, angle B=$3° 12’, to find AC, BO. mC oa 
Ans. A C=53°66, B C=82.01. AB gor § 
IL—When the base or perpendicular, and one of the acute *58,3,8) 327 (560 = AB 
angles are given. 2919 
_Let the base A O, and the angle A be given ; then, refer- a 
ring to the di at p. 1037, Fig.1, we are to compare the 351 
— side A O with the radius, or unit-line, O A; so that 350 
A is the tabular triangle now to be referred to. As eS 
AC is } times O A, therefore, because the proposed and 1 


‘= —~ 


SOLUTION OF TRIANGLES. ] 


NAVIGATION. 1041 


log. AB = log. A.C -+ log. see. A — 10. 


AO = 92%. 00s a oe MLS 
sec. A, 54°17" 2 . 2+ . 10-2338 


AB, 560 . * * . . . . 2°7483 


—— 


The logarithmic operation might have been performed 
as ily by using the formula for A B, as before, 


log. AB = log. A C — log. cos. A + 10. 
The work by this formula will be as follows :— 


10 
AC=327 . © 1044), Stee 
cos. A, 54° 17’ 22 1-9-7662 


z 
b 
] 
td 
a 
ll 
§ 
> 
td 
ll 
8 


Given A C = 625, and the angle B = 41° 15° to find 
and A B. BG: : 


IIL When the hypotenuse and one of the other sides are 


given. 

Let the hypotenuse A B (Fig. 3), and the perpendicular 
BC i wht: fiian apes AB with the radius or 
unit line OB in the di at page 1037 (Fig. 1), the 
tabular tri O Bn will be that to which the proposed 
} te. bes compared ; and since A B is c times O B, 

ore B C is c times Bn ; that is to say, 
a=BO-=csif. A, therefore sin. A=“. 
If the base were given instead of the perpendicular, then 
we should have f 
b=AC=c cos. A, therefore cos. A= 2. 
The rule is therefore as follows :— 
Rutze.—Divide the perpendicular by the hypotenuse : 


the quotient will be the sine of the angle at the base. 
Divide the base by the hypotenuse ; the quotient will be 


the cosine of the angle at the base. 
An angle being thus determined, the remaining side of 
the triangle may be found by either of the p’ ing rules. 


Or, without first finding an angle, the third side of any 
right-angled triangle may be determined from the other 
two, by the 47th of Book I. of uclid ; for since-c? = a? 
b*; .°.a? = c?—b*, and b? = c2—a*; the working for- 
mul for finding the angles, when the hypotenuse and a 
side are given, are 
: _ Perp: ,. __ base, 
sin. ang. at base hyp. cos. ang. at base byp. 


ae wemanc base = 1 log. h 

og. sin. ang. at = log. perp. —log. hyp.-+10 ; 

log. cos, ang. at base = log. pat lap hyp. +10. 
EXAMPLES, 

1. In the right-angled triangle A BC (Fig. 3), are given 
the hypotenuse A B = 480, and the perpendicular BC = 
384, to find the angles A, B, and the base A O. 

1. To find the angles A, B. 
Without logarithms. 
dies 
sin. AB 
480)384(‘8 = sin. 53° 8’ - 

384 


VOL. i 


With logarithms. 
log. sin. A = log. BC—log. AB+10 
10 


BO,.984 4) > sare, 1 BRS 
AB, 480... 6 . « —2-6812 


sin, A,53°S’ ks 


99031 


Consequently A = 53° 8’, .". B = 90°—53° 8’ =36° 52. 


2. To find the base A CO, 
AC= A Boos. A 
cos. A, 53° 8’, = 6 
-. 480 X 6 = 288= AC 
AC is thus determined with very little troublo. 
log. AC = log. AB + log. er A-10 


AES os tal tate 
608. BBG: Oa) on ie ca RO 


BO 266 Se a, ee 


To find the base without the aid of the angle, we have 
AC? = AB*-BC?= (AB+ BC) (AB-BC) = 864x 
96 = 82944 


$2944 (288 ; or by logs., log. 864 = 29365 
4 log. 96 = 19823 


2)4-9188 
log. 288 = 2°4594 


43)429 
384 


568)4544 
4544 


Con tly AC = 288. The sum of the two logs. on 
the right is divided by 2, because the half of the log. of a 
number is the log. of the square root of that number. 


2. Given the hypotenuse A B = 237, and the perpendi- 
cular B C = 197, to find the angles and the base. 
Ans. A = 56° 13’, B = 33° 47’, Base = 132, 


3. Given the hypotenuse A B = 645, and the perpendi- 
cular B C = 407-4 to find the angles and the base. 
Ans. A = 39° 10’, B = 50° 50’, Base = 500. 
3. Given the hypotenuse A B = 400, and the base AC 
= 236, to find the angles and the perpendicular. 
Ans. A = 53° 51’, B = 36° 9, Perp. = 323. 


- 4, Given the hypotenuse AB = 54°68, and the base 
AC = 355, to find the angles and the ndicular. 
Ans, = 49° 31’, B = 40° 29’, Perp. = 41°6. 
5. Given the hypotenuse of a right-angled triangle = 
779°8, and the perpendicular = 72, to find the vertical 
angle and the base. Ans, 21° 36’, and 287.1. 
6. tig bay fg Gee mcpngtay bay pat Phe base = 
607 °6, to the angle at the and the perpendi- 
cular. Ans, 38° 58’, and 490. 


TV: When the base and perpendicular are given. 
The base A C = d, and the perpendicular B C = a being 
given, we are to com the triangle with the tabular 


triangle O At, of which the base O A = 1: we thus have | 
BC = b times Af, that is 


a=b tan. A.*. tan. A=+ 


Consequently the rule for finding the angle A at the base 
is as follows :— 
Rots.—Divide the perpendicular by the base: the 

uotient will be the tangent of the angle at the base. Or, 
divide the base by the pe i : the quotient will 
be the tangent of the angle at the vertex. The li 
tenuse may be found without first finding the atigiod i 
Euclid, 47th of Book I. : thus c? = a? -+ b®, The formule 
for finding either angle is therefore. : 


5 base 
tan. ang. at base = P: ; tan. ang. severe perp 
R 
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Or, by logarithms, 
log. tan. ang. at base=log. perp. — log. base + 10 ; 
log. tan. ang. at vertex=log. base —log. perp. + 10. 
EXAMPLES, 


1. In the right-angled triangle ABC (Fig. 3), 1039, 
ate vatee C= 28 and the perpondioular B G 
= 334, to find the angles the hypotenuse. 

1. To find the angles A, B. 
Without logarithms. 
BO 
tan. A = AG 


288)384(1-3333 eo » = tan A, 53° 8’, 
288 . 


With logarithms. 
log. tan. A = log. BC —log. A o+ 10. 


Bi 906 oi ee ist: ade to ee 
AO, 288 ..5. 6 6 + — 2°4594 
tan: A,5S°8’ «ww. « 1051289 


.. A = 53° 8’, and B = 90° — A = 36°52, 


2. To find the hypotenuse A B, 
AB= /(AC?+ B09 
288°= 82944 
$842 = 147456 


230400(480 = AB 
16 


88) 704 
704 


— 


00 
AB=ACsec. A. 


. log. AB = log. AC + log. = A-10. 


AC, 288 . . 6 0 oe + 24604 
sec. A, 53°8’ . « . . . 10-2219 
BBA koe 80 one ROR 


In the foregoing example, a table of natural tangents 
and secants is necessary to enable us to find the required 
parts without logarithms, and in the shortest manner ; 
tan. A being determined as above, and then A B from the 
formula A C sec, A. 

Tn all works on Navigation, as also in most books on 
ee the calculation of the several cases of right- 
angled triangles is performed exclusively by logarithms. 
‘The learner will perceive, from the illustrations furnished 
above, that, in general, the work is more expeditious 
without logarithms than with them; and that it would 
be of advantage to the practical navigator if tables more 
comprehensive than those generally given—that is, tables 
escayng Hace natural tangents and secants—were bound 
up with books on navigation. As the preceding examples 
show, a single reference to such a table suffices for the 
discov the unknown part ; whereas three references 
to the thmic tables are necessary. In the latter 
mode of working, fewer figures may appear on the paper, 
but the time occupied in two searchings in the table, out 
of ee p Pew ; a in enatns of this kind, re- 
ferring jes, and transcribing the figures, constitute 
the principal part of the cote sa 

greatest amount of arithmetical work involved in 


of the preceding solutions dcourd in the exanple'st | | 
p. 1040 ; but the mul- sin. 64° 17’ = “S119 


tiplication and division 723 
operations there indi- _—_— 
cated, according to the 24357 
common beaten track, 1624 

may be pruned of ered 568 
superfluous figures — 
pen the pire | cos, 54°17’ = 5838)265°49(454'8 
methods : thus to mul- 23352 

tiply 8119 by 327, in saan 

the shortest way, with- 3197 

out sacrificing accuracy 2919 

in the result, write the — 
figures of the multiplier 278 

in reverse order thus, 233 z 
723; and multiplyas in —_—_ | 
the margin, rejecti 45 

from the multipli 46 

a figure at every step, after the first, but a’ ing to the 


carryings from the rejected figures, And similarly for con- 
tracted division, as exemplified at the page referred to, and 
againhereinthe margin. Itwill beo! however, that 
the whole of the division part of this work would have 
been saved if tan. 54° 17’ had been supplied by the tables: — 
the entire work would then have s as here annexed, 


A person but moderately expert in the simple opera- 
tan. 54° 17’ = 1:3908 tions of arithmetic execute 
the work in the margin in less 


to the logarithmic and to 
number. And then the numeri- 


— cal process, being placed per- 
BO = 454°80 ety akes he isvery | | 
easily revised if error sus- | 
pected. These obvious advantages are of sufficient im- 
portance to justify the entire abandonment of logarithms 
in those calculations of Navigation—and they include 
nearly all—in which right-angled triangles only are con- 
cerned. When oblique-angled triangles are the subjects 
of computation, the case is different ; as the logaritlonia 
operation has then, with few exceptions, the ad: 
over that with the natural numbers, as will be suffici ' 
°o. i the wight snaled triangle ABO (Fig gi 
2. In the right-ang i . 3), are given 
the base A C = 101°9, and the perpendicular B C=195°4, 
to find the angles and the h use. 
Ans, A = 62° 27’, B= 27°33’, AB = 220°3. 
8. Given the base A C = 659°8, and the i 
BC = 520°, to find the other parts. 
Ans, A = 38°16’, B = 51° 44’, AB = 840-4. 
4. Given the base AC = 35°5, and the i 
BC = 416, to find the other 
Ans. A = 49° 31’, B =40° 29’, A B = 54°68. 
5. Given the base A C = 32°76, and the perpendicular 
B C = 46°58, to find the vertical angle B. 
Ans. B = 35° 7’. tod 
6. Given the base A C = 53°66, and the perpendicular 
BC = 82-01, to find the angles and the ly use, 
Ans, A = 56° 48’, B = 33°12’, AC = 98. 
Miscellaneous Examples in the Calculation of Right- 
angled Triangles. > ae 
1. The angle of elevation ACD (Fig. 4), of the top A, 
of a Satie: aad found to be 55° 54’ ; and from the station 
B, 100 feet from © in the same to line DB, the 


angle of elevation ABD was found to be 33° 20’; what 
was the height of the tower ? . 
Solution without Logarithms. 
By right-angled triangles : a 
DO= AD tan, OAD, DB=AD Ape 


tan. BAD, 
“. DB—DC={BO =AD (tan. 
BA D—tan, CAD 
But BAD = 90° — 33° = 56° 
40’, and CA D=90°—55° 54’ =34° 6’, 
., BO=100=A D (tan. 56° 40’— od 
tan. 34° 6’), 
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By referring to a table of natural tangents, we find 
‘Tan. 56° 40’ =1°5204 
Tan. 34° 6’= ‘6771 


The difference=8,4,3,3)100 (118-6=A D. 
8433 


1567 


The division here isby the con- 724 
tracted method,recommended 675 
before. — 


Hence the height of the tower is 1186 feet, very 
nearly ; it is accurately between 118°5 feet and 118°6 
feet : but nearer the latter than the former. 

To solve such examples as this by logarithms, as is 
done in the books, the computation of an oblique-angled 


ely, of the triangle A B C—is necessary ; 
and will be five references to the logarithmic tables. 
In the above operation two references to a table suffice ; 
and the subsequent arithmetical work, whatever number 
the dividend in the division may be, will always be 
oe if the contracted method of dividing be em- 
ploy 


From the’ of a castle (Fig. 5), 60 feet high, 
standing a hill near the sea-shore, the angle of de- 
pression HTS of aah See ae eee Nerdigtrs 

; and the angle of depression , taken from the 
bottom of the castle, was found to be 4° 2’, What was 
the distance AS of the ship ? 

Solution without Logarithms. 
Since TH . 5) is parallel to AS, the AST 
, og sae ar equal to the angle HTS 
u 7 (Euc, 29, I.) For a like 
reason the angle ASB is 
4 equal to the angle OBS, 


° 
Consequently, the angles of 

se | elevation AST, ASB are 
known—namely, AS T = 4° 


« : 52’, and AS B=4? 2’, 


notes ipe 
mY ey tan, AST, AB=SA tan. ASB, 
“. AT—A B=60=S A (tan. AS T—tan. ASB), 


the table of natural tangents, we find 
Tio ASTetan, 4 bY “0851 
Tan. AS B=tan. 4° 2’= ‘0705 


The difference= vere (4100S A, 


16 


nl & 


>a pra fo horizontal geen Ad be! — is 
4100 feet, or L yards, very nearly. By m g 
SA by ta ASB, we shall get the height of the hill 
, 


0705 x 4100=289=A B. 

3. The angle of elevation of the top of a tower was 
found to be 46° 30’, the place of observation from the 
bottom being 220 feet distant in a horizontal line : re- 
quired the height of the tower. Ans, 232 feet. 

4, Ata horizontal distance of 45 yards from the bottom 
of a le, the angle of elevation of the top was found 
to be 48° 12’; the height of the observer's eye was 5 feet: 
required the height of the le. Ans. 52 yards. 

5. In order to find the height of castle surrounded 
by a moat, the angle of elevation of its top was taken 
from a convenient station, and found to be 46° 10’ ; then 
at a station 110 yards further off, but in the same hori- 
zontal line as the former station and the bottom of the 
castle, the angle of elevation was again taken, and found 
to be 29° 56’: required the height of the castle. 

Ans. 141°6 yards, 


6. The height of an inaccessible object being required, 
the angle of elevation was taken at some distance from 
it, and found to be 51° 30’; and then a further distance of 
75 feet being measured in the same horizontal line, the 
age of elevation Was again taken, and found to be 26° 

. What was the height of the object, and at what 
horizontal distance was it from the first place of obser- 
vation? Ans. Height, 61-97 feet ; distance, 49-29 feet. 

7. From the top of a ship’s mast, 80 feet above the 
water, the angle of depression of another ship’s hull was 
taken, and found to be 20°. What was the distance be- 
tween the ships ? . Ans. 220 feet. 

8. From the top of a lighthouse, 85 feet high, reckon- 
ing from the summit of the rock on which it stands, the 
angle of depression of a ship at anchor was found to be 
3° 38’, and the angle at the boson of the lighthouse, or 
top of the rock, was found to be 2° 43’: required the 
horizontal distance of the ship and the height of the rock 
above the level of the sea. . 

Ans. Distance, 5296 feet ; height of rock, 251 feet. 

9. From the edge of a ditch, 36 feet wide, surrounding 
a fort, the angle of elevation of the top of the wall was 
found to be 62° 40’: se the height of the wall, and 
the length of a scaling-ladder to reach from the edge of 
the ditch to the top. 

Ans. Wall, 69:6 feet ; ladder, 78:4 feet. 

10, In the year 1784, two observers on Blackheath, at 
the distance of exactly a mile one behind the other, ob- 
served the angle of elevation of Lunardi’s balloon, at the 
same instant Cs time ; barge aoe were ce fl re 30° 
58’ respectively : required perpendic eight of 
the balloon, Ans. 3 willed. 

To CarcutaTe THE SIDES AND ANGLES OF OBLIQUE- 
ANGLED Trranctrs.—In an oblique triangle the given 
parts must be either 

1. Two angles and a side ; 

2. Two sides and an angle ; or 

3. The three sides, to find the remaining three parts. 


I. When the given parts are either two angles and an 
opposite side, or two sides and an opposite angle. 
Investigation of the Rule. 

Let the triangle be A BO, and let it be either acute- 
angled or obtuse-angled, as in Figs. 6 and 7; and let 
the perpendicular A D be drawn, meeting the base or 
the base produced in D, ham, 

Fig. 6 Fig. 7. 


LN | 
B Dc B C D 


As in the former investigations, let the sides of the 
triangle, or rather their numerical measures, be repre- 
sented by a, b, o, these letters applying to the sides oppo- 
site to the angles A, B, C, pow nH y. Each — 
presents now two right-angled triangles—namely, 
triangles ABD, ACD; and from we get a distinot 
hi ane ga for the perpendicular A D common to both ; 
name 

"AD = A Bsn Band AD OAC sin O; 
so that A B sin. B= AO sin, O, that is, 
. . . ¢ tm Od 

¢esin. B= 60 sin. O, .*. b sin. B 
which shows that any one side of a triangle is to any other, 
as the sine of the angle opposite to the former, is to the 
sine of the angle opposite to the latter. The angle CO, in 
the preceding equations, belongs to the right-angled 
triangle A C D, which, in the second di: is not the 
angle C of the proposed triangle ABC, but the supple- 
ment of that angle; yet, as the sine of an angle is the 
same as the sine of its supplement, we may regard the 
C, in sin. O above, as the angle of the proposed triangle 
in each diagram. i ; 

The property enounced in italics above, supplies the 
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following rule, when of the three given parts two are 
\ Seah wcler t= 


uLe.—TZo find an angle, As one of the given sides is 
to the other, so is the sine of the angle opposite to the 
former, to the sine of the anglé ite to the latter. 
To find a side. fon weed poo gta 
e8. 


other as the sides opposite to those ang! ; : 
If a, b, be any two sides, and A, B, their opposite 
bsin. A 


“.a:6b::8in. A; sin. B= ’ 
in. B 
Or, sin. A: sin, Bs :a:b = S =", 


.*. log. sin. B= log. b + log. sin. A—log. a; log. b= 
~ log. Ay sin, B—log. sin. A. 

When an angle is to be determined by this rule, there 
is sometimes a choice of two sgt i cua 
called the ambiguous case. e ambiguity arises 
the circumstance that the sought angle is to be inferred 
from its sine; and in the absence of all overruling Ye- 
strictions, two angles have each equal claim to the same 
sine : an angle and its supplement. But if it is. that 
one of the given sides which is opposite to the given 
angle, is greater than the other given side, the angle 
opposite to the latter must be acute, otherwise the triangle 
would have two obtuse angles, which is impossible. Also, 
if either of two angles are known to be obtuse, the others 
must, of course, each be acute. Except under these 
conditions, the angle sought, may be either acute or 
obtuse ; so that there are two distinct triangles deter- 
minable from the eae given parts, these parts be- 
longing equally to triangles, 


EXAMPLES, 
1. In a triangle two of whose sides are a = 95°12, and 
b = 98, and of which the angle A opposite to the former 
is 32° 15’, it is required to find the angle B opposite to 
the latter, as also the third side c, 


To find the angle B. 
Asa=95'12 ... dun ws —1°9783 
:b=98 ea os 19912 
2: sin. A, 32° 15’ = mae 9°7272 
: sin, B, 33° 21’ -  9°7401 
To find the side c. 
As sin. A, 32° 15’ ay ews =—9°7272 
: sin. OC, 114° 24’ . os 9-9594 
3:a@= 95°12 ove bes 19783 
go=ml623.,. 2-2105 


This example comes under the ambiguous case noticed 
we, for the side b, opposite to the so 


5 


¢ is calculated here for-the acute angle B = 33° 21’, for 
which O = 180°— (32° 15’ + 33° 21’) = 114° 24’. If itbe 
eae iets tok, a ee 
be C = 180°—(32° 15’ + 146° 39’) = 1° 6’. 

It will be seen that there is an inconvenience in having 
8 subtractive logarithm in each of the columns ; it may 
be Se soe by an additive quantity as follows :—Instead 
of oe 1-9783 from the table, write down what 
this number wants of 10, which is 8-0217 ; but instead of 
subtracting from lll Rg ll ese ree foi 
ea ent the leading figure 1 on the 


proceed from to fi towards the righ 
enblacting each fom 9, tl th ty is reached, which 
subtract «this in of course the anne, in effect, 


down 0; to the 7 we write down 2; to the 8 we write 


10, thus committed, is to 
in the result of the addition. 
The foregoing work should, therefore, be modified 


thus :— 


To find the angle B. 
Asa = 95°12, Arith. Comp. - 80217 
>: b=98. : 3  » Lae 
: 3 sin, A, 32° 15’ ° > . 97272 
3 sin B, 33°21’. .  »« 97401 

To find the side c. 

As sin. A, 32°15’, Arith. Comp,. ‘2728 
: sin. 0, 114° 2" =, ; - 99594 
::@ = 9512 é ‘ ol ce) DOSS 
seml623 =, sthing + 2°2105 


2. Given A= 48° 9, B = 407 14’, and o = 976, to find 
a@ ani 6 
C = 180° — (48° 3 4 40° 14’) = 91° 43’. 


To find a. 
As sin. 0, 91°49, Arith. Comp. . 0002 
YET rae: 2. o_ O6714@ 
ssom S76. «5 6 > s “BRTER 
:@ =279'8 . . . . 2-4468 
To find b, * 
As sin. ©, 91° 43', Arith, Comp. . _-0002 
: sin. B, 40° 14 . + . 98102 
£3 c = 376. . . . . 2-5752 
: b = 243 . . y . + 2°3856 


3. Given a = 355, ¢ = 336, and A = 49° 26’, to find 


band C. 
Ans, b’=465'3, C = 45° 58’. 
4. Given a = 310, B = 62° 9’, and C = 41° 13’. 
b = 281'7, o = 210, A = 76° 38", 
5. Given a = 70, b = 104, and B = 44° 12. 
A = 27° 59’, C = 107° 49’, o = 142. 
6. Given b = 104, c = 142, and B = 44° 12, 
There are two triangles having ‘ 
these parts in faa wi [Scare ara 
mainin arts being as > 1 
Gane. < a= 1348 or 70°. 


IL. Whee the ange Sr are: 8 ee eee 
. angle, 


Investigation of the Rule, 
Let the two sides AO, BC (Fig. 8), and their included 


angle A CB, be given, to find the remaining angles 

of the triangle ABO. ré ant 
From the greater OA, of Fig. 

the two given sides, cut off a D 


part OD, equal to the less CB ; 

and also prolong AO, till CD’ 
“obrumes-cb-o9, 
and consequently, with cea 

ond sotlen Dan chases be D 


circumscribed about D BD’, so < 3 
that the angle D BD’ is a right ; 

angle (Euc. 31 of ILL), and therefore C DB is the com- 
plement of D’. 


NowCDB=A+ABD: add CBD=CD Bto cach; 
thn20DB=B-+A,..CDB=4(B+ A), 
Ani ccatnpgrelig sbee tone ap.{-0 
nvly, e@ com) ; 
sin. ADB = cos. }(B+ A) 
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set ey ope a ty Nowe added to 
“.ABD= G4) “st ABD 
< j sIn. ( = 
But sin. ABD, ‘greater than 90°, is the same as >... (2 
geome cof an angle as much loss than 90° \. ) 
= cos. } (B—A) 


These relations being established, let us refer to Case 
L, which gives 


} 


Zs. ~~ Ub aa ADB 6) 
AD AC-— CB _ sin. ABD 
ot ae ie a O 
Hence, dividing (3) by (4), we have 
* AC+CB _ sin. ABD' sin. ADB . (6) 


AC—CB sin. ABD sin. ADB 
ani Gh by substituting for these sines their values in (1) 


AC+OB _ cos. } (B—A) sin. (B+ A) 
AC—CB ~ sin. } (B—A) cos. } (B+ A) 
_ tan. }(B+A) 
~ tan. 4 (B— 4) (page 1038) ; 
so that in any plane triangl ees phat? ab meet ta wee. 
npg bos marae -depsaspntc ga Ser: ie oe Se pee 
site angles is to the tangent of lf their difference. The 
following, therefore, is the rule :-— 
Rute.—As the sum of the two given sides 
Is to their differen: 
Bo is the tangont of halt 


angles 
Mo the tangent of half their difference, 
or, at+b:a—b:: tan. tan, A+B, 


The half difference of the enknown angles thus becomes 
known ; and as their half sum is also known—for the 
whole sum is 180° minus the given angle (Euc. 32 [.)— 
the two an: themselves are readily discovered ; the 

two is the half sum increased by the half 
Ppcrasct; kind the tate, the ait sunt diminiiieed by the 
half difference. 

Se ee oN of using the tangent of half the sum 

ite angles, we may use the cotangent of half 
Geten angle, as is obvious. 
EXAMPLEs. 


1. In the triangle rape yr 


the sum of the oppo- 


9), are given b = 47, 


¢ = 85, and the angle A = 52° required the remain- 
ing parts, 

Fig. % 

A 

c & 
B a Cc 

* ing § = 90° — men er Oe tne Seema 
for finding } (0 — B 
e+b:c—b:: tan. }(C +B): hemihg Ptr 


Ase $b = 189" Avith Comp. 


; - + 15798 
titan. }(C+B), 63°40. , + 103054 
stan. $(C—B),30°1", . . 97646 


0 = 98° 51, the f 4(C+B 
OB) $(0 +B) 


B = 33° 29, the difference, 
As all the angles of the triangle are now known, the 


remaining side a may be found by Case L, thus:— 
To find the si a, 

As sin. B, 33° 29’ Arith. Comp. . ‘2583 

: sin. A, 52° 40’ ° » 99004 


16721 


3: buifz, . é - . 


s a@=6774 . «© «© «© 28308 


It may be observed here that the third side of the 
triangle may always be determined independently of 
Case I., and in a manner somewhat more easily, by 
employing a relation furnished by the foregoing investi- 
gation, thus : the equations (3) and (4), after putting for 
the sines the values previously deduced, are 


| AC-+OB_cos. 3(B—A) AC—CB_sin. HB— -A) 


AB “eos. 4(B- A)’ 1B sin. 4B + A) 
which furnish the prepaecs 
B—A): B+ A)::b+a:c.... (6 
eb — 4) cal. AOS; eg aap ppdiataes 


The advantage of using either of these proportions 
instead of the rule in Case I. is, that all the three loga-- 
rithms employed occur at the same openings of the table 


_as the logarithms in the process for finding the angles, 


and they may, therefore, be readily taken out at the 
same time : one of the chico hat for the sum or differ- 
ence of the sides—has only to coche pn 

For the particular triangle solved above, the second 
of these proportions is 

sin. 3(C — B) : sin. 3(C + B)::¢—b:a; 
and in order to show the facilities gained by emplo, oying 
it, we shall re-work the example just given by its ai 
Ase +) = 183 arith. Comp. 7-8794 To find the side a. 


—b= . 8 
stant ic +B), a 407 ° 103054 ff sin 59934 
3 tan. j(C—B), 30°11’ « . 97646 Arith. Comp. sin. +2986 
2. C = 9% 51’ a=67'74 . » 18308 
B = 3% 29’ 


It may assist the memory in computing the side by 
this method, to observe that the three terms employed 
in the proportion for the side are merely those in the 
ey pater for the angles reversed, with sine in the place 

t. 


Another use, too, may be made boa. nen (6) 
and (7)—namely, in the case where two angles and the 
interjacent side are given to find the remaining sides, as 
in the following example. 

2. Given A = 41° 13’, B = 62° 9’, and ¢ = 310, to 


find a and b. 
Inverting the proportions (6) and (7), we have 

sin. + A):sin. }(B— A): :¢:b—a 

cos. (B + A): cos. }(B— A): :¢:b+4. 
Hence the work will stand as follows :— 
sere YD TA ces ct mn itt. meee cat 
yt 2s S10 . 8 ladoia + 24914 


2 b—a=71'8 . -1°8561 b+ a=491'7 .2-6917 
nearly 71'7 


b—a= 717 
(See Example 4, page 1044.) 


2 420 210 =a 
568-4, 281-7 = b 
3. Given a = 512, c = 907, and B = 49° 10’, to find 
the remaining parts of the triangle. 
Ans. A = 34° 6, O = 96° 44, b = 691. 
4. Given a = pin ce = 98, and B = 114° 24’, to 
find the remaining par’ 
Ans, BaP 1, O = 33° 21, b = 162°34, 
5. Given a = 112, b = 120, and O = 57° 57’, to find 
the remaining parts. 
Ans, A = 57° 28' B, = 64° 35’, ¢ = 112 6. 
6. Given b = 1543, ¢ = 365, and A = 57° 12’, to find 


the remaining parts. 
Ans. B = 24° 45’, C = 98° 3, a = 310, 


IlL.— When the given parts are the three sides. 
Investigation uf the Rules. 

Returning to the diagrams of Case I., page 1043, we 
have by right-angled triangles, 

BD = ¢ cos. B, and CD = b cos. OC. 

If the angle C of the triangle be acute, the cosine of 
it will be positive; if it be obtuse, as in the second of 
the diagrams referred to, it will be negative. In the 
equation above, the angle Cis AOD, which is acute in 
the second diagram ; but if we replace it by the angle 0 
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of the triangle, thus making cos. C subtractive, we shall Tre be pai ane logarithms. 
* have, equally for both famplen, ‘the eohdition 3 ¢ be pub to mepeemen aunts 9 hes te ee 

a = bcos. C + coos. B in the nu will be respectively s—b and s—e, 


And similarly, b = ¢ cos. A+ acos. 0 
Se aoeldotae taserataiectigsl wpedicne te 
Let these as equations, 
which the unknown quantities (usually 2, y, and £) are 
cos. A, cos. B, and cos. C; then, multiplying them by a, 
b, ¢ respectively, we have— 
a? = abcos. C 


cos. A; 
each of these from the sum of the other 


ae eae 
tw its— 
2 B+ o—ao 
88 + cf — a2 Qe cos. A 008. A = 3 

2 4. o? — 52 
a* + c? — b? = 2accos. B} .*. cos. B= St 

2 ws 


L 

The expressions on the right furnish a complete solu- 
tion to the t problem ; but when the given sides 

b, c, consist each of several places of the cal- 
culation of the fractions involves a good deal of arith. 
metical work. On this account, means have been con- 
trived to change the preceding forms inte others, that 
shall consist pao tne of factors and divisors, without 
any addition or subtraction operations; so that the 
expressions may be fitted for computation by logarithms: 
how this is brought about we explain presently. 
But, as logarithms may be dispensed with whenever 
a, b, ¢ are conveniently small numbers, we shall first 
show the best form of using the above expression for 
cos. A, in such a case. ; 

Subtract 1 from the fraction for cos. A; it then 


Ditmas 5 Oe fh —at 
Qbe ie Metab 


_ @—c+2) b—e—a) 


2be 
and now adding the 1 subtracted, we have— 
O=—"7t 90 —'— 4), 
2be : 
(a+b—c)(a—b+c) 
=]— The -.-() 


which is tolerably convenient for calculation without 
] thms: but a form somewhat preferable is given 
“ uently. - . ‘ 
é 1 were transposed and signs c the right- 
hand member of the last equation sora ss equally 
convenient for calculation with logarithms ; but the left- 
hand member, which would then be IT—cos. A, has no 
corresponding logarithm in the ordinary tables ;* the 
object is then to change 1— cos. A into some equivalent 
frigonometrical quantity, the log. of which is to be found in 
the tables. K Gagween will eostes ia charwtan tw te 
to be effected — 
Suppose A B, Fig. 10, to be the trigonometrical radius— 
Fig.10. namely, AB=1, and let 
B CD be the are of a semicircle 
to that radius, and BAC tle 
nm angle A ; then An bisecting the 
chord B C, also bisects the are 
BC and the angle A, .". BO = 


cos. A = 


2sin. $A, 
Now DCB, in a semicircle, 
ht angle, we have (Euc. 8 of VL) BD. Bm = 


being a 

BC; is, since BD = 2, and Am = cos. A, 

2 (1—oos. A) = (2sin. }A)*.". 1 — cos. A = 2sin,?}A, 
(1) sintg a =P FG +P) 


' 4(a—b + c)}(a+b—e) 
sin. fA = 4 
Sie at solar versal nicest falled the vereed-eine of the angle A. A 
ackay’s 


table of natural versed-sines is fn Vol. IL. 5 
Valuable work on The Theory and Practice of finding the Longitude 


and we shall have the expression for sin. } A in the more 
compact form, 
sia. 3g Elen See 


Again : beca abo ~— == sin.? 
if each be eapteastnd he D wahall Sone” eye 
$(1 + cos, A) = 1—sin.24.A = cos.2}A, 


"2008. fA = 1 4008, A= 14 “TES e 
G+ oa _(atb+96+e—a) 
2 


be 2be 
cn gA a KO 0 aie Lara Mead 


and dividing (I) by (II), we have finally 
tan, pA= 4 /CSME—D  ) amt 


Either the formule. marked (1) TI), will. 
wepip hie for finding an angle Pls oes on i 


the formula itself than 


sines of angles bis & near 90°, or, which is the same thing, 
the cosines of angles very near 0°, vary from each other 
by such slight differences, that several of such — 
have equal claim to the same sine or cosine. ‘or 
instance, suppose we were led to 9°9999998 for the 
l peace Leper ata Bde ne By 
tables calculated to seven places of decimals, this number 
is the log. sine of every angle, indifferently, between 89° 
56’ 19” and 80° 57’ 8’; and, consequently, the log. cosine 


of every angle between 2’ 52” and 3’41". In such 
extreme cases the formula ) is to be preferred, 
pew) for a small angle may be safely emrloress 
and (11) for a large one, practice, however, 

ill-conditioned triangles, as thay are are always 
avoided, if possible; and in Navigation are but 


little likely to be met with. An error of a few seconds 
in this subject is, however, a matter of no moment 3, and 


= being mayer gst. — or prtterelpar ge on. 
ecimals, cannot, of course, mark distinctions of value 
that affect only the decimals more remote, 
EXAMPLES, 
1. Given the sides ¢ = 95°12, b = 16: andc = 
to find the angle A. ss ag = 
By formula (1), 


sin dan g/ C= DEMO 


a= 95°12 : 

b = 16234 Arith. Comp. 7°7896 
c= 98 ——Arith, Comp. 80088 

2)300°46 

a= 177-73 
s—b= 1539 , ——, ‘ 1.1872 
s-c= 79°73 . . . . 19016 
2)18'8872 
sin. 4 A, 16° % é eh yh ae 94436 

-. A = 32° 15’ 

+ The student may compare the above formulm with similar expressions 


at in connection with the calculation of sines, from derived — 
focuses ips. a 4a 
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By formula (11). thus, instead of the above values, we might have taken 
s(s—a) a=47 ‘56, b=81°17, and c=49; these being the halves | 
Cos. tA=4% be of those values. 
# 95-12 2. Given a = 174'1, b = 232, andec ten to ry the 
bes F le A. ns. A=27° 4’. 
b = 162-34 Arith. Comp. 7°7896 aE Gi 
. 3. Given a= 95°12, b = 162-34, and c= 98, to find 
c= 98 Aritit. Comp. 8-0088 the angle B. Ans. B=114 24’. . 
355-46 . 4. Given a = 3388, b = 2065, and c = 1687, to find 
: 5 Geren, b mii19% and o— 190, 66 find all 
| 5. Given a = 112, b= and c = 120, to 
So ae Delaeitee i lo 2. SOUS the angles. Ans. A=57° 28’, B=57° 57’, C= 64° 35. 
ery ge T AD Gari ie 5 6. Given a= 698, b = 352, and c = 467, to find all 
2)19 9652 the angles. Ans. A=116° 12’, B=26° 54’, C=36° 54. 
MIscELLANEOUS QUESTIONS REQUIRING THE SOLUTION 
9-9826 or Prane Trranaues.—l. Being on one side of a river, 


aghast fa ee Penton 5 


. A = 32° 15’ 

In the first of these logarithmic operations there 
enters a log. sine, and in the second a log. cosine : each, 
th requires a correction, as noticed at page 1038 ; 
10 should be added to the right-hand member of each of 
the formule ® (ID), when expressed logarithmically. 
Now two tens have been added to the sum of the four 
logs. above, on account of the two complements ; so that, 

dividing this sum by 2, for the square root, one ten, 
in excess, affects the result, which therefore siete the 
10 that ought to have been added, and thus the proper 
correction is provided for, : 

We shall now exhibit the work of the preceding 
example without logarithms. The most convenient 
formula for this purpose is, perhaps, that immediately 
derived from the expression for cos. A at page 1046, by 
first adding and then subtracting 1; we thus get 


se SL cs 


(@+b+Xbto—a) | 


cos, A= 


a= 95:12 
b = 162 34 
c= 98 


a+tb+c=35546 .. . 355°46 
b+ c—a= 165°22 reversed = 22561 


b = 162°34 35546 
c= 98 21328 
—-_ 1777 
129872 71 
146106 7 


1590932 x 2 = 31818,64)58729(1-8457 
31819 


8457 = cos. A, 32° 15’ 26910 

25455 

The contracted method, so often re- 1455 
commended in these pages, is used 1273 
throughout this operation. — 
182 

159 

23 

22 


It may be remarked here, that in computing, asin this 
specimen, the first figure in the quotient will always be 
1, followed by decimals ; so that there will be no occasion 
to tuke any notice of decimal points, either in the 
dividend or divisor; it is sufficient that we know that 
the first figure of the quotient is always an integer (unit), 
and the following figures decimals. But there is no 
question that, sn, genteel. the operation by logarithms 
would be preferred. It is worthy of notice, however, 
that whenever a, b, ¢ are all divisible by the same 
number, we may divide accordingly, and use the quotients: 


and wishing to know the distance of a tree (C—Fig. 10, 
ante) on the other side, I measured a length of 500 yards 
along the side of the river, and set up a rod at each end 
(A and B) : the angle at A, subtended by BO, was then 
measured, and found to be 74° 14’; and the angle at B, 
subtended by A C, was found to be 49° 23’; required the 
distance of the tree from each station. 

‘Here the two angles at A and B are given, as also the 
interjacent side AB; the third angle at C is therefore 
known ; namely, C=180°— (74° 14’ +- 49° 23’) =56° 23". 


As sin. O, 56° 23’ Arith. Comp. . ‘0795 
: sin. B, 49° 23’ . . + 98803 
:: A B=500 . . . « 2°6990 
: AC=455°3 . eet - 2°6588 
As sin. CO, 56° 23’ Arith. Comp. . 0795 
: sin, A, 74° 14’ 3 3 + 9°9833 
:: A B=500 cee - 2-6990 


: BO=65778 . . *  , 2°7618 

2. From the top of a mountain 3 miles high, the angle 

of depression of the visible horizon—that is, of the circle 

Fig. 11. where sky and sea appeared to 
cS meet—was found to be 2° 13’}: it 
is required from this to determine 
the diameter of the earth. 

Let A (Fig. 11) be the centre of 
the earth, 6 the summit of the 
mountain BOC, and ECD the le 
of depression of the remotest visible 

int of the surface of the sea, 
- low the horizontal line C E. 

The angles AC D, DCE, make up a right angle ; so 
do the angles ACD and A, because D is a right angle 
ae 18 of III.); therefore the angle A= the angle 

CD. Now by right-angled triangles AC=A D sec. A, 

“. AO—AB=BC=AD (sec. A—1); that is, 


AD (sec. 2° 13'-1)=3, “. AD= sec. P 195-1 
By help of a table of natural secants this expression 
for the semi-diameter AD is very readily calculated. 
To convert it into a form adapted to logarithms, we have, 


, 1 ; 
by putting cos. A °F sec. A, 
BO BC cos. A 
: Ade gs A-1 1-cos. A 
But it was shown at page 1046 that 1—cos. A=2 sin.? $A, 
; BCcos.A , BC cos. A 
. -AD@ Fant ta! . -2AD= sin.? $A 
.’. log. diameter=log. 3 + log. cos. 2° 13’—2 log. sin. 
Le 64 + 10, 
the 10 being added because there are two subtractive 
log. sines—namely, log. sin. 1° 64 + log. sin. 1° 6’2, and 
only one additive trigonometrical quantity—namely, log. 
cos. 2° 13’. 
T7121 


9999672. 


log; 3:25, ers 

log. cos. 2°13 . . . . 
log. sin. 1° 6’ Arith. Comp. 1°711859 
Repeated . . « « 1°711859 


log. diam., 7952 . . « « 3S*900511 


2- 


oe 


| surface of the sea: the angle formed at the top between 


[eouorton aman ; 
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Hence the diameter of the earth, as deduced from | scribed in a hurry, as everything on the accuracy 
these observations, is 7952} miles. with which they are written down. It should also be the 
habitual practice of the calculator to make all the use he 


Otherwise by a table of natural cosines. 


BC A 
Since, as shown above, AD =j———4> we may com- 
pe ly SS sines and cosines as fol- 


ows — 
nat, cos, 2°13’ 4 = bases 


1— 999246 = -000754 )2-997738( 3976 
2262 2 

7357 7952 miles the diameter. 
6786 —— 


5713 

5278 
4358 \ 
4524 

$. Wanting to know the breadth of a river, I measured 
a base of 500 yards in a straight line close to its 
and at each end of it I found the angles subtended by the 
other end, and a tree close to the opposite in of the 
river to be 58° and 79° 12’: what was the th of the 
river ? Ans. 529-5 yards. 

4. Two ships of war intending to cannonade a fort sepa- 
rated from each other 500 y: as near to the shore as 
possible : the angles subtended by each ship and the fort 
were observed from the other ship to be 38° 16’ and 37° 9’: 
required the distance of the fort from each piece of ob- 
servation. Ans. 312 yards and a. 
5. The peak of Teneriffe is said to be 2} miles above the 


a plumb-line, which, of course, hangs perpendicular to 
the horizon, and the line from the eye to touch the sea 
at the remotest visible point, is found to be 87° 58’: re- 
quired the diameter of the earth. Ans. 7936 miles. 

6. Three objects, A, B, C, whose distances apart were 
AC =8 miles, BC = 74 miles, and A B = 12 miles, were 
visible from a station D, in the line joining A and B ; and 
the angle at that station, subtended by AC, was observed 
to be 107° 56’ 13° ; required the distance of the three ob- 
jects from D. 

Ans. AD = 5 miles, DB = 7 miles, D C=4°89 miles. 


We here conclude the introduc chapter on the 
solution of plane triangles : it is intended solely to famil- 
iarise the with the business of practical ealcula- 
tion, and to illustrate the best and shortest methods of 
arranging his arithmetical operations. Many instances 
have been given, more especially in what concerns right- 
angled triangles, of the advantage of making 
the table of natural sines and cosines than is at present 
customary. Valuable as logarithms unquestionably are, 
they do not always effect a saving of time or trouble, 
even in cases well. fitted for their application ; and we 
would, therefore, recommend that the example we have 
here set him be followed by the learner—that he would 
exercise his own deliberate judgment as to which kind of 
er side hen ae in is result in the oadien t 
way, and not in all cases resort to logarithms, as is almost 
invariably done in works of this kind. 

But whatever table he uses he should use with delibe- 


more use of 


ration and care: tabular numbers should never be tran- 


can of his table when it is in his hand; and when it is 
not in use, he should advance his work as 
ticable before he refers to it. 
as possible of the as 
of the quantities with which the 
be connected—should be written down 
are touched : thus, in Example 1, for instance, 


dent as a praxis on certain 


nometry, 
Before closing the introductory portion of 
it may be well to collect into one place the several 
mule for the solution of oblique triangles. 
bringing them to, , future reference to them will be 
facilitated ; and the learner, by having the whole more 
frequently under his eye, will, at get them so 
im aaa on his mind as eventually to dispense alto- 
gether with a formal reference to them. as anos 
amiliarity wi i is a necessary ification in a — 
good workman. . 


Formule for the Solution of Plane Triangles, 
I. a:b::sin. A: sin. B 
IL. er) eee ee Oe ee 
sin. Ao Breen (A+ B)::anb:e 
cos. $(A » B) : cos. $(A+ B)::a+b:¢ 
Fig, 12. 


A 


so ica 


. v 
IIL. sin. a, / Od, cos. 3 A = /"% a) 
tn pay / 


(a+b +c) (b+c—a) 


The last of these expressions is to be computed by com- 
mon ari ic, and the cosine of A to be found in the 
table of natural sines and cosines ; all the other formule 
are adapted to logarithmic computation. Whenever the 
sides a, b, c, have a factor common to all, it may be can- 
ele ee the results used instead, in any of the for- 
m : 
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Generat Nortons or tae Ficure axp Roratrton or | the very small deviation from this 
tuy Eanru.—The surface of the sea is very nearly that | mov 
of a perfect sphere or globe, For all the purposes of | the 


were to be re- 
no sensible difference would be made in any of 
es and operations by which the sailings of a ship 


Navigation, jt may be regarded as accurately so ; for if | are regulated, and its position determined. 
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That the surface of the ocean is globular may be inferred | parallel to the great circle just mentioned ; but from the 


from the evidence of the senses. On whatever part 


of it | circumference of any small circle, the poles are, of course, 


an observer be placed, or however high above it he be at unequal distances. 


raised, he sees around him an expanse in which no defect 
from sphericity can be discovered anywhere within the 
compass of his vision. He sees a pee ered in the 
distance, gradually pasepoaring behind the rotundity ; 
he first loses sight of the hull, then more and more of the 
upper works, til] at length even the most elevated 
‘int declow the circle that limits his field of view. ese 
effects being observed, at whatever spot on the surface 
the spectator may be, lead to the natural impression that 
it is a portion of a globe that is everywhere spread 
around him. This impression is confirmed by the un- 
uestionable fact that, on the assumption of the surface 
bein uniformly spherical, and under the sole guidance 
of and directions based exclusively on that assump- 
tion, ships have actually cireumnavigated the earth, and 
that by routes so various, as to leave on the mind not 
the slightest doubt that the inference, as to the general 
figure of the ocean’s surface, drawn from observation of 
its appearance tothe eye, is correct. 

Again : an eclipse of the moon is caused by the pas- 
sage of that body through the shadow cast by the earth, 
the earth being then between the sun and moon. As 
soon as the moon enters the shadow, the small part 
of her face thus obscured always presents a circular 

; as she advan and the obscuration in- 
creases, the boun of the ow enlarges, but it con- 
tinues circular ; and whenever the centres of the sun, 
earth, and moon are so nearly in the same straight line 
as to render the eclipse annular, as it is called, then the 
shadow A era on the moon’s surface is observed to be 
a complete circle. These appearances being uniform, 
whatever part of the earth’s surface is exposed to the 
sun’s rays, we cannot resist the conclusion that the 
planet we i porironeadmanraaper toe 
a perfect sphere, except in a very slight degree. 

earth rotates—turning once round every day ; it 
revolves invariably about the same diameter, and com- 
pletes each revolution invariably in the same time. That 
the rising and setting of the sun and stars are appearances 
really due to the diurnal rotation of the earth, and not to 
the motions of the celestial bodies themselves, is a truth 
not so obvious to the senses as the spherical figure of the 
earth—at least, till very lately, no contrivance had 
been thought of to render this rotation visible to our 
eyes. But there are means now of showing that the 
earth turns round ; so that we may have the same visible 
proof of its diurnal revolution that we have of its 
general fi This will be explained when we come to 
treat of Nautica Astronomy. 

That the rotation is daily performed in exactly the same 
invariable period of time—without the difference of a 


. single second—is proved by innumerable observations. 


Age after age, the same spot on the earth, after the 
lapse of the same interval of time, invariably returns to 
the same fixed star; which could not be the case if there 
were the slightest i larity in the diurnal rotation of 
the earth. Nor could such be the case, if the diameter 
round which the rotation is performed, were shifted. 

Admitting, then, from facts such as these, that the 
earth is a sphere—or that, at least, it differs from a 
sphere so little as for the of navigation to be of 
no moment—that it rev: uniformly once in twenty- 
four hours—and that the diameter about which it turns 
is invariable, we may proceed to the following defini- 
tions :— 

Derrnirrons. 

1. Azis.—The diameter about which the earth per- 
forms its daily revolution is called the axis of the earth : 
the revolution about this axis is from west to east. 

2. Poles.—The extremities of this diameter are called 
the poles of the earth. The extremities of any diameter 
of a snhere are also called poles—the poles, namely, of 
that great circle of the sphere the circumference of which 
is at every point of if, at the same distance from each, 
this distance being a quadrant, or 90°: these same 
points are also spoken of as the poles of every small circle 

VoL, L. 


| 


3. Equator.—The equator is that great circle of the 
earth, the axis of which is perpendicular to the plane of 
that circle : the poles of the equator are the poles of the 
earth, These poles are called—one of them the Norrn 
Pork, and the other the Soura Porz. Whenever; in 
navigation, we speak of the poles, the poles of the earth 
—that is, of the ae rapa always to be understood. 

4. Meridians.—Every semicircle which terminates at 
the two poles, and which is therefore perpendicular to the 
equator, is called a meridian: itis said to be the meridian of 
each place on the earth through which it passes. For the 
conyenience of Navigation and Geography, every civilised 
kingdom selects one of these innumerable meridians as 
a meridian of reference ; it is usually that which 
through the national observatory, or the cahaatiian city, 
and is called the first meridian. In this country the 
first meridian is that of Greenwich ; in France, it is that 


of Paris. 

The plane of e meridian (as also the plane of the 
equator) is conceived to be extended to the heavens, and 
to mark out, on the celestial sphere, the celestial meri- 
dian of the place. The apparent daily motion of the 
sun and stars is across the celestial meridians ; the path 
of a ship, easterly or westerly, is across the terrestrial 
meridian ; but, in general, the distinctions terrestrial 
and celestial are dropped ; a ship cannot be on a celestial 
meridian, nor a star on a terrestrial meridian. 

5. Latitude.—The latitude of a place on the surface of 
the earth, is the distance of that from the equator, 
measured on the meridian of the place. Latitude i 
therefore, either north or south: a place cannot ex: 
90° in latitude, this being the latitude of each pole. 

6. Parallels of Latitude.—A small circle on the globe, 
parallel to the equator, is called a parallel of latitude: 
every point on the circumference of such a circle has the 
same latitude, as the parallel is everywhere equi-distant 
from the equator. e arc of a meridian, intercepted 
between two such parallels drawn through any two 
places on the globe, measures the difference of latitude 
of those places. When the places are both on the same 
side of the equator—that is, both north or both south— 
their difference of latitude is found by subtraction ; 
when they are on opposite sides of the equator, their 
difference of latitude is found by addition. 

7. Longitude.—The longitude of any place on the earth’s 
surface is the are of the e intercepted between the 
meridian of that place and the jirst meridian. It is 
estimated, like latitude, in degrees and parts of a degree, 
and is, of course, the measure of the le at the oe 
included between the two meridians se of. en 
the place is to the east of the first meridian, it has east 
longitude ; when to the west, west longitude. 

As every place on the surface of the earth performs a 
complete revolution in twenty-four hours, 15° of longi- 
tude become the measure of one hour of time; the whole 
360° of the equator, and of every parallel to it, having 
the measure of twenty-four hours. Longitude is thus 
sometimes expressed in time; a place 45° east of the 
meridian of Greenwich is, for instance, said to be three 
hours east of Greenwich. It is necessary to precision, 
that the latitude of a place should be designated either 
north or south, according as it is situated in the northern 
or southern hemisphere ; but the distinction of longi- 
tude into east or west is unnecessary and inconvenient. 
“Tt would add greatly to systematic regularity, and tend 
much to avoid confusion and ambiguity in computations, 
were this mode of expression abandoned, and Pucitndian 
reckoned invariably westward from their origin round 
the whole circle from 0° to 360°.”* In the present mode 
of reckoning, however, longitude, like latitude, is of two 
denominations ; so that the difference of longitude of two 
esr is found sometimes by subtraction and sometimes 

y addition : by subtraction, if both places are on the 
same side of the first meridian ; and by addition, if they 
lie on opposite sides: the limit of longitude, whether 

* Sir John Herschel, 6 
; 8s 
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ons or west, is of course 180°. A place of which the | line, through the centre of the compass-card, from stern 
longitude is 180° is on the meridian opposite to that of | to stem of the ship. 


Greenwich. 

The learner must bear in mind that, in Geography and 
Navigation, the meridian of a place is limited by the 
poles of the earth : it is the semicircle passing through 
the place, and terminating in the north and south poles. 
As sleotie remarked, the terrestrial meridian is extended 
to the concavity above us, and marks out the correspond- 
ing celestial meridian. Certain stars which are observed 
to come to this meridian are seen to pass the opposite 
meridian without setting ; but the distinction, noticed 
above, between a meridian and the opposite meridian is 
not preserved here : the star is generally said to come to 
the meridian twice—once above and onve below the pole. 
In the case of a ship, however, sailing round the pole 
from one meridian to its continuation, it is always said 
to have arrived at the opposite meridian, and to have 
advanced 180° in longitude. 

8. Horizon.—The horizon of any place is a plane con- 
ceived to touch the surface of the earth at that place, and 
to be extended to the heavens—that is, to the region of 
the remotest of the stars. This plane is called the 
sensible horizon. A plane parallel to this, but passi 
through the centre of the is called the rati: 
horizon. These two imaginary planes, though separated 
from each other by an interval equal to the semi-diameter 
of the earth, cannot but be regarded as coincident at the 
distance of the stars. An eye, whether at the centre of 
the earth, or at the point on its surface immediately over 
it, would see a star in precisely one and the same direc- 
tion : the altitude of it, referred to the rational horizon, 
would be exactly the same as the altitude referred to the 
sensible horizon. The observer, at the centre, sees the 
star higher above his horizon (that is, the parallel to the 
sensible horizon) than the observer at the surface sees it 
above his, by the apparent interval between the two 
horizons, at the distance of the star; which interval, 
however, although we here call it apparent, is in reality 
too minute to appear as any interval at all. 

An eye situated above the surface of the earth, as is 
always practically the case, has an horizon different from 
the sensible horizon; the latter is an extended plane ; 
the former is a conical surface, everywhere dipping below 
the sensible horizon, and of wider visible boundary. 
very moderate elevation above the surface will give a 
sensible increase to the observed altitude of a heavenly 
body ; namely, the whole of the angular distance between 
the two horizons—the whole of what may be called the 
angle of the dip. Nex bounlasy of ts “ 

‘he apparent circu un of the sea, as seen by 
an eye ab. elevated above its surface, is called the 
ey e, or sea-horizon ; or, more frequently by sailors, the 
offing. : 

9. The .—The straight line through any place, 
in which the plane of the meridian of that place cuts the 
sensible horizon, is called the horizontal meridian, or 
simply the meridian line, or the north and south line; 
and the horizontal straight line perpendicular to this is 
the east and west line of the horizon. The horizon is 
represented in miniature by a circular card, connected 
with a etised needle, which points out the direction 
of the horizontal meridian, and consequently also that of 
the east and west line: the points thus marked out on 
the rim of the card, namely, the North, South, East, 
and West points, are called the four Cardinal Points of 
the compass ; the quadrantal arcs, intermediate between 
these, are subdivided each gy nrmg 20 parts, called 
also points, and these again each into four equal parts, 

quarter-points. e above engraving is a repre- 
sentation of the Mariners’ Compass, divided into its thirty- 
two — with the intermediate quarter-points also 
nded on sbip- 


mark 

This mee instrument is so sus 
board as to assume a horizontal position under 
every change of motion in the vessel, so that the 
direction in the ship is sailing, at any time, is 
always known by observing what point is in that direc- 
tion ; that is, in general, what point coincides with the 


x 
A 
\\t 


sere 


It is of importance to mention, however, that the 
magnetic needle does not point accurately north and 
south ; the — - —_— it oct po — the 
magnetic north and south: and the eparture 
from the true north and south, at any place, is called 
the variation of the compass at that place. Its amount 
may be discovered, and the necessary corrections for it 
made, by Nautical Astronomy. 
10. Courses.—A line on the globe, which cuts the succes- 
sive meridians at the same angle, is called a rlwmb-line ; 
it marks the track of a ship, the constant angle referred 
to being called the ship’s course. It is indicated by the 
compass ; but if no corrections be made for variation, 
the course thus indicated is called the compass-course ; 
after correction and allowance for what is called deviation, 
it is the true-course. These modifications of the compass- 
courses will be more fully noticed as we rome’. 
F ai; Lenn Ara ene of the patos is also 
requently requisite. The ship’s progress is not always in 
the direction of her length ; the wind often impels her 
sideways, or, as it is called, to leeward of the line from 
fore to The necessary allowance for this divergence 
from the path indicated by the compass is the correction 
for leeway ; its amount can be estimated only by practical 
experience. 

12. Rate of Suiling.—The rate at which a ship sails on 
any course is measured by an instrument called the log, 
and aline attached to it called the log-line, about 120 
fathoms in length. The log is a piece of wood in shape 
of a sector of a circle, and with its are or rim so loaded 
with lead that, when thrown into the sea, it stands ver- 
tically in the water, with only its centre just above the 
surface.* The log-line is so attached as to keep the fave 
of the log towards the ship, in order that it may offer 
the greater resistance to being after it; the 
length of line unwound from a reel, by the advancing 
motion of the vessel, half a minute, gives the distance 
run in that time, and thus is inferred the rate of sailing. 
The log-line is divided into equal parts by means of a bit 
of string passed through the strands and knotted, the 
number of knots showing the number of —each 

, which is the 120th of a nautical mile, is hence 
called a Knot; so that as many knots as are run out in 
half a minute, or the 120th of an hour, so many nautical 
miles per hour is the ship’s rate of sailing. Sailors thus 
say that the rate is so many knots an hour, meaning so 
many nautical milesan hour, A nautical mile is the 


* This is the common log, still too much ased; a more accurate in 
strument is Massey's log. 
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of a degree of the equator or of the meridian ; that is, 

True 6,080 feet. When the log is hove, about ten or 
twelve fathoms of line are suffered to run out before the 
counting commences ; this is called the stray-line, which 
is an allowance for letting the log go clear of the ship, 
and settle in the water. As soon as the end of the stray- 
line, which is marked by a bit of red cloth, passes from 
the reel, the half-minute commences. The time is 
measured by a sand-glass, which runs out in thirty 
seconds, and which is turned when the end of the stray- 
line passes. The line is stopped as soon as the sand has 
run out. 

13. A Day's Work.—By a day’s work is meant the ordi- 

daily operations at sea to determine the position of 

= its, and the advances made from noon till noon ; it 
consists in keeping a record of the compass-courses sailed 
in the interim, of the different rates of sailing, of the 
variation of the compass, the velocity and direction of 
currents, &c., &c,, and, finally, of the latitude and lon- 
gitude. These i as they become known, are 
recorded on the log-board ; and the latitude and longitude, 
finally deduced, is called the dead-reckoning, or the lati- 
tude and longitude by accownt. The particulars of the 
log-board are transferred, from day to day, to the log- 
book ; and, with the addition of whatever else may give 
the necessary completeness to the record—the astrono- 
miical observations made to correct the dead-reckoning, 
the state of the wind and weather, the bearings of points 
of land, &c., &c.—form the j of the voyage. 

Ports or raz Compass.—The following table gives the 
several angles which the different points of the compass 
make with the meridian, as also the angles for the 
quarter-points :— : 


North, i Angles. South. 


N. 6. E. | N. 5. W. 


N.N.E, | N. N.W. 22° 30'| S.S.E. | &. 8. W. 


N.E. 6. N,| N.W. 2. N. 33° 45’ | S.E. 5. S. | S.W. 5. S, 
N.E. N.W. 45° 0’ S.E. S.W. 
N.E. b. E, |N.W. 5. W. 56° 15’ | S.E. d. E. | S.W. b: W. 
E.N.E. | W.N.W. 67° 30’| E.S.E. ; W. S.W. 


E. b.N. | W. 3. N. 78° 45'| E.d.S8, | W.6.S. 
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The angles in the above table nowhere differ from the 
truth by more than a quarter of a minute; a degree of 
accuracy amply sufficient for all the 4 for which 
it is used. It is necessary that the learner should 
commit this table to memory—at least, so far as to be 
able to state, without reference to it, how many points 
any of these courses, or rhumbs, are distant from the 
meridian, or north and south line; as each point 
is 11° 15’, the angle corresponding to any number of 
points is enaily: dpdpoesd, Repeating the points in order, 
completely round the compass, as figured at page 1050, 


or according to this table, is called by sailors bowing the 


We shall now proceed to consider the various sailings, 
first, however, making a few brief remarks in reference 
to the data, or observed conditions upon which the com- 
servos in the following articles are, in general, to be 

ounded. 

From what has been explained in the preceding pages, 
the learner will perceive that the principal measurements 
made at sea to determine the place of a ship, inde- 
pendently of astronomical observations, are the measure- 
ments of the course sailed on, and the rate of sailing. 
From the account given of the means and instruments 
employed for these purposes, he must see that the results 
furnished by them can scarcely ever be regurded as 
rigorously correct. The hagy TE mp valuable and 
indispensable as it is, has no divisions upon it to dis- 
tinguish angles which differ from one another by less 
than a degree ;* such differences, therefore, in steering a 
ship, haye to be roughly estimated by guess—the course 
is-thus liable to error to some extent. Again, the rate 
of sailing, as measured by the 108, is equally exposed to 
error from the very nature of the operation, and thus 
the distance run, on any course, cannot be determined 
with strict accuracy. ven if these sources of error 
could be obviated, yet winds, currents, swells of the sea, 
and the various other accidents to which a ship is ex 
and which all act as disturbing causes, would often 
seriously affect the correctness of the position of the 
vessel, as deduced from the dead-reckoning. 

The aim of the careful and experienced mariner is to 
be on the look-out for these external influences, and to 
allow, as best he can, for their effects ; matters in refer- 
ence to which there is room for the exercise of much 
practical tact and judgment, 

allowances being made, the courses on the log- 
board are modified accordingly, and, being corrected for 
the variation and local deviation of the compass, the 
actual distance made, as also the difference of latitude and 
longitude since the preceding noon, is computed, and the 
latitude and longitude, by account, are thus ascertained. 

These last important iculars—the latitude and 
longitudebeing derived from data so exposed to error, 
can be ed, at best, as only approximately true ; 
and therefore the properly qualified navigator co no 
opportunity to correct his dead-reckoning by employin 
the more sure and certain methods which nauti 
astronomy supplies. In the following articles, however, 
none of these can be introduced ; the object of this part 
of our subject is to treat exclusively on what concerns 
the dead-reckoning ; and we shall, throughout, suppose 
that proper allowance for the variation of the compass, 
for the leeway, &c., have been made, and that the courses 
concerned are the true courses. The methods for ascer- 
taining the variation of the compass must be deferred till 
we come to treat of Nautical Astronomy. 

Prange Sarinc.—Inwestigation of the Theoretical 
Principles.—Let the following diagram represent the 
globe of the earth, P being one of its poles, and EQ the 
equator. Let A B be a rhumb-line or track of a ship on 
asingle course. Imagine this oblique path to be dreads 
by equidistant meridians, into portions Ab, be, cd, &c., 
so small that each portion may differ insensibly from a 
straight line; and, as in the ye let the parallels of 
latitude b’b, oc, d’d, &c., be drawn. A series of triangles 
Abt’, bec’, edd’, &c., will thus be formed on the surface of 
the sphere, so small that each may be practically regarded 
as a plane triangle. It is obvious that this may be con- 
ceived without any sensible violation of strict accuracy, 
The triangles thus described, and thus assumed to be 
plane triangles, are all similar ; for the angles atl’, o’, 
@, &e., are all right angles, and the ship’s track cuts 
every meridian which it crosses at the same angle. Con- 
sequently, by Euclid, Prop, 4, Book VI., we haye the 


propo 
Ab : AD’ :: be : be’ 3: od ; cd! &e.; 

* The outer edge of the card is divided into 360 degrees; but as it is 
difficult to steer a ship to the nicety which these divisions imply, the 
marks on the rim of the d are seldom much attended 
to by mariners. 
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| and therefore (Euclid, Prop. 5, Book V., or Prop. 10 of 
| the Treatise on Proportion), * 

Ab : Ab’ :: Ab + be + ed + c&eo., : Ab’ + be’ + ed’ + deo. 
| But Ab + be + cd + &e., is the whole distance sailed on 


Fig. M4. 
ES 
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the conrse, and Ab’ + be’ + ed + &e., is the difference 
| of latitude AC between A, the place left, and B, the 
| place arrived at. Consequently, if a right-angled triangle, 
similar to the little right-angled triangle Abb’, be con- 
structed—that is, a right-angled triang’e, in which A, 
Fig. 15. Fig. 15, is the angle of the course, and if 
© y the hypotenuse A B be made to represent 
the distance sailed—that is, the track 
AB on the globe—then, obviously, the 
rpendicular AC will resent the 
ifference of latitude, ile the base 
C B—the side opposite to the course— 
will represent the sum of all the minute 
which the ship makes from 
the successive meridians which it 
crosses ; for since 
Ab:bb':: AB: BO 
Ab: bb's: be sce’ :: cd : dd’, &e. 
. Ab : bb :: Ab + be+ cd + &e. : bb’ + cc’ 4+ dd’ + &e. 
i construction A B= Ab + be+cd+ &e., 
therefore BC = bb’ + cc’ + dd’+ ke. The length BC is 
ealled the departure made by the ship in sailing from A to 
B ; and it therefore follows that the distance sailed, the 
difference of latitude made, and the departure, may .be re- 


A 


presented by the sides of a right-angled plane triangle, the 
angle opposite to the departure being the angle of the course. 
I. Radius : Sin. Course 
IL. Radius : Cos. Course 
Ill, Cos. Course ; Radius 
IV. Radius Tan. Course 
V. Distance sailed 4 Diff. Latitude 
VL. Distance sailed : Departure 
VIL. Sin- course F ius 
VIL. Tan. course : Radius 
‘IX. Diff. Latitude : Departure 


If the table of natural sines, cosires,$ dc., be used, 
then rae F aoe sn oe of | erred sines, 
cosines, &c., —and they are emplo y seamen 
too indhisoriininabely-—thets log. Radius = 10.|| 

In all books on Navigation, the latter tables, exclu- 
| sively, are referred to; but, as already stated in the 

IntRopuctTION, we would recommend a d ure from 
“this practice ; we shall, therefore, in Poi wpe the 
calculations by both tables. 

It is not considered necessary, in the examples that 
follow, to introduce diagrams of the several triangles ; 
but the learner should always roughly sketch the suitable 
emp 5 gh on , observing that, as is usual in maps, the 
top of the paye is to be regarded as North, and the bot- 
tom as South; the right-hand side East, and the left 
West. In sketching his right-angled triangle, a 
he should first draw the N. and 8. line, or the horizon 


well to express the rules and formula given in 
tee Ixtnopvucriox, in the form of proportions here, as seamen are more 


solution of a right-angled ee SST as far 


same as i ship were sailing on a plane surface, the 
meridians laced lel ht and 
the perpendi to rd ay to tie maid of 


latitude. It is thus that that part of Navigation, which 
is concerned only with the four things just mentioned, is 
called Piane Sarina. 


enter, 

The attentive reader will perceive, thatin replacing the 
spiral track of a ship’s run, and the great tnd are which 
measures the difference of latitude made good in that 
run, by the hypotenuse and perpendicular of a right- 
angled triangle drawn upon a plane surface, we sacrifice 
not the slightest amount of accuracy. It is shown above, 
that if this spiral track were unbent into a straight line 
AB, and at one extremity, A, of this eee a plane 
angle equal to that of the course were e by AC, and 
the perpendicular B C drawn—it is shown that A C must 
accurately represent the difference of latitude, and BO 
the departure. 

It cannot be any objection to this conclusion that we 
have taken small triangles on the sphere to be plane 
triangles ; for the reasoning fixes no limit to the 
of smallness of the sides; nor must it be understood that 
we haye amen i She sphere, oe which ge triangles 
are assu to figured, to itself a 2. e 
assumption extends only to the length of supposing the 
sphere to present a succession of triangular plane faces ; 
and as each face is contracted to any degree of minute- 
ness, the error of this supposition ultimately disappears. 

As a corollary to what is proved above, we may add 
that—In sailing upon a single rhumb, the differences of 
latitude made, are proportional to the distances run. 
And, from the theory of the right-angled triangle estab- 
lished in the Iyrropvcrion,+t we have all the proportions 
usually given on this part of the subject in books on 
Navigation ; they are expressed as follows ;[— 


Distance sailed : Departure, 
Distance sailed 3 iff. Latitude. 
He ert ep $ ne sailed. 
ye iff. Latitude Departure, 
2% Radius Cos, Course, 
ho Bowe | Diniaos cal 
parture H istance 
Departure : Diff. Latitude. 
Radius : Tan, course. 


meridian, and then take a portion of it for the difference 
of latitude, drawing, from the latitude reached, the base 
of the triangle, to represent the Tht a bes the right, 
if the departure be east, to the left if it be west, 
hypotenuse will then represent the distance sailed, and 
the angle between it and the difference of latitude, the 
course. It will be as well to regard the vertex of this 
angle as at the centre of the compass-card, since it is the 
centre of the sensible horizon ut starting on the course, 
and thus no mistake can be made as to which side of the 
meridian line the angle of the course is to lie on, or 
whether its opening be upward or downward. 


Examples. : 
1. A ship from latitude 47° 30’ N., has sailed S. W. 
S., a distance of 98 miles: what latitude is she in, 
what departure has she made ? 


accustomed to use them in this shape; but the reader of the a 
will see that this rple-of liye arrespement ofthe ters employed ls ha 
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The course being 3 points is 33° 45’ ; hence— 1. To find the distance. - 
1. To the diff. lat. By logarithms. 
proposed As sin. course, 56° 15’. +— 9°9198 
Asrad. . . + =10 pyedine: ont AM 
: Cos. course, 33°45, 5. 99199 +: departure = 82... (18188 
Eee ae eee sdistance = 98°62 . . .1-9940 
: diff. lat. = 81°49. ° 19111 Without logarithms. 
. Without logarithms. rang thas rh a 
diff. lat. = cos, course X distance. in. course, 56°15’ . ‘83 
cos, course, 33°45. we ‘8315 7 i : Aas 
distance». 6, 6. jem ne 98 os 
———— . 716 
66520 665 
74835 2 SE 
51 
Gigalies oe CU lw BL EBT .'. distance = 98-6 miles. - 60 
Hence the difference of latitude is 81°49 miles, 8. 2. To find the diff. lat. 
2. To find the departure. By logarithms. 
By ingexithae. As tan. course, 56° 15’ »—10°1751 
Ais Fads © . 5 . -10 radius. - . Mex 
: sin. course, 38°45". eS 9°7447 ::departure=82 ., , 41-9138 
::distancee=98 . . . 19912 dif. lat = 6479 . . 17387 
: departure = 54-44 . . 17359 Without logarithms. 
Without logarithma diff. lat. = dep, -+ tan. course. 
dep. = sin. course X distance. tan. course, 56°15’ . 1:4,96,6)82 (54:8 
sin. course, 33° te obiivins + os 7483 
. . . . . 717 
44448 . 599 
50004 PoE 
a me 118 
54-4488 eS 
Honeoye lnttede from eS aye.30 N. ne en 85 
The difference of lat. . ae YP QIGS . “ 
d Latitude in > ° - 48° 25'N. 
Pe ee eee 8. A ship has sailed S.B, D S., from lat. 47° 30° N, to 
CH FG degrees = 1° 2Y, oe ee . Required the distance run and the departure 
Departure 54} miles W. The course being 3 points is 33° 45’; 
The example is here Se ees by computation ; there is ~ also { 1% from 47° 30’ N. 


another way of obtaining the réaulle—namely, by tnspee- lat.in 46° 8’ N. 


tion. This latter method requires reference to a table ee ee 
called the Traverse Table, and which is to be found in diff. lat. 1° 22’ N. = 82 miles. 
every collection of navi tables. The tuble is 1. To find. the distances 
arranged much like a table Oy Gat ats gale: the 
angles of the courses are inserted at the top of the page, By logarithms, : 
when they do not exceed 45°, and at the bottom when ee hen -- 99198 
they do, and the distances ay placed down the margin. : radius ? . 10 
paerecuns Sp, tanle wiih ok teen cotitie Kil distance : + diff. lat. = 82. A « 1-9138 
the corres latitude and departure ee 
can be taken out begs a coo of the table.* : distance = 98-62 . + 19940 
This table is a very useful one for seamen, as it com- Without lovarithins. 
pates for him the two formule worked by in the right- Pe | Ue i 
column of operations above ; that is, entering his : ph lat. + cos. course, 
table with the proper course and distance, he finds, cos, course, 33°45’ . -83,15)82 (98-62 
sae - respective heads ‘‘ Lat.” and ‘ Dep,,” 74835 
nes 9 ES} 
distance, and sin. course X distance 7165 
Oo CE eo inn = 
w an extent amply cient. A table sink ’ ¢ brs 5 
of natural sines and cosines is thus all that is wanted to #. dist. = 98-62 miles 518 
construct a traverse table. In sucha table each sine and 499 
cosine is multiplied by all distances from 1 up to 120, —— 
which is the ordinary to which the columns of dis- 14 
tances are carried. Distances which exceed 120 miles 17 
may be cut up into smaller distances, and the portions 2. To find the departure. 
brought within the compass of the table. By is 
2. A ship from latitude 47° 30’ N., sailing N. W. bW,, As radius. .--10 
finds that she has made 82 miles of departure : What is ¢ tan. course, 33°45: . 9:8249 
her distance run, and her latitude in? 3 diff. lat, = 82 oe RD err AG188 


The course being 5 points is 56° 15’; hence— 
: © See Tables at pages 1063 and 1069, :departure = 54:79. . 1°7387 


Without logarithms. 
sin. course = dep. + dist. -3 = 


49 
7)41 
7) 58571 
Hence the course is 8. 56° 48’ E, 
2. To find the diff. lat. 
By logarithms. 
As rad. . . 43 . > - . 
: Cos. course, . . “7384 
dist. = 98 . ° . 19912 
: diff. lat. = 53°66 6 wh 17296 


Without logarithms. 
diff. lat. = dist. cos. course, 


cos. course, 56° 48’ . D476 
dist, = 98, reversed 89 
49284 
4381 


—_ 


diff. lat. = 58°665 miles = 54’ 
And 50° 13’ N,—54’ N. = 49° 19’ N., the lat. in. 

5. Yesterday at noon we were in lat. 38° 32’ N.; and 
this day at noon we were in lat. 36° 56'N. We haverun 
on a single course between S. and E., at 5} knots an 
hour ; required our course and departure. 

Lat. from 38° 32’ N. number of hours. 
Lat. in 36°56 N. 


Diff, lat, 1° 36 N. = 96 miles “129 


132 miles, thedistance. 
1. To find the course. 
‘By logarithms, 
As dist. =132 .° « « 21206 
: diff, lat = 96 , ° . 1:9823 
eg: Nee a . 10 
eos. course, 43° 20, : . 98617 


Without logarithms, 
cos. course = diff. lat. + dist. = 
11)8 


— 


cos. course, 43°20). Sg 7278 


es the course is 8. 43° 20’ E, = 8.E. b. 8S. 2 E. nearly, 
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Without logarithms. 2. To find the departure. 
dep. = diff. lat. x tan. course. By logarithms, . 
tan. course, 33° 45's + As re8. SG —10 
diff. lat. = 82, reversed . 28 sin. course, 43° 20’ FS - 9-8365 
“p3456 :: dist, = 132 . . . chine; 
coed dep = 9098s es ag reer 
i ‘ = 54-792 miles. cine: eae 
4. A ship from lat, 50°13’ N., while sailing on a course Without logarithms. 
between south and a distance of 98 miles, makes : ve Po Faget 
82 miles of d : at course did she keep, and sin. course, 0: . . 
what latitude did she arrive at? dist. = 132, reversed . o 231 
1. To find the course. 6862 
By logarithms. 2059 
Asdist = 98 . . .—1-9912 137 
: dep. = 82. . - 1°9138 — 
trad. : + 10 departure = 90°58 miles E. 
sin. course, 56°48’ . - 99226 The foregoing exam: have all been solved by com- 


utation. As remarked at page 1053, the same results, 
though with not precisely the same amount of 


’ 
may be obtained inspects ion of the Traverse Ta 
There is also a cad oe od of preaine eee Par 
tised by seamen, though less accurate still, by w 
required conclusions may be reached ; it is the 
of construction.* A circle is described, and the north 
and south line, or the horizontal pep ie drawn 
through its centre ; then, from a scale of chords, con- 
structed agreeably to the radius used, which radius is of 
course the chord of 60° on the scale, the chord 
course is pricked off in its proper direction 
or 8. extremity of the meridional diameter ; 
same extremity, a line is then drawn thro 
the circumference before marked ; this is the line of dis- 
tance, or hypotenusal line, and the line already drawn 
through the centre is the line of difference of latitude ; 
—s = gee is given is oy ~ be pa ey — 

rom any scale of equ an rig’ _— - 

angle is then to be uae by introduci e third 
side, which, measured from the same scale, give the 
length sought. 


metrical problem. The unmeasured parts are then to 
meas' the angle of the course from the scale of 
chords, and the sides from the scale of equal parts 


rected for variation, local deviation, and leeway. The 
means by which the variation of the compass is ascer- 
tained cannot be considered here, as the subject belongs 
to Nautical Astronomy. (See next Chapter} 


Examples for Exercises in Single Courses. ' 

1, A ship from latitude 48° 40’ N. sails N.E. by N. 296 
miles. Required the departure made and the latitude in. 
Departure, 164°4 miles E. Latitude in, 52°46'N, 

A ip, from latitude 49° 30' N. sails N.W. by N.. 
Ans. Departure, 57:2 miles W. Latitude in, 50°56’ N. 
3. A ship from latitude 47° 20' N., sails on a course, 


between N, and E. a distance of 98 miles, and arrives at 
lat. 48° 42’ N. Required the course steered and the de- 


Ans. Course, N. 33°12’ E. Departure, 53-7 miles BE. 
‘4, A ship sails 8,E. 4 E. from latitude 15° 55’ S. till 
alsoa fourth method—by Gunrer’s Scatz—which it is not ! 


is seguutlig otiated erin inaceu and aden, 
com| n as ; 
the Traverse Table Toqaives hen Uae, teed truer results, it is 


always to be preferred next to computation. 
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she is found by observation to be in latitude 18° 49'S. : TRAVERSE TABLE. 
required her distance run, and ure. 

Ans. Distance, 274 miles. De 212 miles E. Courses. Dist. | Diff. of latitude.| Departure, 

5. A ship from latitude 34° 23’ S. sails between the 
south and west till she reaches latitude 36° 34’S. and N. s. E. Ww. 
finds that she has made75 miles of departure. Required S.S.E.2E. 16 145] 68 
her course and distance run. E.S.E. 23 8-8 | 21-3. 

Ans. Course 8. 29° 47’ W. Distance, 151 miles. S.W.bW4W.| 36 17 81:8 

6. A ship from latitude 3° 16’ N. sails S.W. by W.1W., W.2N. 12 | 18 11-9 
till she has made 356 miles of departure. Required the S.E.b E. LE 41 21:1 | 35-2 
distance sailed and latitude in. he : < =u8 

Ans. Distance, 415 miles. t. im, 17'S. , : 

7. A ship in latitude 3° 52 S., is bound to a port| Equivalent course, 8. | 78 | 61-8 43°7 
bearing N.W. by W. 4 W., in latitude 4° 30’ N. How 18° 12’ E. 
far does that port lie to the westward, and what is the | Directdistance 63 miles. 59°6 | 19-6 
ship’s distance from it ? in other words, what departure 


and distance must the ship make to reach it ? 
Ans. Departure, 939 miles W. Distance, 1065 miles. 
8. A ship, from latitude 42° 18’ N., sails S. 25° W. a 
distance of 150 miles. Required her departure and lati- 


tude in. 
Ans. De miles W. Lat. in 40° 2’ N. 
9. If a ship sail from latitude 48° 27’ S. on a 8S. W. by 
W. course at the rate of 7 knots an hour, in how many 
hours will she arrive at latitude 50° S. ? 
Ans. In hours. 
10. A ship, from latitude 55° 30’ N., sails 8.W. by S. 
for 20 hours, and then finds by observation that she is 
in latitude 53°17’ N. Required her hourly rate of sail- 
ing, and the departure she has made. 
Ans. Rate, 8 miles an hour. Departure, 88°87 miles W. 
11. A ship sails for 18 hours on a single course be- 
tween the S. and W. from latitude 38° 32’ N. to latitude 
36° 56’ N., at the rate of 7} miles an hour. Required the 
course, distance, and departure. ; 
Ans. Course, S. 43° 20’ W. Distance, 132 miles. 


rture, 90°58 W. 
A ship sails for 53} hours on a S.E. 3 E. course 
from lati 52° 30’ N. to latitude 47° 10’ N. Re- 


mired the average rate of sailing per hour, and the 
ipitare wate. 


Ans. Rate, 10 miles an hour. Departure, 432 miles E. 

Compounp Courskss, on TRAVERSE Sartine.—When, 
from contrary winds or other causes, a ship’s track 
from one place to another is made i ot several single 
courses, the zig-zag path it takes is called a Traverse, or 
a Compound Course; and the determination of the single 
course and distance, from the place left to the place 
arrived at, is called working or resolving the traverse, 

To work a traverse, it is only necessary to tind the 
difference of latitude and departure for each distinct 
course, as in the f ing article ; to take the te 
of these for the whole difference of latitude and depar- 
ture, and thence to find the corresponding single course 
and distance, 

The most orderly way of proceeding is to form a little 
traverse table, consisting of six columns, to receive the 
proper entries for course, distance, diff. lat. N. and S. 
and dep. E. and W., as in the specimen in Example i 
following. When the entries are completed, the two diff. 
lat. columns are added up separately, and the difference 
of the results taken : this difference is the whole diff. 
lat., which is N. or 8. according as the N. or S. column 
the greater result. In like manner, the results of 

two re columns being found, their difference 
is the resultant departure, to be used with the whole 
difference of latitude, to determine the direct course and 


Examples. 
1. A ship from latitude 51° 25’ N. has sailed the fol- 
lowing courses, namely— 
$.S.E. 1 E., 16 miles. 
E.S.E., 23 miles. 
3rd, 8S. W. b W. 4 W., 36 miles. 
4th, W. ? N., 12 miles. 
bth, S.E.b E1E., 41 miles, 


Required the latitude in, and the direct course and 
distanve to rexch it. 


The first two columns of this table are occupied with 
the given courses and distances ; in the other four are 
inserted the diff. lat. and dep. corresponding to each 
course and distance, taken by inspection from the Tra- 
verse Table. The results of these latter columns show 
that the difference of latitude made is 59-6 miles S., and 
the departure 19-6 miles E. And from these the lat. in, 
and the direct course and distance from the lat. left to 
the place reached, is found by computation as follows :— 


Latitude left. : a « * 61° 26’ N. 
Diff. lat. 59°6 miles . . 4° 0 8. 
Latitude in . ‘ F - 60°25’N, 


1. To find the direct course. 
By logarithms. 


As diff. lat. = 596 . . « —1°7752 

: departure = 196 . . ¢ 1°2923 
::radius . . . ° « 10 

tan. course, 18° 12’ ° - 95171 


Without logarithms. 
tan. course = dep. + diff. lat. 
ae = tan. 18°12’ - 
1 


172 
1192 


523 
477 


51 


48 
Baga etc Ty 

us appears that if the shi eft her on 
the course 8. 18° 12’ E., and had kept this wrth 
altered for a run of 63 miles (see next page), she would 
have arrived at the place reached by the above traverses, 
This conclusion, however, is not rigorousl true, though 
near enough for practice. (See the remarks subjoined to 


Example 8). 
2. To find the distance. 
By logarithms. 
As sin. course, 18° 12’ ° ° 
:radius . 2 - ° 
::departure= 196 . ° ° 
: distance = 62°75 * . v 
Without logarithms. 


dist. = dep. + sin. course 
sin, 18° 12’ = 3,1,2,3)19°6 (62°75 
18738 


Hence the nautical distance 
is 62°75 miles, 
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Nore.—It will save time, and be a guard against mis- 
take in the filling up the several columns from the Tra- 
verse Table, if, before that table is a mark be 
put opposite to each course, and in of the columns 
where the entries connected with that course are to be 
inserted. Thus, if N. occur in the course, mark a little 
cross against it in the N. column, near enough to the 
right-hand margin of that column to allow of room for 
the extract from the Traverse Table ; if S. occur in the 
course, put a like mark in the S. column. If E. occur, 
mark the E. column; and if W. occur, mark the W. 

column. Then, when the Traverse Table is consulted, 
| we shall have precluded the risk of writing the particulars 
from it-in the wrong column. 

2. A ship sails S.W. 4S. 24 miles; N.N/W. 57 miles ; 
8. E. 6 E. 4 E. 84 miles ; and 8. 35 miles. Required the 
direct course and distance. ‘ 

Ans. Course, 8, 43° E. Distance, 57 miles. 

8. A ship from latitude 50° 13’ N. has sailed the fol- 
lowing courses, namely— 

Ist. W.S.W., 51 miles. 2nd. W. 6b N., 35 miles. 
8. b E., 45 miles. 4th. S.W. b W., 55 miles. 5th. 
E. 41 miles. Required the latitude in, and the 
direct course and distance sailed. 

Ans. Lat. in, 48° 8’ N.. Course, 8, 39°19’ W., or S. W. 
Distance, 162 miles. 

A ship from latitude 28° 32’ N. has run the follow- 


N., 20 miles. 2nd. S.W., 40 miles. 3rd. 
iles, 4th. S.E., 55 miles. 5th. W. bS., 
6th. E.N.E., 66 miles. Required the latitude 
and the direct course and’ distance. 

latitude. Course, dueE. Distance, 


noon to noon the following courses were run, 


mn 
tn 


namely— 
W. bS., 20 miles. 2nd. W., 16 miles. 3rd. 

N.W. b W., 28 miles. 4th. SS.E., 32 miles. 5th. 
E.N.E, 14 miles. 6th. S.W., 36 miles. What dif- 
ference of latitude has the ship made, and what is her 
direct course and distance ? 

Ans, Diff. lat., 50°7 miles S. Course,8.W. Distance, 
717 miles, 

6. A ship sails from latitude 10° 6’ S., the following 
courses, namely— 

Ist. N.N.E., 86 miles. 2nd. N., 74 miles. 3rd. E. 
b N., 53 miles. 4th. N.N.W. $4 N., 40 miles. 5th. 
E.N.E.4N.,2i miles. Kequired the latitude in, and 
direct course and distance. 

Ans. Lat. in, 6°34’ S. Course, N. 23°25’ E. Dis- 
tance, 231 miles, 


course distance. 
Ans. Lat. in, 51° 30’N. Course, W. Distance, 90-7 


e8, 
8. A ship from latitude 24° 32’ N., sails the following 
courses, namely—  __ 

Ist. 8.W. b W., 45 miles. 2nd. E.S.E., 50 miles. 3rd. 
-, 30 miles, 4th. S.E. b E., 60 miles. 5th SW. 6b 

« 63 miles. Required her latitude in, her de- 
part and the direct course and distance. 

‘Ans. Lat. in, 22°3' N. Departure, 0, Course, 8. Dis- 
tance, 149-2 miles. 

In this last example, the ship is said to have returned 
to the meridian from which she sailed, so that her course 
from the place arrived at to that left, is concluded to be 
due south. In the present case, the latitude being low, 
the error of this conclusion is practically of no conse- 
_— ; but the balance, or aggregate of the several 

epartures made on a traverse, is not, in strict the 
departure due to the direct course—a fact that T's, 
in general, are not sufficiently sensible of. We shall ad- 
vert more at length to this matter in our introductory 
observations to Mercator’s Saturna. 

Paratvet Saitixg.—When a ship sails upon a parallel 
of latitude, her distance run is then the same as her 


de ure ; hor difference of latitude is nothing, and her 
Giferouce of longitude may be easily determined. The 
case is one of i 

Fig. 16, 


BP of a paral- 
latitude sailed 
the 
on 


Then O C is the radius 
: of the equator, and 

NB the radius of the parallel, and the difference of lon- 

gitude of B and P will be measured by the are CQ. 

Now, since similar arcs are to one another as the radii 
of the circles to which they belong, we have 

NB: O00 :: dist. BP + diff. long. OQ. 
But N B is the geometrical cosine of the latitude CB, to 
the radius OC ; consequently N B is equal to O C multi- 
plied by the trigonometrical cosine of the angle QO P of 
the latitude ; that is, expressing the latitude in degrees 
and minutes, and not in linear measure, we haye 
O Coos. lat. : OC :: dist. sailed : diff. long. 
cos. lat. : 1 :: dist. sailed : diff. long. 
And it follows from this, that if the distance between 
any two meridians on a parallel in latitude L, be D, 
and the distance of the same meridians on a parallel in 
latitude L’ be D’, then alternating the proportion (1) 
cos. L : con, L' 3: D: D’ .) 46 f(A) 

The proportion #2) evidently solves the problen— 
Given the latitude of the parallel aud the distance sailed 
er it, to find the difference of longitude ; the solution 

ing 

. $ distance sailed 
difference of longitude = ood Tadlgndia reer (8) 
eke. a as in the Bieta cali, re bey! A igs the 
things concerned in a right- p eae le 
Fig. 17. (fig. 17), the base representing 
istance sailed, the hypotenuse, the 
difference of longitude, and the 
between the two the latitude of the 
 ebetay Pee Mea acl from the 
ti °! © right- | 
Prong a three parts it relstet doin 
y problem in parallel sailing ma: 
therefore, always be reduced to a case of righ angie 
triangles; and consequently may be soleett like 
pete in plane sailing, by inspect: 
a 


aot 


condition (3). 


It must be observed, however, that the dicular 
of our right-angled triangle merely serves ty cotnsls to- 
ther the three things here mentioned ; it has no signi- 
cation in navigation, The distance sailed ona 1, 
the latitude of that el, and the difference of longi- 
tude between the place left and that arrived at, are re- 
lated to one another as the three parts, noticed above, of 
a ee triangle, the perpendicular of which 
merely serves to complete the dia in which these 
relations are geometrically embodi 
The proportion (2) above, is usually expressed thus:— 
cos. lat. : radius: : dist. sailed : diff. long. 
where rad. =1 when the table of natural sines and cosines 
is used ; and log. rad.=10 when the thmic table is 
used. As us' we shall exhibit the » by both 
tables ; but it will be Lahore. in most hare 
putations already given; former table is in 
general to be preferred” 


sailing, the theory of which may | 
| otha: een aes 


PARALLEL SAILING. ] 


NAVIGATION, 


1057 


Examples. 


1. A ship from latitude 53° 36’ N. longitude 10° 18’ 
E., sails due west 236 miles: required the tude in. 


To find the diff. long. 
. By logarithms. 
As cos. lat., 53°36’ lk. é -—9°7734 
H radius 3 . . 10 
ve _distance=236 . - 23729 
: diff. long. =397 7 » 25995 


Without logarithms. 
diff. long. =dist. + cos. lat. 
cos. 53° 36’= °5,934)236 (397-7 
17802 


5798 
5341 
457 
415 
42 
42 
Hence the diff. long. is 397-7 miles=398 miles nearly. 
Reducing this to degrees, 
60)398 
diff. long. = 6° 38’ E. ) The difference to be taken, 
long. . 10°18’W.§ asthe longitudes are E. 
and W. 
long. in . . 3°40’ E. 


2. A ship from latitude 32° N., sails due east till her 
difference of longitude is found to be 


distance has she run ? 
To find the distance. 
By logarithms. 
As radius ‘ ‘ -10 
: cos, lat., 32°. - 99284 
3: diff. long =384 25843 
: distance=325'6 «  « 265127 
Without logarithms. 
Dist. =diff. long. x cos. lat. 
cos. 32°=8480 
384 reversed, 483 
2544 
678 
34 
$25°6 


Hence the distance run is 325°6 miles. 


3. att lly in latitude 32° 20’ N., distant 256 
miles, measured on the parallel, two ships sail directly 
north, till they come to the latitude 44° 30’ N.: how 
many miles, measured on the parallel arrived at, are 
they apart? 

i resem sadlets worked by using the pro- 
portion (A). 
By logarithms. 
As cos. lat. from, 32° 20’ Arith. Comp. ‘0732 
: cos. lat. in, 44° 30’ . . « 98532 
+: first dist.= 256 « 24082 
: seed. dist. =216-1 » 23346 
VoL. I. 


Without logarithms. 


D’=D cos. L’/+~cos. L 
cos. L’= cos. 44° 30’=°7133 
D =256, reversed, 652 


cos. L=cos. 32° 20’, =°84,5,0)182 61(216 1 
1690 


1361 
845 

516 
507- 


9 


Hence, measured on the parallel of 44° 30’ N., the 
ships are 216 miles’apart. Their least distance apart.is 
the arc of the great circle from one to the other ;. because 
an are of a great circle of the sphere is the shortest dis- 
tance between its extremities. 

4. A ship from latitude 42° 54’S., longitude 9°16’ W., 
sails due west 196 miles : required her longitude in. 

Ans. 13° 44’ W. 

5. A ship has sailed due east for 3 days on the 
parallel of 43° 28’; her rate of sailing has been, on the 
average, 5 knots an hour. What ditference of longitude 
has she made ? Ans. 8° 16’ E. 

6. A ship from longitude 81° 36’ W. sails due west 
310 miles, and is then found by observation to be in 
longitude 91° 50’ W.: on what parallel has she sailed ? 

7. In wh Jof latitude is the length of a dogs 

. In what le titude is ti a 
only ond third the langth of a degree at the equator 
Ans. Lat. 70° 32’. 

8. Two ships in latitude 47° 54’ N., but separated by 
9° 35’ of longitude, both sail directly south 836 miles, 
and at the same rate: how many miles were they Beep 
at starting, and how many after running the 836 miles? 

Ans. First distance, 385} miles ; second distance, 477 


9. If two ships in latitude 44° 30’ N., and distant 
from each other 216 miles, were both to sail, at the same 
rate, directly south until their distance on the = 
arrived at, became 256 miles, what latitude would they 
be in? Ans. 32° 17’ N. 

10. If a ship sail due east 126 miles, from the North 
Cape in latitude 71°10’ N., and then due north, till she 
reaches latitude 73° 26’ N., how far must she sail west to 
reach the meridian from which she started ? 

Ans. 111°3 miles. 

Mipprz Larirupe Samimc.—It has already been 
sufficiently seen that the principal object of plane sailing 
is to determine the difference of latitude made by a ship 
sailing upon an oblique rhumb. This sailing gives us no 
information respecting the change made in the ship’s 
longitude ; but if the rhumb sailed upon, instead of 
being oblique to the meridians crossed by it, cuts them 
all at right angles, as in parallel sailing, then, as just 
shown, the difference of longitude made may be accurately 
ascertained. Except in this particular case, the de- 
termination of the of longitude made by a ship in 
sailing from one place to another, is a problem the strict 
solution of which is by no means easy. Independently 
of astronomical observations, there are two modes of 
proceeding :—one is called Middle Latitude Sailing, and 
ean be regarded only as a close approximation to the 
truth, unless a certain correction, hereafter given, be 
applied to it.* The other is called Mercator’s Sailing, 


* In the year 1805, Mr. Workman p d, under the tion of the 
then Astronomer Royal, Dr. Maskelyne, a small and very useful table for 
correcting the errors of middle latitude sailing. The table is even now 
searcely so well known as it ought to be; and as it removes the only 
objection to this mode of finding the difference of 1 tude, we have 
inserted it, a little ab: at end of these remarks on mid. lat. 
nt or hae it to, the notice of the practical 
navigator. (See page 1060). 6r 
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and by this the problem is solved strict mathe- | preceding di , the diff. long. BD, of M and L, and 

seallen! petal es. Middle latitude sailing is a combina- The rae ean the A ee 

tion of plane sailing and sailing, which are being constructed conformably to the principles of 

united in the following way :— iling, and the w conformably to the pri es 
Ht hen hoon sham, ou Se haces plane sailing, that | parallel sailing. the latter the petpenianlar 

the line called the departure, isa line equal to the sum of | of no significance. : 


Lot = re the parallels AD, CB. i 
‘ore the i , are pretty close 
a ge x hae sere aga the as ns of 
iddle latitude sailing—tho if uncorrected, only an 
cs a a to the aa 3 preferable to the method 
s sailing, though this is theoretically accurate, 
for reasons that will be hereafter shown. In high 
latitudes, however, this method is not to be depended 
on, at least for more than a — day’s run, if the 
angle of the course be small, and the middle latitude 
be uncorrected ; because the interval between the latitude 
left and that reached, may be too wide to warrant the 
supposition that the departure is equal to the middle 
parallel, between the meridians left and arrivedat. But 
if the middle latitude be corrected by Workman’s table, 

given at page 1060, all objection will be obviated. 
Investigation of the Rules for Middle Latitude Sailing.— 
Let A B in the preceding diagram be the track of the ship, 
then the difference of longitude made will be the same as 
if the = had sailed from M to L, along the middle 
parallel ML, By the present hypothesis, the distance 
on this middle parallel is the departure made in running 
from A toB; hence, the departure being known by plane 
sailing, we know the length of the el ML: and we 
Fig.19. ©) know, a the ag ys rah 
D i ’ pereiel msequently, the dif- 
_ ference of longitude eo found 
as in parallel sailing. us, if in 
’ the right-angled triangle BC D, 
Fig. 19, the base represent the 
' departure, that is, ML, and the 
angle at the base be made equal to 
* the latitude of ML, then the 
B hypotenuse will represent the dif- 
ference of longitude between M 
and L; that is, between A and B. 
As the base of the right-angled 
triangle represents the departure 
made, we may connect, with it, 
as in the annexed di the 
difference of latitude A O, and the 
distance A B, as in plane sailing. 
A We shall thus have a sort of double 
triangle ; in one triangle (the lower one here) will be 
represented the diff. lat. A O, the dist. A B, the angle A 
the course, and tho departure O B, equal in length to 
the ameary, 4 diagram. In the, other ye 
resented by OB, the distance ML in 


1. In the triangle DCB we have 
cos. DBC: radius :: BC: DB, 
that is, cos. mid. lat. : radius : : depart. ; diff. long, ... (1). 
' 2. In the triangle D B A we have, 

sin. D: sin. A:: AB: BD (Lyrropvcrion, p. 1044). 
that is, cos. mid, lat. : sin. course : : dist. : diff. long. . . (2) 

3. Also, in the two triangles A BO, DBC, we have 

AC tan. A= BO, BD cos. DBC =BO, 
.. AC tan. A= BD cos. D BC, consequently 
AO:BD:: cos. DBC: tan. A; that is, 
diff. lat. : diff. long. :: cos. mid. lat. ; tan, course. . . (3). 

The proportions marked (1) (2) (3) comprehend the 
entire theory of middle tations De it is scarcely 
necessary to mention that the middle latitude is half the 
difference of the extreme latitudes when both are north 
or both south, and half their sum when one is north and 
the other south. 

The three proportions given above may be united in 
one set of equations, by whiel mode of expressing them, 
they will, perhaps, appear in a form more convenient for 
memory. They are as follows :— 


. a ; 
diff. long. = eee = departure x sec. mid. lat. 


dist. < sin. course 
ses —_———— —--__ = 


cos, mid. lat. 
dist. sin. course sec. mid. lat. 
‘_ aiff. lat. X tan. course _ 
cos. mid. lat. 
diff. lat. x tan. course x sec. mid. lat. 
es | by imprinting upon the mind the two connected 
triangles in the preceding diagram, any recurrence to 


formule will not be necessary on the part of any one 
familiar with what is taught in the Iyrropuction to this 


Section ; and this is one advantage of making the pee 
triangle subservient to the purposes of Navigation. ow- 
ever, without reference to the the single equa- 
tion, diff. long. a a embodies all that is pecu- 
liar in middle latitude sailing ; the other equations are, 
in fact, implied in this ; instead of departure, the equiva- 
lent to it is substituted. 5 

1. A ship from latitude 51°18’ N., longitude 9° 50" ae 


steers §. 33° 8’ W., till she has run 1024 miles: req 
the latitude and longitude in. 
1. To find the difference of latitude. 
By logarithms. 
As radius a e ° _=— aie 
aU aectibi oak eae 30103 
: diff. lat, = 857° Veet 2°9332 
Without logarithms. 

diff. lat. = dist. X cos. course 
cos. 33° 8” . . . “8374 
1024 reversed . . - 4201 
"8374 
167 
34 
5 


.'; the difference of latitude is 8574 miles, 
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2. To find the middle latitude. 
6,0) 85,7 


14°17’ S. = diff. lat 
51° 18’ N. = lat. left 


87° 1’N. = latitude in 


51° 19’ 
OT? If 
9. 5 Pepi nthe Sy 


3. To find the difference of longitude (Proportion 3). 


} = 88° 19’ = Sum of the latitudes 


As cos. mid, lat., 44° 94” Arith. Comp. 1442 
: tan. course 33° 8) . + 98147 
2: diff. lat. = 857° e 2:9332 
2 diff.long. = 780-1 . « 28921 

6,0)78,0 
13° W. diff. long 


9° 50’ = W.. long. left 


22° 50 W. long. in 


Hence the place of the ship is lat. 37° 1' N., long. 22° 
50° W. We shall now work the last peace by using 
the middle latitude as corrected by Workman’s table on 
a following page. 

Under the diff. lat. 14°, at the top of the table, and in 
a line with 44°, the middle latitude, we find the correc- 


tion 27’ ; which, added to 47° gives 44° 36} for the 
dancin 

As cos. corrected mid. lat., 44° 364’ Arith. Comp. 1476 

: tan. course os . 98147 

s:diff lat =— 8575 I 2-9332 

:diff.long = 7862 . . 28955 


.”. diff. long. =13° 6’ .". 9°50’ + 13° 6 = 22°56’ W. long. in. 


Hence the error in longitude, by taking the uncorrected 
middle latitude, is 6 miles. 

The construction of the table here made use of, cannot 
be explained till we come to Mercator’s Sailing. But 
the necessity for some such table may be readily made 
apparent ; for since, as shown before, 

diff. long. = departure X sec. mid. lat., 


it follows, that if there be any error in our estimation of 
the de: re—that is, in our considering it to be exactly 
equivalent to the middle latitude distance between the 
meridians—there will be a still greater error in the result- 
ing difference of longitude, because a secant is always 
greater than we 4 when the angle to which it relates is 
of any value at all ; and the greater the angle the greater 
the error. In high latitudes, therefore, where the middle 
latitude is conaid erable, the error in longitude, if left 
uncorrected, mag he seriously wide of the truth. For 
example, when difference of latitude is 20°, and the 
middle latitude 72°, the error in longitude would amount 
to nearly half a degree ; that is, to nearly 30 miles. Mr. 
Workman’s table shifts the middle latitude parallel a 
little ss up, as the mid. latitude parallel a little ex- 
pave e departure in length; as will be shown pre- 
sen 


2. A ship from latitude 49° 57’ N., and longitude 
5° 11 W., sails between the south and west till she arrives 
in latitude 38° 27’ N., and finds that she has made 440 
miles of departure : required the course steered, the dis- 
tance run, and the longitude in. 

1. To find the diff. lat. and mid. lat. 
Latitude left, 49° 57' N. 
Latitude in, 38° 27’ N. 


Sum 88° 24’ + 2 = 44°12 = mid. lat. 
Dif. 11°30’ = = 690 miles = diff. lat. 


2. To find the course. 
By logarithms. 


As diff. lat. = 690 . » — 2-8388 
: departure = 440 . Z 2°6435 
::radius. s ‘ 3 . 10 é 
: tan. course 32° 32’ ‘ 4 9°8047 
Hence the course is 32° 32’. 
Without logarithms. 


tan. course — dep. + diff. lat, = = 
69)44 (6377 = tan. 32° 32’ 
414 . 


26 
207 
53- 
483 
47 
3. To find the distance. 
By logarithms. 
As sin. course, 32°32’ . — 9°7306 
: radius . . a Fae 
:: departure = 440 . . ~ 2°6435 
: distance = 818°3 . eH 2°9129 
Hence the distance is 818 miles. 
_ Without logarithms. 


dist. = dep. sin. course 
_ sin. 32° 32’ = 5,3,7,7,9) 440 (818-2 


9 ; 
' 4. To find the difference of Longitude (Proportion 1). 


As cos. correct mid. lat. 44° 28’ — 9°8535 


: radius . 


:: departure eet . 2°6435 
:diff.long. = 6166 §. . 27900 
Longitude left ; ; oe TW, 
Diff. long. 617 miles, = . - 10°17’ W. 
Longitude in . “ e 15° 28’ W. 


If the mid. Jat. had not been corrected, the long. would 
have been about 3’ in error. 

3. A ship from latitude 51° 18’ N., longitude 9° 50’ W., 
sails S. 33°19’ W. until her departure is 564 miles: 
or the latitude and longitude in, and the distauce 


1, To find the difference of latitude, 


‘i By logarithms. 
As tan. course 33°19 . - — 98178 
: radius . ; A . *. 10 
::departure = 564 . 2-7513. 
: diff. lat. = 858 2°9335 


Hence the diff, lat. is 858 miles. 


Without logarithms. 
diff. lat. = dep. + tan. course, 
tan, 33° 19 = -065,7)564 (858 
5256 
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2. To find the middle latitude. 
6,0)858 
14° 18’ S. = diff. latitude 
51° 18’ N. = latitude left 


37° Of = latitude in 


a 


a 7} = 88°18’ = sum of the latitudes 


se = 44 9 = middle latitude. 
3. To find the distance sailed. 
By logarithms. 
As sin. course, 33° 1 .  « — 9°7398 
: radius . ° ‘ . ° 10 
s:departuré= 564. . + 2°7513 
: distance = 1027 . ° 30115 
Without logarithms. 


dist. = dep. + sin. course 
sin, 33°19 = 5493 1804 ( 1027 


147 
110 


37 
38 


Hence the distance sailed is 1027 miles. 
4. To find the difference of longitude (Proportion 1), 
As cos. correct mid. lat. 44° 36’ ae am 


: radius . ‘ 2 0 
::departure = 564 . A ‘ 2-7513 
: diff. long. = 7921 a. 28988 
60)792 
13° 12’ W. diff. long. 
9° 50’ W. long. left 


23° 2’ W. long. in 


The error in longitude here, by using the uncorrected 
middle latitude, would be six miles. 

4. A ship in latitude 51° 18’ N., longitude 22° 6’ W., 
is bound to a place in the S.E. quarter, of which the 
nautical distance is 1024 miles, and the latitude of it 
87° N. Required the direct course, as also the difference 
of longitude between the two places. 

Ans. S. 33° 5’ E. Diff. long., 786} miles. 

5. A ship from St. Michael’s in the Azores, lat. 37° 48’ 
N., long. 25° 10’ W., is bound for the Start Point, 
lat. 50° 13’ N., long. 3°38’ W. Required her course and 
nautical distance. 

Ans. Course, N. 51° 7’ E. Distance, 1187 miles, 

6. A ship sails in the N. W. quarter 248 miles, till her 
departure is 135 miles, and her difference of longitude 
310 miles. Required her course, the latitude left, and 
the latitude in, 

Ans. Course, N. 32° 59’ W. Lat. left, 62° 27’ N. 

Lat, in, 65° 55’ N. 

7. rm ea latitude 38° 42’4 N.., long. 9° 8’4 W.. 
sails W.8S.W.}W. 168 miles. uired her latitude an 
longitude. Ans. Lat. 37° 54’ N., long. 12° 33’ W. 

8. A ship sails from the Lizard, lat. 49° 57’ 44” N., 
long. 5° 11’ 56” W., for a distance of 700 miles, on a W.S.W. 
course. uired the latitude and longitude in. 

Ans. Lat, in, 45° 29’ 50° N. Long. in, 21° 13’ 33” W. 


Mencator’s Sattinc.—The two great problems of 
navigation are the determining the latitude and longi- 
tude of a ship at sea; the other demands of the science | 
are easily provided for. Of the two leading problems | 
mentioned, the former is, in general, by far the more i 


simple ; the aid of the called the 
Serertioan dh Raowis™ y duoemoei efter tp sonar 
tion or computation, by means of the common theory of 
the right-angled tri whenever the course and dis- 
tance sailed are taken account of. 


WORKMAN’S, TABLE OF CORRECTIONS TO BE ADDED TO THE 
MIDDLE LATITUDE—DIFFERENCE OF LATITUDE.* 


Lat #9 cl Lag Bal St ne} 12°] 19) 1] as | te 
6 ¢}e] sy ae er ae a a oe ee st ep 
15 2/3'4' 6 | 9 | 12/15] 19 | 23] 27 | 31 | 35 $040) 045 
16 2/3 4| 6 | 9 | 12/15 | 18 | 22 | 26 | 30 | 34 | 0 38) 0 43 
17 2/3 4) 6 | 8 | 11] 14] 17] 21 | 25.) 28] 32] O 37 | 0 42 
18 2}3,4| 6 | 8 | 1} 4] 17] 20] 24] 27 | 31] 036} 041 
19 2)3'4) 6 | 7 | 10/13] 16] 19] 23 | 26 | 30] 0 34] 0 40 
20 2}3'4/ 6 | 7| 9| 12] 15 | 18 | 22 |.25 | 299 | 0 33 | 0 38 
2 2/3 4) 6 | 7| 9] 12] 15] 18] 21} 25 | 29] 0 33] 0 37 
29°2/3 4) 6 | 7| 9) 12] 15] 17] 20] 24] 98] 0 32] 0 36 
23 2/3/4/ 6 | 7) 9| 12) 15] 17 [p20 | 24 | 28] 0 32 | 0 30 
4 2/3/4) 6] 7) 9] 11] 14] 16] 19| 23 | 97] 0 31 | 0 35 
25 ,2/3'4) 5 | 7| 9] 11] 14] 16] 19] 23 | 27 | 031 | 035 
96 /2/3'4) 5 | 7) 9/11] 14] 16] 19] 22 | 26] 0 30] 0 34 
97/2/34) 5 | 7| 8] 11] 14] 16] 19] 22 | 26] 0 30] 0 33 
28 /2/3 4,.5 |) 6| 8] 10] 13] 15] 18] 21 | 25] 0 29] 0 33 
29 |2/3,4/*5 | 6| g | 10] 13| 15] 18 | 21] 25] 029] 0 32 
30 |2/3/4) 5 | 6) 8] 10] 13 | 15] 18} 21 | 25] 0 28} 0 32 
31 /2/3/4/ 5 | 6} 8] 10] 13| 15] 18] 21 | 25] 0 28] 0 32 
32|2/3'4) 5 | 6| 8] 10] 13| 15] 18} 21} 25) 0 28} 031 
33} 2/3/4/ 5 | 6| 8] 10) 13] 15 | 18] 21 | 94] 027] 0 31 
34/2/3/4) 5 | 6| 8] 10] 13] 15] 18} 21 | 241 027/031 — 
35 |2/3/4) 5 | 6| 8/10] 13| 15) 18] 2 | 24] 097] 031 
36/2/3\4) 5 | 6| 8] 10] 13| 15] 18 | 21] 4) 027) 031 
37 /2/3/4) 5 | 6| 8] 10/13] 15| 18] 21] a}|oa7joa 
38 }2/3/4) 5 | 6| 8] 10] 13] 15] 18] 21] 24) 027) 031 
39 /2)3/4) 5 | 6! 8 | 10} 13] 15] 18] 21 | 25] 0 28] 0 82 
40 |2/3/4| 5) 6} 8/10] 13/15] 18 | 29 | 25 | 0 28] 0 32 
41 /2/3/4| 5 | 6) 8&| 10/13] 15] 18 | 22] 25] 0 28] 0 32 
42|/2/3/4) 5 | 6! 8| 10/13] 15] 18 | 22) 96] 0 29] 033 
43/2/3/4) 5 | 7/ 9} 11} 14] 16] 19] 93] 26] 0 30] 0 34 
44/2/3/)4| 5 | 7! 9/11] 14/36] 19 | 93] 27] 0 30] 0 34 
45 |2/3/4) 5 | 7) 9/1] 14/16] 19] 93] a7] 031] 035 
46 |2\3/4| 5 7| 9/u| 14] 16| 19 | 23] a7 | 0 81] 035 
47 /2)3'4] 5 | 7) 9! 111 14/16] 20} 931 a7} 0 31] 035 
48/2/34] 5 | 7] 9] 11 | 14{ 16] 20) 93 | 27} 031) 035 
49 /2/3 4| 5] 7] 9/11 | 14] 17] 21] 94 | 283} 0 32] 0 36 
50/2/38 4) 5| 7| 9] 1 { 14/17] 21] 24] 28] 0 32] 0 36 
51/2/3/4) 5 | 7] 9] 11| 14] 17] 21] 24) 98} 032/087 | 
§2/2/3/4] 5 | 7] 9] 12| 15 | 18] 22] 95 | 29] 0 33 | 0 37 
53/2/83 4/6] 7] 9] 12/15] 18] 22} 95 | 299] 0 33] 0 38 
54/2/34] 6 | 8/10/13) 16} 19} 23} 96] 20] 0 34] 0 39 
5512/3 4| 6 | 8/ 10| 18] 16| 19} 23 | 26 | 30] 0 35 | 0 40 
56/2/3 4} 6 | 8/10] 13] 16] 20] 24] 97] 31] 036) 043 
57 |2,3 4| 6 | 8] 11 | 14] 17 | 20] 24] 28 | 32} 0 37 | 0 42 
58/23 4) 6 | 9] 11] 14] 17 | 21] 25 | 99] 33} 0 38 | 0 43 
59 |2,3 4, 6 | 9|12| 15] 18 | 22] 26 | 30| 34] 0 39 | 0 48 
60 |2 3 4; 6 | 9} 12] 15| 19| 23] 27 | 31] 35 | 0 40] 0 46 
61 |2,3,5| 7 | 9] 12] 15] 19] 23] 27 | 31] 86] 0 41 | 0 47 
62 /2,31'5| 7 | 9] 12] 16] 20| 24 | 28| 32| 87/042) 049 
63/2/45) 7 | 9] 13] 16] 20| 24] 29] 33] 39] 0 44] 0 St 
64/2/46] 8 | 9] 13 | 17| 21| 25 | 29 | 34] 40] 0 46 | 0 53 
65/2416; 8 |10|13|17| 21 | 25| 30| 35| 41] 048] 055 
66 |2.4 6) 8 | 10| 14] 18 | 22] 26] 31} 37 | 43] 0 50 | 0.58 
67 |2 4 6) 8 | 11] 15 | 18| 23] 27] 33| 38] 45] 0 53/1 0 
68/2 4 6) 8 | 11/15/19 | 24] 28] 34] 40] 48) 055/1 2° 
69/2 5 6/ 9 | 12] 16 | 20/ 25| 30] 36] 44] 50] 0539/1 5 
70 8 5 6| 9 {13/17 21/ 26| 31 | 38| 44! 52/1 Of1 8 
71,46 7/ 9} 13] 18 22! 97 | 33] 40) 46| 55] 2 3 [112 
72/4 68 10 | 14/19 23/ 29/35 | 42/49 58]1.6 116 
The departure, as used in e is. the occasion 


of some error in certain of t) a pasalbh gr Ganicenaed 


ures east just 
departures west, we conclude that she has returned to her” 
meridian ; but it is plain, from the pesca of middle 

latitude sailing, that the amount of departure that would 

bring a ship in north latitude to any given meridian ona 
course inclined to the north, would be less than the 
departure necessary to bring her to the same meridian on 
a course inclined to the south: indeed, the first principles 
of plane sailing show that the elementary departures, in 
the latter case, exceed those in the former. hence, 
in a traverse, the resultant of the departures will not be 
the correct departure due to the resultant difference of 

* When the difference of latitude is 2° and under 3, add 1’. 
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latitude ; and serge wrt ten: resultant single course 
will not, in strictness, be true one. 

In a day’s run, the error will no doubt be in general of 
but little moment, and not worth taking note of practi- 
cally, when we consider that the courses steered are not 
rigidly determinable ; but it is well to apprise the learner 
of the mathematical shortcomings of our p ings ; 
and more iar aon ot to forewarn him, that if longitude 
be deduced from the balance of departures, even for a 
single day’s run, in high latitudes—latitudes, for instance, 
above 52° or 53°—the result may be sensibly erroneous ; 
and in latitudes of from 60° to 70°, the error may be such 
as to endanger the safety of the ship. Unfortunately, 
sailors are, in general, so much guided by prejudice, and 
so unwilling to adopt innovations, as they think certain 
improvements to be, that the common practice still is to 
confide as implicitly in the resultant departure of a set of 
departures, as in the departure made in a single course. 
And it is probably in deference to this erroneous impres- 
sion, that even the most popular books on navigation are 

ilent on the subject. In such books, the middle latitude 
distance of the meridians is still taken for the correct 
departure; though, as already noticed, the resulting 
error in longitude may amount to so much as 30 miles. 

The place of a ship in reference to any given meridian, 
can be determined correctly only by correctly finding her 
longitude ; and this is done ¢ Roehm sailing, in a 
very ingenious manner, as we shall now show. 

INVESTIGATION oF THE THEORY OF Mercator’s 
Sartiyec.—When a ship sails upon an oblique rhumb., it 
has already been shown that the difference of latitude, 
the departure, and the distance run, are all truly repre- 
sented by the sides AC, CB, A B of a plane triangle, the 
angle A being that of the course (Fig. 20). The departure, 
CB, is not the representative of Fig. 20. 
any line om the sphere: it is the | B 
equivalent of the minute 
departures in the diagram at page 
1052, united in one continuous 
line. Let Abc, in the annexed 
diagram, be one of the elementary 
triangles figured in the representa- 
tion just referred to, cb being one 
of the elementary departures, and 
Ac the corresponding difference of 
latitude. Now cb being a small 
portion of a parallel of latitude, it 
will be to a similar portion of the 
equator, or of the meridian, as the 
cosine of its latitude to radius, as * 
was proved at page 1052; and this similar portion of the 
equator, or of the meridian, measures the difference of 
longitude between ¢ and b, Suppose the distance Ab 
oe to b’, till the departure ¢’ b’ is equal to this 

ifference of longitude: then we shall have 
cb: e'b’:: cos, lat. of cb: 1 (the trig. radius). 
But cb: e’b’:: Ac: Ac’ (Euclid, Prop. 4, VI.) 
-. Ac: Ac’:: cos. lat. of cb: 1 .*. 


2 Ac 
“Ad con lat oF ch AX sec: lat. of 6b» evw(@) 


That is, the proper difference of latitude, Ac, must be in- 
creased to Ac’ = Ac x sec. lat., in order that the proper 
departure, cb, may be increased to an amount c’b’, equal 
to the difference of longitude of c and b; in other words, 
the ship having made the small difference of latitude A c, 
and the corresponding departure cb, must continue her 
course till the difference of latitude has increased to 
Ac X sec. lat. of c, in order that her increased departure, 
ce’ b’, may give her difference of longitude made in sailing 
from A to b. 

Suppose, now, that all the elementary distances are 
pro in this manner; it is then obvious that the 
sum of all the plas dare increased departures will 
necessarily be the whole difference of longitude made by 
the ship during its course from A to B. Hence, to re- 
present the difference of longitude between A and B, we 
must — the difference of latitude AC, till the length 
AC’ mes equal to the sum of all the increased 


elementary differences of latitude; this done, it follows 
that the departure C’ B’, due to this increased difference 
of latitude, will represent the difference of longitude 
made in sailing from A to B. 

It is self-evident that, as the departure C B, actually 
made by the ship, is always less than the difference of 
longitude made, there must’ be some more advanced 
departure CO’ B’, that would be exactly equal to this 
difference of longitude. The object of the foregoing 
reasoning, is to discover how the increased difference 
of latitude, due to this departure, is to be ascertained. 

Now the finding the length of AC’ implies the finding 
of all its elementary parts: suppose we'take each of the 
elementary parts of AC equal to 1’, that is, that we 
regard Ac to be 1 nautical mile; then Ac’ will be equal 
to 1’ X see. lat of c. And, generally, if | be the latitude 
of any point in A OC, the length of a minute of latitude, 
berg in that point, will be increased to l’ x 
sec. I, 

These portions of latitude are called murt- 
DIONAL PARTS ; so that we have 

Meridional parts of 

1’ = sec. 1’ 

2’ = sec. 1’ + sec, 2’ 

3’ = sec. 1’ + sec. 2’ + sec. 3’ 

4’ = sec, 1’ + sec. 2’ + sec 3’ + sec. 4’ 

5’ = sec. 1’ + sec. 2’ + sec. 3’-++ sec. 4’ + sec. 5’ 

&e. &e, 

Consequently the meridional parts, on the en 
ment of every portion of the meridian, Ltr 
the equator up to any latitude, may be calculated by help 


of a table of natural secants: thus— 
Meridional parts of 
Nat. Sec. Mer. Parts. 
1’ = 10000000 = 1:0000000 


2’ = 10000000 + 1:0000002 = 2-0000002 

3’ = 20000002 + 1:0000004 = 3-0000006 

4’ = 3:0000006 + 1:0000007 = 4:0090015 

5 = 40000013 + 1:0000011 = 5-0000024 
&e. &e. &e. 


If, therefore, a ship leave the equator, and sail upon 
any course till her latitude becomes 1’, and we desire to 
know how much she must increase her latitude in order 
that her corresponding increased departure may be equal 
to her advance in longitude, we find, from the above, 
that no further advance in latitude is to be made; for 
the difference between the departure corresponding to the 
1 of latitude already made, and the advance in longitude 
is, as might be ex insensible ; or, to speak more 
rigorously, the difference is too minute to have any 
numerical value within the limits of seven places of 
decimals. If her latitude become 2’, her corresponding 
departure falls short of her advance in longitude by 
a quantity so small that she has only to increase her 
latitude by 0000002 miles to render her departure exactly 
equal to her difference of longitude. 

In like manner, when 3’ of latitude are made, a further 
advance in latitude to the extent of ‘0000006 miles 
is all that must be made to render her departure the same 
as her difference of longitude due to the 3’ of latitude. 
And in this way may a table of meridional parts be cal- 
culated, minute by minute. If we enter such a table 
with the latitude sailed from, and the latitude arrived at, 
and subtract the meridional parts for the lower latitude 
from the meridional parts for the higher, the remainder 
will be the meridional difference of latitude, or the line 
AO’, in the preceding diagram. If the latitude in be on 
the contrary side of the equator to the latitude left, then, 
of course, tlie swm of the meridional parts for the two 
latitudes will be the meridional difference of latitude. 

Having thus obtained from the table the meridional 
difference of latitude (that is, the line A O’), the difference 
of longitude (that is, the line OC’ B’) is then deduced by 
this proportion; namely— , 

As radius (1) is to the tangent of the course, 
so is the meridional difference of latitude to the 
difference of longitude; or, if instead of the course, 
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Es ce, the course tangent of w 

about 5; then the error in longitude possibly be 
5 miles, which is of some consideration ; as observed 
before, in such a large course the middle latitude 
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As the proper difference of latitude is to the departure, 
80 is the heridional difference of latitude to the difference 


a gon correct les hich a tru for oth hould be loyed. It would, 
Such are principles upon which a truo sea- | for other reasons, 8 em t how- 
chart is constructed ; but inane Mereator, the 4 


Flemish Chart-maker, was really in jon of these | to each meridi 


ever, be an im: uesnens  the lenting donmel Dees 
pricey, or whether he arrived at their practical results ’ 


part were 
tables. Robertson, one of the most able and instructive 


y a series of happy mechanical ene is not nest: writers on ag ser does introduce the leading deci- 
tively known ; he never di e methods by which | mal ;* and so, likewise, does Dr. Inman in his Nautical 
he proceeded, and his secret descended with him to the | Tables, An extensive table of meridional will also 
grave. The first chart he published was in 1556 ; and it | be found in the quarto collection of 7 of J. De 
was not till the year 1590 that the true theory of its con- | Mendoza Rios. e following short table will show the 
struction was expounded. This was done by Edward | true meridional parts calculated agreeably to the mathe- 
Wright, Fellow of Caius College, Cambridge, who did not, | matically-correct formule given at the pon the present 
however, communicate his discovery to the public till | article, 
the es pad i Par his Certain eg wy mg ort 
Detected ‘orrected, appeared ; yet the key to the Wright's | Wright's True 
entire secret is furnished 2 the single equation marked aes.) Mer Mer. Parts, |/@°8° Mer. Parts. Mer, Parts, 
(I) at page 1061 ; a property so obvious, that we cannot | — — 
but suppose it must have been noticed by numbers of | 5) 300-369 | 300382 ||50| 3474°605| 3474-472 

rsons en in these investigations, before that time; | 10} 603-048 | 603-070 ||55| 3968-188} 3967-966 

ut, like the common occurrence of the falling of an| 15} 910°433 | 910-461 ||60| 4527-711| 4527-368 
apple from a tree, it was not ‘ived to be the germ of | 20) 1225-129 | 1225-139 || 65) 5179308) 5178-308 
a ry destined to chan e aspect of an important | 25] 1549-988 | 1549-995 ||70) 5966°681| 5965-918 
department of science, till it arrested the attention of a} 30] 1888°377 | 1888°375 ||75| 6971549| 697 °340 
superior mind, 35| 2244°305 | 2244-287 ||80| 8377-342) 8375-197 

ward Wright constructed his table of meridional | 40| 2622-756 | 2622-690 || 85 | 10769°620 | 10764621 
after the process already described ; that is, by | 45) 3030-127 | 3020-939 || 89| 16317-532 | 16299-5456 


actually adding secant after secant through every minute 
of the quadrant. But it was subsequently shown, by 
Dr. Halley, that the meridional parts might be actually 
obtained in another way—we shall explain how at the 
end of the present article. 

It is proper to remark that a table, constructed agree- 
ably to Mr Wright’s plan, will be more mathematically 
correct the smaller the elementary portions of the 
meridian are made; as, for instance, if the portions, 
instead of a minute, be only half a minute in length. 
Such a table was accordingly constructed by Oughtred, 


We shall now re-state the 
above, and proceed to examp 
As radius : tan.course : : Mer. diff. lat. : diff. long 
As proper diff. lat. : departure : ; Mer, diff. lat. ; diff. long” 


; Examples. 

1. A ship from latitude 51° 18’ N., longitude 9°50’ W. 
stecms 8. 33°’ W.., till she has run 1024 miles, Required 
the latitude and epitee in. 

itude is found in Example 1, page 


The difference of 


 eigigemees given in words 


and further extended by Sir Jonas Moore; but the | 1058, to be 8574 miles, or 14° 17’ S.; and therefore the 
* modern table of meridional parts is based upon the | latitude in 37° 1’ N. 
strictly accurate theory of Dr. Halley. Mr. Wright, 51° 18’ mer. parts. . 35975 
however, was fully sensible that, from the intervals in 87° 1s ergs . 2393°9 
his table being so + as 1’, his meridional parts, for panne 
high latitudes, e a little in excess, and he pointed Diff. 14° 17’ 12036 
out the method of diminishing the error to any extent. 3 
It behoves every writer on Navigation to bring the Asradius . -—10 

name of Edward Wright prominently forward when : tan. course, 33° 8’. » 98147 
treating : what is called et — emg + mer, diff. lat. 1204.  . — 30806 
has, no doubt, the merit of originating the scheme o e =a =a 
enlarging the of the meridian more and more as : diff. long. 785°8. ° » 28953 


they approach the pole, or of widening the intervals 
between the successive parallels of latitude ; he was thus 
instrumental in awakening attention to a more correct 
way of exhibiting longitudes on a chart than was known 

ore his time; but that he was acquainted with the 
true principles discovered by Wright, there is strong 


Hence the diff. long. = 18° 6’ W. 
long. left = 9° 50’ W. 


-’. long. in = 22° 56’ 


2. A ship from latitude 49° 57’ N., and longitude 
5° 11’ W., sails between the south and west she 


ee 


reason to doubt : for the degrees in his chart were not 
lengthened in the due’ proportion which those principles 
pointed out. 

It will occur to the reader that, when the course A 
is a large angle, a small inaccuracy in the measure of 
that angle may considerably affect the length of C’ B’; 
and, therefore, to diminish the influence of this error in 
the it is better and safer, when it differs but 
little from E. or W., to use the middle latitude method : 
there is no defect in the table of meridional parts; when 
the proper decimals are inserted, but in the data employed 
in connection with it. 

In most collections of navigation tables, however, the 
decimals of the meridional parts are omitted, and the 
meridional parts given only to the nearest unit. It is 
possible, therefore, that in taking the différence between 
two numbers in the table, there may be an error of nearly 
a mile in the result. The equation 

diff. long. = merid. diff. lat. x tan. course, 
shows that the corresponding error in longitude will be 


arrives in latitude 38° 27’ N., and finds that she has 
made 440 miles of departure. Required the course 
steered, the distance run, and the longitude in, 

The course and distance are found in Example 2, page 
1059; and the difference of longitude is found by 
table of meridional parts, as follows :— - 


lat. left 49° 57’, mer. parts. 3470 
lat in 36°27". g | SUB 
diff, Int, 11° 807 “967 


parts, constructed by the most accurate 
only showed that Mr. Wright’s table does nowhere exceed the 
ridtan parts by half « minute, and this onl near the ; for in latitudes 
ble, the difference is scarcely sensible.” 


Royal Academy at Portsmouth ; vol. 2, ot 
ou! ¥ 

Ae wort, Ine very Yoleasba pechiemende; onl 

a place in the seaman’s library. It may be frequently picked up, at the 
book-stalls, at a very low price. For a correct table 
ee tables of Norie, Riddle, or Raper may be 
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As diff. lat, 690 Arith. Comp. 7-1612 
:departure 440... 26435 


s: mer. diff. lat. 967 . « 2°9854 
‘adiff. long. 616-7 =. —._-2°7901 
; Hence aiff. long. = 10°17’ W. 
Long. left 6° 11’ W. 
Long. in 15° 28’. 
3. A ship from latitude 51° 18’ N., longitude 9° 50’ W., 
sails S. 33° 19’ W., till her departure is 564 miles. Re- 
quired her longitude in. 


We must first find the ete cnt rome mee ; 

is, by Example 1059, is iles, or 14° 18'S. : 
to iene Toft i Tatitade in will then become known 5 
and thence the meridional difference of latitude may be 
found by the table of meridional parts, by aid of which 
the difference of longitude is determined as below. 


lat. left 51°18’ mer. parts .. .. 3598 
diff. lat. 14° 18 
lat. in 37° 0 ee ee woe) TB 
mer. parts for diff. lat. ...  ... © 1205 
As diff. lat. 854 Arith. Com «. =—- 70665 
: departure 564... oo. —-: 27513 
+: mer. diff. lat. 1205 wee «.  3°0810 
: diff. long. 792-1 some oe SOOO 
Difference of longitude ... 13° 12’ W. 
Longitude left ...  «. 9° 50’ W. 
Longitudein ... 23° 2’ W. 


Hence the longitude reached is 23° 2’ W. 


4, uired the course and distance from the east 
point of St. Michael’s to the Start Point. 

To find the course we-must know the meridional dif- 
ference of latitude and the difference of longitude ; the 
course being determined, the distance will be found by 
combining it with the proper difference of latitude, as 


Start Point lat. 50°13’N, Mer. pts. 3495 Lon. 3°38'W. 
St.Michael’slat.37°48'N. Mer. pts. 2453 Lon.25°13/W. 


_, 


Diff. lat. 12° 23 1042 21° 35’ W. 
60 60 
Proper diff. lat. 745 miles. 1295 m. 
To find the course, 
As mer. diff. lat. 1042... «.  —3°0178 
:diff. long. 1295 1. oe 31123 
: radius ... isa <n o4e 10 
: tan. course, 51°11’... see 10°0945 
To find the distance. 


dist. = diff. lat. + cos. course 
cos. §1° 11’ = bea SS (1189 


1182 
627 


—ot 


555 
501 


54 
Hence the course is N. 51°11’ E., and the distance 
1189 miles. 
It may be as well to exhibit here the work of finding 


the difference of longitude in Example 2, and the course 
in this last example, without logarithms. . 


For the diff. long. Ex. 2. 
‘ mer. diff. lat.'x dep. 
Diff. long. = dilf. lat, 
mer. diff. lat. = 967 
44 


3868 
3868 ih 


69)42548(616‘6 miles 
414 


— 


114 


.". dif. long. = 10°17’ W. 


For the course Ex, 4, 


diff. long. 
tan. CONTR Said lad 


1,0,4.2)1295(1-243 = tan. 51° 11’ 
1042 


Hence the course is N. 51° 11’ E, 


The examples already given, under the head of Middle 
Latitude Sailing, may serve for exercises in Mereator’s 
Sailing. A comparison of the results of the two methods 
will also show the value of Workman’s table for correct- 
ing the middle latitude. It is necessary, however, that 
the learner should notice, that the two reasons given at 
page 1061, both conspire to renderit unadvisable to use 
the ordinary table of meridional parts when the course 
much exceeds 45°; from 50° and upwards the middle 
latitude method is to be preferred ; and, for the first. of 
the reasons mentioned, a small error in the course had 
better be in defect than inexcess, We shall now explain 
the principles on which that table is constructed. 

Consrruction or THE TaBLE FoR CoRRECTING THE 
Mrppre Lasrrupe.—Let | represent the pare difference 
of latitude, l’ the meridional difference o latitude, L the 
difference of longitude, and m the latitude in which the 
distance measured on the parallel between the two meri- 
dians is exactly equal to the departure. Then, first by 
middle latitude and then by Mercator’s sailing, we have 
for the tangent of the course 


tan. course = 008. ™ 


L , U 

= Pp oe» COS. = T 

uently, by dividing the difference of latitude*l 
taken in miles, by the meridional parts corresponding to 
that latitude, we shall get cos. m, and thence m, the de- 
grees of latitude in which the parallel between the two 
meridians is exactly equal to the-departure. It is the 
difference between m and the latitude of the middle 
parallel that is given in the table at 1060. 

By means of the corrected middle latitude the dif- 
ference of longitude, and the course, the nautical distance 
is ar thus :-— ‘ras elvis 

he expressions for the departure Sailing © 
and by middle latitude sailing, are— at A 


— 


— 
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departure=dist. X sin. course=diff. long. X cos. m 
*, sin. course : cos. corrected mid, lat, : + diff. 
. 1 distance. 


Dr Hauey’s Mersop.—In Mr. Wright's method of 
constructing a table of meridional parts, every tabular 
number, after the first, depends upon the number pre- 
viously calculated, as already shown at 1061. Dr. 
Halley proposed another plan, by which the meridional 
parts corresponding to any given latitude may be com- 
puted independently of previous calculations. As the 
matter is of so much practical interest, we shall here show 
how this may be effected. - . ? 

To transcribe Dr. Halley’s investigation (Philosophical 
Transactions, No. 219) would be to occupy more room 
than we can 5) : we must therefore employ a different 

; and, if the reader be w uainted with the 

Erst principles of the Differential and Integral Calculus, 
he may pass it over, and omit this article altogether. 

It is shown at page 1061, that if aship in latitude z 
vary her latitude bya small portion of the meridian 
A 1%, and that she continue her course till her departure 
becomes equal to the difference of longitude due to the 
difference of latitude A x, then the increased difference 
of latitude A y, necessary to produce this effect, will be 
wate 
Are 

This equation is rigorously true only when A 2, and 
Pena sha A y is diminished to the last degree of 
smallness ; 80 that, employing the notation of the dif- 
ferential calculus, we strictly have 

WY _ sec. a .”. dy=sec. x dx 
and the integral of this is the equation 
y=log. tan. (45°+$2) .- - 

The logarithm here implied, is the Napierian loga- 

rithm. ‘To change it into Brigg’s, or a common loga- 


rithm, we must multiply it by the modulus 5359595... . 


(sce the article on Logarithms, page 519) ; we shall then 
get the logarithm of the natural tan nt of 45°-+ 4x, 
according to Brigg’s system. But in the tables it is not 
the log. of the nat tangent of 45° + $2, but this log. 
increased by 10, that is inserted: hence, for the common 
logarithms, the equation (1) is 


aati © log. tan. (45° +42) —10 
1. y= 2302585 { tog. tan. (45° +42)-10} 


This is the correct expression for the increased meridian 
length, measured in miles, in reference to a globe whose 
us is 1 mile ; to adapt it to the globe of the earth, we 
must multiply the expression by the radius of the earth, 
or by 3437°74679 nautical miles; for in every circle the 
or is equal to 3437-74679 minutes of that circle, 
us — : 
Rad. earth x 3°14159... = length of ,180°= 10,800 
nautical miles. 
"Rad. earth= 9 == 9437-74679 nautical mil 
Se F-14159... —— 


Hence, for the number of miles in the lengthened 
meridian y, from the equator to the latitude #, we have 
the formula 


y= 79157044079 { log. tan, (45° + 42) -10} 
or, since tan, (45° -+ 4)=cot. (45°—}2) and that 


A y=sec. & Ae, - 


R 
cot, = ¢——, and .*. log. cot. =20—log. tan. 
the preceding formula may be otherwise written, as 
follows :— 
Meridional lat. = 7915°7044679{10-log. tan, (45°— 
$ proper lat.)}. . . (2) 


Cowstavctios or A Taste oF MERIDIoNAL Pants BY 


Tt thus appears, that if the log, tan. of half the com- 
plement of any latitude be subtracted from 10, and the 


remainder be multiplied by 79157044679, the product 
will be the meridional in nautical mi cor- 
responding to that latitude ; therefore, as observed 
already, the meridional any latitude may 
be computed peacgeeenny of previous results. 

The logarithm of the constant multiplier 7915-704... 


is 3°8984895; so that from (2) we have 
log. merid. lat. = $°8984395 + log. { 100g. tan. } 


}..-@) 


page 1061, which connects the meridian with 
the difference of longitude, it is clear that if a ship set 
out from any point on the globe, and sail on the 
oblique rhumb towards the pole, it can reach it 
after circulating an infinite number of times round it; 
for, from any point to the pole, the enlarged meridian is 
infinite in length, and so, therefore, is the difference of 
longitude due to this advance in latitude, provided lon- 
itude be eee eer» globe in one uniform 
irection : the longitude, thus m: being eee 
the ship must wind round the ale an indinite number 


times. 
But— 


line. 
necessary consequence, from the princi! 
ing ; for these principles correctly give, 
diff. lat. 
length of track = eat 
which is finite ; and, therefore, the rate being uniform, 
is described in a finite time. 

The matter may be explained as follows :—Whatever 
bé the progressive rate of the ship along its undeviating 
course, the times of performing the successive revolutions 
about the pole continually diminish as the latitude in- 
both the extent of circuit, and the time of per- 


creases ; 
forming it, evidently tending to zero—the limit is ac- 
tually attained, only at the pole itself. Co uently, 


an infinite number of circuits must ultimately be per- 
formed to occupy a finite portion of time. 

The case is somewhat analogous to those infinite 
descending series so frequently met with in arithmetic 
and algebra; they are infinite—not in their aggregate 
amount, but only in the number of the continually- 
diminishing a into which that amount is divided, 
these parts ming less and less, and ultimately 
vanishing altogether. 

In like manner, every additional circuit the ship makes 
round the pole, increases the length of the previously- 
described track by a quantity less and the succes- 
sive increments continually diminishing, and ultimately 
vanishing altogether; so that, just as in a common 
decreasing geometrical series, the sum of the increments 
—thus continually tending to, and pres eS terminating 
in zero—is finite ; and hence the time of describing the 
track must be finite too. 

‘Traverses BY Mrp-Latrrops AND Mercator’s Sart-. 
rxo.—In order to work a traverse with a view to finding 
the ship’s place, and the direct course and distance to 
it, we may proceed in either of the two ways fol- 


lowing :-— 2 

a. , eae a traverse table, in the first two columns of 
which insert the several courses and distances, and in 
the remaining columns put the corresponding differences 
of latitude and departures, found either by computation 
or by reference to the already computed traverse table, 
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and thence determine the whole difference of latitude 
and departure, as also the corresponding direct course 
amas exactly as in plane sailing. 

). 

The traverse now being reduced to a single course, 
find the corresponding difference of longitude, either by 
mid-latitude or Mercator’s aye 2 

This method is less accurate than that which follows ; 
because, as already observed (page 1056), the aggregate 
of the several departures is not, in general, the same as 
the single departure due to the correct course and dis- 
tance. It is better, therefore, to take the several differ- 
ences of latitude and departures separately, and thus to 
determine the difference of longitude due to each distinct 
course, and thence the whole difference of longitude 
made. The second method is, therefore, this :— 

2. Fill up the columns of the traverse table, as directed 
above; but find the te of the diff. latitude 
columns only. By means of the successive latitudes 
reached at the end of each course, find the corresponding 


(See page | 


BY THE FIRST METHOD. 


Courses. Dist. Diff. Lat. Departure.» 
N. Ss E. w. 
N.E.bN. jE. | 56 45 33°4 
N.N.W. 38 | 351 145 
N.W. 3 W. 46 25°6 38:2 
§.8.E. 30 27°7| 115 
8. b W. 20 19°6 3-9 
N.E. ON. 60 | 50 33°3 
155-7 | 47°3| 78:2) 56°6 
3 _ | 473 56-6 
pe ae 11°15, 
or N. 108-4 216 
Distance, 111 miles. 


The direct cours> and distance, due to diff, lat. 108-4, 
and dep. 21-6, are found by reference to the traverse 


mid-latitude ; and with this, and the departure, deduce | table, or by computation, as at page 1055, to be as 
the difference of longitude made at the end of each course above. 
by mid-latitude sailing, and thence the whole diff. long. To find the diff long. by Mid-Latitude Sailing. 
But if Mercator’s, instead of the mid-latitude method Latitude left . . . 38°14’ N. 
be employed, then the several departures need not be Diff. lat.108m.. . . 1°48'N. 
inserted in the traverse table at all. An example will Ey i as 
pet eeatly show the mode of proceeding by each Latitude in . - 40° 2’ N. 
. Examples. Sum of lat. . + «78°16 
1, A ship from latitude 38° 14’ N., longitude 25° 56’ W : : an ap 
has sailed the following courses and distances, namely— Half sum = mid. lat... 39° 8 
Ist. N.E. b N.}E., 56miles. 2nd. N.N.W., 38 miles. Diff. long. = dep. + cos. mid. lat. 
3rd. N.W. b W., 46 miles. - 4th. S.S.E., 30 miles. 5th. = 216 + ‘7757 = 28 E 
S. b W., 20 miles. 6th. N.E. b N., 60 miles. Required Longitudeleft . . . «. 25° 56’ W. 
the latitude and longitude in, and the direct course and 
distance to it. Longitude in . . . . 25° 28° W. 
BY THE SECOND METHOD (MID-LATITUDE). 
Courses. Dist. Diff. Lat. Departure. Lats. left. Lats. in. Sum. Lats. Mid. Lats. Diff. Long. 
N. 8. E. fer ATES 
Ist. 56 45 33°4 38° 14’ 88° 59’ 77° 13’ 38° 36’ 43’ 
2nd. 38 351 14°5 || 38° 59’ 39° 34’ 78° 33’ 39° 16’ 19 
3rd. 46 25°6 38°2 39° 34’ 40° 79° 34’ 39° 47’. 50’ 
4th. 30 27°7 | 11:5 40° 89° 32’ 79° 32’ 39° 46’ ly’ 
5th. 20 19°6 39° 32’ 39° 12’ 78° 44’ 39° 22’ 5 
6th. 60 50 33:3 39° 12’ 40° 2 79° 14 39° 37’ 43’ 
1557 | 473 101’ | 74 
473 7¥ 
Diff. latitude 108-4 N, Difference of longitude 27’ E. 
To find the same by Mercator's Sailing. BY THE SECOND METHOD (MERCATOR). 
Latitude left, 38° 14’ mer. pts.. 2486 iS ee 
Latitude in, 40° 2 . =. 2625 courses. | 2| pit-tat. |} rats | Mo |,2f, | Diet tong. 
Meridional diff. lat. . ° 139 Pepe | x B. a 1 ae z w. 
Diff. long. = mer. diff, lat. x tan. course. NNW. | 38] 351 3m 34 | 2589 | 45 18°7 
= 139 x ‘199 = 28° E. Rag || | aril soax | ose | fs | 
Longitude left e . ° - 25° 56' W. 8.6 W. 20 196 || 39° 12’ | 2560 | 26 51 
Ee N.E.6N. | 60} 50 4 2 | 2625 | 65 | 43-4 
Longitudein. . . «. » 20°23 W. Shei 
The diff. long. columns may be filled up from the tra- 3 3 = 


verse table, igPore _ Poy cats sa eh mid. lat. 
as a course, wit corres i eparture, 
Radis the, pecpeneaaiier UF wiles. ae utnutes in the 
distance column of the table; or, which is somewhat 
simpler, take the middle latitude itself as a course, and 
seek the corresponding departure in the diff. lat. column 
of the table, against which, in the dist. column will be 
found the number of miles of diff. long. In this way 
the two diff. long. columns, as exhibited above, have 
been formed. 
VOL. L 


Difference of latitude 108-4 N. Difference of longitude 27:1 E. 


The diff. long. columns are here also supplied from the 
traverse table by entering it with the given course and 
mer. diff. lat. 


en_as the Ly a diff. lat. : the: corre- 
meee departure, furnished by the table, is the diff. 
ong. 

The longitude in, by the second method, whether the 


* The 40 corresponding to this in the “Lat.” column is more nearly 
394, so that 50°5 is written instead of 50-7, given in the tables 
Uv 
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mid. latitude, or Mercator’s sailing be employed, is 25° 
29 W., and the latitude and longitude left being given, 
the direct course and distance, and the erenonticg 
departure, may be readily found by Merecator’s - 


ing. 

“). A ship, from latitude 52° 20’ N., and longitude 

14° 38’ W., has sailed the following courses, namely — 

Ist, E.S.E., 43 miles ; 2nd, 8, W., 32 miles ; 3rd, S8.E. 
b S., 58 miles ; 4th, &.S.W., 60 miles, Required the 
latitude and longitude in. 

Ans. Latitude, 49° 57’ N. Longitude, 13° 57’ W. 

$. A ship, from latitude 52° 36’ N., and longitude 
21° 45’ W., has sailed the following courses, namely— 

Ist, N.E., 36 miles ; 2nd, N. b W., 14 miles ; 3rd, N.E. 
b E.4E, 68 miles ; 4th, N.b E., 42 miles ; 5th, E.N.E., 
29 miles. eee ger the latitude and longitude in. 

Ans. Latitude, 54° 35’ N. Longitude, 18° 4’ W.. 

4. A ship, from latitude 66° 14’ N., and longitude 
3° 12’ E., has sailed as follows :— . 

Ist, N.N.E. } E., 46 miles ; 2nd, N.E. 4 E., 28 miles ; 
Srd, N. # W., 52 miles ; 4th, N.E.b E.} E., 57 miles ; 
5th, E.S.E., 24 miles. Required the latitude and longi- 
tude in. 

Ans. Latitude, 68° 24’ N. Longitude, 7° 54’ E. 

5. A ship, from latitude 67° 30’ N., longitude 8° 46’ 
W., has sailed the following courses, namely— 

Ist, N.E., 64 miles ; 2nd, N.N.E., 50 miles ; 3rd, N. W. 
b N.. 68 miles ; 4th, W.N.W., 72 miles; 5th, W., 48 
miles ; 6th, 8.S.W., 88 miles; 7th, S. b E., 45 miles ; 
8th, E.S.E, 40 miles. Required her present latitude 
and longitude by Mercator’s sailing. 

Ans. Latitude, 68° 43’ N. Longitude, 11° 43’ W. 

Saminc rx Currents.—In what has preceded, the 
course of the ship is sup to have been indicated by 
the compass, sad that she has actually moved throug 
the water in the direction of her length. It is plain. 
however, that if. a current act upon the ship, she will be 
diverted from the course shown by the compass, unless 
the set of the current be itself in the direction of the 
ship’s length, when the rate of sailing only will be inter- 
fered with. 

The set of a current is the point of the com towards 
which the stream runs ; its rate, or velocity, is called the 
drift of the current. 

e common way of ascertaining the set and drift of 
a current unexpectedly met with at sea, is to take a 
boat, if the weather permit, a small distance from the 
ship; and, in order to keep it from driving with the 
stream, to let down, to the depth of about 100 fathoms, 
a heavy weight attached to a rope fastened to the stem 
of the boat ; steadiness being in this way secured, the log 
is hove into the current ; the direction in which it is 
carried is observed by means of a boat-compass, and the 
number of knots run out in half a minute gives the hourly 
drift, In this way the set and velocity, or drift, of the 

_ current is estimated. 

The set of the current being ascertained, we can apply 
it to correct the compass-course of the ship; and the 
drift, or velocity, of the current being known, we can 
apply it to correct the ship’s rate of sailing as indicated 
by log. The rate indicated by the log, it will be ob- 

served, is only the rate at which the ship moves faster 
than the log moves in the ship’s direction, and, in still 
water, is the velocity of the ship itself, since the log 

stationary ; but, as in a current, the log also 
moves in the direction and with the rate of the current, 
the absolute velocity of the ship cannot be directly de- 
termined by the log in the customary manner : yet the 
distance sailed, as indicated in this way by the log, and 
the course steered as indicated by the compass, though 
both modified by the action of the current, and there- 
fore both inaccurate, are necessary helps to the determi- 
nation of the true course and distance, 

For the ship has, in fact, been making a sort of double 
course: the wind has carried her on a certain course 
(shown by the compass) a certain distance ; and the eur- 
rent has carried her a certain other course and distance 
| in the same time ; the final effect being the same as if the 

two courses and di had been sailed in succession ; 


so that the case becomes a very simple one of traverse 
sailing, as in the following example, 
Examples. 

1. A ship runs N.E. b N. 18 miles in three hours, in a 
current setting. W. bS. two miles an hour. Required 
the course and distance made good. 

This is evidently the same as saying—A ship sails the 


following courses, namely— 

1st, N.E. b N., 18 miles; 2nd, W. 68., 6 miles, Re- 
quired the course and distance. 

TRAVERSE TABLE. 
Courses. Dist. | Diff. Latitude. Departure. 
N. |_ 8, EK. wW. 
N.E.bN. | 18 15 10 
Ww. dS. 6 12 59 


| Diff. lat. 138 Dep. 4-1 


And, with the difference of latitude and departure thus 
found, we have, by plane sailing, or by the traverse table, 
the distance made 14 miles, and the course 14 
points, or N. b a 4 

2. A ship sails N.W. 60 miles, in a current that sets 
S.S.W. 25 miles in the same time. Required the course 
and distance made — 3 

Ans. Course, N. 69° 38’ W. Distance, 55} miles. 

8. A ship has sailed the following courses and distances 
in twenty-four hours :— 

Ist, S.W., 40 miles; 2nd, W.S.W., 27 miles; 3rd, S. b 
E., 47 miles; but she has been the whole time in a cur- 
rent setting S.E.b S. at the rate of 14 mile an hour. 

uired the ship’s direct course and her distance made 
Ans. Course, 8. b W. Distance, 117 miles. 

4. A ship has sailed by reckoning N. 4 W. 20 miles; but 
it is found by observation, that, owing to a current, she 
has actually sailed N.N.E. 28 miles. Required the set 
of the current and the amount of drift upon the ship. 

Ans. Set N., 64° 48’ E.. Drift, 14 miles. 

The method described above, of estimating the set and 
drift of a surface-current, by sinking a weight, and ob- 
serving the direction and velocity of the log, is often 
likely to lead to conclusions not strictly correct. Lieut. 
Walsh and Lieut. Lee, of the United States’ Navy, while 
carrying on a system of observations in connection with 
the wind and current charts, had their attention directed 
to the subject of submarine currents, upon which they 
made some interesting experiments. A block of wood 
was loaded to sinking, and, by means of a fishing-line, 
was let down to the depth of one hundred and five 
hundred fathoms. A small float, just sufficient to keep 
the block from sinking farther, was then tied to the line, 
and the whole let go from the boat. : 

To use their own expressions—‘“‘ It was wonderful, in- 
deed, to see this barrega move off, against wind, and sea, 
and surface-current, at the rate of over one knot an hour, 
as was generally the case, and on one occasion as much as 
1} knot. The men in the boat could not repress excla- 
mations of surprise, for it really appeared as if some 
monster of the deep had hold of the weight below, and 
was walking off with it.” 

The effects of such under-currents must sometimes in- 
terfere with the results, deduced in the ordinary way, for 
the set and drift of a surface-current, since to hidden 
influences, of the existence of which the observer has no 
suspicion, of what he attributes to the surface-cur- 
rent may be really due; the boat, though tly 
steady, may have an imperceptible drift. Such drifts 
are not caused so much by the action of the under-cur- 
rent upon the sunken weight, as by the bellying of the 
line in the direction of the set. The surface-current, 
too, if of any considerable depth, may operate in a similar 


way. 

Kamiral Sir Francis Beaufort, when in the Mediter- 
ranean, made several experiments on this subject. He 
says— 
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*: The counter-currents, or those which return beneath 
the surface of the water, are very remarkable. In some 
parts of the Archipelago they are at times so strong as to 
prevent the steering of the ship ; and, in one instance, on 
sinking the lead, w. the sea was and clear, with 
shreds of bunting of various colours attached to eve: 
yard of the line, they pointed in di t directions 
round the compass.” 

For the foregoing quotations, on the under-currents of 
the ocean, we are indebted to a recent publication of great 
value and ability—The Physical Geography of the Sea, by 
Lieut. Maury, of the United States’ Navy, the author of 
The Wind and Current Charts, in which the results of 
extensive observation and experience, in different seasons, 
and during a course of years, in all parts of the globe, are 
recorded. Speaking of these charts, the distinguished 
writer says—‘‘ The young mariner, instead of geonies, bis 
way along till the lights of experience should come to hi 
by the slow teachings of the dearest of all schools, would 
here find, at once, that he had already the experience of 
a thousand navigators to guide him on his voyage. He 
might, therefore, set out upon his first voyage, with as 
much confidence in his knowledge as to the winds and 
currents he might expect to meet with, as though he 
himself had already been that way a thousand times 
before.”* 

Ostique Saminc—Taxine Departures.—From what 
has hitherto been explained, the learner has perceived 
that oblique-angled triangles may be dis with in 
all the ordi computations which enter into the dead 
reckoning. But, at the commencement of her voyage, 
before the ship is out of sight of some-known point of 
land, or other object on shore, the distance and bearing of 
that object is found, and thus a first course and distance 
obtained. This is called taking a departure. It is a 
common practice to observe the by compass, and 
to estimate the distance by guess ; and experienced navi- 
gators can, in this way, come pretty near the truth: but 
as our object is to.describe the most accurate methods of 
performing the various calculations of Navigation, we 
shall devote a short article to the more correct way of 
taking a departure, which is by observing two bearings 
of the object, and measuring, by the log, the distance 
sailed by the ship in ie oi between the rage 
tions. solution of an oblique-angled en e wi 
thus become necessary, as in the following example. 


Examples. 

1. In sailing down the Channel the Eddystone Light- 
Fig. 21, house bore N.W., and after running 
cy W. 8S. 8 miles, it bore N.N.E. Re- 
¥ N qnired the ship’s course and distance 
Hive the Bddystonn oh the last place of 
r i ta Spinel Gligeets (Pie. 20) 
the annex: iagram, . 21), A 
represents the first position of the ship, 
A and B the lighth the bearing of 
which from that is, the angle of 
c NAB, is N.W., or 4 points. C is the 
second position of the ship; and the 
ee rons toe Pree that is, 
the angle N’C B, is N.N.E., or 2 points. 
Also the course of aoe os 

terim, that is, the angle SAO, is W. 
p g %., or 7 points. Hence the angle B AC 
* is 16 points—11 points + 5 points ; also, 
since the angle S A C=N’O A, we have B C A= 7 points 
—2 points=5 points. Consequently, gk. B is 16 
points 10 points = 6 points ; so that e triangle 
ABC are given AC=8, A=56° 15’, and B=67° 30, to 

find B C as follows :— 


As sin. B, 67° 30 Arith. Comp. . * “0344 
;sin, A501, =. « - (99198 
seep aw ilce cosy. 90st 
:OB= 72. 8573 


Consequently, the distance of the Eddystone from the 


* The Physical aphy of the Sea. By M.¥. Maury, LL.D. Lieut. 
U.S. Navy. 1855. te hag p- vi. f 


last place of observation is 7-2 miles ; and, as the course 
to the Eddystone is N.N.E., the course from the Eddy- 
stone to the place of the ship must be 8.S.W., the 
opposite point, 

As the triangle BC A, in this example, happens to be 
isosceles, the angle at A and O being eqnal, a perpen- 
dicular upon A C from B will bisect AC, so that we 
shall have 

C B=4 sec. 56° 15’=4 ~ cos. 56° 15’; 
that is, CB=4+'556=7'2, cos, 56°15’'='5,5,6)4 (7-2 
asin the margin. And this 389 
is an easier way of finding - 
the distance than that ex- 11 
hibited above; but when, 11 
as is usual, the triangle is scalene, the operation by 
logarithms, as in the specimen above, is to be preferred. 

2. Sailing down the Channel the Eddystone bore 
N.W. 6 N., and after running W.S.W. 18 miles, it bore 
N.bE.: required the course and distance from the Ed- 
dystone to both stations. 

Ans. Course, 8.E.bS. Distance, 21:2 miles from the 
first oS Raed Course, 8. b W. Distance, 25 miles from 
seco! 

3. Coasting along shore, a headland bore N.E. BN. ; 
then ‘having rom if mile K. b.37, the handled, lies 
W.N.W. uired the distance from the headland at 
each time of observation, 

Ans. First distance, 8} miles ; second, 10°8 miles. 

4. Two ships sail at the same time from one port; one 
sails E.S.E., and the other 8.S.E. Required their bear- 
ing and distance when each has run 37} miles, 

Bearing from first ship, N. 45° E. Distance, 28-7 miles. 

Great Crecie Samminc—SHorteninG or Passaces.— 
The great object of the navigator is to reach the port he 
intends to make by the shortest route, The path de- 
scribed by a ship, sailing on what is called a direct course 
from one place to another, is not the shortest path, unless 
the ship sail either on the equator or ona meridian. The 
oblique spiral track, or rhumb-line, of a’ ship, sailing in 
any other direction, exceeds the are of the great circle, 
joining the two p' by an amount that becomes more 
and more considerable as the distance increases, The 
shortest distance between any two points on the globe is 
the are of the great circle between them ; for the curva- 
vated bent is less than that of any i aentetne 
on the from point to point, anc ‘ 
proaches more nearly to a straight line. nya. 

If, therefore, a ship could sail noone ey nee ate 
a great — voyages might, in general, be considerably 
shortened. Buta great circle cuts all the meridians.it 
crosses in different angles; so that to, keep on.such a 
ee ey be be Hy varying. The 
practical impossibility of ¢ ing the. course. every in- 
stant, renders Great Circle Sailing —strictl speaking—a 
matter of mere theoretical speculation. advan- 
tage, however; has been found to arise from dividing the 
great 
porti 


—_— 


circle path, from one place to, another; into short 

rtions, or stages, and to reach these .in,suceession by 
the ordinary methods of sailing. A\ship,making these 
several stages, though never actually. moving on the great, 
circle, always keeps so closely in its ngighbourhood as.to) 
be a iderable gainer, in poinj;of time, in: a long; 


voyage. 

Mr. Towson, of Devonpo as. heen at the pains of 
constructing tables, by w the, proper successive 
courses, necessary to cause the entire, track of the shi 
to approximate 4s closely as conveniently,practicable, ta, 
the great circle path, may be found ; they are.published) 
by the Admiralty, under the title of Tables to, Facilitate 
the Practice of Great Circle Sailing. We can do no, 
more than allude to them here, and recommend them ta. 
the notice of the practical seaman, 

‘But, without the aid of tables, a twelve or- eighteen- 
inch globe would be of service in suggesting how to shape 
thé different courses : a line stretched from one. point ta, 
another, on such a globe, would show the circle, 
track between them. If a brass, circular rim, two_ or, 
three inches in diameter, made to lie close to the surface, 
of the globe, were diyided, like a compass-card, and if 
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bo: with a of thread, | that the naw like the backwoodsman in the wilder- 

aca the tag res Hnegie BoE yarht be opptied ness, is enabled literally ‘to blaze his way’ across the 
; and. 


only metallic diameter it need to bave—be made to 
coincide with the meridian of the place under the centre 
of the instrument. obey this i a 

igh haps, be tarned to tical account in long 
pa But, to give perfection _to the a 


of the Sailing i and 7) 

Wind and Charts, by Lieutenant Maury, are 
of the t use, The winds blow and the currents 
run in all of the ocean. ‘These control the 
mariner in his course ; and to know how to steer his 
ship on this or that voyage, so as always to make the 
most of them, is the perfection of navigation. When 
one looks seaward from nee ee ee finn a ship dis- 

in the horizon as she gai © offing, on a vo: 

te indi India, or the antipodes, echani, the common idea is 
that she is bound over a trackless waste ; and the chances 


of another mn we with the same destination the | J 


next day, or next week, coming up and speaking 
with her on the * pathless ocean,’ would, to most minds, 


seom slender indeed. Yet the truth is, the winds and 
the currents are now becoming to be so well understood, 


We here terminate pay Sere of the Princi 
of Navicatron, in so far as these are independent of as- 
tronomical observations. What has hitherto been taught, 
the learner will remember, concerns only what is 
the dead-reckoning, which is generally affected with 
errors, more or less, on account of the practical difficulty 
of measuring course and distance with strict precision, as 
well as on account of disturbing causes, either operating 
unseen, or, where observed, but imperfectly estimated. 
It is the business of Nautical Astronomy to rectify 
unavoidable defects, to adjust the place of the ship, 
from time to time, to its true tion, and thus to 
enable the mariner to take, as it were, a new depar- 
ture, and start afresh upon each successive stage of his 
our 


journey. 

As an introduction to this important branch of 
subject, we shall treat, in the next chapter, on the rotation 
of the earth, agreeable to our promise at page 1049. 

* Maury’s Physical Geography of the Sea, p. 262. (1855.) 
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[The following Tables of Differences of Latitude and Departu 


re have been frequently referred to in the 


previous pages. hey are given for each degree, and quarter-point of the Compass.—Eb. } 

A TABLE of Difference of Latitude and Departure to every Degree and Quarter-point of the Compass, 
Cour. Dist. 1. | Dist. 2. Dist. 3. Dist, 4, Dist. 5. Dist. 6. | Cour 
Pts. |D.| Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep.| Lat. | Dep |D. Pts. 
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4 ; 990 85 | 86 
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; ; , 4.945 1/0 
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11 | 0,9816 | 0, 1908 | 1,9633 | 0,3816 | 219449 | 0,5724 |3,9265 | 0,7632 | 4, 9081 | 0,9540 | 5,8898 | 1,1449 | 79 
* | 12/o'orei |o'2079| 9008 (0-458 | aoees | orozar (sexe | oreste| ¢euo7| ove | Seese| Cakre | 78] 

malostron acne easel anes | Pesos | eees ramee | Seer Lean ooeal Pete eee 

; é 725 0, 8515] 1 5,821 15|76 
+2 |g esi tana Se || Se (Se |G eat Seer | 4 
’ ’ 5 ? > ’ ’ 4, 1, 1, 75 

16 | 0,9613 |0,2756 | 1,9225 | 0,5513 | 2.8838 | 0,8269 |3,8450 | 1.1025 | 4.8063 | 1,3782| 9/7676) 1.6538 |74 
1.4 | _ |0,9569 0,2903 | 1,9139 0,5806 | 2,8708 | 0,8709 |3,8278 | 1,1611 | 4,7847| 1,4514|5,7416|1,7417| | 6.4 

18] 0/9013 |0/3000 |L'0021 [orei89 | a'eesa | o'oert |Sreoas | taser |avons| rece | e'yoee | aroeat ies 

19 | 0,9455 | 0,3256 | 1.8910 0,6511 | 2,8366 | 0,9767 |3,7821 | 1.3023 | 4.7276 | 1,6278| 5,6731 | 1.9534 71 
- 20 Oosey 03490 Tere retin e819 10361 S588 13681 peel C7101 Besee Scent 7 St 

t 1 0521 | 70 

21 | 0,9336 | 0,3584| 18672 |0,7167 | 2) 1,0751 | 3,7343 | 1,4335 too79 1,7918 | 5,6015 21003 69 

22 0,9272 |0,3746 | 1,8544 | 0,7492 | 27816 | 1,1238 |3,7087 | 1,4984| 4,6359 | 1,8730| 5,5631 | 2.2476 | 68 
2. | |0,9239 |0,3827 | 18478 |0,7654 | 2716 | 151480 |3/6955 | 175307 |4’6194| 179134| 5.5433 2'2961| | 6. 
Pts, |D.| Dep. | Lat. | Dep. | Lat. | Dep. | Lat. | Dep.| Lat. | Dep. | Lat, | Dep. | Lat. |D.| Pts 
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[ROTATION OF THE BARTH, 


CHAPTER IIL 
NAUTICAL ASTRONOMY. 


Ow tae Rotation or tHe Earta.—The common 
arguments in support of the doctrine that the earth has 
a diurnal rotation about one of its diameters, give to 
that doctrine a degree of probability, so nearly approach- 
ing to absolute certainty, that the mind readily acquiesces 
in the reality of the phenomenon. Since the time of 
Copernicus, the evidence for the earth’s rotation has 
been continually increasing ; but still this evidence is 
not of that direct and positive kind that is necessary to 
ive to it the character of demonstration. All the other 
hitherto.discovered planets of our system revolve on 
their axes, and, as might be expected as a consequence 
of this revolution, those of them upon which the exami- 
nation can be made are seen to be flattened at their 
les. It is probable, therefore, that the planet we 
inhabit also revolves on an axis; if so, it too may be 
expected to be flattened at its poles. Whether or not 
this is the case can be actually ascertained by experi- 
ments : these have been undertaken and repeated, agai 
and again, with the greatest care, and by independent 
and widely different means: the results all show that 
the earth is flattened at the poles. There is thus a very 
high degree of probability that the earth rotates; and 
this is further increased by the fact that all the pheno- 
mena of the heavens are completely consistent with the 
hypothesis of such a rotation; that it is, moreover, the 
simplest hypothesis upon which the celestial appearances 
can be explained ; and that to attempt to account for 
them on any other bypothesis, involves the system of the 
universe in such intricacy and extreme complication, that, 
judging from all the other operations-of nature, we 
cannot bring ourselves to sup that such complex 
machinery should really be the ‘‘ handiwork” of an all- 
wise Creator, when means so immeasurably simpler 
resented themselves, of bringing about the same ends. 
He can scarcely be charged to the King Alphonso, as a 
sentiment of impiety, when he exclaimed, in reference to 
the confused astronomical systems of the ancients—‘‘ If 
Ihad been the Almighty’s counsellor when he framed 
the universe, I would have advised him better.” 

But, notwithstanding all this, a sensible or experi- 
mental proof that the earth rotates was still wanting: 
its general figure, as already declared (page 1049), can 
be experimentally discovered: its superficial rotundity 
ean be seen. It is very desirable that we should have 
the same ocular evidence of its rotation. A profound 
writer on Physical Astronomy has observed — ‘t We 
must, however, be content, at present, to take for 

ted the truth of the hypothesis of the earth’s rotation. 

it continue to explain, simply and satisfactorily, other 

astronomical phenomena than those already noted, the 

probability of its being a true hypothesis will go on 
increasing. ’ 

**We shall never, indeed, arrive at a term when we 
shall be able to pronounce it absolutely proved to be true. 
The nature of the subject excludes’ such a possibility.” 

This prediction of Professor Woodhouse has been 
falsified: we can now obtain sensible evidence of the 
rotation of the earth. 

The idea of proving this interesting phenomenon to 
the senses occurred a few years ago to M, Foucault, of 
Paris: it was suggested to him by accidentally observin 
the motion of a weight suspended by a string to a high 
cejling, and which, by chance, had been set vibrating. 
Most of our readers must remember the sensation pro- 
duced in the scientific world, in the spring of 1851, by 
the remarkable Penputum Exrsniaenr of Foucault, 
We here propose to submit to them, without going into 
any minute mathematical details, what appears to us to 
be a conclusive and satisfactory explanation of the 
manner in which this experiment renders the rotation of 


the earth a matter of personal observation; but as we 
write chiefly for the young, and for those who may be 
supposed to be but little habituated to scientific gare 
we shall previously offer to their attention a few 
remarks in reference to what may be called he ee 
great postulates of astronomy ; these are the rotation of 
the earth, and the hypothesis of gravitation. 

We speak of gravitation as a physical hypothesis: it is 
not, like a proposition in Geometry, a necessary truth ; 
nor is it an observed fact recognisable by our senses. 


a regularity of succession, and a mutual dependence, 
that suggest the idea of a connecting pelaohis. and a 
governing law. The phenomena are seen, their proxi- 
mate cause is inferred. The Depot looks i 
upon nature, and carefully studies the facts presented to 
him, the order of their recurrence, and the measure of 
their intensities ; he retires to his closet, and endeavours 
to frame a law, of which, the a) ces he has been 
rien grey be Bp sare . Laer yet 
tion, is is an hypothesis, ypothesis, therefore, 
need not be more than co-extensive with the phenomena 
actually observed ; but it is a strong confirmation of the 
soundness of an hypothesis when it is found that new 
and unex phenomena are equally comprehended 
in it, and a stronger confirmation still, when such 
phenomena can actually be predicted. The two 
fundamental hypotheses of Astronomy—the rotation 
of the earth, and the law of gravitation—have this 
character in the oe degree ; every new discovery in 
the science has only the more firmly established the 
truth of both, 

The learner will perceive that we could not, with any 
propriety, speak in this way of the truths of geometry : 
they are quite independent of the confirmations of expe- 
rience, and hence the marked difference between physi 
and geometrical science, When Dr. Halley had predi 
the return of the comet of 1682 in 1759, and Clairault 
had computed, from the hypothesis of gravitation, the 
time when it ought to appear, its return was watched for 
by astronomers with the test interest—not from an 
anxiety to see the comet, but to learn how the hypo 
of gravitation would stand so severe a test; and the 
reappearance of the same comet, in 1835, was anti- 
cipated with like interest, solely in reference to the 
planetary attractions—that is, to the general theory of 
gravitation. 

“The rude supposition of the uniform revolution of 
the moon in a circle about the earth as a centre, led 
Newton at once to the true law of bale y, as extending 
from the earth to its companion. The uniform circular 
motions of the planets about the sun, in times following 
the progression assigned by observation in Kepler’s rule, 
confirmed the law, and extended its influence to the 
boundaries of our system, Everything more refined than 
this—the elliptic motions of the planets and satellites— 
their mutual urbations—the slow changes of their 
orbits and motions, denominated secular variations—the 
deviation of their res from the spherical form—the 
oscillatory motions of their axes, which produce nutation 
and precession of the equinoxes—the theory of the tides, 
both of the ocean and the atmosphere—have all in 
succession been so many trials for life and death, in which 
this law has been, as it were, pitted against nature; 
trials, whose event no human foresight could predict, 
and where it was impossible even to conjecture what 
modifications it might be found to need. Even at this 
moment, if, among the innumerable inequalities of the 
lunar or planetary motions, any one, however small, 
should be discovered decidedly not explicable on the 
hypothesis of a force varying as the inverse square of 
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the distance, that hypothesis must be modified till it direction would remain undisturbed, and the line would 


accounts for it.”* 

From these statements the student will perceive that 
one of the two fundamental hypotheses of astronomy-— 
the hypothesis of gravitation—is not irrefragably estab- 
lished like a proposition in Euclid ; nor is it a truth set 
at rest, once and for ever, by observation and experi- 
ment. Indeed, no physical truth can be regarded as thus 
unalterably fixed, like a necessary truth of geometry. 
The laws of nature may change ; the supposition of such 
a change would involve no such absurdity as that which 
would be implied in the supposition that the three angles 
of a Sar capa ever exceed or fall short of two right 
angles. is truth would remain undisturbed, however 
the properties of matter might be modified, and even 
though matter were to be altogether annihilated. It is 
obvious that we reckon upon the continuance of the 
properties of matter, and the return of natural pheno- 
mena, only to the extent to which we reckon upon the 

ence of the existing natural laws. And Laplace, 
in extension of this idea, has even calculated the proba- 
bility that the sun will not rise to-morrow. 

But, assuming the unchangeableness of nature’s laws, 
we are authorised in regarding certain of its phenomena 
as unalterable truths. For instance, if the planet we 
inhabit is clearly ascertained now to be a round body, we 
conclude that it will remain round as long as it lasts. If 
it be as clearly seen to rotate, we conclude, in like man- 
ner, that it will always rotate fits rotation ceases then 
to be an hypothesis—it becomes an observed fact, the 
evidence for the truth of which is not increased by the 
confirmations of future experience, nor by its satisfac- 
torily accounting for ‘whatever phenomena may be re- 
‘ferred to such rotation. It is a matter of some impor- 
tance, therefore, that the rotation of the earth is taken 
out of the category of hypothesis, and classed among 
observed physical truths, as we now proceed to show. 

Fovcavtr’s Penputum Exrrrtment.—Let the reader 
conceive before him a circular table, upon which, passing 
through its centre, the meridian line is drawn. If the 
earth have no rotation about an axis, this line can never 
change its direction ; if it do rotate, the direction must 


continually vary, except the place of observation be at 
the equator : this will readily appear from the following 
considerations. 


Let our horizontal meridian line be indefinitely ex- 
tended ; we shall thus have an indefinite straight line, in 
the plane of the terrestrial meridian, and touching the 
surface of the earth, the point of contact being the centre 
of the table ;—we may, of course, regard the table-top as 
lying horizontally on the ground. 

For any place of observation between the equator and 
the pole, it is obvious that if the earth turned round its 
axis, this tai t line will, in one complete rotation, 
describe a conical surface enveloping the globe ; and, as 
the vertex of the cone is necessarily at a finite distance, 
the line which generates its surface—thus always pointing 
to a fixed determinate point (the vertex)—must con- 
tinnally change its direction, which, however, it cannot 
do if t be at rest. 

But if the place of observation be at the equator, what, 
in the case just considered, is a conical surface, would 


evidently be a cylindrical surface ; the straight line gene- | 
el to itself, and, ! 


rating it would thus always be 
therefore, though the earth should really rotate, there 
would be no more change of direction in the meridian 
line than if it were at rest. 

If, however, the centre of the table were directly over 
the pole, then, taking any diameter of the table for a 
meridian line, the changes in its direction—if the earth 
rotate—would clearly be more rapid and more consider- 
able; it would pass through a revolution of 360° for 
every a te rotation, and the surface described by the 
line would be a plane surface. 

Tt is thus easy to see what must necessarily happen, as 
to the direction of the horizontal ineridian, if the earth 
lave any rotation about its axis. At the equator, the 


ice sical Astronomy,” in the Encyclopedia Metropolitana, by Sir J. 
F. W. Horschels p- 648, = ae ie 


| generate a cylindrical surface ; at a small distance from 


the equator, the cylinder would become a cone, and the 
direction of the line would regularly, but only slightly © 
change. At a greater distance from the equator the cone 
would differ more palpably from the cylinder, and the 
angular deviation of the line—always directed to the 
vertex of the cone—would be more considerable. As the 
place of observation approaches the pole, the cone would, 
as it were, widen out more and more, the deviation of 
the line wauld become greater and greater, in a given 
time, till at length, when the pole is reached, the cone 
would spread into a plane, and the change of direction 
would be the greatest possible. 

The reader will find it of much assistance, towards 
clearly apprehending what is to follow, if he keep con- 
stantly before his mind the idea of the enveloping cones. 
Every parallel of altitude is to be regarded as the circle 
of contact of a cone, the apex of which becomes less and 
less remote as the parallel approaches the pole ; we shall 
call the cone adapted to any particular parallel, the cone 
of latitude of that parallel—a designation which is suffi- 
ciently significant. The extreme cases of the cone of 
latitude are the cylinder and the plane—the former be- 
longs to the equator, the latter to the pole ; the angle of 
the former is 0, that of the latter 180°, The straight 
line from a point of contact to the vertex of the cone, is 
the horizontal meridian of that point of contact. The 
imaginary cone, of course, rotates with the earth, if the 
latter rotate, but not else ; and the axis of the earth is, 
when prolonged, also the axis of the cone. All this is 
obvious. 

Let now P (Fig. 22), be the centre of the circular top 
of the table, P P’ half its meridional diameter, N S the 

axis of the carth, 
— prolonged to meet 
the vertex of the 
cone of latitude in 
N. The angle N 
will be equal to the 
latitude of the point 
of contact P;_ be- 
cause, if a line P C be drawn from P to the centre of the 
earth, the angie P CN will evidently be the complement 
of the latitude; consequently, since N PC is a right 
angle, the angle N is the latitude. 

er the point P, let now the bob of a pendulum freely 
h the loam the wire or cord by which it is sus- 
pended the better; but it must be so attached to the 
support above, as to be equally free to vibrate in any 
direction. Let the pendulum be made to vibrate in the 
direction of the meridian line N P’; and, if the earth 
rotate, let us try to anticipate the phenomena that will 
be presented to us. : 

e point P immediately under the bob, at rest, must 
rotate slower than the points in the meridian line more 
remote from the apex of the cone; so that, as the bob 
sweeps over these points, they must keep Pe in 
advance of it, that is, towards the east, if P be in the 
north latitude, as here supposed. The rate of rotation 
of the bob round the cone must be the same whether it 
oscillate or not; because the fact of its oscillating cannot 
interfere with any motion of revolution round the cone 
it may have had, when hanging freely. We see, there- 
fore, that the path of the pendulum, that is, its line of 
vibration, must appear to be ually receding from the 
meridian line P bP’ towards the west, making with P P’ 
an angle of deviation, which increases at every oscilla- 
tion. 

Actual experiment fully justifies these anticipations : 
the deviation of the track of the bob is seen to be in com- 

lete accordance with them ; and although, in the fol- 
lowing mathematical investigation of the exact amount 
of deviation in a given latitude and in a given time, 
allowance must be made for mechanical imperfections, 
and for the accidental impulse to the right or left com- 
municated to the bob by the hand in giving the initial 
impulse, and which will, give rise to what is called an 
apsidal motion, yet, with only very ordinary care, the 
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| natural tendency of the pendulum sufficiently overrules 
| these hindrances to er the deviation of its path 
towards the west —— A ay ey and always accumula- 
tive.* The rotation earth from west to east is the 
ouly way of accounting for this apparent deviation of the 

of the bob ; what we really see is the motion of the 
fine PP’, receding from the track of the bob, with an 
angular movement about the centre P, towards the east. 
If the pendulum can be kept swinging sufliciently long, it 
is plain that, as the angular deviation is always accumu- 
lative, a time will come when it shall have ibed a 
complete revolution, or 360°; or, to 8 more accu- 

ly, when the radius P P’ of the table shall have re- 
volved completely round. Let us seek to determine this 
time. 

Tore iy waice rae Merrpran Live compress A Re- 
youutTion.—As the absolute direction of the oscillations 
remains invariable, it follows that, when the cone of 
latitude has turned through any angle, the original hori- 
zontal line must have turned through an equal angle,; so 
that, when the cone has made a complete revolution, the 
deviation of the path of the bob, from the horizontal line, 
amounts to an angle equal to the plane angle given by 
developing the conical angle.+ This, it is obvious, can 
never amount to so much as 360°, or a complete revolu- 
tion of the table, except when the bob is suspended over 
one of the poles of the earth, the conic surface then be- 
coming a plane, tangential to the sphere of the pole. 
Proceeding from this extreme limit towards the equator, 
the angle of the cone becomes less and less, till, on reach- 
ing the equator, it vanishes altogether,’ as before re- 
marked ; the cone then becomes a cylinder, and no 
deviation can take A acy 

It thus appears the angle of deviation in any time, 
at any place, is a plane angle exactly equal to the deve- 
lopment of the corresponding conical angle, turned 
through in that time by the rotation of the cone of lati- 
tude. It remains to be ascertained what part this angle 
of deviation is of a complete rotation, or 360°. In other 
words, we have to ascertain what part of 360° the 
developed angle at the apex of the cone of latitude 
amounts to. 

Conceive an upright cone, unconnected with the globe, 
and from its apex let any two straight lines be drawn 
along the slant side, intercepting an arc of the base ; this 
arc will measure a certain angle at the centre of the base. 
Measure from the apex along either of the two lines 
drawn from it, a length equal to the radius of the base, 
and deseribe with this length, as radius, a circular are, 
limited by the two ight lines on the cone ; this are 
will evidently measure the conic angle ; it will therefore 
| be to the corresponding are of the base, as the angle at 

the apex to the corresponding angle at the centre of the 
base ; but the developed ares are also to one another as 
their di from the apex: for these distances are 
their radii. Hence, the conic angle is to the correspond- 
| ing plane angle—or angle at the base on the horizontal 
ee the radius of the base of the cone to the 

length of the slant side; that is, as the sine of half the 
plane angle of the cone to unity. Consequently, the 
whole conic angle is to 360° as the sine of half the plane 
angle of the cone—that is, as the sine of the latitude is 
to unity. Hence, from what ix shown above, the angle 
of deviation, or of the path of the bob, in one entire ro- 
tation of the earth, is to 860° as the sine of the latitude 
is to unity. The time of this rotation is 24 hours; con- 


* In the experiment as performed at the Royal Institution of Great Bri- 
pan ey age hig Ee gh fpme barge the bob was drawn out of 
the vertical by a silken thread, the end of which was fastened to a in 
{3 floor a fame was then applied to the thread, and the ball st q 

hor 6 4 a 


first w 
yeeros Gi, ie suspending wire, nearly twenty feet in length, was of 
ifferent ee eee res meviared sa tet he Oa ate 


be observed by the reader 
bet angle. The angle of the 
cone is the plane angle of the isosceles le, which the sec of the 
cone through its axis presents; the angle is the angle at the 
Vertex, formed by the surface of the cone; if this surface be cnt along the 
line which may be conceived to generate it, and then the surface 

or unfolded into a plane, the conical angle will become an 


sequently, 24 hours divided by the sine of the latitude, 
is the time in which the path of the pendulum makes a 
complete revolution in that latitude. Thus, 


the deviation to be 360°, we have—the angle of polation *|| 


of the earth in any time being x— 


angle of deviation 
7? angle of rotation 


350 = 2 sin. lat., . t= = Tag? im degrees, 


Set ace 24 hours 
oe Bin. Tat. 


And all the more carefally conducted iments 
tify this result, within those limits of difference that 

may reasonably be attributed to the disturbing causes 
adverted to above. 

We have further obtained, from a few simple 
ppt tah cag the following interesting proposition, 
namely ;— 

The length of the are of the rim of the table, subtend- 
ing the angle of deviation at its centre, which a pendulum 
oscillating over it makes during one rotation of the earth, 
is exactly equal to the difference between the parallel of 
latitude described by that centre, and the parallel de- 
rr ca ac the extremity P’ of the meridional diameter of 

e table. 

Draw Pe (Fig. 22), P’c’ pel bart aor upon the axis 
of the earth, and P D parallel to the axis NS. It has 
been proved above that the angle of deviation in one 
revolution of the earth is 


» in time. 


360° sin, N = 360°C = so0r FB 


This angle, multiplied by the radius P P” of the table, 
and by 3°1416, and the product divided by 180°, is the 
arc of the rim of the table subtending it ; that is, the 
measure of this arc is 2 P’ D x 3/1416. But twice P’D 
is the difference between the diameters of the two paral- 
lels described by P and P’. Hence the are that measures 
the angle of deviation in one rotation of the earth, is 
equal to the difference between the two circumferences 
described by P and P’. And the are of deviation, due 
to any portion of a complete rotation of the earth, is 
equal to the difference between the two portions of 
parallels described by P and P’, 
~ The same conclusion may be obtained by aid of con- 
siderations still more simple. It is plain that the dif- 
ference between the circumferences of any two equidis- 
tant circles on the surface of a cone is always the same ; 
hence, if a circle be described about the apex, with a 
radius equal to P P’, the circumference of it will be equal 
to the difference between the two circumferences de- 


scribed by Pand P’. But this same circumference, when | 


the cone is developed, is the are of deviation, on the 
table, due to a complete rotation of the earth: hence, 
this arc must be equal to the difference between the two 
parallels descri by P and P'in a complete rota- 
tion. 

It thus appears, not only that the pendulum 
ment affords ocular demonstration of the rotation of the 
earth, but that it moreover exhibits to us the 
velocity, in linear measure, with which the point P’ pro- 
ceeds in advance of P. It is the velocity with which the 
arc of deviation increases. 

If the length of this arc, described in any interval of 
time, be measured, we may readily deduce the are that 
would be described in a complete rotation of the earth. 
If the length of this are be taken for the circumference 
of an entire circle, the diameter of that circle may be 
inferred ; this diameter, applied as a chord to the 
of deviation, will subtend an are of it, the d and 
minutes of which will be double the latitude of the place. 
And thus we may conceive it possible that a person, 
conveyed to a dungeon in some unknown part of the 
world, with a piece of string and a wi at hand, a 
form an estimate of the latitude of his position. 
following diagram shows the method of trying the 
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experiment. The path of the bob is between the points 
aa (Fig. 23):— 


Fig. 23, 


to the south of that line : the cause of this is, at present, 
unexplained. It is no doubt connected with some great 


(caer hepa pelea ericr a elienenamet ctl 
The ’ 


greater than the velocity of P at the foot 
vertical ; and this velocity it will preserve through- 
descent, which, from the nature of the gravity, 
a verti e through PC, C being the 
. Now the point P, at the foot of 
— line, _— rhage lane, ae the 

uring the descent : it always keeps 
plane through Pe, Seabeiidalen to the axis 
acircle whose radius is ¢P on 
of] 


ae 
a 


i 
: 


rapid 
east, 


i 
E 


towards the south; it was the foot of the 
point P—that had receded towards the 


experiments prove, in the most satisfactory 


all 


7. 


that the earth really rotates on its axis ; we are 


: 
r 


made sensible of this rotation in other ways also. ‘It 
is well known to engineers, that when railway carriages 
are going north, their tendency is to run off the rails on 
the east side ; but when the train is going south, their 
tendency is to run off on the west side of the track ; that 
is, always on the right hand.”* In the former case, the 
train, at starting, is moving eastward with a velocity 
than that with which any more northerly point 
of the track moves; and in the latter case, it is 
moving more slowly towards the east than any more 
southerly point of the track, and hence the uniform 
tendency to escape the confinement of the rails towards 
the right.+ 
EXxPLaNAtion oF Terms IN Navrtican AsTroNomMy.— 
What are called the heavenly bodies, appear, to an ob- 
server on the earth, to occupy a surrounding spherical 
concavity, at the centre of which our planet is placed: 
the phenomena of their rising and setting are appearances 
which necessarily present themselves in consequence of 
the rotation of the earth about its axis. This apparent 
concavity is called the celestial sphere, and the imagi- 
nation traces upon it a variety of circles, us to 


those conceived to be traced on the terrestrial in ’ 


To assume, however, that what we. call the starry 
heavens is really a concave sphere, whose centre coincides 
with that of the earth; and, therefore, that all the 
celestial bodies situated in it are at equal distances from 
that centre, would be to oppose what is well known to 
be truth ; but the part of Astronomy with which we are 
at present concerned is occupied mainly with appearances, 
not with realities ; or, we should rather say, it is chiefly 
occupied with the consideration of those astronomical 
phenomena which are independent of actual distances, 
and which would equally present themselves were these 
distances other than what they are, or, as they all appear 
to be, the same. 

The learner will readily perceive how this assumption 
of a surrounding celestial sphere is perfectly consistent 
with correct deductions in certain departments of astro- 
nomy—all those de: ts, for instance, which rd 
only the angular distances of the stars from one another, 
or from the imaginary circles before alluded to. The 

distance of two objects—whether on the earth 
or in the heavens—is the angle formed at the eye of the 
observer by lines drawn to it from the objects observed. 
If one or both of these objects move nearer to the eye, 
along the line of vision, or recede further from it, it is 
plain that the angular distance of the two must remain 
the same ;—the objects cannot, in this way, increase or 
diminish their lar separation. The observer there- 
fore may, if Ha toed consider the linear distances of 
the two objects from his eye to be the same. 

Nautical Astronomy has a good deal to do with ob- 
servations of this kind—that is, with the measurement 
of angular distances, and but very little with linear dis- 
tances. ‘It would have nothing to do with linear dis- 
tances if the earth were really a point, or if observations 
were all carried on at the centre instead of on the sur- 
face ; but, as it is, the semi-diameter of the earthisa 
linear measure of which cognizance must be taken. 
simply because appearances—in reference to the sun an 
moon, but not in reference to the stars—are different at 
the surface, from what they would be at the centre, 
Hence, the angular distances are not exactly the same 
from the two points of observation. 

What is here said of distances applies equally to 
magnitudes. The linear diameters of the sun and moon 
are not matters of concernment in Nautical Astronomy, 
only their apparent diameters, the diameters (taken in 
angular measure) they would appear to have, to an ob- 
server at the centre of the earth. 

All observations made upon these two bodies, for the 
purpose of determining the latitude and longitude at sea, 
are reduced to what they would be if the place of 


* Maury’s Physical pen gh ed of the Sea, p. 89. 


whilst 


ment repeat 

opinion ; and we are ine’ to suggest, t of the pendulum 
experiment is more iy —Ep. 
. 6x 
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observation were the centre of the earth. As to the 
stars, it is found that observations on them, though 
made at the surface, would require no modification if 
made at the centre—the radius of the earth being a mere 
point in compari to their immense distance. We 
shall now define the principal circles of the celestial 
sphere. 

Pris —The axis of the heavens is the diameter of the 
celestial sphere, about which the apparent diurnal revo- 
lution of the celestial sphere takes place, and which, as 


we have seen, is dune to the real rotation of the earth. 
The axis of the heavens is, therefore, only the axis of the 
earth prolonged ; and the extremities of this axis—of 
course the imaginary extremities—are the poles of the 
heavens. 

uinoctial.—The celestial great circle, to the plane. of 
which the axis of the heavens is perpendicular, is called 
the equinoctial, or the celestial equator. It is out 
merely by extending the plane of the terrestrial equator 
to the heavens. 

Meridians.—The celestial meridians are, in like manner, 
marked out by extending the planes of the terrestri 
meridians ; or they are semicircles terminating in the 
poles of the heavens, and perpendicular to the equi- 
noctial. 

Zenith, Nadir.—The zenith is that point in tl.e heavens 
which is directly over the head of the spectator ; or, 
if a straight line be drawn from the centre of the earth 
to any spot on its surface, and then prolonged to the 
heavens, the point on the celestial sphere which it would 
mark out is the zenith of that spot. The same line con- 
tinued in the contrary direction would mark a point in 
| the celestial sphere called the nadir. These two points, 
therefore, in reference to any place on the earth, are at 
the extremities of that diameter of the celestial sphere 
which is perpendicular to the plane of the horizon of 
that place :—that is, they are the of the horizon. 

Vertical Circles. —Vertical circles of any place are 
those which pass through the zenith and nadir of that 
place ; they are all perpendicular to the horizon of that 
place. They are hence, also, called circles of altitude. 

The altitude of a celestial body is its distance above 
the horizon, measured on the vertical circle passing 
through the body. The complement of the altitude is 
the zenith distance. In the case of the sun and moon, 
the true altitude is measured from the rational horizon, 
and is alittle greater than the altitude measured from 
the sensible horizon. Im the case of the stars, as ob- 
served above, the difference in altitude is insensible, 
whichever horizon be referred to. 

The most important of all the vertical circles of any 
_ place is the meridian. When a celestial object is on the 

meridian, its altitude is the test which that object 
| can possibly have ; it is called the meridian-altitude of 
| the object. 
} 
| 


The vertical circle which cuts the meridian at right 
angles, and which, therefore, passes through the east and 
west points of the horizon, is distinguished next to 
the meridian. It is called the prime vertical. Whena 
celestial object arrives at the prime vertical, it is either 
due east or due west. - 

| Azimuth.—The azimuth of a celestial object is the are 
| of the horizon, comprehended between the meridian of 
| the observer and the vertical circle passing through the 
| object. The are of the horizon here spoken of is, of 
| course, the measure of the angle at the zenith, between 
| the meridian and the vertical, through the object. Ver- 
) tical circles are, sometimes, called azimuth circles. 

/ Amplitude.—Amplitude is also an arc of the horizon. 
It is the are comprised between the east point of the 
horizon and the point where the body rises, or between 
the west point and where it sets; the former are is 
ealled the a amplitude of the body, and the latter 
its setting amplitude. Azimuth is measured either from 
the north or south points of the horizon ; amplitude 
| either from the east or west. When we speak of the 
azimuth of a body, we refer merely to the azimuth of 
the vertical on which the body is, whatever its altitude 
on that vertical may bo ; when we speak of its amplitude, 


we refer ee e its position with respect to the 
east or west point e horizon at rising. or setting. 
_ Declination. —The declination of ® colential object is 


celestial sphere. 

Leap romemy yb oc aS the elevated pole is the 
polar distance of it. It is the complement of the decli- 
nation when the elevated pole and the object are both on 
the same side of the equinoctial ; but when they ave on 
ua sides the polar distance is the declination plus 
90°. The elevation of the pole above the rational horizon 
of any place is always equal to the latitude of that ve 
for the latitude is equal to the distance of the zenith 
the place from the equinoctial ; the distance between 
the zenith and the elevated pole is, therefore, the com- 
plement of the latitude, and it is equally the complement 
of the elevation of the pole above the rational horizon: 
this elevation, therefore, is equal to the latitude of the 

lace. Consequently, the depression of the equator 
low the horizon, or its elevation above the herizon, in 
the ck quarter, is the complement of the latitude, 
or, which is the same thing, the latitude is the measure 
of the ip fo which the horizon makes with the equator. 

The celestial circles now defined, have especial re- 
ference to the earth. The meridian and the equinoctial 
are merely extensions to the heavens of corresponding 
circles on the earth ; and the vertical circles, or perpen- 
diculars to the horizon, are imagined for the purpose of 
recording altitudes above the hori measured on the 
earth. But there are some circles peculiar to the celestial 
sphere ; the principal of these are the ecliptic, or the 
circle of celestial longitude and the perpendiculars to it— 
the circles of celestial latitude. 

The Ecliptic.—The ecliptic is the great circle described 
on the celestial sphere by the sun in its t aunual 
motion about the earth : in reality, it is the path of the 
earth about the sun in the contrary direction ; but, as 
already remarked, we are in this subject only concerned 
with the appearances. The ecliptic crosses the equinoc- 
tial at an angle subject to continuous but very small 
variation, determinable by observation. It is alwa: 
given, with the utmost attainable accuracy, in 
oo Almanac. The obliquity at present is about 

27 1 

The two ge where the ecliptic crosses the equinoc- 
tial are cal nee equinoctial Veen se sun, pon 
apparent annual course, passes through these points; 
the 21st of March and the 23rd of September; the 
former being the time of the vernal equinox, and the 
latter of the autumnal equinox: these names being given 
because the night is then equal to the day at all places 
where the sun rises and sets. This is obvious, 
any point in the equinoctial, by the diurnal rotation of 
the earth—or the apparent rotation of the heavens—is 
just as long below the horizon of any place as it is 


above it. 

Celestial i —The circle on which the longi- 
tude of any heavenly body is measured is the ecliptic, 
not the equinoctial; and as terrestrial longi is 
measured from a fixed point of the equator, the point 
(with ws) where the meridian of Greenwich crosses it, so 
celestial longitude is measured from a fixed point in the 
ecliptic—namely, the vernal equinoctial point, which is 
called the first point of the constellation Aries, 

As respects terrestrial longitude, the fixed point from 
which the reckoning commences is only fixed for A rap 
cular nations, each kingdom choosing its own: is 
some inconvenience. But, as respects celestial longitude, 
there is perfect uniformity of reckoning among astro- 
nomers ; and this reckonin e that for terrestrial 
longitude—is carried on in one direction round the celes. 
tial sphere; so that a body may have any longitudo 
short of 360°, 
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"The ecliptic is conceived to be divided into twelve equal 
a tc (be lt acotecey an are of 30°. 
The twelve signs have names and symbols follow- 


ing :— 
1. » Aries (The Ram). 9. ~ Sagittarius (The 
2. % Taurus (The Bull). Archer). 
3. m Gemini (The Twins). | 10. yp Capricornus (The 
4. @ Cancer (The Crab). Goat). 
5. Q Leo (The Lion). 11. s; Aquarius (The Wa- 
6. ny Virgo (The Virgin). ter-bearer). 
7. = Libra (The Balance). | 12. x Pisces (The Fishes). 
8. i Scorpio (The 

_ pion). 
The first six of these lines are to the north of the equi- | 
noctial, and the others to the south : they are also called | 
Signs of the Zodiac—the name given to a belt of the 
heavens 8° on each side of the ecliptic. 

Celestial Latitude.—As the ecliptic is the circle of 

i the iculars to it, that is, the great 


longitude, perpend 

dirdles through ‘the poles of the ecli ic, are the circles 
of latitude. The distance of a celestial object from 
the ecliptic, measured on one of these perpendiculars, is 
its latitude; it is north or south, according as the 


trial globe would be longitude and latitude, on the celes- 

tial globe are right ascension and declination—the first 

Sess of Aries being substituted for the meridian of 
reen wich... 

Great circles, all of which pass through the poles of 
any of the more important great circles of the sphere, 
are frequently called secondaries to the latter. This is a 
very convenient term : thus, vertical circles are secondaries 
to the horizon; meridians, or declination circles, are 
secondaries to the equinoctial ; and circles of celestial 
latitude are secondaries to the ecliptic. 

Ox Time.—The most important portion of time, in 
matters connected with nautical oases Ab the day 
and its subdivisions. There are several kinds of day 
referred to in astronomy ; but the period occupied by a 
single rotation of the earth, comprises, in each case, 
nearly the whole of the time so designated. «If the 
heavenly bodies were all fixed, and the earth had no pro- 

ive motion, but only its present diurnal rotation on 

its axis, all days would be alike as to length, since the 
diurnal rotation is always performed in the same time ; 
the interval between the departure from, and the return 
to, the meridian of any heavenly body would then be 
invariably the same. But, as the earth is continually 
ifting its place in its orbit, and that by an amount 
which is not uniform, the interval between two succes- 
sive passages of the sun over the meridian of any place 


s. variable. This interval is called an apparent solar 
Ye 

Ap; Time.—When the sun is on the meridian of 
any it is apparent noon at that place ; when it is in 


any other position, the angle between the meridian of the 
ase and that on which the sun is, is called the hour 
angle from noon at that place and instant ; this angle, 
converted into time, at the rate of 15° to an hour, is the 
ap it time at the place. 
ean Time.—As, on account of the inequality of the 
earth’s motion in its Pater tard ae day is continually 
varying in length, a day that is the average, or mean, of 
these variable days is fixed upon for civil reckoning ; and 
it is the length of such a mean day that is marked out 
be Bases Lhe Ip md hours of a common clock or watch. 
is length of time is called a mean solar day ; and any 


* The whole starry heavens have, however, a slow apparent movement, 


arising from a real motion of the earth distinct its rotation on its 
| axi-. pi ge pera op ener cng go pawn d a@ minute circle round the 


| 


the ecliptic in about 26,000 years; the effect is to cause the ap- 
Parent approuch 


of some sturs towards the pole, and the recession of 


time shown by a correct clock or watch is mean solar 
time, or simply mean time. At certain periods of the 
year the sun will thus arrive at the meridian before the 
clock points to XII.; and at other periods the clock will 
be in advance of the sun: the interval between the 
arrival of the index of the clock to XII., and of the sun 
to the meridian, is called the equation of time. It is 
given for every day in the year, at page 1 of the Nautical 
Almanac, for the meridian of Greenwich ; that is to say, 
when it is apparent noon at Greenwich, on any day of 
the year, the almanac shows the time to be added or 
subtracted to obtain the corresponding mean time at that 
meridian. 

Sidereal Time.—A sidereal day is the time occupied by 
one complete rotation of the earth on its axis. This 
interval is ascertained by observing the time elapsed 
between two successive passages of the same fixed star 
over the meridian. Such is the immense distance of the 
stars, that the earth’s change of place, from day to day, 
produces not the slightest effect upon their apparent 
positions, which are preserved the same as if the earth 
were at rest. Whatever star be observed, and whatever 
be the place of the earth in its orbit, it is uniformly 
found that the interval of two successive passages of the 
star over the meridian is invariable—namely, 23h. 56’ 4:09” 
of mean time.* 

Besides the three kinds of day here described, there is 
also the lunar day, which is the interval between two 
successive passages or transits of the moon over the 
meridian ; the average length of it is 24h. 54m. But 
navigators have nothing to do with lunar time; what 
they are-most concerned with are apparent time and 
mean time—the time that would be shown by a properly 
constructed sun-dial, and the time shown by a well- 
regulated chronometer. The time determined by obser- 
vations at sea, which is in general deduced from the sun’s 


‘hour-angle with the meridian of the place, is, of course, 


po genes time. It is turned into mean time by help of 
tlie table of the equation of time at page 1 of the 
Nautical Almanac—the phenomena, predicted in that 
im ¢ publication, for the use of seamen in finding 
the latitude aud longitude at sea, being recorded in mean 
time, just like the transactions of common life. 

But there is this difference between the civil and the 
astronomical mode of reckoning : the civil day reckons 
from twelve o’clock, at midnight, and the whole twenty- 
four hours is divided into two sets of twelve, the count- 
ing recommencing at twelve o’clock, noon ; but astro- 
nomers commence their day at noon, and count on 
through the twenty-four hours, from 0 hours up to 24 
hours, when another day i Consequently, the 
common or civil reckoning is always twelve hours in ad- 
vance of the astronomical reckoning, both reckonings 
being in reference to mean time: so that, to deduce the 
civil from the astronomical time at any instant, we have 
only to add twelve hours to the latter. For instance, 
Jan. 1, 15h. 35m., astronomical time, is Jan. 2, 3h. 35m., 
in the morning, civil time. 

It is indispensably necessary that the learner have 
clear conceptions of = nt and mean time : the former 
is at once ascertain pe abeicteton of the true sun’s 
hour-angle from the meridian ; the latter is not pointed 
out by nature, but is arbitrarily chosen for practical 
convenience : its measure is not ascertained immediately 
from observation, but computed from the actual phe- 
nomena, Astronomers conceive an imaginary sun, called 
the mean sun, to move uniformly in the equinoctial, and 
with a motion in right ascension exactly equal to the 
real sun’s mean or average motion in right ascension, so 
that the interval between two consecutive transits of the 
mean sun is a mean solar —— mean, that is, of all 
the variable solar days of yearof the true sun. It 
is the motion of this imaginary sun that is measured by 
a chronometer ; it completes every revolution in exactly 
twenty-four common hours ; the twenty-four hours com- 
others. Thus, the pole-star, as it is called, has, for many centuries, 
been getting nearer to the pole; it ie now about 1° 34’ from it: the star 
will continue its approach till within about 30’, and will then recede, 


The physical cause of the phenomena has been noticed in treating of the 
Precession and Nutation, in the previous section on y- 
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pleted by the real sun—which twenty-four hours is a 
variable interval—is the apparent solar day, The twenty- 
four hours completed in one revolution of a star is a 
fixed and invariable period ; and, as already remarked, 
is about 3m. 56s., mean time, less than a mean solar 
day. The sidereal day commences when the first point 
of Aries is on the meridian, and continues till its return. 

On THe Corrections TO BE APPLIED TO THE OBSERVED 
Avrirupes or Cerestiat Ossecrs.—The true altitude 
of a celestial object is the angular distance of it above 
the horizon of place of observation. It is of course 
measured (by a quadrant or sextant) in degrees and 
minutes, the altitude of the zenith being 90°. 

The altitude is estimated, not from the visible, but 
from the-sensible horizon of the observer ; and in the 
ease of the sun or moon it is measured up to the centre 
of the body. The observed altitude is the angular dis- 
tance of the visible horizon from the lower or upper 
limb of the body, so that a correction has to be made 
for the dip or depression of the horizon, and for the 
semi-diameter of the body. If the object be a star, then 
there is no correction for semi-diameter. These correc- 
tions being made, the result is called the apparent alti- 
tude of the body. 

Some other corrections are necesSary to obtain the true 
altitude from the apparent; these we shall speak of 
presently. 

Dir or Tue Horizon.—As the eye is always elevated 
above the surface of the sea, the visible horizon dips 
below the sensible horizon, and forms an angle with it. 
It is the amount of this angle which must be subtracted 
from the observed altitude, Let E (Fig. 24) be the 

Fig. 24. place of the observer's 
eye, and S the position 
of the celestial object 
whose altitude is to be 
found. The visible 
horizontal line is E H’ 
the true horizontal 
line E H ; the altitude 
of 8, as shown by the 
instrument, is the 
angle SEH’, instead 
of the angle SEH; 
the le HEH’, by 
which the latter angle 
is increased, is the dip 

» which must be sub- 
tracted from the observed altitude to give the apparent 
altitude S E H. ; 

The angle H EH’ is equal to the angle ©, since the 
angle CEB is the complement of each. The height, 

, of the eye being known, as also the radius CA of 
the earth, EB becomes known for EB?= ED x EA 
(Euclid, Prop. 36, Book III.), so that the amount of 
the angle of depression can always be found when the 
height of the eye above the surface is given. 

mes, inn r be put for the radius of the earth, and h 
for the height of the eye above its surface ; then, as just 
shown, 

EB? = (2r +h) h = 2rh, very nearly, 
the quantity h* being omitted as insignificant in relation 
to 2rh, Hence, because by right-angled triangles, sin. 


EB 
O= jq and since C being always very small—only a 
few minutes—the arc may be taken for its sine, we 


KC 
have 
2rh 2h 
+h 3 (very nearly) -~* 
which is the length of the arc (to radius 1) that measures 
the angle of the dip due to the height h. This length 
for ditferent values of h, is converted into minutes, and 
in this way the correction for dip is calculated for dif- 
Hg altitudes of the eye, and the results arranged in a 
e. 
Semi-ptameter.—The foregoing correction for the dip 


* This tin ly toa f 
ened unc a a fat che ep se? 


of the horizon having been ied to the altitude of the 
point observed, if this point be the uppermost or lower- 
most point of the dise of the sun or moon, a correction 


for the semi-diameter of the body must be applied in | 
order to obtain the ap t altitude of the centre. As | 
the measurements in resent subject are all angular 


ion here adverted to is the 
angle subtended at the eye, by the semi-diameter of the 
observed body. This angle, both for the sun and moon, 
is given in the Nautical Almanac, In the case of the 
moon, the diameter is seen under a greater angle as she 
approaches towards the zenith ; for at the zenith she is 
nearer to the observer than when she is in the horizon, 
by a semi-diameter of the earth ; and such is the com- 
tive nearness of the moon that this difference in her 
istance makes a sensible difference in her a it mag- 
nitude, The semi-diameter given in the i 
manac is the horizontal semi-diameter, or that under 
which she would be seen when in the horizon ; or, which 
is the same thing, it is the angle subtended by the semi- 
diameter at the centre of the earth. As this semi-diam- 
eter increases with her altitude, the increase being so 
much as one-sixtieth part of the whole when the moon is 
in zenith—for she is about sixty semi-diameters of 
the earth off—the amount of increase for any altitude is 
found by multiplying one-sixtieth of the moon’s linear 
eater ays we net the altitude ; ey - this 
way the table enti ugmentation ‘0on’s 
eae erred al Ales in or on of 
es, is constru : it supplies proper correction, 
to be ied additively to the horizonal semi-diameter, 
to obtain the semi-diameter at the given altitude. * 

On account of the great distance of the sun, the varia- 
tion of his semi-diameter, as he increases in altitude, is 
too minute to give any correction: it is practically 
insensible. 

The corrections for dip and semi-diameter being thus 
applied, the result is the apparent altitude of the centre. 
As to the stars, the only correction of the observed alti- 
tude of a star, to reduce it to the rag ae altitude, is 
the correction for dip. It remains to be shown how the 
true altitude is obtained from the apparent altitude : this 

uires two additional corrections—one for refraction, 
and the other for 

Rerraction.—The atmosphere which surrounds the 
earth is of variable vege the lower parts Lap com-_ 
pressed by the weight of the upper. A ray ight, 
therefore, from a celestial object passes a 
medium, which opposes some obstruction to its free 

the density of the medium i i 
advances from the upper to the lower 
Remowsbeney where it meets the 
This disturbance causes the ray to 


measurements, the co! 


direction of the object from which it proceeds—w 
direction is judged of by the last direction the ray tak 
and in which it enters the eye—thus appears to be dif- 
ferent from its true direction : the object always, except 
when in the zenith, seems higher than it really is. Con- 
uently, the correction for this refraction, as it is 
called, of the rays of light, like that for ig ig always 


subtractive. At the horizon it is greatest, for the rays 


acter ate bent pow ag: uely enter a 
re ing medium; w e@ upon it perpen- 
dicularly they are not bent at These facts are proved 
by many optical experiments.t : 

The refraction takes place entirely in the vertical 
pines for contiguous to this plane, to the right and 
eft, the medium being the same, there is nothing to 


divert it from its path either on one side or the other. 
Refraction, therefore, like dip, affects altitudes only, 
Tables for the co ding correction of the altitud: 
from the horizon tothe zenith, are given in all nauti 
Ln et Sot eee 
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collections: these, however, are computed for the mean 
state of the atmosphere ; and it must occur to the reader 
that, as this state is continually varying in certain lati- 
tudes, it becomes ni to modify the numbers in 
the table, when the true altitude of a celestial object is 
required with the utmost accuracy, by taking note of 
the actual-state of the atmosphere, as indicated by the 
thermometer and barometer. To the table of mean 
refractions a table of these corrections is generally 
annexed. When the latitude only of the ship is 
required, the correction of the mean refraction is_of 
com ively little consequence ; but, in determining 
the longitude by lunar observations, it is deserving of 
attention. 

When the corrections, now explained, are applied to 
the observed altitude of a celestial object, the result is 
the true altitude of it above the sensible horizon of thé 
observer ; and it now only remains to reduce this to the 
altitude above the 7ational horizon of the place, as if the 
object were observed from the centre of the earth, 
instead of from the point on its surface immediately 
above the centre. In the case of a star, the altitude 
would be the same, whether the observation be made on 
the surface or at the centre—the change of position 
being insensible in reference to objects so remote as the 
stars; but, for the sun and moon, especially for the 
latter, the angle subtended at the body by the radius of 
the earth, called its parallax in altitude, is of sensible 


amount. 
, 25) represent the place of the 


Paratiax.—Let 8 (Fig. 
celestial body observed from the surface of the earth at 
KE; the observed angle S E H, when corrected for dip, 


Fig. 25. 


semi-diameter, and 
refraction, will be the 
true altitude of the 
centre of S above the 
sensible horizon EH; 
and the angle S C R, 
will be the true alti- 


tude. If the body be 
in the sensible horizon, 
as at H, then the dif- 
ference spoken of will 
be the whole angle HC R: this is called horizontal 
parallax. For any other position of the body the 
parallax is iminishing as the object approaches 
the zenith, and vanishing at that elevation. Since 
Gacaling.do.elwagn tis angle subtended; tip. tho cont, 
‘ is always angle su iy semi- 
diameter of the earth at the object ; and since the true 
altitude above the rational horizon is 
SCR=SE’H=SEH+ESO, 
the correction for parallax in altitude must be applied 
additively to the true altitude above the sensible Shes, 
to obtain the true altitude above the rational horizon. 
The sun’s horizontal parallax is always about 9”; the 
moon’s horizontal varies considerably, and is 
her semi-diameter, for every noon 
3 of the Nautical Almanac, 


r tal lax being known, the 
parallax in altitude is easily found thus. Referring to 
the triangle S EC, we have the proportion 


SO: EC:: sin. SEC: ESO = Cc sin SEC; 


but sin. SEC = sin. SE Z = cos. SEH; andasE0, SC 
are constant, it follows that the sine of the ax in 
altitude varies as the cosine of the altitude ; that is, 
1: cos. alt. :: sin. hor. par. : sin, par. in alt. 
The being always a very small angle, it is 


parallax 
usual to substitute the seconds in the arc for the sine, so 
that we have, as above, 


par. in alt. in seconds = hor. par. in seconds xX cos. alt. 
And in this way the table for parallax in altitude is con- 
structed. 

We have now explained the n corrections for 
reducing the observed altitude of a celestial object to its 
true altitude, as seen from the centre of the earth. When 
the object is the sun or moon, these corrections are fuur 
in number—namely, for dip, semi-diameter, refraction, 
and parallax in altitude ; when it is a star, there are only 
two corrections—namely, those for dip and refraction. 
The Nautical Almanac furnishes the necessary iculars 
for the other two corrections when either the sun or 
moon is observed: the semi-diameter of the moon, as 
seen from the centre of the earth, is given for intervals 
of twelve hours throughout the year; its value for any 
intermediate time is to be found in ion, and it is 
“the same for the horizontal parallax. In the ‘‘ Explana- 
tion” which accompanies the Nautical Almanac, every 
needful information is given as to how values which 
vary continuously, may be determined for any proposed 
se, from the recorded values at stated intervals: 

us— 

To find the moon’s semi-diameter and_ horizontal 
arm at Gh. a.m. (that is, before noon) on Fe’ 

wa 1846, at a place 15°, or lh., to the east of Green- 
wich. 

The civil time at the place, expressed in mean astro- 
nomical time, is February 22nd, 18h., from which, sub- 
tracting lh., because the place is to the east of Green- 
wich,we have, February 22nd, 17h. for the corresponding 
time at Greenwich, or 5h. after midnight. ing 
from the semi-diameter given for midnight of the 22nd, 
we must compute the proportional part of the variation 
in 12 hours, due to the time pret viz., 5h. ; thus, the 
semi-diameter for midnight, or 12h. of the 22nd, is 
16’ 31”-6, and for the 23rd, at noon, or 24h., it is 
16’ 34”-7; the difference, 3”°1, is the variation in 12 
hours. Therefore, 

12h. : Sh. : : 3”-1.; 173, 
which added use the quantities are increasing) to 
16’ 31” 6, gives 16’ 32”-9 for the moon’s semi-diameter 
at the time pro: Similarly, the horizontal paral- 
lax at midnight of the 22nd, is 60’ 39”, and at noon of 
the 23rd, it is 60’ 50”°4; the difference 11”*4 is the 
variation in the 12 hours, which include the given time : 
therefore, 
12h. : 5h. :: 117-4: 47°75 or 4”°8, 

which added (because the quantities-are increasing) to 
60’ 39”, gives 60’ 43” 8 for the horizontal required. 
And if with this horizontal and the soparent 
altitude of the moon, we enter the table entitled ** Moon’s 
Parallax in Altitude,” we shall obtain the parallax in 
altitude. But in most nautical tables, the two correc- 
tions for refraction in altitude and parallax in altitude 
are combined, and the results tabulated under the head 
of ‘‘ Correction of the Moon’s Apparent Altitude,” and 
this is the preferable arrangement when the true altitude 
is to be deduced. : 

Besides the foregoing corrections for obtaining the 
true altitude of a celestial object from the observed 
altitude, the observed altitude itself generally requires a 
little correction for the known error of the instrument 
(quadrant or sextant) employed in taking the altitude. 
‘*Human hands, or machines, never formed a circle, 
drew a straight line, or erected a perpendicular 7* there 
are, in consequence, unavoidable departures from strict 
mathematical accuracy in all mechanical constructions. 
The shortcomings may be discovered and allowed for, 
though not Seclediod Sian as the gain or loss of a 
chronometer may be discovered, though to construct one, 
without gain or loss, be a practical impossibility. The 
index error—as it is usually called—of the instrument, 
is to be allowed for before any of the astronomical cor- 
rections are introduced; it is not constant, but varies 
with temperature. The following examples will sufli- 
ciently show how the several corrections are supplied. 

ixaMpie oF Correctine Aurirupes at Sea.—l, Sup- 


® Sir John Herschel’s Treatise on Astronomy. 


The refraction here taken from the table is that for 
the mean state of the atmosphere. If the height of the 
barometer and thermometer be observ the mean 
refraction may be corrected accordingly, by aid of a 
table usually placed beside that for the mean state of the 
atmosphere. 

2. observed altitude of the sun’s lower limb on a 
certain day was 16° 33', the height of the eye was 17 
feet, the index error was 3 additive ; the barometer stood 
at 29 inches, and the thermometer at 58°. Required the 
true altitude of the sun’s centre, his semi-diameter, as 

iven in the Nautical Almanac, for the day, being 
6’ 17". 


Observed alt. sun’s L. L. . 16° 33’ 0” 

Index error . > ° 5 +3’ O° 

16° 36’ Oo” 

TED Ta cst oe -4¥ 4 

A nt alt L.L.. : . 16° 31’ 56’ 
OP Ritreakin —3’ 10° 
Correction for barom.— = 7” 
» », therm. — 3° 

ee -3’ 20” 


True altitude of L. L. above 


sensible horizon . 5 - 16° 28’ 36” 
Semi-diameter (Naut. dim). + 16 17’ 
Parallax in altitude .  . +8" 

True alt. of sun’s centre . » £645" 3" 


The corrections for the barometer and thermometer 
being, as in this example, always very small, they are 
not attended to at sea when the latitude is the only thing 
to be determined, The error in the latitude arising 
from omitting these small quantities is too trifling to be 
of auy consequence. 

3. The observed altitude of the moon’s lower limb 
(index error allowed for) is 31° 18; the horizontal 
parallax, from the Nautical Almanac, 58 37°; semi- 
diameter, 15° 58"; and the height of the eye 16 feet. 
Required the true altitude of the moon’s centre. 


Observed alt. moon’s L.L. . > 31° 18’ 0” 
Di - — 350’ 
Semi-diam. 15’ 53” + em 
Augmentation 8” j et 36:' @ 
—_— = + 12’ 16” 
App. alt. moon’s centre . i 31° 30’ 16” 


Cor. for par. and ref. (hor. par. 58’ 37”, alt. 314°) + 48’ 26” 
32° 18’ 42” 


4, The observed altitude of the moon’s upper limb, 
corrected for index error, was 41° 25’; the horizon 
varallax, 55’ 40’; semi-diameter, 15’ 10°; and the 

of the eye, 15 feet. Required the true altitude of 
the mvon’s centre. 


True alt. moon's centre . . ° 
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the observed altitude of a star to be 47° 10’, the Observed alt, moon’s U. L. . > . 41° 25’ 0” 
Deight of the eye 18 feet, and the index error. of tbe in- os Di » — 342” 
strument to be 3’ 12° subtractive. Required the true Semi-diam. 15’ iv") ~15' 20” 

altitude. Augweutation 10” if aes 

Observed altitude. . . 47° 10 0” soa a 

Indexerror, . 6 «© 3 12 App. alt. moon’scentre. . . . 41° 558” 

0 43” Correction for parallax and refraction . + 40° 51” 

Dip of the horizon . le —4# 11” True alt. moon’scentre . . . 41°46’ 49" 

Ap t altitude gate Se Bark To Derermine tae Latirope at Sea FROM THE 

Rehection ¥ 3 “4 — 53” Meripian Aurirope or a Cerestian Opsecr WHOSE 

yan TEES Decunattion 1s Kxown.—The determination of the 

Truealtitude . . « 47° 1 44” latitude of the ship by means of the altitude, when on 


the meridian, of a celestial object of known declination, is 
the easiest, and in general the safest, method for the pur- 
ares The observations and the subsequent calculations 

ing but few, they may be readily accomplished, aud with 
but little liability to error in the result. This method, 
therefore, is always used at sea, whenever foggy or 
cloudy weather does not render it impracticable, 

The celestial object observed must be one of which the 
declination is given in the Nautical Almanac, for the 
meridian of Greenwich. This declination may be re- 
duced to the meridian of the ship—or rather to the time 
at Greenwich corresponding to that at the ber d= 
turning the longitude by a:count into time, then 
applying the variation for declination due to that time, as 
explained at page 1077 ; the hourly variation of the sun’s 
declination is given in the Nautical Almanac, at page 1, 
of each ane The longitude by account is always 
sufficiently near the truth for the determination of this 
element, though greater precision is required for the 
moon than for the sun, as the declination of the former 
changes more pay. The declination of the object 
observed being thus known at the time of observation, 
and, from its altitude, the zenith distance of it being also 
known, we have the distance of the object both from the 
equinoctial and from the zenith of the ship: conse- 
quently, the distance of the zenith from the equinoctial 
—that is, the distance of the ship from the equator— 
becomes known either by simple addition or subtraction ; 
and thus the latitude is foun 

The object observed may be either above the pole or 
below it ; that is, it may be on either the mid-day or the 
mid-night portion of the celestial meridian of the place ; 
and, in the former case, it may be in either of the three 
following positions in reference to the equinoctial and 
the zenith, namely— / 

1. The zenith, and the object observed, may both be on 
the same side of the equinuctial, and the object nearer to 
the equinoctial than tie zenith is, as at S, in the 
diagram below. : 

2, The zenith and the object being on the same side of 

Fig. 26. the equinoctial, the ze- 

os vith may be nearer td 

the equinoctial than the 
object is, asatS. 


“ The zenith and the 
object may be on dif- 
+ ferent sides of the equi- 

noctial, as at S”. 

a ma tIet N ZH be the 
meridian, Z the zenith 
of the ship, N the eleva- 
ted pole—the north pole 

Sar suppose—and E Q the 


and both north of the 2 
EZ, we hve EZ =ES+SZ: that is, 
(1). The latitnde is equal to the declination, plus 
the co-altive le, 
Second.—Let the object be at 8’, on the contrary side 
of the zenith, then the latitude EZ is EZ = ES'-S'Z; 
that is, 


—— 


\ 
: 
' 
7 
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(2). The latitude is equal to the declination, minus | 
| minutes of time, and so many thirtieths ; that is, twice 


the co-altitnde. 

Third,—Let the object be at S’, on the contrary side of 
the equinoctial ; that is, let its declination be south, then 
the latitude is EZ = S’ Z—E S’: that is, 

(3). The latitude is equal to the co-altitude, minus 
the declination. 


Hence, if we call the co-altitude, or zenith distance of , by 2, we have 186° 74’ 82". 
j north, when the zenith is north of it, and Dividin 


the, object, ge 4 
south, when the zenith is south of it, we shall have the 
following rule for all the three cases—namely, 

Rute.—When the object observed is above the pole, 
if the zenith distance and the declination have the same 
name, that is, be both north. or both south, their sum 
will be the latitude. If the zenith distance and the 
declination have different names, their difference will be 
the latitude, of the same name as the greater. 

It is assumed above that the north is the elevated pole ; 
but if it be the south, then, by merely writing south for 
north and north for south, the reasoning will remain the 
same : the rule will require no modification. 

It is obvious that the elevation of the pole above the 
horizon of any place is always equal to the latitude of 
that place, for ZN is equally the complement of the 
latitude E Z, and of HN elevation of the pole. The 
elevation of the equator, or the angle it makes with the 
horizon, is also aoa 4 equal to the co-latitude. 

It should be remarked, that when celestial objects are 
near the horizon, they are in a position less favourable 
for observation than when they are more elevated, 
because the refraction near the horizon is very variable 
in its effects. 

LatirupE FRoM THE SUN WHEN ABOVE THE PoLE.— 
The sun is the celestial object most commonly appealed 
to by mariners for the determination of the latitude of 
the ship: it is more frequently visible in the daytime, 
when, except in bad weather, the sea horizon is more 
clearly defined, and the corrections to be applied to the 
observed, in order to get the true altitude, are few and 
simple. The corrections for a star are still fewer; but, 
as the horizon is u getting obscure when the stars 
begin to appear, a star is, in general, less favourable for 
Mog! oy seek mentors sun: the moon, however, is often 
on meridian under favourable Sane but the 
corrections necessary are more in num require to 
be made with greater care. We shall give suitable 
directions for each of these objects separately, detailing 
the proper corrections to be made preparatively to 
inferring the latitude, as briefly indicated by the general 
rule given above. s 

Rute 1.—From the longitude by account, find the 
hao time at Greenwich ; this is called the wich 


2. From page 1 of the Nautical Almanac get the 
noon declination at Greenwich; and, by means of the 
hourly difference in declination there given, and the 
pte at found Greenwich date, find the correction due 

that date ; the declination at the time of observation 
will thus be discovered. 

3. Apply to.the observed altitude the proper correc- 
tions for dip and semi-diameter ; the apparent altitude of 
the centre will then be obtained ; and the corrections for 
refraction and parallax will reduce the apparent to the 
true altitude. 

4. Mark the zenith distance N. or S. according as it is 


N. or 8. of the sun: then, if the declination and zenith 


distance have the same marks, their sum will be the 
latitude ; if they have different mars, their difference 
will be the latitude. 

Nore.—The first step in the foregoing rule requires 
the conversion of ore, minutes, dc. , of longitude into 
time, which is readily done from the known relations— 

15° = th., 15’ = 1m., 15” = 1s.; 
for from these it is evident that if we multiply the 
degrees of longitude by 2, and then divide 30, the 
quotient will hours, and so many thirti of an 
hour ; so that twice these thirtieths will be the additional 
minutes of time. 

In like manner, if we multiply the minutes of longi- 


tude by 2, and divide by 30, the quotient will be the 


that number of seconds of time. 

Suppose, for instance, the longitude is 93° 37’ 41”, we 
may easily convert it into time, as 
in the margin, thus: mnispiyes 


the degrees, minutes, and secon 3)18,6° 74 82" 


bo Lo 


each, separately, by 3, 
cutting the unit figure of each 
for the 0 als SRE in the 30, we 
have, for the uotient, 6 hours 
and 6 thirtieths—that is, 6h. 12m.; 
for the second quotient, 2 minutes 
and 14 thirtieths—that is, 2m. 28s.; and for the third 
quotient, 2°73s.—decimals of a second being always 
used instead of thirds: hence the ‘time corresponding to 
93° 37’ 41” of longitude is 6h. 14m. 30°73s. 
Examples. 

1. On April 27, 1853, in north latitude, and in longi- 
tude 87° 42’ W., the observed meridian altitude of the 
sun’s lower limb was 48° 42’ 30” (zenith N.), the index 
correction was + 1' 42”, and the height of the eye 18 
feet. Required the latitude, 

1. For the apparent time at Greenwich. 
Long. by account. . . 87°42’ W. 
2 


28 
2°73 
6h. 14 30-73” 


3)17,4 84 
5 48 
248 
5h. 50’ 48", 

The variation for this time to be added as the declina- 
tion is increasing. 
2. For the sun’s declination. 

Dee. at app. noon (Naut. Alm.) 
13° 43’ 53” N. var. in th. 47”°7 increasing 


+4 38” 6 
13° 48’ 31” N. in 6h. . 286-2 
inl0m. . 79 
in 5h. 50m. 278°3 second 
or 4’ 38” 
Observed altitude of sun’s L. L, - 48° 42’ 30” 
Index cor. + 1’ 42” 
Dip .. .— 411%}. . F 5 + 13’ 25” 
Semi-diam.+ 15’ 54” 
App. alt. of sun’s centre . . «. 48°55’ 55” 
Re ion and parallax . ° e — 44” 
True alt. of centre . ‘ . . 48° 55’ 11” 
90° 
True zenith distance ° ° . 41° 4’ 49” N, 
Sun’s reduced declination . * s 13° 48’ 31” N, 
Latitude . / e a % ° 54° 53’ 20” N, 


As noticed in the Introduction, page 1048, it is always 
advisable to make all the use we can of Tables when they 
are once in hand, The first Table referred to in the 
foregoing operation, is that given at page 1 of the 
Nautical Almanac for the sun’s declination at apparent 
noon at Greenwich, with the hourly variation ; the semi- 
diameter should be taken out at the same time, and 
inserted in its proper place ; but seamen, in general, use 
invariably 16’ for the sun’s semi-diameter. A blank 
form of the several particulars in such operations is of 
considerable assistance, as the work is thereby facilitated, 
and the risk of mistake diminished. The ‘‘ correction in 
altitude”—that is, the allowance for refraction and 
parallax—should be taken from the Nautical Tables at 
the same time as that for dip in working examples; 
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though at sea the dip generally diifers but little through- 
out the voyage.* Tan 

It may be remarked, that in computing the declination 
of the sun for the time of observation, seconds of time 
may be disregarded, and even a few minutes is of no 
practical consequence : indeed, the longitude by accouat 
is only an approximation to the correct longitude. 

But, as a little consideration will be sufficient to show, 
the error in the estimated longitude must be very great 
indeed to occasion any error of ical importance in 
the declination of the sun at the instant of observation. 
If only the altitude be observed with proper care, the 
computer may trust to the accuracy of the resulting 
latitude without any nice determination of his longitude : 
1° of longitude is only 4’ of time. : 

2. On August 14th, 1846, in north ae and in 
longitude 51° W., the meridian altitude of the sun’s 
upper limb was 47° 26’ (zenith N.) ; the index correction 
— I’ 47”, and the height of the eye 20 feet. Required 
the latitude. 


1, For the apparent time at Greenwich. 


. 


Long. by account. .« «  » - W. 
3)10,2 
App. time at Greenwich . 3h. 24m. 


The variation for this time must be subtracted, as the 
declination is decreasing. 
2. For the sun’s declination. 
Dec. at app. noon (Naut. Alm.) ‘ 
14° 25’ 28” N. var.inih . » 46”°51 dec. 
i 2’ 38” . . 


14° 22’ 50” N. indh . » 139°53 
in 12m. . “ 9°30 
in 12m. . . 9:30 


oo 


Observed altitude of sun’s U. L. . 47° 26’ 0” 
Index cor. — I’ 47” 

Dip . . — 424" : . — 22 0” 
Semi-diam. — 15’ 49” — + 
App. Alt. of centre wath ie ue 87°. A OF 
I ion and parallax re — 47” 


True alt. of centre : . « 47° 3’ 13” 
’ 90° 


Tressenithdistance .  . , a buar’ N. 
San’s reduced declination . » 14° 22 50” N. 


Latitude tara ke - 67°19 37” N, 


3. On November 8th, 1846, in longitude 62° E., the 
méridian altitude of the sun’s lower limb was 57° 12’ 30” 
(zenith §.); the index correction was + 1’ 36’, and the 
height of the eye 30 feet, Required the latit 


1. For the apparent time at Greenwich, 


Long. by account.  . oe 3 


3)12,4 


App. time at Greenwich 4h. 8m. before noon. 


declination is greater at noon than before noon. 


sapts of nen eamctdersbies Cha tap map veceate 
men . i 
ba rg Ae dh at sensibly increase. Captain Parry, 


The variation for this time must be subtracted, as the 


is long, and the comple- 


tons: the dip must, therefore, have 


e 
of stores and provisions to have amounted, in the Hecla, to about seventy 


2. For the sun's declination, 
Dee. at app. noon (Naut. Alm.) ; 
16° 33’ 34"S. var.in lh . . 437-36 ine. 
os 


— 3 0” o? a 


16° 30’ 34” 8. in 


oh. #5 - 7344 
in8m. . « 619 
3’ = 179-63 sec. 


Observed altitude of sun’s L.L. . 67° 12’ 30” 
Index cor. + I’ 36” 
i } el ere 


Bid We bY 24” 

Semi-diam. + 16’ 10” — 

App. alt. ofcentre .  . «© BF 24 62° 
ion and parallax. ~. «+ — 32” 


True alt. of centre . wi mi bets ol OL 
90° 


True zenith distance e ou. » 92°.35' 40" S, 
Sun’s reduced declination + 16° 30’ 34”S. 


Latitude a joe) oo 49° 6114" §, 


It may be remarked here, that in reducing the declina- 
tion to the time at Greenwich when the o ion is 
made, the hourly variation should, in stric’ be taken 
equal to 44°06, which is the average variation during the 
preceding 24 hours, or from the noon of Nov. 7th to the 
noon of Nov. 8th, because the 4h. 8m., for which the cor- 
rection is made, is a portion of this 24 hours; but the 
difference in the correction would amount only to about 
24 seconds, Such small quantities are not worth attend- 
ing to in the present problem, as the altitude of a celestial 
ae at sea, cannot be measured to within a few 
seconds of the truth ; and if the latitude can be deduced 
to the nearest minute, it is all that can be reasonably 


oe 

‘o save the trouble of the preliminary reductions here 
adverted to, a table is given in most nautical i 

by entering which, with the sun’s noon-declination 

the longitude by account, the correction for declination 
is found with accuracy sufficient for the purposes of 
navigation. The table referred to is, in Norie’s Tables, 
the twenty-first; we shall use it in the following 
bn ) 

4. November 21st, 1841, in longitude 165° E., the 
meridian altitude of the sun’s lower limb was observed 
to be 47° 38’ (zenith N.); the index correction was 
— 1/15”, and the height of the eye 17 feet. Required 
the latitude. 

For the declination at the Greenwich time of observation. 

Sun’s declination at noon, Noy. 21 

(Naut. ae Sm ood LOSES 

Correction for longitude 165° E. . — 5’ 52” 


Sun’s reduced declination . 19° 52’ 3” 8. 


Observed altitude of sun’s L.L. . 47°38’ 0” 
Index cor.. — 1’ 15” | 

Dip. se ee Ae Ds sca carte Lee 
Semi-diam. + 16’ 13” > 
App. alt..ofcentre .., . » ,» 47° 48°54” 
Refraction and parallax. . .« — 46" 


Truealt. ofcentre . . « « 47°48’ 8” 
9u° 


True zenith distance - 42°11’ 52" N, 
Sun’s reduced declination PE nhl) ie oth? 


Latitude. 4. . « 22°19'49"N, 


LatitupE FRoM A Star Above Tne Porr.—A fixed star 
changes its declination so slowly, that its variation, even 
in a month, is scarcely sensible ; no correction, there- 
fore, for longitude, will be necessary ; the declination, as 
given in the Nautical Almanac, ou the day of observa- 
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tion, may be taken as that at the time of observation. 
As a fixed star has no in altitude, the only cor- 
rections will be those for dip and refraction ; the rule for 
deducing the latitude is therefore as follows :— 

Ruize.—1. Apply to the observed altitude the correc- 
tone for diy) asd refraction: the result will be the true 
altitude ; and this, subtracted from 90°, will give the true 
zenith distance. 

2. Mark the zenith distance N. or S. according as it is 
N. or S. of the star ; then, if the declination and zenith 
distance have the same marks, their sum will be the lati- 
tude ; if they have different marks their difference will 
be the latitude. 


Examples. 

1, January 22, 1846, the meridian altitude of Arcturus 
was observed at sea to be 43° 27’ (zenith north) ; the index 
correction was + 2’ 10", and the height of the eye 20 feet. 
Required the latitude. 


Observed altitude of star. . 43°27’ 0” 

Index cor. + 2° 10” _— 2714" 

Dips. —4u'j. *. *. * 

App.alt.ofstar . . . . 43° 24’ 46” 
ion 5 ; : ‘ - — VO 

True alt. of star . 'e P » 43° 23’ 46” 

90° 

True zenith distance ; - 46° 36’ 14’N- 

Star’s declination, Jan. 22, 1846 19° 58’ 59”N.- 

Latitude . . . . . 66° 35’ 13’N. 


2. On February 12, 1853, the meridian altitude of a 
Hydre was observed to be 47° 24’ 30° (zenith north) ; the 
index correction was — 2’ 10’, and the height of the eye 
17 feet. Required the latitude. 


Observed altitude of star . - 47° 24’ 30” 

Index cor. — 2’ 10” — 6 14” 

Dip ..-4 4 = Ms 

A alt. of star . . e ° 47° 18’ 16” 
ion . . Cas . . — 52” 

True altitude . ® = ier Fy 47° 17’ 24” 

90° 

True zenith distance See ae 42° 42’ 36’"N. 

Star’s declination, Feb, 12, 1853 8° 1/29”8, 

Latitude : e ° ° . 34° 41’ 7°N. 


3. On July 16, 1845, the meridian altitude of Fomal- 
haut was found to be 73° 364’ (zenith north) ; the index 
correction — 30", and the height of the eye 24 feet. 
Required the latitude. : 


Observed altitude of the star . ° 73° 36' 30” 

Index cor. — 30” — 519° 

Dip . — 449° S48 Phi 

App. alt. ofstar. . ° ° é 73° 31 11" 
tion . . . . . — 16’ 

True altitude . ° Need ° 73° 30’ 55” 

' 90° 

’ True zenith distance ) F 16°29 5/N. 

Star’s declination, July 16,1845 .  30°26'20’S. 

Latitude . . : * Py 13° 57’ 15'S. 


Norg.—In some nautical tables the corrections for dip 
and refraction are united under the head of Correction of 
star’s observed altitude. 

LatirepeE From THE Moon apoye THE Pore.—The 
moon’s declination is given in the Nautical Almanac for 
every hour of the day, and the time of her meridian 
sage from day to day. These elements are computed for 

vou. L 


mean time, the reckoning being from mean noon at 
Greenwich. Hence, to find the moon’s declination cor- 
responding to the time of taking her meridian altitude at 
sea, we must know the time at Greenwich at the instant 
of observation. This is ascertained as follows :— 

As the motion .of the moon in her orbit is eastw: 
her transit over the meridian of any place is dela: 
from day to day. In consequence of this retardation, 
she will pass the meridian of a place to the west of Green- 
wich later in the day at that place than she passes the 
meridian of Greenwich, and her transit over a meridian. 
to the east of Greenwich will take place earlier in the 
day. How much later, or how much earlier, will be 
ascertained by converting the longitude of the meridian 
into time, and applying the corresponding os 
part of the daily variation as furnished by the Nautical 
Almanac. By help of the following short table, and the 
daily in the time of transit, the correction to be 
added to the Greenwich time of transit, to obtain the 
time of transit over a meridian west of Greenwich, or to 
be subtracted to obtain the time of transit over a meridian 
ge Dice ewer may be at 9) eke 

e daily variation, as given by the Nautical Almanac, 
is to be sought for in the top row of figures, and the lon- 
gitude of the place in the marginal column on the left ; 
the proper correction of the Greenwich mean time, to re- 
duce it to the mean time of transit at the place, is then 
to be taken out from the body of the table. It is suffi- 
cient that the daily variation be taken to the nearest 
minute. 

It must be observed, however, that in the case of the 
moon, there must not be the same indifference as to the 
accuracy of the longitude by account as is allowable in 
the case of the sun ; the following examples will show, 
that on account of the moon’s more rapid change in de- 
clination, a comparatively short interval of time makes 
a sensible di in this element, 
Table for finding the Time of the Moon’s Transit over a given 

Meridian when the Time of the Transit at Griewwieh 

is known, and the Daily Variation of the Time. 


& | Darty Vantation 1x Minutes or Trae or Moon's Transrr. 
& 

: tm | am tom an som, st. 5 56m. | 58m./ 60m.| 62m./64m.| 66m. 
w{71) 1] 1/2] 2) 1] a] a} 1} 2] 2} 2] ef 2 
20; 2} 2} 2] 2] $}] 8] 8] 8] 8}].3) 8) 3} 8) 4 
30; 3) 3| 4) 4) 4] 4] 4) 4) 4] 5] 5) 5] 5] 5 
40; 4) 4] 5] 5| 6] 5] 6] 6] 6] 6] 6] 7) 7) 7 
50; 5} 6] 6) 6| 6] 7] 7] 7} 7} 8} 8] 8] 9] 9 
60} 6) 7) 7) 7| 8) 8] 8] 9] 9] 9} 10} 10} 10) 11 
70) 7) 8] 8} 9} 9} 9] 10] 10] 10] 11] 11} 12] 12) 12 
80; 9] 9} 9410} 10) 11.) 11] 12) 12] 12) 18) 13| 4) 4 
90} 10 | 10} 11} 11 | 12] 12) 13] 13 | 13 | 144 14] 15 | 15 | 16 
100 | 11 | 11 | 12] 12 | 13 | 138] 14| 14} 15 | 15] 16] 17] 17 | 18 
110 | 12 | 12} 13] 14/ 14] 15] 15 | 16 | 16 | 17} 18] 18} 19} 19 
120 | 13 | 14} 14] 15 | 15 | 16} 17 | 17 | 18 | 19| 19} 20} 20| 21 
130 | 14} 15 | 15] 16 | 17] 17] 18 | 19 | 19 | 20| 21 | 21 | 22 | 93 
140 | 15 | 16 | 17 | 17 | 18 | 19 | 20] 20 | 21} 22) 22} 23 | 24) 25 
150 | 16 | 17 | 18 | 19 | 19 | 20 | 21 | 22 | 22 | 23 | 24) 25 | 26 | 26 
160 | 17 | 18 | 19] 20 | 21 | 21 | 22) 23 | 24] 25 | 26 | 26) 27 | 28 
170 | 18 | 19 | 20 | 21 | 22 | 23] 24 | 25 | 25 | 26 | 27 | 28 | 29 | 30 
180 | 19 | 20 | 21 23 | 24) 25 | 26 | 27 | 28 | 29} 30) 31 | 82 


By the aid of this table, the latitude from a meridian 
altitude of the moon, when above the pole, may be found 
as follows :— ; 

Rutz.—1. From the Nautical Almanac take out the 
time of the moon’s passage over the meridian of Green- 
wich on the given day, as also the daily variation. 

2. From the longitude by account, and the fi i 
table, reduce this to the time, at the place, of the moon’s 

over the meridian of the ship ; the time of ob- 
servation, at the place where that observation is made, 
will thus be found. 

3. From the ship’s time and longitude, find the cor- 
responding time at Greenwich. 

4. Find now the moon’s declination at that time from 
the Nautical Almanac, computing the variation for the 
odd minutes by means of difference in declination 
for 10m. 

5. From page 3 of the month, take out at moon 8 

y 
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semi-diameter, and increase it by the ‘‘ Augmentation” 
given in the Nautical Tables, The correction for index 
_error, dip, and semi-diameter, will reduce the o 

altitude of the limb to the apparent altitude of the 


centre. 

6. To the apparent altitude of the centre add the 
correction in altitude, that is, the — in altitude 
minus the refraction, and the true altitude of the centre 
will be obtained. Subtract this from 90°, and then, by 


adding or subtracting the moon’s declination at the time, 
as in the ease of the sun, the latitude of the place will be 
ascertained, 


Examples, 

1. On May 27th, 1846, in. longitude 49° W., the 
meridian altitade iy the moon’s pat limb was found to 
be 47° 18’ 30” (zenith S.); the index correction was + 
1’ 40”, and the height of the eye 20 feet. Required the 
latitude of the ship. 


1. For the mean time at Greenwich when the observation 
was made. 


Moon’s transit at Greenwich, 
May 27th .- 4 ‘ é 
Cor. for long. 49° W. and 48m. 
variation ° . : - + 6m. 


Time at ship when alt. was taken 2h. 2m. 


lh. 56m, Daily variation, 
487m. 


Long. 49 W. in time - 3h. 16m. 
Time at Greenwich when alt. was 
taken . x . ‘ . Sh. 18m. 


2. For the moon’s declination at that time. 
Declination May 27th, at 5h. . 18°56’16” N, ee 


Decrease in 18m.=2''655 X18 = — 48” (dec.) 
Declination at 5h. 18. - 18°55’ 28” N. 


3. For the true altitude of the Moon’s centre, and thence 
the latitude.—At page 3, of May, in the Nautical 
Almanac, the moon’s semi-diameter at noon on the 27th 
is 15° 1" ; and her horizontal parallax at the same time is 


55°16". Hence we get the latitude thus :— 

Observed alt. of moon’s L. L. . -« 47° 18' 30’ 
eg cor. Py -+ 1 40° 

ip . ; . ,»— 424" 
+ 11’ for augmen. ——————— 
App. alt. of moon’s centre . . . 47°31 2’ 
Parallax and refraction - : - +36 10’ 
True alt. of moon’s centre . . «. 48° 712" 

90° 

True zenith distance . * F - 41° 52’ 48’S. 
Moon’s declination . . - 18° 55’ 28'N. 
Latitude . * : . ‘ « 22° 57’ 20'S. 


It is plain that whatever be the celestial object ob- 
served, the error in the latitude will be the sum of the 
errors in the zenith distance and declination when both 
are of the same name, and the difference when they are 
of contrary names. 

The latitude at sea is seldom computed to seconds, as 
the exact longitude and time of the ship, as inferred 
from the dead-reckoning, generally deviates from the 
truth. It is er therefore, to aim at deducing 
the latitude only to the nearest minute: thus, in the 
= amavis, the latitude would be concluded to be 


2. On Dec. 7th, 1840, in longitude 16° W., at 10h. 
43m. apparent time, the meridian altitude of the moon’s 
lower "7 oa as" ” —_ &): the index correction 
was — 1’ 65” © height of the eye 16 feet. uired 
the latitude to the nearest minute. Here the thee at 
the ship being given, we shall not require to take out of 


the Nautical Almanac the time of the moon’s meridian 
passage at Greenwich; the Greenwich date, or mean 
time at Greenwich when the altitude was taken, is found 


thus :— 


1. For the mean time at Greenwich when the observation 
was made, 


Apparent time at ship, Dec. 7 . . 10h. 43m. 
Long. 16° W. in time . . . . 1h. 4m. 
App. time at Greenwich . « . lh 47m. 
Equation of time (Naut. Alm., p.1) .« —8m. 
Mean time at Greenwich . .« « Uh 39m 


2. For the Moon’s declination at that time. 


pelenner. Y,atlth, ©. («. 24°45'N. 
(inc.) Var, in 10, 8. 

Increase in 39m. . ‘ o bei Dia +0 
Declination at 11h.39m. . . . 24°51/N. 


3. For the true altitude of the Moon’s centre, and thence 
elahtede 


Observed alt. of'moon’s L.L. . 83° 77 

Index cor. — 

Dip 4 _—4 jee ee 

Semi-diam. . + 17’ 

App. alt. moon’s centre . . 83° 18’ 

Parallax and To a me, +7’ 

True alt. of moon’s centre . - 83°25 

90° 

True zenith distance . re o «623558: 

Moon’s declination = : . 24°51 N. 
Tatitnde ss 5 se 


Examples for Exercise. 

Nore.—In the following examples the latitude is to be 
determined to the nearést minute: : 

1. On the 2nd of May, 1833, the meridian altitude of 
the sun’s lower limb was 47° 20’ (zenith N.); the index 
correction — 2’; the y of the eye 20 feet, and the 
longitude by account 32° E. 

Also sun’s dec. May 2nd, 15° 23’ 21” N. (ine.) Hourly 
difference 45”, ~ ; y , 

Semi-diameter 15’ 53” (Nautical Almanac). 

Required the latitude to the nearest minute. 

Ans. Latitude, 58° 53’ N. 

2. On Jan. 9th, 1840, in longitude 116° W., the meridian | 

altitude of the sun’s upper limb was found to be 69° 14’ 
zenith N.) ; index error 0, and height of the eye 27 feet. 
uired the latitude to the nearest minute. . 

Sun’s dec. Jan. 9, 22° 12’ S. (dec.) Correction for 
long. 116 W., — 3’. Semi-diam. 16’.. 

Ans. Latitude, 1° 2’ 8, 

3. On May 15th, 1828, the meridian altitude of the 
star, Spica, was observed to be 30° 17’ (zenith N.); index 
correction -++- 1’ 10” ; the star’s declination was 10° 16’ S. 
Required the latitude to the nearest minute, the dip 


being — 5, ; . 
; . Ans. Latitude, 46° 32’ N. 

4, The meridian altitude of the star Rigel was ob- 
served to be 85° 4’ (zenith N.); the index correction was 
+- 2’, and the star’s declination 8° 22’ 45” 8. ; the height 
of the eye was 20 feet, Required the latitude to the latest 


minute, 
Ans. Latitude, 3° 24'S, : 

5. On February 19th, 1823, in longitude 40° W., the 
meridian altitude of the moon’s lower limb was observed 
to be 55° 8' (zenith N.); the index correction was — 2’, 
and the height of the eye 16 feet. 
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The moon’s over the merid. Observed alt. of sun’s L.L. . . . 8°36’ 0” 
of Greenwich, Feb. ig 7a bet was Gh. 56m. — cor. — 2’ 
The moon’s over the meri ip. . — 4/24” oh de 2% 9/ 22” 
of Greenwich, Feb. 20th 1 y was Th. 59m. Be si a| fates 
Declination, Feb, 19th, at noon 26°-38’ 17” N. | App. alt. ofcentre,. . . . . 8° 45’ 22” 
= ri midnight 26° 54’ 39” N. Refraction and parallax . . . —5’ 49” 
Semi-diameter . . * . . 16’ 12” atetbet 
Horizontal : ‘ : . 59’ 32” True alt. of centre o) tener Hele SP SSsSSF 
Required the latitude to the nearest minute. Sun’s co-declination . . . . . 66° 33/35” 


Ans. Latitude, 61° 1’ N. 

6. On November 12th, 1853, at 2h. 20m. mean time, 
in longitude 60° 42’ W., the meridian altitude of the 
moon’s lower limb was observed to be 30° 30’ 40° (zenith 
N.) ; the index correction was + 10’ 42"; and the height 
of the eye 16 feet. 

Moon’s declination, Nov. 12, at 6h. 2° 44 20’N. 

AE ie ealara  e 
_ Horizontal ponies : . ‘ : 55’ 13” 
Required the latitude to the nearest minute. 

Ans. Latitude, 61° 11’ N, 

To determine the latitude from the meridian altitude of 
a@ celestial object when below the pole.—In the diagram 
(Fig. 26), at page 1078, let s be the position of a celestial 
object when on the meridian of the place whose zenith is 
Z, and below the elevated pole N ; the altitude of it will 
be Hs, and s N will be the complement of its declination 
Qs. petty ig the altitude added to the co-declina- 
tion will be the latitude H N of the place whose zenith is 
Z (page 1078). The sun is on the meridian of any place, 
below the pole, 12 hours after the apparent noon at that 
place; consequently, 12 hours, increased or diminished b; 
the longitude in time, according as the place is W. or E. 
of Greenwich, will be the apparent time at Greenwich 
when the observation was made; and the declination 
corresponding to this time may be found as in the fore- 
going examp’ reve 

For a star, the declination will be the same as that 
given for the day, in the Nautical Almanac ; since, as 

ore remarked, the change in the declination of a fixed 
star is insensible till after the lapse of several days. 

For the moon, the time of transit over the mid-day 
portion of the meridian of the place may be found as at 

1081; and this time increased by 12 hours, and by 

the daily difference of time, will be the time of her 
returning to the meridian below the pole; and the 
proper reduction being made for longitude, as in the 
case of the sun, the time at Greenwich, and thence 
the corresponding declination, may be found. The rule 
for computing the latitude is therefore as follows : 

Rore.—1. Find the declination of the object at the 
time of observation. 

2. To the observed altitude apply the proper correc- 
tions for deducing the true altitude. 

3. To the true altitude add the co-declination ; the 
sum will be the latitude, of the same name as the do- 
clination. 

LaTiTUDE FROM THE add raat sere THE PoLe.— 
As the rule just given applies equally to the sun, moon, 
ae cten, ppeddol Avestan bor each case will be unneces- 
sary ; we shall, therefore, give a practical illustration of 
the mode of working for each object a ar and 
then add an example or two for exercise, The following 
is an example when the object is the sun :— 

PR AAP June 18th, 1853, in north latitude, 
and in longitude 96° W., the meridian altitude of the 
sun’s lower limb, at apparent midnight, was observed to 
be 8° 36’; the index correction was—2‘; and the height 
of the eye 20 feet. Required the latitude, 

. For the declination at the Greenwich time of observation. 
A time at ship, June 18 - 12h. Om. 
Longitude 96° W.in time ... . 6h. 24m. 
Apparent time at Greenwich . . . 18h. 24m. 
Sun’s declination at noon, June 18 . 23° 25/36” N, (ine.) 
Correction for 18h. 24m. . . . . + 49” 
Declination at time of observation . lat 


Qo-declination . , . + + «+ + 66° 33/35” 


Latitude . . . . 75°13’ 8’ N. 

Latirope rrom A Stak WHEN BELOW THE Potr.—In 
northern latitudes, the star called the pole star is very 
convenient for the purpose of finding the latitude of 
the ship, and is, therefore, frequently observed by 
mariners for this object. The following is an example:— 

Ezxample.—On March 1st, 1823, the observed altitude 
of the pole star when on the meridian below the pole, 
was 30° 7’; the index correction was + 2’; and the height 
of the eye 18 feet. Required the latitude. 


Observed altitude of pole star . 30° 7 0” 
Index cor. + 2’ ¥ 
Dip aed meg lit 11” a { . e —2 1L 
30° 4’ 49” 

— 1’ 38” 


30° 3’ 11” 


Refraction We Pee areas 


True altitude of star . . . . . 
Co-declination Mar. 1, 1823 . . 1° 38’ 2” 


Latitude oie Sa oie Stow at SIG IRAN 


LatirvpE From THE Moon WHEN BELOW THE PotE.— 
The preliminary corrections for the moon, as already 
Seen, are more numerous than those for the sun or for a 
star ; a specimen of them is given in Example 1, p. 1082. 
These corrections are of course the same, whether the 
moon be observed on the meridian above the pole or 
below it. In the following example the moon’s decli- 
nation is found as at the page just referred to, so that 
the reductions need not be repeated here, 

Example—On the 27th of May, 1846, in longitude 
49° W., the meridian altitude of the moon’s lower limb, 
when below the pole, was found to be 7° 12’; the index 
correction was —1’ 40”; and the height of the eye 20 feet, 

uired the latitude. 
moon’s declination at the time when the observation 
was made, was found, at 1082, to be 18° 55’ 28” N.: 
hence the operation for ing the true altitude of the 
pepe centre, and thence the latitude of the place, is as 
ollows :— " 


Observed alt. of moon’s L.L. .« 7°12’ 0” 
_ Index cor. . — 1’ 40” 

ip . .,. — 424" 
Semi-diam. BY. 15’ e b) + ¥ 12" 
augmented —_— 
App. alt. of centre». . . . - 721’ 12” 
Parallax and refraction . . , . +47’31” 
True alt. of moon’s centre .. 8° 8’ 43” 
Co-declination + ha, aaa 71° 4° 32" 
Latitude Cb ela vei we CHAD TANG 

Examples for Exercise, 


1. On June 28th, 1841, in longitude 126° W., the alti- 
tude o7 the sun’s lower limb at midnight was 6? 28° ; the 
index correction was + 2' 15”; and the height of the eye 
20 feet, Required the latitude to the nearest minute, the 
sun’s declination at noon, Greenwich time, on the 28th, 
being 23° 17’ 59” N, decreasing, and his semi-diameter 
15’ 45”. Ans. Latitude, 73° 19’ N. 
2. The observed altitude of the sun’s lower limb, when 
on the meridian below the pole, was 7° 5’; its declination 
at the time of observation was 23° 8’ 17” N.; its semi- 
diameter 15’ 45”, and the height of the eye 20 feet, Re- 
quired the latitude, the index error of the instrument 
being 0, Ans. Latitude, 74° 1' N, 
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3. June Ist, 1823, the observed altitude of the star 
Ca when on the meridian below the was 10° 
1 30"; its declination was 45° 48’ 27" N.; and the height 
of the eye 17 feet. Required the latitude. 

Ans. Latitude, 54° 4’ N. 

The foregoing mene exhibit the different means of 
determining the latitude at sea, by taking the altitude of 
a celestial object when upon the meridian of the ship. 
hihen ped aren the sun is always the object o 
served, its mid-day altitude is that which is to be 
preferred, because at mid-day it attains its greatest ele- 
vation, and the refraction is less liable to variation from 
the mean state of the atmosphere. The altitude below 
the elevated pole can be taken only in high latitudes, 
where the sun is above the horizon during the whole 
twenty-four hours for a part of the summer, and, there- 
fore, the horizon clearly visible: the obscurity of the 
horizon often precludes the possibility of accurately 
measuring the dititade of a star; and on account of its 
rapid change in declination, the moon is less suited for 
the purpose of deducing the latitude, when there is 
much uncertainty as to the longitude of the ship, or the 
time at Greenwich when the observation is made. In 

reparing for a meridian altitude, the, observer holds 
himself in readiness, before the object attains its greatest 
elevation, and continues to observe it till it ceases to rise 
and appears fora moment stationary ; at this instant its 
altitude is noted, and it is regarded as upon the meri- 
dian. Strictly speaking, however—at least as respects 
the sun and moon—the centre of the object is not neces- 
sarily exactly on the meridian when its altitude is the 
greatest or least; for the change in declination may more 
than counterbalance its change in altitude during the 
few minutes which precede its meridian transit, especially 
in the case of the moon; but these differences are too 
ag, be lead to any error of practical importance. It 
may, however, happen that the object becomes hidden 
acloud at the time of transit, so that the meridian 
tion cannot be made ; it is of importance, there- 
fore, to take note of the altitudes before the transit, as 
an altitude near the meridian may be made ayailable for 
the determination of the latitude, as we are now about 
to show : we shall first, however, explain how to find the 
latitude generally when the object observed is off the 
meridian, provided the hour angle, which its declination- 
circle makes with the meridian of the ship, is known. 

To rinp THE LaTITUDE FRoM THE Dectination, ALTI- 
TupE, AnD Hour Ancie.—Let Z be the zenith, and 
P MZ the celestial meri- 
dian of the ship, P the 
elevated pole, and § the 
place of the heavenly bod 
off the meridian ; then P 
is the co-declination, ZS 
the co-altitude, and PZ 
the co-latitude, In the 


eee “triangle PZS, 
re is supposed to be 
PS 
angle P 
sun, is the time from noon. 
Hence, by Spherical Trigo- 
nometry, PZ, the co-latitude, may be found (Mathematical 
i page 661), But the following method, by right- 
led triangles only, will be more easily recollected. 
w S perpendicular to the meridian; we shall 


then have two right-snglod triangles PMS and ZMS§; 
and applying Napier’s 


1 
rules to these (page 660), we have— 
From the triangle P MS, taking P for middle part, 
and P 8, P M, for adjacent parts, 


cos, P = cot. PS tan. PM .*. tan. PM = 
cos, Ptan.PS .  . (1) 


Also, from the same triangle, taking the hypotenuse P § 
for middle part, and P M, SM, for opposite parta, 


cos. PS = cos. P Moco, SM . . (2) 
And from the triangle ZMS, taking in like manner 
= 


the hypotenuse ZS for middle part, and ZM, $M for 
opposite parts, 
cos. ZS =cos.ZMocosx.SM . . (3) 


Therefore, dividing (2) by (3), in order to get rid of S M 
we have— 


cos. PS cos. PM . 


we wh wee» Se ZM= 
cos. PM cos. ZSse. PS . . (4) 


As Z M is thus expressed in terms of the given quan- 
tities, and as P M is also in like manner known froin (1), 
the difference (or the sum, if M fall between P and Z) 
P Z, that is, the co-latitude becomes known. 

The formule (1) and (4) to be combined are 


tan. P M = cos. hour angle x cotan. dec, (A) 
cos. Z M = cos. P M sin. alt. x cosec. dec. 


To know the hour-angle P, it is necessary to know the 
time at the ship. The chronometer shows the mean 
time at Greenwich ; and hence, by help of the longitude 
by ty ae yea & find the me eS Beets = 
nearly ; uced to apparent time. applyi 
correction for the ation of time taken yo the 
Nautical Almanac, make known the time from ap- 
nt noon at the ship. The longitude by account is, 
owever, most likely affected with error, and it is there- 
fore desirable that the altitude off the meridian be taken 
at such a time as that a small error in the hour angle 
may have the least influence on the determination of tan, 
PM. Now, whenever we have to employ the cosine of 
a small angle, and have reason to suspect that the angle 
itself has not been accurately determined, the error in 
the cosine will be smaller as the angle itself is smaller ; 
for the cosines of arcs near the bes. vege of the quad- 
rant differ very little from one another within the limits 
of several seconds, and the difference becomes less as tho 
are a. to zero (see Introduction, page 1046). 

It follows, therefore, that when the time at the ship 
is only approximately known, the altitude should bo 
taken when the object is as near to the meridian as it is 
likely to be, before being obscured by clouds. 

The formule just established is, we see, generally ap- 
plicable, however distant from the meridian the observed 
object may be, provided we know the apparent time at 
the ship ; and we see, also, that they may be employed 
when the time nearly is ee the object be 
pretty close to the meridian. But for this latter case 
there is a special method somewhat more convenient, 
which may bedect eine as follows :-— cre: “liy Whe 

Referring to the preceding or m, we have, 
fundamental theorem of Spherical Trigonometry, which 
expresses the relations among the three sides and one of 
the angles of a spherical triangle, 

cos, ZS = cos. PZ cos. PS—~sin. PZ sin. PS cos, P. 
cos. ZS —cos. PZ cos. PS 
sin. PZ sin. PS 

Let z be the zenith distance that S would have when 
upon the meridian, and z’ the difference between this 
meridian zenith distance and that ZS observed ; 
that is, let ZS = 2+- 2’; then the equation above is 
cos. (2 + 2’)—cos. PZ cos, PS 

sin, P Z sin. PS 
Subtracting each side from 1, we have 
1-cos. P= 2sin2} P > 
sin. P Zsin. PS + cos, PZ cos. PS—cos. (z+ 2’) 
sin. PZ sin, PS : 
cos. (PZ w PS)—cos. +z), 
e sin. PZ sin. PS 


oe cos. P = 


cos. P = 


Now PZ PS, that is, the difference between the 
co-latitude and the co-declination is equal to %, the 
meridian zenith distance, because the co-latitude P Z is 


always equal either to PS+z or PS—z, or z—PS, 
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the latter being the case when S is below the pole (see 
Fig. 26, at page 1078). Consequently : 
- cos. z—cos. (z+ 2’) 
2sin*} P=" Sin PZsin. PS 
cos. z—cos. z cos. z’ + sin. z sin. 2’, 
%. sin, PZ sin. PS 
If the difference z’, between the meridian zenith dis- 


tance and that actually observed, be so small that cos. 
z’ may be regarded as equal to 1, then we shall have 


= sin. z sin. z 
2sin.?} P= 5 PZ an. PS 
.*. sin. z’=2 sin. PZ sin. PS cosec. z sin.* 4 P. 
The number of seconds in the are z is very nearly 
equal to the number of times sin. z’ contains sin. 1”: 
consequently, No. of seconds in 


ee? ; _ 
v= = qv Sin. PZ sin. P'S cosec. asin. 4P 


= 5 oon. lat. cos. dec. cosec, z sin. ? 4 hour-angle, 


To apply this formula, we must, of course, know 2 
approximately : this is deduced from the latitude by 
account. By the aid of this approximate latitude and 
the small hour-angle P, we may, therefore, discover what 
correction z’ must be applied to the zenith distance 
actually observed, to reduce it to the meridian zenith 
distance, from which the corrected latitude is easily ob- 
tained, as in the examples already given. 

A result still more perfect may in general be arrived 
at, by proceeding anew with this corrected latitude, 
writing it in the formula in place of the latitude by 
account, and thus ing a more accurate correction for 
the reduction of the observed, to the true meridian zenith 
Leg The additional work for this purpose will be 

¢ trifl 


trifling. 

The formula just deduced, furnishes the following rule 
for deriving the latitude by aid of the latitude by account, 
and from the observed altitude when near the meridian 
of a celestial object whose declination is known. The 

2 
number 5°615455 is the logarithm of = 77 

Latirope FroM AN ALTITUDE NEAR THE MERIDIAN, 
THE DECLINATION, THE Hour-ANGLE, AND THE LaTITUDE 
sy Account.—Rule 1. Take the declination of the object 
for the Greenwich time by account, and add it to the 
latitude by account when they are of different names ; 
otherwise, take the difference of the two; the result is 
the meridian zenith distance by account. 

2. If the object be the sun, the apparent time from 
noon is the hour-angle: for any other object, add the 
sun’s right ascension to the apparent time, since preced- 
ing noon. The difference between this sum and the 
object’s right ascension is the hour-angle, 


3, Add together the following logarithms :—~ 
The constant logarithm 5°615455, 
log. cosine of the latitude by account, 
log. cosine of the declination, 
log. cosine of the mer. zenith dist,, as deduced 
from the two latter, 
twice log, sine of half the hour-angle, 

The sum, rejecting the tens from the index, is the 
logarithm of a number of seconds, which, subtracted from 
the true zenith distance, deduced from the observation, 
gives the meridian zenith distance. If this and the de- 
elination are of the same name, their sum, otherwise 
their difference, is the latitude, of the same name as the 


Examples. 


1. In Jatitude 48° 12’ N. by account, when the sun’s 
declination was 16° 10’S., at Oh. 16m. P.m., apparent 


time, the sun’s true zenith distance was 64° 40’ N. Re- 
quired the latitude. 


Constantlog, . . . . «© «+ 6615455 
Latitude by acct. . . 48° 12'N. cos. + 9823821 
Declination ® + 16° 10'S. cos. + 9:°982477 
.”. Mer. zen. dist. acct. . 64°22’  cosec. . 10°044995 
Half hour-angleindeg. 2° O° 2sin. . 17-085638 
log. 2:552386 

60)357” 


Reduction Petes ‘ — 5’ 57” 
Zen. dist. from obseryation 64° 40’ 0” N. 


64° 34’ 3” N. 


True mer. zen. dist, 
Declination . 16°10’ 0’ 8S. 
Latitude ‘ - 48°24 3”N. 


This example is from Mr. Riddle’s Treatise on Navi- 
gation and Nautical Astronomy. We shall now solve it 
anew by putting the latitude here deduced, in place of 
the latitude by account. 


Constant log; 2. 6 8 wg 5615455 
Latitude . 48° 24’ 3” N. cos. - 9822117 
Declination . 16° 10’ 0” S. cos. - 9982477 
Mer. zen. dist, . 64° 34’3”  cuosec, . 10°044268 
Half hour-angle 2° 00” 2sin,  , 17-085638 

Reduction . . 355” log. 2549955 


The difference between this and the former reduction 
is only 2”, so that the corrected latitude is 48° 24’ 5” N. 

It may here be remarked, that as fractions of a second 
are di ed in the Reduction, the logarithms used in 
finding it, need be taken out of the table only to the 
nearest minute of each of the angular quantities. 


If the formul# marked (A), at page 1084, be applied 
to the ing example, the work will be as follows :— 
Referring to Fig. 27, at page 1084, in connection with 
the formula (A), we have 
L tan. P M = cos. hour ang. cotan. dec. 
cos, okey & - +» 9998941 
cotan. . 16°10’ ‘ + 10°537758 
tan. P M 73° 47’ 45” + + 10°536699 
ZM _. 64° 36’ 20” 


138° 24’ 5”=90° + lat., since lat.and dec. 
90° have different names. _ 


48° 24’ 5”=lat.N., the same as before. 
2, cos. Z M = cos. P M cosec. dec. sin. alt. 


cos. . 73° 47’ 45” y . 9445699 
cosec, . 16°10 Fi - 10°555280 
sin. + 25° 20 P - 9631326 
cos. Z M 64° 36' 20” ° « 9°632305 


In this example the latitude is north, and the declina- 
tion south, so that P M, in the general investigation of 
the formula, is in this particular case P’ M, and there- 
fore P’ M + Z M — 90° is the distance of Z above the 
equinoctial ; that is, it is the latitude of the ship. 

In finding the latitude by the above formulz (A), it is 
of course necessary to ascertain on which side of Z the 
foot M of the perpendicular from § falls ; that is, whether , 
Z M is to be added to or subtracted from P M; but 
whether the correct co-latitude is P M— ZM or PM 
+ ZM, can be matter of doubt only when Z M is so 
small as to make it of little consequence which be taken. 
But as the method by the rule is free from all ambiguity, 
rks to be abadak a the object is near the meri- 


2. In latitude 50° 50’ N. by account, when the sun’s 
declination was 11° 41’ 58” N. at 12m. 3s. from apparent 
noon, the sun’s true altitude was 50° 52’ 29”. uired 
the latitude. Ans. Latitude, 50° 47’ 49” N. 

3, At 3h. 5m. 36s, apparent time, the sun’s trye alti- 
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tude was 35° 4’ 7", and his declination 10° 54’ 26” N. | quainted with for the solution of the present problem, 
Required the latitude from the formulm (A). and he came to the conclusion that the ed process 
Ans. Latitude, 50° 48’ 23" N. | by spherical trigonometry was to be = erred, as well 
4. At 18m. 45s. from apparent noon, in latitude 8° 8. | for brevity as for accuracy of result. The investigation 
by account, the sun’s true altitude was 74° 16’, and his | of the direct method is as follows :— , 
declination 23° 27'S, Required the latitude to the| Let P (Fig. 28) be the elevated pole, Z the zenith of 
nearest minute. Ans. Latitude, 8° 23’ S. | the ship, and therefore Z P its co-latitude. Let 8, 8’ be 
5. In longitude 0’ 45" W., at 11h. 2m. 32s. apparent | the two places of the sun when the altitudes are taken ; 
time, the observed altitude of the pole star was 51° 22’, | then, drawing the great circle arcs, as in the diagram, or 
the index correction being — 2. For apparent noon at | in that of Fig. 27, we shall have the following quantities 
Greenwich, on the day of observation, the Nautical | given, namely— 


Almanac gave the followin ticulars :— The co-declinations P 8, P 8’ ) 
un’s right rokes 2 ah 6h. 51m. 11}. The co-altitudes ZS, ZS’) To find ZP. 
Star’s right ascension, Jh. Im. 41s. The hour-angle SPS’ : e 
Star’s declination, 88° 26’ 56". There are three spherical triangles to consider, viz.— 
han S753 the latitude to the nearest minute by the 1, The triangle PSS’, in which are given the two 
formule (A). '. Ans, Latitude, 51° 47° N." sides P'S, PS’, and their included angle, to find the 


Anriricta, Horizon.—The problem just discussed , third side SS’, and one of the remaining angles, as, for in- 
will be found very useful at sea, whenever the mariner, | stance, the angle P SS’. 4 i 
on account of cloudy weather coming on near noon, is| 2. The triangle ZS’, in which are given the three 
disappointed of a meridian altitude. As the object may | sides, to find the angle S’ 8Z : 
be obscured though the horizon may be clear and well | from which, and the ed 
defined, so, on the other hand, the celestial body may | viously-found angle PSS’, 
be visible and in a position well suited for observation, and | the angle ZS P becomes 
yet a haze may obscure the horizon. In such a case an | known, so that we have, 
artificial horizon is employed: this is a shallow trough of 3. The triangle ZS P, in 
quicksilver, protected from agitation from the air by a} which are given two sides 
glass covering or roof, and their included angle, to 

The observer, placing himself at a convenient distance | find the third side Z P. 
from this horizon, so that both the celestial object and Before proceeding to the 
its reflected image may be distinctly seen, measures with | solution of these triangles, 
his sextant the angular distance between the two ; and as | the observed altitudes must, 
the real object is as much above the horizontal plane as the | of course, be reduced to the 
image is below it, he thus gets double the altitude, and has | true altitudes, as in the 
no correction to make for dip: the angle read off from the | former examples ; and since 
instrument, being corrected forthe index errorand divided | the ship most probably sails on during the interval be- 
by 2, gives the apparent altitude of the point observed. | tween the two observations, an additional correction be- 

To get a meridian altitude of the sun is one of the | comes necessary, in order to reduce the first altitude to 

incipal items in a ‘‘day’s work” at sea, for correcting | what it would have been, if taken at the place of the se. 
Tie. latitude by the dead-reckoning; if the weather | cond observation. This correction for the ship’s run will 
interfere with this operation, then an observation off | become known, provided we know the number of minutes 
the meridian is sought for, and the latitude inferred by | the ship has sailed directly towards or directly from the 
help of the apparent time at the ship, as explained in | sun, in the time between the two observations ; and they 
the preceding article.. The reader will bear in remem- | may be ascertained as follows ;— ‘ 
brance that a ship carries the mean time at Greenwich ake the angle included between the ship’s course and 
with her; the ship’s chronometer, when the known daily | the sun’s bearing at the first observation ; and consider- 
gain or loss is applied to it, supplies this important ing this angle as a course, and the distance sailed as the 
information. The apparent time is deduced therefrom, | corresponding distance, find by the traverse table, or by 
by means of the equation of time given in the Nautical | calculation, as in — sailing, the difference of latitude ; 
Almanac; and the apparent time at the ship is ascer- | this difference of latitude, expressed in minutes, will be 
tained by turning the longitude into time ; and thus the | the number of minutes by which the ship has approached 
hour-angle of the object, observed from the meridian, is | to or receded from the sun, so that we shall know how 
found. The longitude by account may be somewhat in | many minutes must be added to or subtracted from the 
error ; but the trifling inaccuracy in the resulting time | first altitude, to reduce it to what it would have been if 
at the ship, will have no important influence on the | taken by another observer, at the place of the second 
latitude deduced from it, observation. 

But valuable as the chronometer is, yet, like all human | If the angle between the ships track and the bearing 
contrivances, it is subject to accidents and exposed to | of the sun less than 90°, the ship will obviously be 
derangements from circumstances beyond our control. | approaching towards the sun, in which case the correc- | 
It is of great importance, therefore, to be able to find | tion of the altitude, determined as above, must be added ; | 
the position of a ship at sea, independently of its aid; | but if the angle exceed 90°, it must be subtracted : if it 
this we have seen, as far as latitude is concerned, may be | be exactly 90°, no correction of the altitude will be neces- | 
done by means of meridian altitudes. It may also be | sary for the ship’s change of place, 
done by aid of two altitudes of the same celestial objects But a correction of the elapsed time may be requisite 
taken off the meridian. This is technically called the | forthe change of longitude ; this change, converted into 
problem of double altitudes: we proceed now to investi- | time, must be added tothe time elapsed between the two 
gate its principles. observations, if the ship have sailed eastward, and sub- 

Latircpz From Two Aurrropes oF THE Sun, AND | tracted if she have sailed westward. ; 
tue TIME BETWEEN THE OpseRVATIONS.—Scarcely any These are the corrections necessary to fit the three 
problem in nautical astronomy has received more atten- | triangles above for trigonometrical calculation. And to 
tion from scientific men than the problem of double alti- | simplify the work of finding SS’, without any i 
tudes ; and, as the calculations involved in it are much | sacrifice of accuracy, we may regard the declinations of | 
longer than those for finding the latitude from a single | the sun at the times of observation, as both equal to the | | 
altitude, various tables, to facilitate the operations, have | declination it has at the middle time between them ; the | 
been constructed. The determination of the latitude, | shorter this time is, the less will the supposition affect | 
by — of such tables, is what is called the indirect | the precision of the result. | 
method of solution ; and, like all such methods, it is not Regarding the above mentioned corrections to have 
so strictly correct as the direct method by trigonometry. | been made, we shall now give an example of the trigo- | 
Delambre carefully examined all the rules he was ac- | nometrical operation. ae 
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Examples. 
The two corrected zenith distances are, 
ZS =73° 54 13”, and ZS’ = 47° 42’ 51’; 
ing co-declinations of the sun are 
PS = 81° 42'N., and PS’ = 81° 45’ N.; 
and the interval of time between the observations is 
three hours. Required the latitude. ; 

For the more determination of S 8’, let it be re- 
garded as the base of an isosceles spherical triangle, of 
which each of the equal sides is $(PS+ PS) = 81° 
43' 30”, the vertical ‘angle at P being Sh. or 45° ; then if 
the icular PM be drawn, the triangle PM S will 
be right-angled, and we shall have given $ 


PS= 81°43’ 90” and P => = 22° 30 


to find SM = }SS' as follows :— 
1. In the triangle P MS to find SM. 


sin. PS, 81°49'30" .  .  . 9°9954547 
sin.P, 22°30 0” «. . = 9°5828397 
sin. SM, 22° 15’ us “eee 96782044 


“. SS’ = 44° 30' 22"6 
2. In the triangle PSS’ to find the angle PSS’. 


sin. SS’, 44° 30’ 226 Arith. Comp. -*1542898 

sin. PS, 81°45 0" ,, 4, 9°9954822 

sin. SPS’ 46° 0 0" 3= 5, «SC g,~=Ss« 98494850 

sin. PSS’ 86° 38’ 58” 3 ” 9-9992570 

3. In the triangle ZS S' to yind the angle ZS S’. 
ZS, 47° 45’ 51 

sin. ZS’, 73°54'13" Arith. Comp. 0173686 

sin. SS, 44°30'22°6 ,, 4,  *1542898 
2)166° 10’ 26"-6 
4 sum = 83° 5’ 13"3 

sin. sum—ZS), 911’ O33 . « « 92030206 

sin. (4 sum—S 8’), 38° 34’ 507 . 9°7949179 

2)19-1695969 

sin. ($ZSS’, 22°36 264 . . « 975847985 

.. Sa 

ZSS’ = 45° 12’ 562”8 


from PSS’ = 86° 38’ 58” 
«. PSZ' = 41° 26’ 52 
4. In the triangle ZS P to find ZP. (See the following 
Investigati 


tion.) 

tan. PS, 81° 42’ 0” eer « 10°8359917 
cos. PSZ, 41° 26 5*2 «. e - 98748930 
cot.w=11° O'41°2 . e « 10°7108847 

ZS =73° 54 13” 

wo+Z8 = 84° 54 54°22 
hs CO et tana sl 
sin. w Ar. Comp. . . « 7189551 
sin. @+Z8). 3) ss 5 9-9082874 
sin. Z P, 48° 49’ 59-7 . . . 98766779 

Hence the latitude is 48° 50.’ 


As ZP is here found by a method not always given in 
works on Spherical Trigonometry, we shall subjoin the 
a Pages gear of it. Representing, as usual, the three 
sides of a spherical triangle by a, b, c, and the angle in- 
cluded by the first two by O, we have, by the funda- 
mental formula of Spherical Rrigemomsctey Koaae Ste), 

cos. ¢ = cos. a cos. b + sin. a sin. b cos. O. 
Or, since sin. a = cos. a <"-“ — cos. a tan. a, 


cos, ¢ = cos, a (cos. b + tan. a sin. b cos. C). 


Put cot. w for tan. a cos. C ; that is, let 


cos. w 
tan. a cos, C = cot. w= ——— see ee GQ) 
Then we shall have— 


sin. wcos. b + sin. b cos. w 
cos. ¢ = Cos. @ : 
; sin. w 


that is, cos. came ose OED . 2 


The expressions (1) and (2) are those already calculated. 
In the preceding solution more attention is paid to 
minute quantities than is at all necessary in actual prac- 
tice at sea, where fractions of a second are of course dis- 

ed. Yet in lengthy operations seconds themselves 
ought not to be entirely neglected, except in those con- 
fessedly approximative methods which the indirect pro- 
cesses, py iar tables, generally are. The only de- 
parture from strict mathematical rigour in the foregoing 
work, is in the first part of it, where the are S S' is sup- 

to be equal to an’are subtending the same angle at 

, the sides of this angle being the mean between the 
two slightly differing co-declinations PS, PS’. It is 
plain, from the small amount of this difference, that the 
fictitious are cannot vary in length from the real are S S’ 
by a quantity deserving of any consideration, when the 
time between the observations is not unreasonably great. 

By any one familiar with the practical solution of 
spherical triangles, the method here’ illustrated will be 
preferred to the indirect methods adverted to above; for 
the operation, though rather long, lays no burden upon 
the memory, and is, moreover, free from the inaccuracies 
—small inaccuracies, no doubt—which indirect methods 
are always affected with. A distinguished practical navi- 
gator, Captain Kater, after the example of Delambre, 
ex the preference to the direct process : the preceding 

ercise is taken from the former writer ; but the latter 
part of the solution is conducted differently. 

2. On the 7th of February, 1846, in latitude by ac- 
count 35° N., and longitude 47° W., at 8h. 9m. 4s. a.ar. 
mean time, the altitude of the sun’s lower limb was 
36° 10’, and his bearing S. 1 E. ; after running N.E. 27 
miles, the altitude of the lower limb, at 11h. 30m. 18s., 
was observed to be 41° 20’; the height of the eye was 
20 feet. Required the latitude of the ship when the 
second observation was made. 


declination. 
From the ; 
Feb. 7, noon 15° 19'32’S. P , 
Naut. Alm. % 8 . 15° 0°40” g_Semi-diam. 16°14’, 


1. For the true altitude of sun’s centre. 


— alt, sun’s L. L. ae 36° 10’ 0” 
Smid, . dois} + +t HOO" 
Pebeptioa eulioass, 3) yet aden el 
Truealtitude .. . .« . 36°20’ 40" 
Second alt. eu’sL. TD. . . 41°20 OF 
Dip. and semi-diam. « + 11’ 50" 
Apparent alt. . . . 41° 31’ 50” 
Refraction and par. . . — 58” 
True altitude . . wh Lid 41° 30’ 52" 


The angle between the sun’s bearing 8. } E. and the 
course N.E. is 11 ints, so that the ship has sailed 
within 4} points of the direction opposite to the sun, a 
distance of 2 27 miles. With this distance and 4} points 
as a course, the Traverse Table gives 18’ for the corre- 
sponding difference of latitude, which is the number of 
minutes the ship has receded from the sun during the in- 
terval of the observations : hence these 18’ must be sub- 
tracted from the first true altitude, to reduce it to what 
it would have been if taken by another observer at the 
place of the second observation ; consequently, the true 
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| gltitudes at this second place, taken at the stated times, .. ZSS' = 63° 14 64" 
36° 2 40° and 41° 30’ 52° PSS'= 83° 117’ 


.”. ZS = 53° 57’ 20" and ZS’ = 48° 29 8. 
2. For the co-declinations PS, PS’. 
Ship’s time, Feb. 6 20h. 9m. 4s. 


Long. intime . “ F 3h. 8m. Os, W. 
Time at Greenwich . ° 23h. 17m. 4s. 
Dee., Feb. 6. 15° 38' 9” var. — 465 
17' 49” 23 
Declination . 15° 20' 20'S. 1395 
90° 930 
PS = 105° 20 20° 6)106-95 
17°82 
Ship’s time, Feb.6  . ‘ 23h. 30m, 18s. 
a intime . ‘a . 3h. 8m. 0s, 
Gr. time, Feb. 7 . . 2h. 38m. 18s. 
Dec. Feb. 7 . 15° 19' 32” var, — 47-2 
1’ 58° 2h 
Declination 15° 17’ 34° 8. 944 
90° 236 
PS = 105° 17’ 34” 6)11:80 
1:97 


The decimal part of the minutes, in the correction for 

declination, is reduced to seconds by multiplying by 60. 
3. For the angle SP 8 

Time of first ob- 

servation. , .} °2+ 9m. 48 Sh. = 46° 

Time of second | 11h. 30m. 18, 2im.* = 5°15’ 


Interval of time . 3h. 21m. 14s. 148, = 3’ 30” 
*. the angle SPS’, in degrees, = 50° 18’ 30” 


Hence in the isosceles triangle P MS, we have for each 
of the equal sides 4 (PS + PS’) = 105° 18’ 57, and for 
half the vertical angle, 25° 9 15", 

1. In the triangle P MS to find S M. 


sin. PS, 105° 20'20" . . 9°9842479 
sin. P, 25° 9 15" iw - 976284454 
9°6126934 


sin. SM, 24° 11'58" =. 
2 


SS’ = 48° 23° 56° 
2. In the triangle PSS’ to find the angle PSS’. 


sin, SS’, 48° 23/56" Arith, Comp. _ 1262281 
sin. PS’, 105°17'34" ,, ~~, _—=Ss«9-98-43431 
sin. SPS’, 50°18'30" |, 5, 9°8862044 
sin. PSS, 83° 1°17" ,,  ,, 99967706 


3. In the triangle ZS Si, find the angle Z8S8'. 


_ ZS, 48° 29° 8° 
sin. ZS, 63° 57’ 20" Arith. Comp, -0922566 
1262230 


sin. SS, 48° 23' 56", a 
2)150° 50’ 24° 
$4sum = 75° 25' 12" 


sin. (} sum — ZS), 21° 27' 52" 
item ahr re 2° 


95633906 
9°6573607 
2)19-4392309 


singZSS' 31°97 27" =, =, +~—«-9°7196154 


* Divide by 4, and reckon every unit of remainder minutes, 
malnutes be the dividend or sscsnds, if sossudie te the dieideea “ 


7. PSZ = 19° 46 23° 
4. In the triangle ZS P, to find ZP. 


tan. PS 105° 20' 20" . 105617760 
cos. PSZ 19° 46’ 23” 9°9736081 
cot.w 16° 15° 2” . 10353841 
ZS = 53° 57’ 20” 
—w+ ZS = 37° 42’ 18" 
cos. PS + « « 94226245 
sin. w, Ar. Comp. - *6530929 
sin. (w+ ZS) . 9-7864647 
sin. ZP, 35°20° . 36. «=: 97621821 


Hence the latitude is 35° 20’ N. 


Nore.—It may happen, in low latitudes, that the arc 
8 S', if prolonged, would cut the meridian PZ between 
P and Z, in which case the PSZ will not be the 
difference between the angles PSS’, ZS S'; and the sum 
of these angles must be taken instead. eR (os bere 
therefore, the last portion of the work should be modi 
on this second supposition, and that one of the two re- 
sulting latitudes taken which best agrees with the lati- 
tude by account. (See He eg page 1084). 

It may be also noticed that the error of a few minutes 
in the estimated mean time at the ship will be of no con- 
sequence in deducing the declination ; but as an error in 


the elapsed time, and therefore in the corresponding 
polar angle, is to be avoided, the elapsed time should be 
taken from the chronometer, or a good watch. 


8. The two corrected altitudes of the sun are 42° 14 
and 16°.5' 47°; the corresponding declinations are 
8° 16°30’ N., and 8° 15’ N., and the time between the 
observations is three hours. Required the latitude of the 
place. Ans. Latitude, 48° 54’ 27" N. 

4. The two corrected zenith distances are 54° 39’ and 
19° 59’; the corresponding declinations are 5° 31' 6’ 8. 
and 5° 28 54" S., and the interval of time 2h. 
Required the N. latitude. Ans, Latitude, 1° 29 

5. In latitude 29° 10’ S. by account, and longitude 
124° W., the sun being obscured at noon, its altitude 
was taken at about 20m. noon, the chronometer at 


& 
A 


found to be 45° 33’; in the secon 

lower limb was 42° 8’ 30”, at whi 

the sun bore N. 4 E The ship's course between the 

observations was N.W. } W., her run 6 miles ; the 

allowance for dip was —4’ 30", and the Nautical Almanac 
ve Be See particulars for noon of the day at 
reenwich :— 


Sun’s declination from Naut, Alm., 16° 34 4” N.; 
hourly var. 42”°8. ; 
Semi-diameter from ditto, 15’ 52”. 
Required the latitude of the ship, when the greater alti- 
tude was taken. ae Latitude, 28° 0' 8. 


Nore.—When, as in this last example, the latitude 
at the first observation is to be f and the sun’s 
bearing is taken at the second observation, the point 


i dromahiod yrs dobainge: Die smth mal 
ucing the second altitude to 


If the sun’s true bearing, or azimuth, could be taken 
i isi ’ of observation, there would 
d altitude, because in the 
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Z would then be given; and this, together with ZS and 
P §, is sufficient for the determination of Z P. 

It is more convenient to observe the bearing when the 
sun is low than when it is high, and the result can be 
the better depended upon; therefore, in the problem of 
double altitudes, the bearing of the sun is always taken 
when the less of the two altitudes is taken. 

The method of finding the latitude here explained, 
may of course be applied to a star as well as to the sun, the 
interval between the observations being expressed in 
sidereal instead of in solar time ; but as, in general, the 
horizon increases in obscurity as the star becomes more 
clearly visible, two observations of a star, with a sufficient 
interval of time between them, can seldom be accurately 
made. The following, therefore, is a more suitable 
problem for the purpose in view. 

Latircpe From THE ALTITUDES OF TWO FrxEp Srars 
OBSERVED AT THE SAME TIME.—There are two advantages 


When the altitudes of the two stars are to be taken by 
one person, the mode of ing is this :—The altitude 
one star is taken, the time by the watch noted ; 
altitude of the other star is then taken, and the time 
noted ; after a short interval, the altitude of the second 
star is again taken, and the time noted. Thus the 
change of altitude of the second star, in a known interval 
of time, will be found ; and therefore the correction for 
the vhen the first star was observed, may be found 
by proportion. | 


to the i of solution, they are the same as 
i pa a the co-declinations or polar dis- 
Renee E, Ft altho too dain are given ; the angle P 
een See ae? Gres. ie sogie in Wine Using the 
i  ascensions of the twostars. We 
may hence compute the third side § S’ of the spherical 
i As the co-declinations siay ditt’ ecmsidaesds ly, 
this third side must not be calculated on the supposition 
that the mean of the co-declinations may be taken for 
each of the other two sides. It must be found from the 
distinct co-declinations themselves. The remaining part 
of the operation is the’same as in the former problem. 
Examples, 
1. In north latitude 52° 30’ by account, the corrected 
zenith distances of Capella and Sirius were as follows :-— 
29° 14’ 24”. 


Pol. dist., P-S’= 106° 28’ 40”, 
Difference of the two right ascensions, 1h. 33m. 45s. = 
23° 26’ 11° = P, Required the latitude of the ship. 
1. In the triangle SP $' to find SS’. 


tan. PS, 44°11’ 39" . . . 9-9877822 
cos. P, | 23° 26/11" . 99626072 


cot. w, 48°15'56" . . . 9°9503894 
106° 2840"... ———— 
o+PS'= 154° 44 36’ 
cos. PS 98555080. 


sin. w» Ar. Comp. ‘1271225 
sin. (o+ PS’) 96300961 


cos. $8’, 65° 47’ 55" 9°6127266 
2. In the triangle PSS! to find the angle PSS’. 


sin. SS’, 65° 47’ 55" Arith Comp. 0399527 
sin. PS’, 106°2840" ,, —,,-~=—«:9-9817868 
sin. SPS’, 23°26'11" |} 95995891 
sin. PSS’, 24°43' 3”, ~=—g,_-«=«9-6213286 


VoL. L 


3. In the triangle ZS’ to find the angle ZS8’. 
ZS = 7 5°48" - 
sin. ZS’ = 29° 14 24" Arith. Comp. 3111631 
sin. SS’= 65° 4754* ,, ,, | 0399536 


2)167° 8’ 6° 

$sum = 83° 34 3” 
sin. ($ sum — ZS) =54°19'39" ,, 4, 9-9097504 
sin. (f}sum—SS)=17°46' 9" |, 3, 9-4845601 
2)19°7454272 
sin. 4 ZSS’ = 48°14 290" = ,, Ss ,,_—s« 9-8 727186 


“BSS x op 45 9° } to be added 


121° 12’ 1” 

supplement = 58° 47’ 59” = PSZ. 
3. In the triangle ZS P to find ZP. 
tan. PS, 44°11'39" . . . 99877822 
cos. PS Z, 58° 47°59"... 9°7143559 


cot.w, 63°16 3’ . . . 9°7021381 
ZSm | BPE BM: es ee 


(w + ZS) = 92° 30 27" 
cos. PS 


98555030 
sin.w Ar. Comp. ‘0490919 
sin. (w+ ZS) 99995830 


sin. ZP, 53° 19’ 23° 9-9041829 


Hence the latitude is 53° 19’ 23” N. 


Tn connection with the foregoing method of solving the 
problem of double altitudes, there are some wees of 
theoretical interest to which the learner should attend. 
In the second step of the work the object is to find the 
angle PSS’; the operation conducts us to the sine of this 
poe ; and as the angle answering toa given sine may be 
either acute or obtuse, we have no right, independently 
of controlling conditions, to assume it to be the one any 
more than the other. 
_ In the example just solved, we have arbitrarily taken 
it to be acute, simply for convenience, without examining 
into any overruling circumstances. Now, in the present 
problem we may always take a similar liberty; for 
although the proper angle may really be the supplement 
of that we put down, the su uent step wil not be 
affected by this circumstance: the angle P S Z, which it 
is the object of that step to find, will still be the sum or 
difference of ZS 'S', PSS’ or the supplement of the sum. 

But it is well to show how all doubt respecting the 
species of the angle P SS’ may be avoided. 

The fundamental formula of spherical trigonometry, 
applied to the triangle P'S S’, gives : 


os. PSS’ cos. P S’—cos. P'S cos. SS’, 
be = sin. PSsin. SS’ 


and as it is matter of indifference which of the two stars, 
or which of the two Yer of the sun we mark Sor 8S, 
we may always consider, in this formula, that cos, P S’ is 
numerically paw than cos. PS, in which case the 
numerator of the above fraction, and consequently the 
fraction itself (since its denominator is positive), will 


have the same sign as cos. PS’; hence taking P S' for that 

of the two ions whose sine is the less, the i 

angle P88, will always be of the same species as PS— © 
h obtuse. 


that ®, Sey will either be both acute or 

In the Sanne just solved, cos. P 8’ is negative, and 
cos. P 8, cos, 8 8’ are both positive ; uently the 
fraction is negative, and therefore the angie PSS is 


* Asecond is deducted from this are, in order that there may be an 
er tae tell ppapmente preempted ye pp onipactbadage eae oor 
half, fractions of a d may be avoided; the omission of a can 
have no sensible influence on the result. 
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obtuse—namely, 155° 16’ 57", instead of 24° 43° 3°, as we 
have taken it above; and we seo that by subtracting 
96° 28° 58" we get the same result—namely, 58° 47’ 59”. 

Whatever method of solving the problem of double 
altitudes be employed, there is always, in particular 
instances, a degree of uncertainty as to whether the sum 
or difference of a particular pair of arcs or angles is to be 
taken, and which uncertainty can be removed only by 
reference to the latitude by account. 5 

The method proposed by Mr. Ivory, and which has 
been put in a very commodious form by Mr. Riddle, in 
his Navigation and Nautical Astronomy, is perhaps the 
shortest of the correct processes, when the object ob- 
served is the sun; but the investigation of it is ver 
long and complicated, and the several steps of the wor: 
are far less easy of recollection than those above : it has 
the advantage, however, of deciding the ambiguity here 
mentioned in the case of the sun, with but very little 
trouble. 

But in the case of a pair of stars, the uncertainty, is 
not so easily removed : an amount of calculation, equiv- 
alent to a repetition of the work involved in the last step 
above, has to be gone through. 

Now it occurs to us, that the best and most satisfactory 
way of coming at the proper value of the angle PS Z, is 
to directly compute this angle (in imitation of step 2 
before) from the three sides of the triangle P 8S Z— 
namely the co-declination P S, the co-altitude Z 8, and 
the co-latitude by account P Z. This extra work may 
be regarded as at Jeast an approximate verification of the 
entire process up to the end of step 3 ; and, in executing 
it, seconds in the several arcs need not be attended to : 
it will be sufficient to take each side to the nearest 
minute, 

The resulting value of the angle PS Z would be a safe 
guide to the value of it, which step 3 ought to give ; and 
the concluding step might then be worked without any 
misgiving. 

It may be further remarked here, in reference to a 
double altitude of the sun, that when the true co-latitude 
P Z is obtained, we may combine it with co-declination 
P 8, and the co-altitude ZS, to determine the hour- 
angle Z P'S, the apparent time from noon when the alti- 
tude furthest from the meridian was taken: the cor- 
rection for the equation of time being applied, the result 
will be the mean time at the ship when S was observed. 
The chronometer, proper allowance being made for its 
daily loss or gain, will show the mean time at Green- 
wich ; and the difference between the two will be the 
longitude in time. 

But this important subject will be more fully discussed 
in the next chapter; we shall only add here, that an 
altitude near the meridian is not eligible for determining 
time, because, in that position, altitudes vary so slowly, 
that a small error in altitude may occasion a compara- 
tively e error in time. 

Example 2.—In latitude 58° N. by account, the true 
altitude of Capella was 69° 23’; and at the same time the 
true altitude of Sirius was 16° 19’; the following parti- 
culars were also given by the Nautical Almanac ;— 
Right Ascension of Capella 5h. 2m. 18s. Dec., 45° 47' N. 

5 Sirius 6h. 36m. 33s. ,, 16°27'S. 
Required the latitude. Ans. Latitude, 57° 8’ N. 
He Deviation or THE Compass.—The mariner’s 
compass is subject to two kinds of disturbance, which 
operate against its true north and south direction. One 
is a local disturbance attributable to the attractive in- 
fluence of the iron in the ship, which, when unequally dis- 
tributed in reference to the magnetic meridian, or the 
line slong which the compass would otherwise settle, 
causes a deviation from that line. The effect of this local 
attraction is called the deviation of the compass. The 
amount of the angular disturbance or aberration is ascer- 
tained by experiment, before the ship proceeds on her 
voyage; and a table is then formed, which gives the 
proper correction for different positions of the ship’s 
ead. But Mr. Barlow, of the Royal Military Academy, 


| Woolwich, has devised an apparatus for counteracting the 
effect of local attraction : a small iron plate is so placed 


; 


near the compass, vertically and behind it, as that its 
influence upon it may neutralise the action of the iron 
in the ship; the proper situation for the plate being 
ascertained by experiment when the ship is in harbour. 
For an account of this contrivance, and the mode of 
applying it, the reader is referred to Barlow's Essay on 
Magnetic Attractions. It may be observed, however, 
that much care is requisite in fixing the plate; and that 
if the distribution of the iron in the ship be afterwards 
changed, the plate must be readjusted ; but this incon- 
venience must attach to every method of estimating the 
deviation from the results of observations previously 
made, under particular conditions, as to the amount and 
position of the disturbing materials, Local deviation has 
sometimes been found to be so great, that, ina ship loaded 
with iron, the course by eompass has been known to 
differ from the proper course by so much as 30°.* 

THe VARIATION OF THE Compass.—The vertical plane 
passing through the direction of the horizontal needle at 
any place, marks out the magnetic meridian of that place, 
just as the vertical plane through the north and south 
points of the horizon marks out the geographical meridian 
of the place. The angle traced on the horizontal plane 
by the vertical planes just mentioned, measures the 
variation of the compass at the place. There are but very 
few places on the surface of the earth where the needle 
eed directly to the north and south points of the 

orizon, or where the variation is zero. The line in 
which such places lie is called the line of no variation 
and is a curve of very complicated form. It was not till 
probably some centuries after the discovery of the com- 
pass that the needle was suspected ever to lie out of the 
lane of the geographical meridian : it seems first to have 
n observed by Columbus, in 1492. 

The variation of the com is not only different at 
different places ; but, what is more remarkable, it is not 
constant even at the same place. At London the vari- 
ation was eastward till about the middle of the seven- 
teenth century ; in 1659 the needle pointed due north 
and south, the variation being zero, so that at that time 
the magnetic coincided with the —— meridian, 
After this the variation became westerly, and it continued 
to increase till the year 1818, when it appears to have 
attained it greatest limit of westerly variation—namely, 
24° 30’. Since then the variation has been lowly 
diminishing, and it is now about 23° west. 

In order to ascertain the variation of the compass at 
any place, it is necessary that we find by computation, 
or, by some means independent of the compass, the true 
bearing of a celestial object ; then observe the etic 
or compass bearing ; the difference of the two will be the 
variation of the compass ; including, however, the local 
deviation, unless this have been neutralised, as explained 
above. 

There are two forms of the phen : the object whose 
bearing is observed may be either in the horizon or above 
it. In the former case it is the magnetic amplitude that 
is observed ; in the latter case it is the azimuth: in 
both cases the latitude of the place is supposed to be 
known. 

To FIND THE VARIATION FROM AN, OBSERVED AMPLI- 
tupE.—It has already been seen that the angle which 
the equinoctial makes with the horizon of any place is 
the co-latitude of that place (page 1074). This angle is 
therefore given ; and as the object observed is in the 
horizon, and its declination or distance from the equi- 
noctial known, we have given the pep nama the 
declination) and the opposite angle (the co-altitude) of a 
right-angled spherical triangle to find the hypotenuse 
(the true amplitude); and the difference between this 
and the observed amplitude is the variation, includin 
the local deviation when not previously coun 
Refraction causes objects to appear in the horizon when, 
on an average, they are 33’ below it ; consequently, the 
compass-amplitude should be taken when the sun’s 
centre, or the star selected, is about 33’ plus the dip, 
above the sea-horizon; or, allowing 16’ for the sun’s 


* This subject, and that of the Variation, is fully entered into in the 
ion on Magnetism in this vol Ep. 
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semi-diameter, the altitude of the sun’s lower limb should 
be about 17’ + dip. 
Examples. 


1. In January, 1830, in latitude 27° 36’ N., the rising 
amplitude of Aldebaran was observed, by compass, to be 
E. 23° 30' N. uired the variation of the compass. 

By the Nautical Almanac the declination of Alde- 
baran was 16°9 37’ N.; and since by right-angled 


sin. declination=sin. amplitude x cos. latitude ; 
4 : sin. declination 
therefore, sin. amplitude= —>~jatitude 


nee eeineen computation Mien Slows ; 
sin. declination 16° 937° . . . 9°44455 
cos. latitude 27°36 0" .. 


sin. amplitude 18° 18' 16" . . . 949702 

Magnetic amplitude 23° 30' 0° 

5° 11’ 44” 

As the star is thus farther by 5° 11’ 44” from the mag- 
netic east towards the north than from the true east, 
the etic east has therefore receded thus much to- 
wards the south, and consequently the magnetic north to- 
wards the east, hence the variation of the compass is 5° 11’ 
44’E. But the following directions will serve for all cases. 

When the object is rising, the true amplitude is al- 
ways estimated from the east, and when it is setting, 
from the west, and towards the north or south, according 
as the declination is north or south. 

If the true amplitude, and that by compass, be both 
north or both south, their difference will be the variation; 
but if one be north and the other south, their sum will 
be the variation, easterly when the true amplitude is to 
the right, and westerly when it is to the left of the 


2. On Feb. 15th, 1841, in latitude 43° 36° N., and 
longitude 20° W., the setting amplitude of the sun’s 
centre was observed to be W. 6° -, at 6h. 52m. P.m., 
apparent time. Required the variation of the compass. 


Time at ship . . . 6h. 52m. 
Long. intime. . . Ih. 20m. W. 


Time at Greenwich . 8h. 12m. 
Sun’s dec. at noon, Naut. Alm. 12° 37' 18" 8. 


Correction for 8h. 12m. . —6 49" 
Sun’s dec. at time of obs. 12° 30° 29” S. 
10 


sin. declination 12°30°S. . . 933534 
cos. latitude 43° 36 « «—9°85984 


sin. amplitude W.17° 23'S. . . 9°47550 
Magnetic amplitude W. 6° 45’ N. 


Variation . 24° 8 West, the true amplitude 
being to the left of the 
magnetic. 

The true amplitude is always of the same name—north 
or south, as the declination, as is obvious. 

3. In latitude 21° 14 N., when the sun’s declination 
reduced to the time at ship, was 19° 18 6” 8., its mag- 
netic amplitude at rising was E. 35° 20'S. Required 
the variation of the compass. 

Ans. Variation, 14° 34’ West. 

4. In latitude 26° 32 N., and longitude 79° W., the 
sun’s centre was observed to set W. 4° 17'S.; the time 
at the ship was about 6h. p.m.: the sun’s declination at 
noon Greenwich time, was 30’, and the hourly increase 
of declination 1’. Required the variation of the com 

Ans. Variation, 3° 31’ E. 

5. In latitude 48° 20’ N. the star Rigel was observed 

to set 9° 50 to the northward of the west point of the 


compass : the star’s declination was 8° 25'S. Required 
the variation of the compass. 

Ans. Variation, 22° 33’ W. 

VARIATION OF THE ComPASS FROM AN AzimMuTH.—The 
computation of the azimuth of a celestial object requires 
the solution of an oblique-angled spherical triangle, the 
three sides being given to find an angle. The three sides 
are the co-latitude, the co-declination, and the zenith 
distance, or co-altitude of the object: the azimuth is 
measured by the angle at the zenith, or that of which 
the sides are the co-latitude and the co-altitude; in 
other words, it is the angle at the zenith between the 
meridian and the vertical circle through the object, 
agreeably to the definitions (page 1074). In north lati- 
tude, the true azimuth is reckoned from the south point 
of the horizon ; and in the south latitude, from the north 
point, towards the east, when the altitude is increasing, 
and towards the west when the altitude is decreasing. 

The observed or magnetic azimuth being reckoned 
from the rere! omg as the true azimuth, if both are east 
or both west, their difference will be the variation; butif 
one is east and the other west, their sum will be the vari- 
ation. The variation is east or west, according as the 
true azimuth is to the right or to the left of the observed 


azimuth. 
Examples. 

1. On June 9, 1853, at about 5h. 50m. a.m., in Jati- 
tude 50° 47’ N. and longitude 99° 45’ W., the bearing of 
the sun by com was 8. 92° 36’ E.; when the altitude 
of his lower limb was 18° 35’ 20", the index correction was 
+ 3 10’, and the height of eye 19 feet, Required the 
variation of the compass. 

1. For the Co-declination and the Co-altitude, 


Time at ship, June 8 C . 17h. 50m. 
Long. 99° 45° W. in time . . 6h. 39m. 
Time at Greenwich, June 9 . Oh. 29m. 


Sun’s dec. June 9, at noon, Gr. time 22° 57’ 36” 
Hourly var.+ 11”’°8.*. cor. for 29m, + 6” 


Dec. at time of observation ° 22° 57’ 42” 
90° 

Co-declination . - < i 67° +2’ 18” 
Obs. alt. . a P . : 18° 35’ 20” 
Index cor, p “ 2 : + 3/10” 

" Tee 18° 38’ 30” 
ee ay arp ee Se hae 
App alt... +. say 59” 
Ref. and par. . ° ° . — 241” 


Trap alt, Sy es) edie we Sayre 
: 90° 


Co-alt. . Z ‘ ” 71° 12’ 42” 
2. For the true Azimuth, 


Co-declination 67° 2’ 18” 
Sin. co-alt. . 71° 12°42” Arith. Comp. -0238109 
Sin, co-lat. . 39°13’ 0” Arith. Comp. 1991079 


2)177° 28° 0” 
Sin. 98°44 0" =,,.—,,_~—« 99998989 
Sin. (88° 44’ — 
codec.) 21°41'42” ,, ,, 95678001 
Cos. 61° 52 £ » —99-—«9°7906218 


True azimuth 8. 103° 44’ 8” E. 
Observed azi. S. 92°36 0’ E. 


Variation. .11° & 8’ W., the true azimuth being 
to the left of the observed. 
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2. In latitude 48° 50’ N, the true altitude of the sun’s 
centre was 22° 2’; the declination at the time of the obser- 
vation was 10° 12 S.; and the netic bearing 8. 161° 
$2 E. Required the variation of the com 

Ans. Variation, 40° 40° W. 

3. November 19, 1835, in latitude 50° 22’ N., longitude 
24° 30° W., at about 9 o’clock in the ing, the alti- 
tude of the sun’s lower limb was 8° 10’, and bearing 
by compass S, 21° 18 E. ; also the height of the eye was 
20 feet. Required the variation to the nearest minute. 

Sun’s dec. at noon, Nov. 19, G. T., 19° 23'S. Semi- 
diameter, 16’. 

Variation of dec. in 1h. + 40", so that 2’ must be sub- 
tracted for three hours before noon. 

Ans. Variation, 24° 12 West. 

Nore.—In the foregoing examples, if the local devia- 
tion of the compass remain uncorrected, what is named 
variation will be compounded of variation proper and 
deviation. Each result must then be regarded as the 
difference between the uncorrected compass-bearing and 

It is proper to remark also, in concluding this division 
of our subject, that a single altitude or a single azimuth 
taken at sea is not considered so trustworthy as the mean 
of several ; consequently, when all attainable accuracy is 
desired, the observations are repeated at short intervals 


of time (a minute or so), and the mean result of the set 
is taken for the observation employed in the calculation, 
the mean of the times being corresponding time of 
that observation. 
precip wath pe Pp Breen rte dias Sooo is a 
matter of great practical importance ; ‘8 cor- 
recting plate is a valuable check to its influence. About 
a quarter of a century ago the is, with a million of 
dollars and other treasure on sailed under the 
most favourable p from Rio Janeiro ; the next 
day, in consequence of unfavourable wind, they tacked 
ship, in full confidence of being clear of land ; the fatal 
mistake was first discovered by the jib-boom striking a 
high perpendicular cliff; all the three masts were at once 
sent over the side, and vessel and cargo were lost. In a 
pre in the Phil. Trans. for 1831, Mr. Barlow shows 
¢ the local deviation of the compass was exactly such 
as to be likely to occasion this great mistake in the ship’s 
reckoning. e distance the vessel had run was about 
80 miles ; and assuming the local attraction to have been 
equal to that of the Gloucester—a similar ship—she 
would have passed five miles nearer to the scene of her 
destruction—Cape Frio—than she would have done had 
the compass been undisturbed by the attraction of the 
vessel, or had this disturbance been counteracted by any 
neutralising apparatus. " 


Intnopuction,—To “A pgeng ow the eas of a ship ” 

is justly regarded as the greatest achievement o 
Nautical yee Flaca ; it is often considered, too, as the 
most important achievement ; but since both the lati- 
tude and the longitude are equally necessary to enable 
the mariner to ascertain the position of his ship on the 
ocean, one of these determinations has, in fact, no claim 
to superior importance over the other, as respects its 
practical value to the navigator. 

A higher of consequence has been attached to 
the problem of finding the longitude, solely because of 
the greater difficulties with which the solution of it is 
beset, and of the demand made upon the re- 
sources of science—both mechanical and astronomical— 
for the means of overcoming them. 

We have seen, in the preceding am te that there are 
several ways of determining latitude: of these the 
simplest is that wherein the data are the altitude and 
declination of a celestial object when on the meridian. 
So there are several methods of determining eogiude { 
but in each of these we have two distinct problems to 
solve instead of one : the problems are, Ist, to find the 
time at the ship; and, 2nd, to find the time at Green- 
wich. The difference of the times is the longitude of the 
ship in time. The first of these problems is compara- 
tively easy ; the second has exercised the ingenuity and 
tasked the exertions of the greatest minds; and two 
very different forms of solution have resulted-from these 
ellorts. ; 

As the great object to be accomplished is to discover, 
at any instant at the ship, what time it is at Greenwich, 
or at the meridian from which longitude is reckoned, it 
is natural that the problem of finding the longitude 
should have more especially engaged the attention of 
chronometer-makers ; and, accordingly, when, in 1714, 
the first parliamentary reward was offered for the solu- 
tion of this problem, within certain limits, a most laud- 
able emulation was called forth among the more scien- 
tific of this class of artists. The pecuniary stimulus 
offered by government was this—namely, £10,000 for a 
method which should determine the longitude to within 
60 miles of the truth ; £15,000 if the method should give 
the longitude within 40 miles ; and £20,000 if within 30 
miles, The most successful competitor for these rewards 
was John Harrison, who, with indefatigable industry, 


CHAPTER IV. 
ON FINDING THE LONGITUDE AT SEA. 


= himself to the construction of a chronometer that 
should keep time with sufficient accuracy to accomplish 
the last of these objects. In 1736 his first chronometer 
was subjected to trial in a voyage to Lisbon; and in 
1739 a second, still more perfect, was produced ; but in 
1758 he completed a third, which he affirmed to be so 
accurate as to entitle him to the highest reward offered 
by the Commissioners of Longitude. In compliance with 

r. Harrison’s request, the Admiralty directed the 
watch to be tried on a voyage to Jamaica, in the ship 
Deptford, which sailed from Portsmouth, November 18, 
1761, and arrived at Port Royal, Jamaica, January 19, 
1762. The time at Portsmouth—for the watch had been 
set to Portsmouth time—was found, on the 26th of the 
same month, to be 5h. 2m. 47s., as shown by the chrono- 


‘meter, at the instant of noon at Port Royal; and the 


exact difference of longitude, in time, between the same 
two places, as found by careful astronomical observations, 
was 5h. 2m. 51s.; differing from the determination of 
the chronometer by only 4s., which, in the parallel of 
Jamaica, is less than one nautical mile. 

On January 28, 1762, the chronometer was sent back 
in the Merlin, which arrived at Portsmouth on March 
26. On the passage, the ship encountered a violent 
storm, and the chronometer had to be removed to a 
place where it was likely to suffer from exposure. The 
time of mean noon, as shown by the chronometer, April 
2, was 1lh, 58m. 685. Hence, from Nov. 6, 1761, to 
April 2, 1762, during which period the chronometer 
passed through a variety of climates, and been subjected | 
to violent agitations of the sea, its error was no more 
than 1m, 53s8°5, or 28} minutes of longitude in time, 
which, in the parallel of Portsmouth, does not amount 
to 18 nautical miles. 

On this occasion Mr. Harrison received £5000 ; and 
another trial vo was pro) —namely, from Ports- 
mouth to Barbadoes—which was made in 1764, and 
which proved so satisfactory that an additional £5000 
was ordered to be paid to him, and the remainder of the 
highest reward promised as soon as he had goes A 
explained the principles of his time-keeper to 
another artist to construct one as Mr. 
accordingly explained fully the whole of his mechanism 
to a properly qualified committee ; and Mr. etre = 
member of that comunittee, was directed to construct a 


LONGITUDE. ] 
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chronometer on Harrison’s principles. The instrument 
he produced was committed to the care of Mr. Wales, on 
his voyage round the world with Captain Cook, in the 

1772, 1773, and 1774; and it so fully justified 
Hasriaats expectations in this severe trial, that the 
House of Commons ordered the remaining £10,000 to be 
paid to him. 

Subsequently to this, chronometers were constructed 
by various persons, u independent principles and of 
equal merit; those by Mudge, Arnold, and Earnshaw 
were consid to deserve special distinction, and ac- 


cordingly £3000 were paid b: vernment to each of 
yy. oe Met Ys ward has since 


At the present day, chronometers fully equal to any 
of those here adverted to are readily to be procured, and 
from the best makers ; even superior time-keepers may 
at all times be obtained. The difference of longitude 
between Greenwich and New York, as recently deter- 
mined by the chronometers of Mr. Dent, agreed with the 
results of astronomical observations, to within three- 
quarters of a mile ! 

Such, then, is the degree of perfection to which this 
department of mechanical art has been brought ; so that 
the determination of the time at Greenwich, at any in- 
stant, in any part of the globe, would be an easy matter, 
provided only that a pic dhe could be insured 
against all ae ecaraerer with its rem But at 
sea, a piece of machinery so delicate ly exposed 
to ing influences—changes of cimate—the jerks 
and vibrations of the shi attraction, &ec., &c., 
all have their influence; and however these ordinary hin- 
drances to the correct performance of the watch may be 
provided against, _ an unavoidable accident may at 
any time render the machine useless. The safety of 
navigation requires, therefore, that—valuable as the 
chronometer is—other means of finding the longitude, 
independent of its aid, should be de ; and these are 
furnished by what are called the Lunar Osservations. 

By aid of tables of the moon’s motion—first supplied 
to the British Admiralty by Professor hey bo of Géttingen 
(1755—’62), and subsequently improved by Mason, Brad- 
ley, and others—the angular distances of the moon from 
the sun, and from the principal stars that lie near her 
pe are predicted for every three hours of time, and 

or several years in advance. These ‘‘ Lunar Distances” 
are given in the Nautical Almanac. The motion of the 
moon in her orbit is so rapid—about 13° in 24 hours— 
that her advance to, or recession from a star.in her path, 
is a measurable quantity even in the lapse of a few 
seconds of time: by means of the three-hourly distances 
computed in the Nautical Almanac for Greenwich time, 
her distance from any one of the selected stars, at any 
intermediate instant of Greenwich time, can be easily 
found by simple proportion ; and, conversely, any inter- 
mediate distance being known, the corresponding Green- 
wich time can, in a similar manner, be fo 

Like as in all the other angular measurements of Nan- 
tical Astronomy, the observer is considered to be situated 
at the centre of the earth: a lunar distance, therefore, 
being taken at sea, and reduced to this point, the mari- 
-| ner has only to turn to his Almanac, and from the dis- 
tances there given, to compute, by proportion, the time 
at Greenwich, when the distance of the same objects was 
what he has found it to be. The Greenwich time at the 
instant of observation is thus discovered, and thence— 
his own time being known—the longitude of the ship is 
ascertained. 

The heavens thus supply the navigator with an unerr- 
ing chronometer—a time-piece that needs no winding u 
—that never gets out of repair, nor ever requires re-ad- 
justment—that can neither be de by accident, nor 

deteriorated by neglect. Placed beyond the reach of 
sublunary vicissitudes, heat and cold, storm and tempest 
affect it not: these, indeed, may temporarily cloud and 
obscure its face, but they can neither disturb its mecha- 
nism nor alter its rate; and we know that it will run 
down only when our concerns with Tre are at an end. 

From these introductory remarks, the student will 


readily anticipate the business that is now before us. 
Whether we consult a chronometer, or take a lunar dis- 
tance, for the purpose of finding the time at Greenwich, 
the time at the ship is an indispensable element in the 
determination of the longitude ; the problem first to be 
solyed, therefore, is to find the local time. ' 

On Fixpinc tHe Tre at Sea.—At first sight it 
would appear that the time at the ship, most easily de- 
termined, is the time of noon, or when the sun comes to 
the meridian ; but, for a minute or two before and after 
the sun’s transit, the change in altitude is so small, ex- 
cept in low latitudes, that it is not possible at sea to 
detect the instant of the meridian passage ; and the same 
mv of comse be said in reference to any other celestial 
object. 

n determining the latitude by a meridian observation, 
the error of a minute or so in the time of apparent noon 
is of no consequence ; for, as just remarked, the altitude 
of the object—which is all that the latitude is concerned 
with—is pretty nearly constant for a few minutes in the 
neighbourh of the meridian; but, as respects the 

itude, the error of a single minute in the time would 
occasion an error of fifteen minutes of longitude. It is 
obvious, therefore, that when time is to be deduced from 
altitude, with a view to the determination of the longi- 
tude, the position of the celestial object to be observed 
should be so chosen—when circumstances are such as to 
permit of a change of position—as that a small error in 
the altitude may have the least effect possible on the 
hour-angle, or time from noon. It is of importance, 
therefore, to consider the following preliminary prob- 


—_> 


To determine upon what vertical a Celestial Object must be, 
in order that a small error in the Altitude may have the 
least effect on the Time. 


wert Sit Bed oe ire the celestial object ob- 
served ; but by a small error in taking the altitude, let it 
be referred to 8S’. Draw S'S” parallel to the horizon, 
and Reson ing the parallel of declination ss‘, in the 
point S*. 
Then, when the object is at S” it will really have the 
Fig. 29. co-altitude ZS’ equal 
Z to its supposed co-alti- 
tude ZS, when it was 
actually not at 8’, but 
at 8; so that in the 
determination of the 
hour-angle P from the 
co-latitude P Z, the co- 
declination PS’, and 
the erroneous co-alti- 
tude ZS’, the small 
angle § PS” will mea- 
sure the amount of 
error in the time, 
L As the triangle SS'S” 
N is of course exceedingly 
small, since the error of observation is not purposely 
made, it may be regarded as a rectilinear triangle, right- 
angled at S'; therefore SS’'= SS’sin. 8’, and SS’= 
sin. PS 7S PS*, for 88’, the distance’ over by 
the object, may be compared to the distance sailed on a 
parallel of latitude by a ship, making the difference 
of longitude SPS’; and we know that in this case 
(page 1056), 
cos. lat. : 1: : dist. : diff. long. .*. dist. = cos. lat. x 
diff. long., ... SS' = sin. PS 7 SPS’. 
Hence § S’ = sin. 8S” sin. PS ZS PS”.’.S PS” 
ss’ ; 
“sin, 8’ sin. PS’ * + 
Now the angle 8’, that is, the angle 8'S’S, is equal to 
* It may be r ked, m , that the altitude of the sun, the 
moon, or a planet, is not necessarily always the greatest when on the mid- 
day meridian of the place of observation ; necessarily the least, when 


nor 
on the midnight : the body’s change of declination may be such 
as to prevent this, 
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the ZS P, because 8’ being a right angle, S'S 8" is 10. . « « + 10000 

eee aeecemoscce |: ) a aan ee 

por : ~horebee wis 

oe ane phelet : 15 Arith. Comp. 8:8239 
sin. 8" ; sin. SZP ::. sin. PZ :sin. PS 1-438 ws! . B77 


.".sin. S'sin. PS =sin. PZsin. SPZ . . . (2) 


Substituting the second member of (2) in (1), we there- 
fore have 


" 8s error in altitude 
BPS = 5 Pan BZP ™ cos lat ain. asimuth °° :@) 


This expression for the error in time will obviously be 
the least possible, when the sine of the azimuth is the 
greatest possible ; hence, if the co-declination be suffi- 
ciently great, or the co-latitude sufficiently small for the 
object to cross the prime vertical Z N, above the horizon, 
in its towards the meridian or towards the hori- 
zon, the most favourable time for an observation of the 
altitude will be when the prime vertical is reached—that 
is, when the object is due east or due west—the azimuth 
being then 90°. If other circumstances—weather, prox- 
imity to the horizon, &c.—be unfavourable, then the 
nearer the position of the object to the prime vertical the 
better. 

But if the co-latitude PZ exceed the co-declination 
Ps’, then the object cannot arrive at the prime vertical ; 
the azimuth P ZN will then be the greatest, and have 
the greatest sine, when the object is at S, the point in 
which the azimuth circle ZS N touches the parallel of de- 
cimation ss. It is plain that in this position the appa- 
rent motion of the object is nearly perpendicular to the 

The ‘riagle PRZ 29) is right-angled at §, f 

iangle P'S is right-angled at S, for 

P'S is the shortest arc from De ZN. and is, therefore, 

at right angles to Z N ; in this triangle the two sides P §, 
P Z, the co-declination and the co-latitude, are sup) 

to be given : we may, therefore, find the angle Z, or the 

ing the object ought to have, so that the error in 


altitude may affect the time as little as possible; or we 
may find the angle P, Fig. 30, 

the time from apparent 

noon, when the obser- Zz y 

vation should be made. 


If it be not practicable 
to take the altitude 
when the object is in 
the most favourable po- 
sition, then a position 
as near to it as possible 7 
should be chosen ; and 
it must be remembered 
that, throughout the 
interval between the 
best ition and the 
meridian, the nearer 
the object is to the me- 
ridian, the more unfavourably is it situated for the 


oie of wares the time from an altitude; the 
ormula (3) sae shows this. 

This formula (3) will of course serve for determining 
the error in the time consequent upon any assumed error 
in the altitude, at any observed azimuth ; but as the 
angle 8 PS’ is expressed in minutes of the equinoctial, as 
a te from (1) above, it is necessary to divide by 15, 

to bring 


the measure into minutes of time ; so that 
o dh bit thei ta ext _ 1 error of altitude 
et Sree See et = Gh aie 
For example. Suppose the latitude to be 51’ 31’ N.’ 
the azimuth of the object S. 48° 10’ E., and that the 
error of altitude is estimated at 10. Required the error 
in the pate time. 
The above formula, put into logarithms, is, 
log. error of time = log. error of alt. —log. cos. lat. — 
log. sin. azimuth—log. 15 + 20. 


Hence the error in time is 1-438 = I’ 26” 


If the object observed be the sun, the h 
its circle of declination, at the instant of observation, 
ee ee as ttn noe 

‘+ male’ Sout ti . 
the Naasieal enone abd geOooedl meas chats tia 


4 


gitude by account, to the estimated t of observa- 
tion, the apparent may be converted into mean time. 

If the object be a star, the hour-angle its circle of de- 
clination makes with the meridian is a portion of 
sidereal time ; it is the difference between the right as- 
cension of the star, and the right ascension of 
dian. When the star is to the west of meridian, its 
R. A. (right ascension) must be increased 
angle ; when it is to the east, its R. A. must 
ished by the hour-angle ; the result is 
meridian ; and the difference between this and 
KR. A. at the time of observation, is the time from the 
same meridian, and which is apparent, or mean ti 
according as the sun’s R. A. is taken from p. 1 or p. 
Ot Te tla Object both planet, the 

object @ moon or a apparent 
and mean time are obtained just as in the 
star. 

To determine the hour-angle,P from which the 
time at the ship is thus deduced, there are given 

herical triangle P ZS, the co-latitude P 
clination P'S, and the H Peaigyr tid Segue} ow 


for half. the sum of these three sides, we have 
cos. 4 P 


cos. ;P=\% 


The co-altitude ZS, used in weeting this formula, is 
usually deduced from a set of altitudes taken within a 
minute or two of each other, as in the following 


sin. s sin. (s— ZS) (Triconomerry, 


“sin. PZsin.PS __ P. 658). 


examples ;— 
Examples. 
1. Time deduced the Sun.—On September 23, 
1845, in latitude 30° N., and longitude by account 


110° W., a set of altitudes of the sun were taken as 
below ; the index correction was—3' 20", and the 
height of the eye 20 feet. Required the mean time at the 


ship. 

Wook —Besides a chronometer or two a ship al 
carries a good common watch, wexrig: 
which, what may be called the time at ip by 
or the seiner time, is kept. This may 
by the meridian altitudes, or by the double altitudes, or, 
as already noticed, by means of the chronometer and 
estimated longitude. For the purposes to which the | 
watch is applied, an error of a few minutes is of no con- | 
sequence ; in the present problem the estimated time is 
used to get the declination and equation of time. The 
times recorded below are the mean times at the ship, as 
shown by the watch. 


Altitudes of the Sun. Times per Watch. 
11° 4°40”... . . » 4h. 48m. 428, 
11°, 2 8... 3. 5, een Ole 
10° 59 45”... . . . She 45m. De, 
10° 66 30”... . . 4h. 46m. 198. 
4)44° 3! 20” 4)19h. Om. Os. 
11° 0 50” 4h. 45m. Os, 
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TIME AT SEA.] 
Maan che. alee. Fa ae a OOF. 
Tndex: “ae wipe 2 se 8% 207 
Di ee we se Kae +8’ 14” 
Semi-diam.. . . .- 15’ 58” 
App. alt. See MS Feb tte tay MeN eae 
. and Par. et 0 tee — 4 38” 
True alt, sien 6 6 6° e Ue LE 4’ 26” 
90° 
.”. ZS= 78° 55 34” 
Time nearly. . . . . 4h 45m. 0s. PM. 
Long. 110 W. . . . . 7h. 20m. 


Mean time at Greenwich 12h. 5m. 
Sun’s dec. at noon Green- 
wichtime. . . . . O° 6& 56”S.v.+58}” 
Cor. for 12h. 5m. (584" x a 
11’ 47’ 


0° 18’ 43" S, 
90° 
PS= 90° 18° 43” 


Also since P Z = 39° 30’, the computation of the hour- 
angle P, will be as follows, namely :— 


ZS, 78° 55' 34” 
Sin. PZ, 39°30 0” Arith.Comp. 1964895 
Sin. PS, 90°18’ 43" Arith.Comp. 0000064 
2)208° 44’ 17” 
Sin.s, 104°22) 9 . . . . « 99861968 
Sin. (j|— ZS), 25° 2635" . . . . . 96330782 
Equation of Time. . —_ 
Sep. 23 7m. 42s, var. 0”°858,* 2)19°8157709 
Cor. for 12h., + 10s. — — - 
99078854 


7m. 52s. 
cos. $ P, 36° es 


“.P = 72° 1' 34 
In time = 4h, 48m. 6s. Apparent time 


Equation of time —7m. 52s. at ship. 
4h. 40m. 14s. Mean time 
— at ship. 


In this result a quarter of a second has been disre- 
we conclude that the watch is about 5m. 


t’s confidence in such results be not shaken by the 
fact that certain of the data with which he works are 
confessedly erroneous, and are never more than approxi- 
mations to the truth ; the estimated longitude, and the 
estimated time at the ship are, of course, more or less 
affected with error. He must take notice that these two 
elements do not enter di 


i in proper correc- 
tions. with but ordinary care in the dead- 
reckoning, and the proper in taking the alti- 


© This is the variation uation of time 
tis Femiiast 45 of the eq in one hour, as given in 


the acknowledged fact that certain of the data are only 
approximately true. 

'o illustrate this, let us modify the foregoing opera- 
tion by applying the above correction to the or by 
putting it back 5m.; then the mear. time at Greenwich, 
when the observed altitude of the sun at the ship was 
11° 0 50”, will be 12h. The correction for declination 
will therefore be 58” 4 x 12 = 11’ 42”; hence, sub- 
tracting 5” from the above value of PS, we shall have, 


| for the more correct value, PS = 90° 18’ 38”; and the 


work, modified in accordance with this change in the co- 
declination of the sun, will stand as follows :— 


ZS, 78° 55’ 34” 

sin. PZ, — 39° 30° 0° Arith. Comp. 1964895 
sin. PS, 90° 18’ 38" Arith. Comp. 0000064 

2)208° 44’ 12" 
sin. 8, 104° 22 6’ . 2 we «~~ 9°9861985 
sin. (—ZS) 25° 26°32"... » | 96830650 
2)19°8157594 
cos. $P, 36° 0 51" 9°9078797 

2 


a P=72° i: 42” 


In time = 4h. 48m,,_ 62.3 the correct mean time 
Equation of time—7m. 52s. | 2+ 4n5 ship. 


The time, according to the former result, was 
4h. 40m. 14s.}; for, as stated above, the fraction of a 
second was sup : we see, therefore, that the error 
of 5m. in the estimated time occasions an error of only 
half a second in the correct time. Suppose now that not 
a the estimated time, but that the estimated longi- 
tude is also affected with an error equivalent to 5m. of 
time—that is, an error of 1}° in longitude, which is a 

error; and suppose that both errors conspire, 

ing the mean time at Greenwich 12h. 10m. The 
correction for declination will then be 58}’’ x 12} = less 
than 11’ 52”; then PS will be 90° 48”, and the 


er 40m. 148.3, is 


modified work will be as follows :-— 
ZS, 78° 55’ 34" 
sin. PZ, — 39° 30’ 0° Arith. Comp. 1964895 
sin. PS, 90° 18’ 48” Arith. Comp. 000065 
2)208° 44’ 22" 
sin. 8, 104° 2211". . « + » » 9°9861958 
sin. (s—ZS), 25° 26 37”. wd py 96330871 
2)19°8157789 
cos.$ P, 36° om 2 © © « « © 99078894 


a". P =%2°:.1° 80" 
In time = 4h. 48m. 6s. ) .*. 4h. 40m. 14s., is the 
Equation of time — 7m.52s. § mean time at the ship. 


Hence, notwithstanding the above errors in the esti- 
mated time and longitude, the time at the ship is cor- 
rectly deduced to within three-quarters of a second of 
the truth. Whenever there is a very considerable dif- 
ference between the time per watch, and the calculated 
time at the ship, it will be prudent to re the work 
with the corrected time, as in the second of the foregoing 


operations.. 


2. Time deduced from a Star —On June 3, 1842, at 
12h. 9m. P.M., nearly (mean time) in latitude 50° 48' N. 
and longitude by account 1° 6 3” W., the observed 
altitude (or the mean of a set of altitudes) of a ore 
west of the meridian, was 89° 53’ 30”, with the artifici 
horizon : the index correction was—10’. Required the _ 
mean time at the ship. 

As the artificial horizon was used, there will be no 
correction for dip (page 1076): the angle shown by the 


al 
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instrument, when corrected for index error, is double the | the Nautical Almanac gave the following particulars, 
altitude from the rational horizon, namely— 

Angle by Instrument . . . 89°53'30" Sun’s dec. Aprill7th .  . 10°36’ 49” N. 
fale caret ee gti ay Hourly variation.) ) | 6298 
aan f time, on sg 17th * bet =. 
Hourly varia = ® > : 
that Sun’s semiiameter a > i. 56”. y 
uired the mean a’ place of observation. 
a Dep hat 4 ne Ans. 9h. 18m. 16s, a. 
care at li a nee 
»gitude by account 31° , at 2h. 8. A.M. 
BE pphtad ye (od mob Sore watch, the true altitude of the star Altair was 26° 14’ 20” 


“.Z8=45 418 


Estimated time . oe eae Sn: 
Long. 1° 6’ W. ie dg 4m, 
Mean time at Greenwich - 12h. 13m. 
Sun’s R. A. at noon, or the 

sidereal time “ é . 4h. 46m. 78.1 
Correction for 12h, 13m. + 2m. 0s.°4 


Sun’s R. A. at time of obs. =. Ss 4h. 48m. 7s.°5 
Stars R. A. 14h. 8m. 30s.°5, Dec. 20° 0’ 15” N.,.°. PS 
= 69° 5945”. Also PZ = 39° 12’. 
ZS, 45° 4’ 18” 
sin. PZ, 3912 0 Arith. Comp, 1992628 
sin. P'S, 69 59 45 Arith. Comp. 0270256 


2)154 16 3 
wo thhid >: ite 
2)19°9402089 
. 99701044 


cos. }P, 21 1 4 bene 


“.P=42 2 3 or2h.48m. 88.2 of sid. time. 


Star’sR.A. ,. 14h. 8m. 30s.°5 
RR A. of meridian . 16h. 56m. 38s.°7 
R.A of sun . » 4h. 48m. 78.5 


Mean time at ship. 12h. 8m. 31s.-2 


It will be observed here that the hour-angle P is ex- 
pressed in sidereal time; and in like manner the right 
ascensions of the star, the meridian, and the mean sun, 
are all expressed in sidereal time : hence, 12h. 8m. 31s.-2 
is the distance of the mean sun from the meridian in 
sidereal time ; and this time in reference to the mean 
sun is mean time, 

Examples for Exercise. 
1. On Jan 12th, 1840, in latitude 30° 55’ N. and 
itude 14° W., by account, the mean of a set of alti- 
t of the sun’s lower limb was 22° 55’ 33’; the corre- 
sponding time by watch was 9h. 31’ 33” a.m.; the index 
correction wis + 4’ 30", and the height of the eye 30 
feet. Also the Nautical Almanac gave the following 


namely— 
Sun's dec., Jan. llth =. + 21° 54’ 30" S. 
Hourly variation . . ° — 23” 42 
Equa. of time, Jan. 11th ; 8 3" 
Hourly variation . oi so A 
Sun’s semi-diameter Shae i 16’ 16” 


Required the mean time at the place of observation. 
Ans. 9h. 41’ 24" a.m. 
2. On April 18th, 1 in latitude 50° 48’ N., and 
tude by account 1° 0’ W., the mean of a set of alti- 
of the sun’s lower limb (with artificial horizon) 
was 76° 16’ 46”; the corresponding time by watch was 
$ ex correction 3’ 46”; 


to the east and north. Required the mean time at the 


R.A., or sidereal time at mean noon, 2h. 18m. 21s.‘1. 
Ans, th. 45m. 11s, a.m, 
Nors.—As remarked at 1093, the time may 
found in a similar way when the object is 
instead of the sun or a star; but, ori account of 
rapidity of the moon’s motion in right ascension and 


True Depucep From Equat Artiropes.—There is 
another way of determining the time, which ought to be 
briefly noticed. It is called the method of equal altitudes: 
the following exposition of it is principally from Lieut. 
Raper’s Practice of Navigation and Nautical A 
—a work which well deserves the attention of the prac- 
tioal seaman, : 

Since the altitude of a body which does not change its 
declination, varies exactly at the same rate while rising 
on the E. side of the meridian, as while falling on the 
W. side, the same altitude occurs at the same e 
on each side of the meridian, and the middle point of 
time, between the instants of two equal altitudes, is the 
instant at which the body the meridian. 

In the case of the sun, the middle point of time, or the 
mean of the observed times of equal altitudes, a.m. and 
p.M., is apparent noon. In the case of a star, or other | | 
body, the mean of these times corresponds to the R. A. of | 
the starwhen upon the meridian, or the sidereal time, which 
may easily be converted into apparent time, or mean time. 

Since the sun his declination a in ap 
intervals of time, two equal altitudes, a.m. and P.M., 
not correspond to equal hour-angles; and it therefore 
becomes necessary to apply to the mean of the observed 
times a correction which is called the i 

Altitudes, A table of the equation of eq Vee 
altitudes is to be found in all nautical tables. Also at 7 
sea, the change of place of the ship, in the intervals | 
between the altitudes, will gene 
correction ni . When the course made 


half expired. 

But when the ship changes her latitude, the samo alti- | | 
tude no longer corresponds to the same time from noon, — 
and the correction adverted to becomes necessary. ei 

This method has some advantages :—it is independ 
A aed ia the th Paesiniesie® provided ihe remains un- 
chan, in the interval employed; an correction, | | 
when n , Tequires the latitude and altitude to be | 
but roughly known. Within the tropics, the interval may 
in general be very small, on account of the rapid 
of the altitude ; and the correction for change of a 
may, in such cases, be omitted. In high latitudes, how- | | 
ever, the ship’s change of latitude considerably alters the | | 
time from noon, at which the second altitude (equal to | 
the first) is taken: hence, in such high latitudes the | | 
method is less useful. Pl On 


ly render another || — 


CHRONOMETERS. ] 
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The general mode of. proceeding is this :—Observe the 
sun’s altitude shortly before noon, and note the time. 
Note the instant of the same altitude in the afternoon. 
For , several pairs of equal altitudes should 
be obtai - Take the mean of the a.m. and p.m. times 
by watch; this, when the ship does not change her lati- 
tude, is the time by watch of ete noon. ‘To render 
any correction for change of latitude unnecessary, it 
would be desirable to alter the course of the ship, so as 
to this change, when the interval between the 
observations is but short, as it should be to warrant 
the di ing with correction for change of declination. 

On account of the constancy of its declination, a star 
is the best suited for the purpose of the present problem; 
but a change in the state of the atmosphere, during the 
interval of the observations, may interfere with the pre- 
cision of the result, especially in the case of low altitudes; 
attention to the indications of the barometer and ther- 
mometer is therefore necessary to the attainment of ac- 
curacy. But the observations, to be free from all source 
of error, should be made on shore ; for if the interval be 
large, there is, at sea, some uncertainty as- to the cor- 
rection for change of latitude; and if the interval be 

there is some uncertainty as to the altitudes, 
especially in high latitudes, on account of the slowness 
with which altitude changes near the meridian. 
we FINDING ene ene BY A Beg rye a 
m what is shown in preceding arti it appears 
that the time at the ship can be accurately obtained by 
means of altitudes of the sun or fixed stars, assisted 
by the longitude, by dead-reckoning, and the time by 
estimation ; and therefore all that is necessary for the 
determination of the Lew longitude is, that we know 
also the time at Greenwich at the same instant. If we 
can only discover what o’clock it is at the same instant 
at two different on the globe, however distant, we 
may at once infer the difference of longitude of those 
places. We have only to convert the difference of time 
into at the rate of 15° to one hour, to effect this 
object. To find the time at Greenwich at any instant is 
therefore to solve the problem of the longitude ; and as 


noticed at 1092, it is to supply this important in- 
formation so much skill and perseverance have been 
bestowed on the chronometer. 


1t is not necessary to the perfection of this instrument 
that it should show the exact time at Greenwich, which, 
in fact, a chronometer never does; what is required is, 
that its action be uniform and regular. The difference 
between Greenwich mean time at. any instant and the 
time shown by the chronometer, is the error of the chro- 
nometer at that instant ; and its average gain or loss in 
24 hours is its mean daily rate. There is a depét estab- 
lished at the Royal Observatory, Greenwich, for the 
reception of such chronometers as the makers choose to 
and where their errors and rates are determined by 
the Astronomer Royal; and few persons would now pur- 
chase a chronometer for use-at sea, without the proper 
official certificate of these iculars. If the original 
error on Greenwich mean time be allowed for, the 
proper correction be made for the accumulated daily rate, 
the Greenwich time at any instant will of course be cor- 
rectly obtained, provided that nothing has disturbed the 
action of the chronometer after it left the observatory. 
It will have been observed in the foregoing articles, 
that the estimated longitude and time at the ship have 
been em solely for the of getting the 
Greenwich time when the alti was taken, with suffi- 
cient accuracy to enable us to get the co-declination or 
polar distance of the object observed ; and we have seen 
that even a considerable erraz in the estimated quantities 
will not sensibly affect the precision of the result. But 
if the chronometer can at all be ed upon, the 
ee time of the een ye" pene known at 
once, unless great derangement e chronometer 
have taken place, with mure acc than it can be 
found by the estimated longitude and time at the ship. 
The pentlens just disposed of may therefore be correctly 
solved by aid of even an indifferent chronometer ; but 
if ‘the time at Greenwich, after the corrections for error 
VOL. I. 


and rate, be not correctly furnished by the instrument, 
there will of course be a proportionate error in the lon- 
gitude inferred from it. 

We are anxious that the student should clearly under- 
stand how it happens that, from erroneous data, we ob- 
tain accurate results, even in a matter of so much delicacy 
as the determination of the time at sea. The errors re- 
ferred to can affect only two elements of the calculation— 
the declination and the equation of time ; and from the 
slowness with which these vary, a few minutes, more 
or less, can have no sensible influence. 

On FinpIne THE Rare or a CHRONOMETER.—It is 
evident that if the rate of a chronometer remained in- 
variable, the time at Greenwich could always be accu- 
rately deduced from it ; but a sudden jerk or concussion, 
change of climate, local attraction, and even the motion 
of transporting it from the observatory to the ship, may 
cause the rate to vary. The scientific navigator, there- 
fore, avails himself of every favourable opportunity of 

ining the rate of his chronometer. This is best 
done when the ax is in harbour, and in the neighbour- 
hood of a fixed observatory, at which the rate may be 
ascertained like as it was at Greenwich. For this pur- 
pose the chronometer need not becarriedon shore. The 
time may be taken from it by a good seconds-watch, and 
the w: then carried to the observatory and compared 
with the mean-time clock—the error of the chronometer, 
on the mean time at that place, will thus be seen ; and 
this comparison being repeated day after day, the daily 
deviation from the exact amount of the error will be dis- 
covered, and hence the mean daily rate. The ship then 
sdils afresh with the time at the new meridian, and 
therefore—the longitude of that meridian being known— 
with the Greenwich time. 

Or, without resorting to a fixed observatory, the rate 
may be i when the ship is in harbour, by find- 
ing the mean time at the place, as explained in last prob- 
lem. A comparison of this with the mean time shown 
by the chronometer will, in like manner, show the error 
on mean time at the place ; and the observations being 
repeated day after day, the rate will become known. 
The altitudes may in general be obtained with greater 
dae ge by taking them on shore, by means of an arti- 

cial horizon, the chronometer time being carried there 
by the watch. 

Every attention should be paid on ship-board to cir- 
cumstances likely to interfere with the rate of the chro- 
nometer : it should be kept as much as possible out of the 
influence of changes of temperature, and its horizontal 
position should remain undisturbed ; to secure this per- 
manence of position, it is frequently suspended on gim- 
bals, like the compass. It should c wound up by the 
action of the key alone, the chronometer itself being kept 
steady ; if the instrument be turned as well as the key, 
the motion of the balance-wheel will be affected, and the 
rate disturbed. We have hitherto spoken of the chrono- 
meter, as if ships in general carried only one ; but in 
long voyages, or in voyages undertaken for scientific 
purposes, ships usually take several chronometers as 
checks to one another, and to provide against accident. 
Captain Fitzroy, in his surveys of the coast of South 
America, took so many as twenty-two chronometers. 
The apartment in which the chronometers are kept is 
called the chronometer-room, and the temperature of it 
is sometimes oe by eas with the aid of the 
thermometer. This should be the permanent depositor: 
of the time-keepers, and they should be meddled wit 
only for the purpose of winding them up, which should 
be at the same regular interval; and, of course, they 
should not be allowed to run down. 

The error and rate of a chronometer being found, as 
explained above, the-longitude is determined, as in the 
following example, from Captain Kater’s article in the 
Encyclopedia Metropolitana. 

Examples. 


1. On the 2nd of June, 1823, the true altitude of the 
sun’s centre was 30° 2’, when the chronometer showed 
5h. Im. 0s. ; the latitude was 40°5 N.; und sun’s 

A 


1098 


NAVIGATION—NAUTICAL ASTRONOMY. ma 


declination at the time of observation, 22°9° 17” N. The 
peng penser Prange Pca preceding was 45s. slow 
for Greenwich time : daly rato was 26:1 Tong Re- 
oy OS aie tomgibnds of tie 


1. Apparent Time at Greenwich from Chronometer. 


h. m. 8. 

Time by chronometer - . -. 1D 

Slow, May 20 ° + 45 
Loss from May 20 to June 2 ° + 25-2 
Mean time at Greenwich . 6 2102 
equation of time . + 2314 
App. time at Greenwich 5 4 416 


2. Apparent Time at Ship from Triangle P ZS, Fig. 29 
Here Z S=59° 58’, P S=67° 50 43’, PZ= 49° 55’, to find P. 


ZS, 59°58’ 0” Arith. Comp. 0333098 
sin. PS, 67 5043 Arith, Comp. 1162768 
sin. PZ, 49 55 0 

2)177 43 43 


sin. 5, 88 1 51 
sin. (s—ZS), 28 53 51 


99999146 
9°6841666 


2)19'8336678 
9-9168339 


cos. 4 P, 34°20’ are. 
. P= 68 40 a - 


3)136 80 704 


2 40 (See page 1079). 
“a (See page 1079) 


App. time from noon 
atship . 

App. time at Green- 5 
wich (by chron.) 


Longitude W. intime 0 29 659°3 


29m. = 7° 15’ 
59s.°3 = 14 495 


Loncitrupe W. 7 29 495 


2. On the 28th of May, 1823, in latitude 0° 50’ N., 

=* mean of several observed altitudes of the star Antares, 

hen eastward of the meridian, was 30° 42’, and the cor- 
respeniiter time by the chronometer was ‘gh. 35m. 43s. 
The chronometer was too fast 1m, 5s. on April 20, at 
noon, at Greenwich, and its daily gain was 5s.°4. The 
preg the eye was 16 feet. Required the longitude of 
the ship. 


Apparent Time at Greenwich from Chronometer. 


(See page 1088). 


h. 

Time by chronometer . 9 36 43 
Fast, April 20 —I' 5’ 
Gain, from Apr. 20 to May 28 — 3 275 

= — 4325 
Meantime at Greenwich . 9 31105 
Corresponding equation of time . +38 92 
App. time at Greenwich 9 3419-7 


2. Apparent Time at Ship from Triangle P ZS. 


Mean of observed altitudes 30°42’ 0” 
Dip . —360 
Star’s apparent altitudes 30 38 10 
Refraction . -— 139 
Star’strucaltitude . . . . 30 36 31 


Z8, ie 3 2" 


sin. PS, 1 37 Arith. Comp. 0464395 
sin. PZ, 0 10 0 Arith. Comp. 0000459 
2)264 35 6 
n.8, 132 17 33... . .  9°8690669 
sin. (s—ZS5), 54 4. . « » 9°9803665 
2)19°8959188 
om Ee TAS x oxoahee 9°9479594 
“.P= 654 59 4 
Y - 
3108118 8 
36 4 
3 56:3 (See page 1079). 
Polar angle in 4 
cid. time .j S89 563" 
Star’s R.A. . 16 18 312 
R.A. of merid.. 12 88 349 
Sun’s R.A-May 
28, at 9h 84m. 4 19 17 
20s. app. time 
App-timeatship 8 18 179 


Bites time wick f 9 34 197 


1 16 18 Long. W. =19°0' 28". 
Examples for Exercise. 
mber 23rd, 1845, in the afternoon, and in 
intiiuae 6 30/ N., the observed altitude of the sun’s 
lower limb was i 0’ 50", the index correction 
3’ 20”, and the height of the eye 20 feet. The chronometer 
showed 11h. 59m. 30s. ; it was fast on Greenwich mean 


time 45s. ‘5 on A 21st, and its daily rate was 6s. ‘7 
losing ; the sun’s declination at the time of observation 


Long. W. in time 


being 0° 18’ 41° S » and the equation of time 7m. 52s. ‘3 ; 
also the sun’s semi-diameter was 15’ 58°. uired the 
longitude. Ans. Long. 110° 18 10" W. 


2. In the afternoon of October 18th, 1841, in latitude 
15° 46’ N., the observed altitude of the sun’s lower limb 
was 12 40’: the chronometer showed 11h. 12m. 42s. 
Greenwich time of October 17th: its error A\ 
12th, at noon, was 5m. 26s. slow, ae its daily rate was 
12s, 5 . Required the longitude, the index cor- 
rection being +- 2’ 30’, the height of of the eye 16 feet, and 
the following particulars being furnished by the Nautical 
Almanac, namely— 

Sun’s dec. October 17th, 9° 18'8” 8. Hi be 
54”-81. Eq. of time 14m. 34s.°3. Hourly diff. 

Sun’s diameter 16’ 5”. Ans. Long. 83° 51’ ye E. 

3. On September 10th, 1844, in latitude 48° 20’ N., 
an afternoon altitude of Arcturus was observed to be 
31° 5’ 40", the star west of the meridian: the chrono- 
meter showed 5h. Im. 28s. : its rate August 25th, was 
4s, ‘3 gaining, and it was 2m. 40s. slow on Greenwich 
mean time. The index correction was— 4’ 10”, and the 
height of the eye 20 feet: also the sun’s R. A. at the time 
of observation was 11h. 19m. 18s. ; the star’s R.A. 14h. 
8m. 34s.°65, and its declination 14° 'po’ 44° N. Required 
the longitude. Ans. Long. 32° 8’ 20’ E. 

On pING THE Lonerrupe ar Sea By Lunar 
OssErvations.—The reader has sufficiently seen that 
the difference of longitude between two p on the 
surface of the earth, is virtually the same as the dif- 
ference of time between those two places at the same 
absolute instant. Sup’ for example, that a rocket 
could be projected so Phigh, and give out t of such 
intensity, as to be seen at the instant pear 
by two observers thirty or forty miles apart : ex- 
plosion takes place, of course, at a certain instant of 


LUNAR DISTANCES. ] 
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- absolute time : the mean-time clock at Greenwich might 
mark this instant—in the local reckoning of that 
as 3h. 20m. : an observer to the east of Greenwich might 
find the time at his place to be 3h. 22m.: the difference 
in the local reckoning would thus give a difference of 2m. 
in the time, although both observers saw the fiash at the 
same absolute instant ; and we should conclude that the 
easterly place of observation had half a degree, or 30 
nautical miles of east longitude. It is the same in re- 
ference to any other phenomenon : let only the time at 
Greenwich be noted which marks the instant of its occur- 
rence, and also the time at any other locality which marks 
the same instant ; the difference of the times thus noted 
will be the longitude, in time, of that other locality from 
Greenwich. * 
The heavenly bodies furnish signals in abundance 
analogous to the rocket-signal here imagined, and astro- 
nomers have only to make their selections suitably to the 
circumstances of the observers: what are called the 
lunar observations are the best adapted to determine the 
longitude at sea. Certain stars, lying in or very near to 
the moon’s path, are chosen, and the distance of the 
moon from each of these, as also from the sun at noon 
(Greenwich time), and at any interval of three hours, is 
ceapager and recorded in the Nautical Almanac for every 
y in the year. An observer at sea measures one of 
these distances, and refers to the Nautical Almanac for 
the Greenwich time when the same phenomenon hap- 
pened ; he finds, most likely, that his distance is inter- 
mediate between a certain pair of the three-hourly dis- 
tances ; he knows, therefore, that the Greenwich time is 
| aghast peg between the recorded hours ; and, just as in 
the case of any other varyi uanti iven in the 
Almanac for pr intervals of oneal apt the 
intermediate time ing to the intermediate dis- 
tance, by proportion. motion of the moon is found 
to be sufliciently uniform, for a period of three hours, to 


enable him to find what o’clock 
instant the lunar distance was 
taken, and thus to correct his chronometer, 

Knowing, in this way, the time at Greenwich, we 
can very accurately compute the declination of the sun 
at the time of observation, or its right ascension, if the 
distance be that between the moon and a star, and 


to be already we can find, as explained at 
1094, et seq., the time at that place, and the 
longitude. 


lt must be remarked that the observed distance be- 
tween two celestial objects is not the true distance, any 
more than their observed altitudes are the true alti- 
; these latter—the true altitudes—it is necessary 
observed, to compute the true 
distance, as measured from 


precision ; for these quantities, especially the latter, 
sensibly from noon to midnight, and they are 
elements which necessarily enter the calculations for 
meen the moon’s observed altitude to the true alti- 
tude. a 

We shall now investigate formule for computing the 
true distance of the moon’s centre from that of the 
sun, or from a fixed star, by means of the apparent 
and true altitudes of the two objects, and their apparent 

i t is, the observed distance corrected for 
semi-diameter. 

Investigation of Formunta Yor CLEARING THE 
Lunar Distance.—In the annexed diagram (Fig. 31). 
let Z represent the zenith of the place of observation, and 
ZM, ZS the two Fig. 31, 
verticals on which 
the objects are ob- - Z 
served. Letm, sbe 
the observed places 
of the moon and 
sun, or of the moon 
and a fixed star, Sb 
andlet M,Sbetheir 
trueplaces. Asthe 4/ Ss 
moon is depressed " 
by parallax more than it is elevated by refraction, M 
will be above m; but the sun, on the contrary, being 
more elevated by refraction than depressed by parallax, 
S will be below s. 

The corrections for dip, index error, and semi-diameter 
being applied, observation gives the apparent zenith 
distances, Zm, Zs, and the apparent distance ms of the 
objects themselves ; and the proper corrections for paral- 
lax and refraction being applied to the aj mt alti- 
tudes, we get the true zenith distances ZS, and 
the object of the t investigation is to determine 
the true distance MS by computation. 

Let d stand for the apparent distance 
Be true distan: : Te sad 
a. .  . apparent altitudes 

x A’ . . . tive altitudes 

By Spherical Tri etry (page 658), the triangle 
Mi Z's gives oe the following expression, 
namely :-— 


YW, 


cos. D —sin. A sin, A’ 
cos. A cos. A’ 

and the triangle m Zs gives in like manner 

cos. d — sin. a sin, a’ 
cos. @ cos. a 

Hence, for the determination of D we have the equation 
cos. D —sin. A sin. A A cos. d — sin. a sin. a’ 

cos. A cos. A’ cos. @ cos. a’ 


from which we have for cos. D the expression 


ccs, Z = 


cos. Z = 


cos. d—sin. asin. a’ 


cos. D = sa ae qe 00% Acos. A’--sin, Asin. A. 


But since cos. (a + a’) = cos. a cos. a’ — sin. a sin. a’, 
this is the same as , 
cos. d + cos. (a + a’)—cos. a cos. a’ 
cos. @ Cos. a’ 


cos. A cos, A’ + sin. A sin. A’ 


cos. D = 


am {oe St ott CEO) 1) ik com Alf, Asim 


If the —1 within the braces be suppressed, we may 
restore it by adding cos. A cos. A’ at the end, as is ob- 
vious. Hence 


om, Dae SH = OR OG) 4 oa eh oe) 
COs. @ COS. @ 


The numerator of the fraction in this expression being 
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the sum of two cosines, we may replace it by a product 
from the formula (page 628), namely :— 
cos. 0+ cos. p = 2 00s. $ (0+ G) cos. } (0nd) 
so that we have 
2con. $ {(a +a’) +a} cos. $ { (a+ 0) » a} 
COs. @ COS, a 
cos. A cos, A’ — cos, (A + A’) 
Subtract each side of this equation from 1, then since 
by Trigonometry (page 628), 
1— cos. D = 2sin.? 4 D, and 1 + cos. (A+ A’) 
= 2 cos.2 4 (A + A’) 
the equation after division by 2 becomes 
sin.? 4 D = cos, *4(A + AY 


_cos. 4 {(a+a’)+ d} cos. } {(a +’) a} cos. Acos A’ 
cos, @ cos. a’ 
= cos.2 4 (A + A’) ‘ 
{1 _ 008.4 { (a-++-a’) +d} cos.$ {(a+-a’) nd} cos. A cos. a 
00s. @ cos. @ cos.? 4 (A + A’) 
Or, calling the second of these factors 1— sin.? 0, that 
is, cos.? 0, we have 
sin.?4_D = cos.24(A + A’) cos.20 
.”. sin. $ D = cos. 4 (A + A’) cos. 0 
which is known by the name of the formula of Borda, 
This formula consists, we see, of two parts: the first 
part determines the arc 0, and the second by means of 0 


cos. D = 


computes D. The working model is therefore this, 


namely :— 


cos. 4 {(a-+ a’) + d} cos. 4 {(a+ a’) ” d} cos. A cop.A’ 
in, OF Av f cos. « cos. a’ cos.2 § (A +-A’) od 
sin, 3 D=cos. § (A + Arad 

from which we see that the entire work for determining 
the true distance D may be conducted by logarithms. 

It may be worth while to remark, that we were fully 
justified in assuming that the fraction in the foregoing 
expression for sin.*4 D could be represented by sin.?0 ; 
for this was only assuming that the fraction must be less 
than unity, or that the expression within the braces is 
positive, which it necessarily is, because sin.* 4 D is neces- 
sarily positive. A desirable feature in this method of 
clearing the lunar distance is, that sines and cosines are 
the only trigonometrical quantities employed in it; a 
circumstance which not oniy affords relief to the memory, 
but, at the same time, facilitates reference to the tables. 

Route vor Crearing tHE Lunar Distance.—The 
steps for calculating D from the formula just established 
may be described in words as follows :— 

Rvre.—1. Add together the apparent distance and the 
pooped altitudes’; take the difference between half 
thejr sum and the apparent distance, and underneath the 
result write the true altitudes ; and, leaying a gap for 
two lines, then write half the sum of the true altitudes : 
the whole sum may be interposed in the s: thus left. 

2. These directions having been complied with, it will 
he found that nine arcs have been written down, the ap- 
are distance being the first. Then, disregarding the 

are, as also the fourth arc, which is the sum of the 
preceding three, write pt erat to each of the other 
. seven, towards the right, the word cosine, prefixing, how- 
ever, “complement” to the first two. Refer to the 
table of, sines and cosines for the quantities thus indi- 
cated, putting a plus mark after the last cosine, and a 
minus mark in front of it. 

3. Add up the first six of the numbers thus placed in 
column, divide the sum by 2, and subtract the cosine 
glen 8 marked with the minus; the remainder will 

sin. 

hese three precepts conduct therefore, to the 
vee of the first of the two aapeiaiete in Gen Oca 
(1) above: the fourth precept, following, enables us to 
compute the second expression 

4. Take out cos, 0, putting a plus mark. after it, and 
add it to the cosine with the + after it; the sum will 
be sin, 4D; taking, therefore, the corresponding are 4 


D, out of the tables, and multiplying it by 2, we have 
the true distance sought. 
Examples. 

1. Suppose the apparent distance between the centres 
of the sun and moon to be 83° 57’ 33”; the apparent 
altitude of the moon’s centre 27° 34’ 5”; the oe 
altitude of the sun’s centre 48° 27’ 32”; the true altitude 
of the moon’s centre 28° 20’ 48”; and the true altitude 
of the sun’s centre 48° 26° 49”. Required the true 
distance, 

Here d = 83° 57’ 33”, a = 27° 34’ 5”, a’= 48° 27' $2” 

A = 28° 20' 48”, A’= 48° 26’ 49”; 
and proceeding by the rule, the work will stand thus :— 
d 83° 57’ 33” 
a27 34 5 comp.cos. ‘0523390 
a’ 43 27 32 comp. cos. *1783835 


2)159 59 10 
}sum 79 59 35 cos. 92399686 
ssum ~d 3 57 58 cos. 9°9989587 
A28 20 48 cos. 9.9445275 
A’ 48 26 49 cos. 98217187 
A+A4!76 47 37 2)39'2358960 
19°6179480 
(A+ A138 23 48} — —cos. 9:8941654-+ \ rn oga two 
O31 57 534 sin. 97237826 being 
0. . 4 eos. 9:9285870+/ together 
D4 40 27 sin, 9'8227524 = their sum. 
”.D=83 20 54 


In the foregoing erie more attention is paid to 
minute quantities than is necessary in actual practice. 
Fractions of a second are of course. always disregarded 
at sea : Seconds themselves are, indeed, very frequently 
neglected ; but this negligence in problems like the pre- 
sent is by no means to be commended. A table of sines 
and cosines computed to every ten seconds—such as the 
Tables Portatives of Callet—will enable the computer to 
take account of his seconds, without epee upon him 
any extra work worth mentioning. Tables of logarithmic 
sines and cosines, computed to every ten seconds, will 
ge found in the Nautical Tables of Inman and 
ckay. 

The reader will have observed that, agreeably to what 
is recommended at 1048 of the RODUCTION, the 
ipsa rule directs that the table employed should not 

applied to, till the work can be advanced no further 
without its aid ; and that when it is once in hand, all the 
extracts from it, previously to the determination of 0, 
should be made before it is laid down. Asa and A are 
always pee close together, cos. A may be taken out of 
the table immediately after comp. cos. a; and as @’ is, in 
like manner, in close neighbourhood to A’, cos. A’ may 
be taken out immediately after comp. cos. a’. 

The above is, of course, a rigorous method of clearing 
the lunar distance from the effects of parallax and re- 
fraction, and provided only that the data furnished by 
the observations be on be perfectly accurate. By 
help of an auxiliary table, like that which forms Table 
XLII, in the second volune of Dr. Mackay’s Treatise 
on the rier aw the operation may be shortened. The 
table alluded to supplies the value of the expression log. 
cos. A.co8. 2 which is called the Logarithmic Difference, 
and unlike some of the subsidiary tables, for abridging 
the calculations required in the direct methods of work- 
ing the present problem, it may always be used with 
confidence ; this part of the trigonometrical on 
may therefore be shortened without any sacrifice of ac- 
curacy. In general, however, the indirect methods of 
clearing the lunar distance, though often shorter than 
the direct. methods, are proportionately deficient in La A 


cision. The author conceives that the strict accuracy 


had 


LT 


~ 
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the results, and the unhesitating confidence that may 
consequently be always placed in the conclusions of the 
direct methods, by Spherical Trigonometry, produce a 

of satisfaction which more than compensates for 
the trouble of a few additional references to those com- 
mon tables, with which every calculator may reasonably 
be expected to be abundantly familiar. 

It will, no doubt, occur to the reader, that instead of 
comp. cos., secant may be used ; observing to reject the 
index 10 from each secant. 

2. The apparent distance of the moon’s centre from 
the star Regulus was 63° 35' 14’; the apparent altitude of 
the moon’s centre 24° 29’ 44’; the ap t altitude of 
the star 45° 9’ 12"; the true altitude of the moon’s centre 
25° 17 45”; and the true altitude of the star 45° 8’ 15". 
Required the true distance, 


d 63° 35’ 14” 
a 24 29 44 comp. cos. *0409617 
a’ 45 9 12 comp. cos. *1516803 


2)133 14 10 
$sum 66 37 5 cos. 9°5986359 
$sumad 3 151 cos. 99993921 
A 25 17 45 cos. 9°9562230 
A’45 815 cos. 9°8484402 
A+ A’70 26 0 2)39 5953332 
, 197976666 
4(A+A)35 13 0 — cos. 9'9122099+ ise teeth 
oe being 
0... «cos. 9°80634794-/ together 
es ge ore i 
4D 31 32 174 sin. 9°7185578=their sum. 
“.D=63 4 35 
On Maxine THE Onservations.—In ing a lunar 
distance at sea, it is desirable that there should be three 


observers ; one of these measures the distance between 
the limbs of the sun and moon, or between the limb of 
the moon and the selected star, and the other two take 
Seminar ticieast aitaahes ona uten’e onetoranaicn 
obtained; A si istance, a single corresponding 
ee et are not in considered as suf- 
cient ; but a set of distances, and a set of i 
altitudes, are usually taken, allowing as little time as 
possible to intervene between each observation : the mean 
Santon seat tenshi mi macnn, by amg ne §y 
tudes, are then employed in the i 

If, however, there be but one observer, it will be 
necessary that he have the aid of an assistant, to note 
by the watch intervals of time, the observer i 
as follows. 1, Let the altitude of the sun or star be 
taken ; 2, then the altitude of the moon ; 3, a set of 
distances ; 4, another altitude of the moon ; 5, another 
altitude of the sun or star ; the times of each observation 
being noted. Then let the means of the distances and 
imes of observing them be taken ; and reduce the alti- 
to the mean time thus found by proportion. These 
are the directions given by Norie ; but Lieut. Raper, an 


oe practical navigator, recommends as follows : 
_ the observer letooe: will first observe the 
altitude of : vee 


F 

2 

8 

Hi 
fit 

4 

: 

5 


the ship has much motion, the observer fixes 

himself in a corner, or lies on his back on the deck, to 
to remove, as much as 

sible, the sense of bodily effort and inconvenience which 


disturbs the eye and the attention. Three or five dis- 
tances, at least, should be taken ; less precision is neces- 
sary in taking the altitudes than in observing the 
distance, so that one altitude of each object, taken 
with ordinary care, will in general suffice, when the 
time at the ship is not to be deduced as well as the true 

Orner Mernops or Cirarrna tHE Distance.—As 
the problem of deducing the true lunar distance from 
the observed distance is one of such note and importance 
in Nautical Astronomy, we shall present the reader with 
some other methods, all, like that of Borda just given, 
conducted by the rigorous principles of Spherical Trigo- 
nometry, and uiring only the common logarithmic 
and trigonometrical tables ; that is, only the logarithms 
of numbers, and the natural and logarithmic sines and 
cosines. 

The first of these additional methods which we shall 
offer is that of Delambre, the formula for which occurs 
in the ——o of the method given at page 1100; 
namely—cos. 


_2cos. $ {(a +a’) +d} cos. $ {(a +’) nd} cos. A cos. A 


cos, & cos, a’ 
— cos. (A + A’). 


The logarithm of the first expression in this formula is 
calculated as in the method of Borda; then the natural 
number answering to that logarithm is taken out of the 
table, and the natural cosine of (A + A’) subtracted 
from it ; the remainder is the natural cosine of the true 
distance. As this is a sort of mixed method, requiring 
reference to both logarithmic and natural cosines, atten- 
tion must be paid to the change of radius in ing from 
one to the other: the experenen which it is here pro- 
posed to find the common logarithm of, will supply four 
additive logarithms and two subtractive ones ; hence two 
tens, or 20, must be suppressed in the result (page 1038) ; 
but if the arithmetical complements of log. cos. a, log, 
cos. a’, be added, then four tens, or 40, must be sup- 
pressed ; and the result will then be, the ordinary loga- 
rithm of the expression ; and from the number answering 
thereto, the nat. cos. (A + <A‘) is to be subtracted, ag 
the formula indicates. 

Taking the example at page 1100, in which 


d = 83° 57’ 33”, a = 27° 34’ 5", a’ = 48°27’ 32” 
A= 20/ 48”, A’ = 48° 26° 49” 
The operation by the above method of Delambre wil] 
stand arranged as follows :— ¢ 


d 83° 57’33” . + comp:cos.°0523390 
a2734 5, + comp. cos.*1783835 


a’ 48 27 32. + log. 2° “3010300 
2)159 59 10 
3 cam 70 59 35 . 7 cos. 9°23! 
$ ond3 57 5B, é cos. 97998! 
A 28 2048 , F cos. 9°9445275 
A’'48 2649 . = cos. 9°8217187 


log. *3442921 =1-5369260 (40 sup- 
A-+ A’ 76 47 37 nat. oe. *2284595 dich 


D 83 20 54 nat. cos. 1158326 
Other formule may be investigated as follows :— 


Referring to the two expressions for cos. Z at pa 
1099, we have A i 


1 + cos. Z= 


cos. D +- cos. A cos. A’—sin. A sin. A’ 
cos. A cos. A’ 


= 008 D +008. (A +A 
* cos. A cos, A’ 
cos. d+ cos. a cos. a’ — sin. asin, a 


Dee a cus, @ cos. @ sie 
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cos. d + cos. (a + a’) Determination of D by formula (2). 
7 C08. @ 008. a” d@ 63°35 14” nat. cos, 4448349 4- 
y D. A+A’) cos. d + (cos. a + a’) a2%M244 , ‘ comp. cos. ‘0409617 
7 at er cos. a cos. a’ a’45 912 comp, cos. +1516803 


cos. A cos. A’ 
cos. a cos. a’ 


“con D= { cos. d+ cos, (a -+a*)| 


—con (AA). .«.. (1) 
From the same two expressions for cos. Z, we also 
have 


1 com Z = A Ons. Al + sin. A sin. A’— cos. D 


cos, A cos, A’ 


cos. a cos. a’ + sin. asin. a’ — cos. d 
COs. @ COs. a’ 


1— cos. Z = 


cos. (a » a’)— cos. d 
> cos. @ cos. a’ 


cos. A cos, Ay 
cos. a cos. a’ 
+cos.(AwA).. + » (2) 

The formula marked (1) and (2) are tolerably commo- 
dious by help of the common logarithmic tables ; as an 


exemplification of their advan , we shall solve the 
example at page 1101 by each. In this example the fol- 


lowing quantities are given, namely— 
d = 63° 35’ 14”, a = 24° 29’ 44” a’ = 45° 9' 12” 
A = 25°17’ 45”, A’ = 45° 8’ 15”, 
Determination of D by formula (1). 
d 63°35’ 14” nat. cos. 4448349 + Logarithms. 


a 24 29 44 ° ° comp. cos. °0409617 
a45 912 : comp. cos, 1516803 


a+a’ 69 88 56 nat. cos. 3477722 4+ 


natural number ‘7926071. =. =. +1°8990579 
A 25 17 45 e . + cos, 99562230 
A’ 45 8165 5 ; + G08, 9°8484402 
natural number ‘7877042. . 1°8963631 


A+A’'70 26 O nat. cos. 3349034 — 
D 63° 435” nat. cos. -4528008 


With the exception of the middle logarithm in the 
column on the right, the sum of the numbers in that 
column may be found at once by a table of the Loga- 
rithmic Di as already noticed at 1100. Of 
all the smeiny pebien employed in Nautical Astronomy, 
or at least in that part of it with which we are here occu- 
pied, the table alluded to is perhaps the most useful ; 
the element it furnishes enters into nearly all the methods 
of clearing the lunar distance. 

As far as the author knows, the method just given is 
new ; but rules for a the distance are so numerous, 
that it is more than probable it has appeared elsewhere. 
In working by this method, it is best to take the formula 
itself as a guide, and to attend to the algebraic sign of 


the factor {cos d + cos, (@ +a} : if this should be 


negative, the first natural number above, is still to be 
treated as positive ; the second natural number, which is 
the product of the two factors in the formula, will then, 
however, be negative, and from this negative number the 
nat. cos. (A +- A’) is to be subtracted as above. 


ana’ 20 39 28 nat. cos. 9357042 — 


natural number 4908693 .  -Te900059 
A 25°17’ 45" . ; é cos. 9-9562230 
A’45 8 15 ‘. > cos. 9°8484402 
natural number 4878329 . . 1°6882711 


AwA'19 50 30 nat. cos. -9406341 + 


negative, so that cos. D is the difference 
nat. number and cos. (A w A’). 
This last method of clearing the distance is the same 
pric gop, ag a Keith, in we aig: on Tri 
and, like the one previo iven, is 
of abridgment by means of the table of “ Logarit 
Differences.” 
The reader will observe that the natural cosine of D, 
arrived at above, differs by four units in the seventh 
lace of se oh oe — eon ditier igh Be 
ormer me’ 0 e Tes ares differ 
a fraction of a second. Occasionad insignificant dis- 
crepancies of this kind must be in working the 
same example by different methods with tables. In 


between the last 


All the precedin 
tance are independent of subsidiary 
lection of compendious rules for working the problem by 
cpeciel Sie Pao eye 

eatise on Longitude ; a@ very short form 
operation is also given by Mr. Woodhouse in the Ap- 

Bet ioiae nee probl t be useful 

‘ore leaving resent em, it may 
to observe that the aititudes of the objects are not re- 
quired to that precision with which the distance should 
be taken: this is a desirable circumstance, because, from 
.the frequent obscurity of the sea horizon, it is more 
difficult to get the altitudes accurately than the distance. 
If een Seer ene ge ant me 
preceding it wi seen that d remaining the 
same, a stnail alteration in the values of a, a’, and 
the same alteration in those of A, A’, cannot produce 
any sensible effect upon the value of D: the factor 
cos, A cos. A’ 


sensibly affect the distance. It is ps etn how- 
ever, that the proper corrections be carefully applied to 
the observed altitudes to obtain the true atitudes, even 
though the former should not have been taken with pre- 
cision—the relative values of the observed and true alti- 
tudes must still be cer sndoty With a view to the 
determination of the longitude from the lunar di: 

acou in these corrections is of much im ‘ 
the neglect even of those depending upon: 


thirty minutes of longitude. 


tables ; a large col- | 


From what is here said, the learner-will-perosive that ’ 


Pa rem 


—— 


4 ee ee eee 
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a few seconds may always be safely added to or subtracted 


from the observed altitudes, if such a modification be. 


found to facilitate the calculation ; the seconds may, for 
instance, be always made a multiple of 10. The observed 


altitudes may, indeed, without occasioning any appre-. 


ciable error in the result, be taken to the nearest minute ; 
and even an imperfect altitude, that may err from the 
truth by so much as two or three minutes, may still be 
employed .with safety, provided the time is not to be 
computed as well as the distance. In most cases an error 
of altitude to the extent of 10 minutes will affect the 
resulting distance by less than that number of seconds. 
It is also worthy of notice that the apparent distance 
itself may be so modified as to be rendered free from 
seconds, provided that when D is deduced, the seconds of 
error, Tory qpeebuacmnants pudipe be applied the reverse 
way to D. 5 

except in the merely approximative methods of 
solution, seconds cannot be wholly i with 
throughout the work: the corrections for deducing the 
observed altitudes to the true will always introduce them. 
By means, however, of the tables already referred to, in 
which the trigonometrical quantities are computed to 
every ten seconds of the arcs cr :engie, tho. pee al- 
lowance for the odd seconds may always be with 
but comparatively little trouble. 


Examples for Exercise. 


1. The apparent distance between the moon’s centre 
and a star is 64° 36’ 40” ; the apparent altitude of the 
moon’s centre 44° 33’; the apparent altitude of the star 
11°51’ ; the true altitude of the moon’s ceutre 45° 15’ 38” ; 
and the true altitude of the star 11° 46’ 33". Required 
the true distance. Ans. D = 64° 46’ 14". 

2. The apparent distance between the centres of the 
sun and moon is 108° 14’ 34” ; the apparent altitude of 
the moon’s centre 24° 50’; the apparent altitude of the 
sun’s centre 36° 25’; the true altitude of the moon’s 
centre 25°41’ 39”; and the true altitude of the sun’s 
centre 36’ 23’ 50". Required the true distance. 

‘ Ans. D = 107° 32’ 1”, 

3. The apparent distance between the centre of the 
moon and a star is 51° 28’ 30°; the apparent altitude of 
the moon’s centre 12° 30’ 4” ; the apparent altitude of 
the star 24° 48’ 17” ; the true altitude of the moon’s 
centre 13° 20° 40"; and the true altitude of the star 
24° 46' 14". Required the true distance. 

Ans. D = 51° 9 48”. 

4. The apparent distance between the moon’s centre 
and a star is 31° 13’ 26”; the apparent altitude of the 
moon’s centre 8° 26’ 13’; the apparent altitude of the star 
35° 40’ ; the true altitude of the moon’s centre 9° 20’ 45’; 
and the true altitude of the star 35° 38' 49". Required 
the true distance. Ans. D = 30° 23' 56”. 

5. The apparent distance of the centres of the sun and 
moon is 90° 2117’; the apparent altitude of the moon’s 
centre 5° 17’ 9"; the apparent altitude of the sun’s 
centre 84° 7° 20’; the true altitude of the moon’s centre 
6 9 14’; and the true altitude of the sun’s centre 
84° 7°15". Required the true distance. 

Ans. D = 89° 29’ 18”, 

Nore.—The method of finding the true distance be- 
tween the centre of the moon and a star, is the same as 
that for the distance between the moon’s centre and a 

lanet ‘ in the case ! a ac rs true mands is deduced 

m the apparent altit y applying the correction 
for refraction meres 5 bers - case of a my 
correction ma necessary for the parallax in altitude. 
Was hi peumal thie eortoctinn may be neglected, as it is 
usually too small to be of much importance. 

On Ning cian THE tpi Me sometimes hap- 
pens that, circumstances may be favourable for 
taking a see faaeen yet the obscurity of the horizon 
may present an obstacle to the observations for altitude; 
in such a case the true altitudes will have to be com- 
yee, and from these the apparent altitudes may be 

educed, by applying the corrections the contrary way. 
To compute an altitude it is necessary to know the hour- 
angle, or i of the object from the me- 


‘ridian. If the object be the sun, this angle is the 


apparent time for the meridian ; and as the altitude, as 
Pa remarked, is not soquieed with precision, the 
estimated time at the ship will answer for the purpose. 
If the object be the moon or a star, the sun’s right ascen- 
sion, at the instant, must be increased or diminished 
by the apparent time, according as this time is P.M. or 
4M., to get the right ascension of the meridian ; the 
difference between this and the right ascension of the 
object, is the hour-angle or the meridian distance of the 
object. The hour-angle being thus found, a formula for 
the altitude may be investigated as follows :— 

Let P be the hour-angle, / the co-latitude, z the co- 
altitude, and p the polar distance or co-declination. 
Then the fundamental formula of spherical trigonometry 
gives, 
cos, z—cos. 1 cos. p 
é sin. / sin. p 

..”, cos. = cos. lL cos. p+ sin Isin. p cos. P; 
but cos. P=1—2sin.24 P 
.”. cos. z= cos. 1 cos. p +-sin. 1 sin. p—2sin. 1 
sin. p sin.? $ P ; 
-". cos, 2 = cos. (J w p)—2sin. lsin. psin2?$P... (1) 

By means of these tables of natural and logarithmic 
sines and cosines, the co-altitude z may be obtained from 
this formula ; but to adapt it wholly to logarithms, let 1 
be added to each side of the equation ; then remembering 
roy A= 2 cos.*4 A, we have, upon dividing 

y 
cos. 24.2 = cos. 24 (1 w p) —sin. I sin. p sin.?24 P 
= cos. #4 (Up) | 1 — sin. U sin. p sin. #4 P 


cos, P= 


x sec. 24 (lw p) 


Put cos.? M for the expression within the braces ; then 
for computing the altitude a, that is, the complement of 
z, we have the following formula—namely, 
sin. M=sin. } P sec. $(l wp) / sin. U sin. p 
Pio Sh Ade « p) cos. M } 
or, which is perhaps a little more convenient, 
sin, M= mite vs Vain. p m 
sin. }(a +- 90°)=cos. $ (I » p) cos. M 


Suppose, for example, that by means of the estimated 
time at the ship, and the longitude by account, the 
moon’s distance from the meridian is found to be 
33° 30’, at the time of taking a lunar distance in latitude 
38° 14’, the moon’s co-declination reduced to the time, 
being 64° 13’ 13’. Required the apparent altitude by 
computation, the obscurity of the horizon preventing an 
observation. Working by the formula (2) the operation 
is as follows, where P=33° 30’ p=64° 13’ 1=51° 46’: 


L640. tw sin, 4°947572 
64°13’ . . 4sin. 4977228 
16°45’ . . sin, 9°459688 
4@ »p) 6°13)’ . comp. cos. -002568 . cos. 9997432 
sin. 9°387056 cos, 9°986683 


$(a+ 907) =74° 36° . sin, 9984115 


.". @=59° 12’ the true altitude 
-eor. for par. and refraction — 23’ j 


58° 44’ the apparent alt. 


It is obvious, that in strictness, .the correction for 
parallax and refraction should be taken out of the tables 
in accordance with the a; mt altitude, not the true 
altitude : the correction above, therefore, belongs to-an 
altitude somewhat too great, so that only an approximate 
apparent altitude is in reality deduced from the true 
altitude. The proper correction may, however, be found 
by again entering the table with this approximate ap- 
parent altitude ; we shall thus get 27’ 54” for the correv- 


—_ 


i 
! 
| 
| 
| 
| 


| remarked, if these two objects 


| 


1104 - 


NAVIGATION—NAUTICAL ASTRONOMY, 


[LUNAR DISTANCES, 


tion, instead of 28’, so that the correct apparent altitude 
is 58° 44’ 6", 
Unless the time at the ship is to be deduced, Pp i- 
Ch 


sion is not necessary in computing the true altitude :— 
seconds may always be disregarded, and the result found 
to the nearest minute as above. But seconds should not 
be neglected in the corrections. 


It is of importance that the practical navigator have a 
due appreciation of the value of small quantities in the 
computation of the true Junar distance : it is only in the 
apparent altitudes that precision can be dispensed with. 
In finding latitude, if the result be brought out to the 
nearest minute, the demands of practice will be fully 
satisfied, as the error cannot exceed half a mile ; but an 
error of only twenty-two seconds in the lunar distance 
will, on the average, occasion an error of ten minutes of 
longitude, which, except in high latitudes, is equivalent 
to seven or eight miles; and within 36° of latitude the 


| error would range from eight to ten miles, Too much 


pains and caution cannot therefore be exercised in ob- 
serving a lunar distance: the instrument should be, of 
the very best description, and the observer should have 
a well-disciplined eye ; but the corresponding altitudes 
may be safely taken by a less skilful person. ’ 
interesting incident is related by the late Captain 
Basil Hall, an officer who was highly accomplished in 
the science of his profession. He once sailed from San 
Blas, on the west coast of Mexico ; and after a voyage of 
eight thousand miles, occupying eighty-nine days, he 
arrived otf Rio Janeiro, having in this interval passed 
through the Pacific Ocean, rounded Cape Horn, and 
crossed the South Atlantic, without making any land, or 
even seeing a single sail, with the exception of an 
American whaler off Cape Horn. When within about a 
week’s sail of Rio, he set seriously about determining, 
ly lunar observations, the longitude of his ship, aud 
then steered his course accordingly by those common 
principles of navigation which may be safely ree pcr for 
short distances between one known position and another, 

Having arrived to within what he considered, from his 
computations, to be about fifteen or twenty miles of the 
coast, he hove to, at four o’clock in the morning, to await 
the break of day, and then bore up, proceeding cautiously 
onward on account of a thick fog which enveloped the 
ship. As this cleared away, the people on board had 
the satisfaction of seeing the great Sugar-loaf Rock, 
which stands on one side of the harbour’s mouth, so 
nearly right a-head that they had not to alter their 
course above a point, in order to hit the entrance of the 
harbour! This was the first land they had seen for 
three months, after ing so many seas, and being set 
backwards and forwards by innumerable currents and 
foul winds. The effect on all on board was electric, and 
the admiration of the sailors was unbounded. 

Something in this remarkable case may have been due 
to a compensation of small errors; but it is only fair to 
conclude, that the accuracy with which the ship’s position 
was ascertained, was almost entirely attributable to the 
precision with which the lunar distances were taken, and 
the care with which the computations were executed. 

To Derermine toe Loneirupe From tHE LUNAR 
Onservations.—In the preceding articles, we have shown 
at considerable length how the true distance between the 
moon and the sun, ora fixed star, as seen from the centre 
of the earth, may be determined from the observed 
distance taken from the surface. It was also shown, 
by means of the altitude of a celestial object whose 
declination is known, and the latitude of the ‘place 
where the altitude is taken, how the time at that place 
may be found. 

he determination.of a lunar distance necessitates the 


determination of the altitudes of the objects whose dis- 
| tance is observed, so that the data for finding the true 
| lunar distance, involves likewise the data for fin 


ding the 
But, as already 
1 i sought to be accom- 
plished, the altitude employed for the purpose of ascer- 
taining the time at the ship, must be re om with a degree 
of precision which is not indispensable in “ working the 


time when that distance had place. 


| the _ car Laer fog the instant of = A 
| tance, own, per correction 
| longitude in that interval: being made, 


lunar ;” much more care and accuracy is requisite in 
observations of altitude for time than for either latitude 
or lunar distance ; and on this account the time at ship 
is, in general, determined independently by one or other 
of the methods explained at 1094, et seq., either 
shortly before or shortly after the distance is taken. By 
means of the chronometer or the interval i, 
ing t 


ding to the distan eee 
corresponding to the distance. 

We have just said that the altitude—or rather the set 
of altitudes—for determining the time, are taken shortly 
before or after the observations for the distance, when- 


ever these observations are not themselves sufliciently 


accurate for the It is desirable that the interval 
should not be large, because the difference of longitude 
in that interval may be too, and our estimation of 
its amount cr tere eg . Ba! a error. ponaitiag 
it is important to ge titude as precise as 

the situation of the object should be as near the prime 
vertical ; that is, as nearly due east or due west as possible 
(page 1093), There is thus room for the exercise of 
some judgment: the object selected for the determina- 
tion of the time at ship 


ould be near the prime vertical, | 
and it should reach ‘his position shortly Uetowine abated 


after the observation for the lunar distance. Whenever 
ms weather is eo favonreie et eran ee 
the antici observation but small, it is prudent 
to wait it those conditions are fall ed other 
circumstances are such as to allow of delay. In 
general, the object best suited to the determination of 
the time at sea is the sun, as its declination, be 
ori. § with the time, changes so slowly, as to 
deducible accurately enough for the | te from the 
estimated time, or time by account, as sufliciently shown 
at page 1095. A fixed star, however, is very suitable for 
the purpose, whenever it is nearly due east or west, and 
the horizon clearly enough defined to admit of an 
accurate observation of its altitude. 

The object of the lunar distance is to find the time at 
Greenwich at the instant that distance has place; and 
the object of the other, or extra observation, is to find 
the time at the same instant at the ship. The difference 
of the two times gives the longitude in time. The 
Greenwich time is obtained by comparing the true 
distance, deduced from the observation, with the nearest 
predicted distance, supplied by the Nautical Almanac, 
in the way that will be explained presently. It may be 
well, however, first to show what will be the ave’ 
effect on the inferred longitude of a given error, in 
determination of the lunar distance. 

Errect oN THE Loncitupe or aN Error IN THE 
Lunar Distance.—The mean diurnal motion of the 
moon in her orbit is 13°-1764: at certain times it is 
about 2° slower, and at other times 2° quicker ; but this 
is her ave’ rate of motion ; so that, on the average, 
360° of longitude (or 24h. of time) correspond to 13°-1764 
of the moon’s p Hence, to find the error in 
longitude produced by an error of a seconds in the dis- 
tance between the moon and a fixed star in her path, we 


have the proportion 
13°:1764 . 360° “* . _ 360a_ 27°322a 
nen a SF Tee ; 


which show that the error in the longitude is 27-322 
times the error in the distance. Thus an error of 10” in 
the lunar distance, causes, on the per) eh error of 
273”°22 in the resulting longitude, or 4’ 33°22; and an 
error of 1’ in the distance, causes, on the average, an 
error of 27’ 19”°3 in the longitude. 

The more rapidly the moon moves, the less is the effect 
upon the longitude of a given error in the lunar distance : 
the most rapid change in three hours is very nearly 
1° 48’, or 1°°8; so that for any error a in the distance, 
the corresponding error in longitude, in the most favour- 


able case is $e = 25a. Hence, in the most favourablo 


ee 


PROPORTIONAL Locarirums.] NAVIGATION—NAUTICAL ASTRONOMY. 


1105 


} ease, the error in longitude corresponding to an error of 
10” in the lunar distance, is 250’ = 4’ 10’; and the error 
in longitude caused by an error of 1’ in the lunar distance, 
is 25’. As every inaccuracy in the distance becomes 
thus increased twenty-five fold in the longitude deduced 
from it, even inthe most favourable case, the reader will 
at once perceive the importance of securing precision in 
this element. Several distances ought to be carefully 
observed, and the mean of them all employed; and 
scrupulous attention should be paid to the corrections 
of the altitudes; though, as already remarked, the 
altitudes themselves need not be taken with the utmost 


nicety. 
To obtain the time at Greenwich, corresponding to the | 


true distance determined at sea, requires an operation in 
simple proportion. To facilitate this operation, Dr. 
e—to whom, indeed, navigators are indebted for 
originating the Nautical Almanac—contrived the table of 
Proportional Logarithms, to be found in every collection 
of nautical tables. As Proportional Logarithms have 
not as yet been alluded to in the present section, it will 
be necessary to say a word or two about them here. 
Proportionat Locarirams.—These logarithms are 
derived from the logarithms in common use, thus :— 
ed the logarithm ot ee en number of seconds = 
hours, su the logarithm of a, any portion 
time, in seconds, less than 3 hours: the remainder is 
called the proportional logarithm of a; in other words, 


Prop. log. a = common log. *°°° 


sd mrpvitical idpicsthage test in tuot, eorpicinonte 
i it are, in fact, complements 
the ordinary logarithms to the number log. 10800 ; 
just as the arithmetical complements of log. sines and 
. cosines, are complements to 10. 
Midnight. | Pr. log. xv 
31° 49 25” 3368 33° 12’ 18” 


From which it appears 
nding to the given lunar distance was between mid- 


Pr. log. 
3342 


As already remarked, the lunar distances, given in the 
Nautical Almanac, are calculated for évery three hours 
of interval. Suppose a distance is determined at sea, at 
some Greenwich time within one of these intervals ; we 
seek in the Almanac for the nearest distance, preceding, 
in order of time, the given distance, and take the differ- 
ence between it and the given distance: call this d, and 
the difference between the two three-hourly distances, 
intermediate to which the given distance eall D: 
then, = proportion, we should have for the time 2", cor- 


res to the given distance, 
D:d2:3) 2a; 
and therefore, in common logarithms, we should have 
log. x = log. 3-F log. d—log. D. 


But since 3" = 10800", the proportional logarithm of 

which is 1, we should have, in proportional logarithms, 
Prop. log. x" = Prop. log. d—Prop. log. D. 

In the Nautical Almanac, Prop. log. D is inserted be- 
tween the distances there given, at the beginning and 
end of every three hours; so that by subtracting this 
given proportional logarithm from the proportional loga- 
rithm of d taken out of the table, we get a proportional 
logarithm, answering to which, in the table, is the por- 
tion of time to be added to the hour of the earliest dis- 
tance: the result is the Greenwich mean time corre- 
sponding to the given distance, 

For example—Suppose it ‘were required to find the 
Greenwich mean time, at which the true distance between 
Faia and Pollux was 32° 30’ 25”, on January 14, 

By inspecting the distances in the Nautical Almanac 
for that year, we find against January 14, and opposite 
the name of the proposed star, Pollux, the following row 
of lunar distances :— 


xviii* =| Pr. log: xxi" 


Pr. log. 
34° 35’ 41” 3319 35° 59’ 31” 3298 


that the time at Greenwich cor- | answering to them increase; a smaller eps ars 


logarithm, therefore, indicates a greater velocity of the 


t and XV hours ; the nearest distance preceding, in | moon, or greater variation of distance in the interval, 


ni 
ordad of time, the given distance, is therefore the distance 
‘cbunided 


midnight : we therefore proceed as follows :— 


Distance at midnight 31° 49’ 25” Prop. log. of diff. 3368 — 
Given distance 32 30 25 ' 


Difference 0 41 0 .. Prop. log. 6425 
Portion of time 


after midnight } th. 29m. 2s. . . Prop. log. 3057 


Hence the Greenwich mean time, when the distance 
Was as stated above, was 13h. 29m. 2s. 

If the distance increased with perfect uniformity 
during the interval within which the given distance is 
found, the Greenwich time corresponding to that given 
distance, determined as above, would be goes! correct, 
but, as such is not the case, a correction should be ap- 
plied to the time so found, for the variation of the dif- 
ferences of the distances. A table for obtaining such 
corrections of the approximate interval of time as found 
above, is given in the Nautical Almanac. In the example 
aboye, the correction comes out 8s. additive, so that the 
correct Greenwich mean time is 13h. 29m. 10s.; the neg- 
lect of this correction would, however, occasion an error 
of only 2’ in the longitude ; but in extreme, and there- 
fore, of course, unusual cases, the error in longitude, 
from a of this correction, might amount to so 


much as 12’ in the longitude. 
Besides the use of proportional logarithms in connec- 
tion with the lunar problem, they also serve to point out 


the star which is most favourably circumstanced for ac- 
curate observation ; that star being to be preferred which 
has the least proportional logarithm opposite to it: for, 
as already shown (page 1104), the greater the velocity of 
the moon from or towards a star, the ter is the re- 
liance to be placed on an observation of the distance ; in 
other words, the less is the effect of a small error in the 


distance upon the longitude. It is a property of pro- 
portional ithms, to decrease as the natural numbers 
VOL. 1. 


upon which the value of the observation depends. 

We shall add another example or two of finding the 
Greenwich mean time, corresponding to a given lunar 
distance on a given day. 

2. On August 2nd, 1836, the distance of the moon 
from the planet Mars was found, from an observation at 
sea, to be 56° 30’ 8”: the Nautical Almanac gave, 

Aug. 2, at 3h. distance 57° 43’ 59” Pr. log of ditf. 2948— 
Given distance . . 56.30 8 
Diflerence . . » - 1 13 51 Pr. log.. . 8869 


Portion of time aft. $h., 2h. 25m. 36s. Pr. log. . 921 
Hence the mean time at Greenwich was 5h. 25m. 36s. 
3. On April 7, 1831, the true distance between the 

sun and moon was found to be 65° 54’ 48”; the Nautical 

Almanac gave, 

April 7 at noon, Dist. 67° 0’ 8” P, L, of diff. 3051— 

Given distance . . .65 54 48 


Difference. . . « . 1 610 PLL. . . 4412 
Portion of timeaft.n., 2h. 1lm. 35s. P.L. . . 1361 


Hence the Greenwich mean time was 2h. 11m. 35s. 

4. On November 22, 1853, the true distance of Saturn 
from the moon was found to be 77° 52' 45”; the Nautical 
Almanac gave, 

Nov. 22, at 3h. Distance, 77° 14’ 40’, and P. L. = 6745, 

Required the Greenwich mean time. 

Ans. 4h. 13m. 55s. 

The proportional logarithms annexed to the Lunar 
Distances in the Nautical Almanac, and most of the 
tables of them inserted in books on Navigation, are 
limited to four places of figures ; in certain parts of the 
table, this number of places is too few to show any dif- 
ference for two, or even three consecutive arguments; 
thus the proportional logarithms of 2h. 41m., 2h. 41m. 1s., 
2h, 41m. 2s,, eacalicae same—namely, sags tens 
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defect. In Dr. Inman's Nautical Tables, the proportional 
logarithms are given to five places of figures, so that the 
logarithms of ee uantities are not confounded, 
If five-figure proportiona 
the Gretuwich waka tans, ing to a lunar dis- 
tance, then the proportional thm of the difference 
between the consecutive lunar distances in the Almanac 
must be sought for in the table, as the Almanac gives it 
to only four places of figures. Thus, taking the example 
just given, 
Now a3, 3h Dist. 7 14 40) 
* Nov. at i 

2 6h. ,, 7847 re from Naut. Alm, 


Diff. of dist. in Alm. 13244 . Prop. log. 28804— 


Diff. of given dist, 
ae a Joss & . Prop. log. 67454 


Time after 3 hours, 1h. 13m.55s. . Prop. log. 38650 
Hence the Greenwich mean time was lh. 13m. 55s. 


E Determining the itude Tamar 
amples of pon Tomy from 


The foregoing articles contain all that is necessary for 
the dueceieaton of the time at the ship, and the time 
at Greenwich, at the same absolute instant ; and it has 
been sufficiently explained how these two determinations 
lead immediately to the discovery of the longitude, as in 
the following examples :— 

Example 1.—On the 1st of September, 1846, the true 
distance of the star Antares from the moon’s centre was 
39° 48’ 20", the mean time at the ship being 8h. 14m. 12s. 

mired the longitude, 

The time at the ship at the instant the lunar distance 
was taken being known, we have merely to find the 
Greenwich time corresponding to that distance. We 
ng eae among the predicted lunar distances in 
the Nautical Almanac, for that one preceding it in order 
of time, which is the nearest to it, and take the dif- 
ference between the two. The proportional logarithm, 
annexed to the distance extracted from the Nautical 
Almanac, subtracted from the proportional logarithm of 
this difference, will give the proportional logarithm cor- 
responding to a portion of time, to be added to the time 
at which the distance taken from the Almanac had 
place. The result will be the time at Greenwich cor- 
responding to the given time at the ship. Thus :-— 


Sept. 1, at Gh., dist. (aut. Alm.) 38° 50’ 28” P.L. 2287— 
Given distance . . . 39 48 20 


. 0 57 52 P.L. 4928 


Difference .. . 


1h. 37m, 59s. P.L. 2641 


Time after Gh. 
fark at 
Long. E.iv time Oh. 36m. 18s. 

Then, page 1104, 86 in time= 9° 0 0°) In Longi- 


» = 3 15 tude. 
.”. Longitude . . . 


” 
+ 9 3 16 East. 


In this example the mean time at the ship is su 
posed to have been determined by one or other of the 
methods already explained, and the true lunar distance 
to have been deduced from the observed, as shown in 
the preceding But it will be instructive to 
exhibit, in a connected form, the operations necessary 
for ascertaining the longitude from the ship’s account, in 
combination with the astronomical observations: we 
shall, therefore, — to shy the follen or two of this 

conducting the process by the following steps :— 

L Tho first object will bo to. get, from. the ship's 
account, the approximate time at Greenwich when 
observations are made, 


By help of this approximate Greenwich date, we shall 


ithms are used in finding ~ 


find semi-diameter, hesiennial ponies declination, dc 

at the instant of observation, sufficiently near the ‘truth 
Sor om lbbanate puaguns + heen aaa these 
elements vary so slowly, that even a large error in the 
time can never affect their values, except in a very 


sun or a star. a is - 
An error in the ship’s account will but very sligh 
atioch.uetliie 04: thtpysaher. tierakiooralion tewendac aie 
seen: Shia Sito he Gates einen Srten Sen 0bee aes Seas 
but the altitude employed must be with care. 
b tela ap ora ee ed thence 
ut very sli ect i 
the time at wich ; for the moon’s semi-diameter, 
though dependent on the time, varies too slo’ é 
its approximate value, deduced from the estimated 
Greenwich time, to differ from its true value, at the 
instant of the distance, any appreciable 
amount; and as far as the altitude is concerned, it has 
saple ho On Poeun tdstaih ea a ae 

; at 2h. P.M. 
mean time by estimation, Wy latitude 3" ‘lon 
gitude by account 15° 30’ E., the following lunar obser- 
vation was taken :— Y 


Obs, alt. sun’s L. L. 


= 
& 
: 


Obs. alt. moon’s L. L. 
25° 


29° 17’ 26” 40’ 20” 
Index cor. —2 10 Ind, cor. —1 10 
29 15 16 25 39 10 

Obs. dist. nearest limbs. 

99° 27’ 30” 

Ind. cor. — 50 

99 26 40 


The height of the eye above the sea was 20 feet. Re- 
quired the longitude. 
Ship time, Feb, 12 ee a 
Longitude E. intime . . ih. 3m. 


—— 


Approximate Greenwich time - Lh. 33m. 


Referring now to the Nautical Almanac, we take out 
the two semi-diameters for noon of Feb. 12: the 
proximate Greenwich time differs too little from noon 
render any correction n ; the sun’s declination 


and the moon’s horizontal are taken out at the 
same time; we thus haye— 
From the Nautical Almanac. 
Sun’s semi-diam. ~ : . way A ae 
Moon’s at noon A . a - 15 58 
Hor. par. noon 58’ 36” var. in 12h., —13 
Var. in 1$h, 16 
Hor, par. atest 
e@. 
Sun’s dec. noon. 5 « 13°52’18’8. 
Cor. for 1h. 33m. ‘ - —117 
Dec. at estimated time . » AB OMS Lik 


Polar dist, PS= 76 8 59 


Hourly diff. of sun’s dec. . « —4 
30m. | 4 | pLAGdet abegt oe Pal and be 
3 lw 


i i a 


hy 


—_—” 


2. 


For the Apparent and True Altitudes. 
Sun’s altitude. 

Obs, alt L.L. . . . - 29° 15’ 16” 
“| Dips Loe? + 11 49 

Boni 4 16 13 nd " s 

App. alt. . + ° . . 29927 56 

Bek said dare . . . . = i. 

True alt. . . . . . 5 pla 
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Co-alt. ZS = 60 34 30 


Moon’s altitude. 
Obs. alt. L. L. a 2 25° 39’ 10” 
og 2 om") 41 
re ae 416 5 s » +i 
App. alt... : . s « 25 50 51 (a) 
Par. and ref, . . . . ork 
Truealt. . ° . . -« 26 41 35(A’) 


As it is proposed to deduce the time from the sun, the 
lalitede of the moon is not wanted. 


For the Time at the Ship.* 


To compute the time, we have the co-altitude ZS = 
60° 34 30", the co-latitude P Z = 36° 30’, and the co- 


ZS, 60° 34’ 30” 


sin. PZ, 36 30 OArith. Comp. 2256124 

sin. PS, 76 9 OQArith. Comp. 0128140 
2)173 13 30 

sin. 86 36 45 . . - 9°9992405 

sin. (8.28), 2% 215. . 9-6424232 

j 2)19°8800901 

cos. $P, 29 25 i » «+ 9°9400450 


ua. of time Feb. 12, 
P=658 50 14 4m. 338. + 
wie of time Feb. 13, 
4m. 32s. 


3)116 100° 28” .*.correction. . 0 


3 52 
3 20-9 


App. time at ship Sh. 55’ 21” 
Equation of time 14 33 


Mean timeatship 4h. 9 54 


From this result it appears that the ship’s account 
must be very considerably in error. It may be advisable 
therefore, as recommended at page 1095, to repeat the 
foregoing operation with the corrected time here deter- 
mined. Whether or not this repetition be absolutely 

after finding the 


.”. Mean time 4h. 9’ 54”. 


declination, or polar distance, PS = = 76° 8 59”; there- | necessary, we shall be able to ascertain 
fore, page 1095, the work is as follows :— mean time at Greenwich, as follows :— 
For the Time at Greenwich. 
Obs. dist. 99° 26’ 40” d, 99° 58’ 58” 
Sun’ssemi. 16 13 a, 29 27 5. + comp. cos. ‘0600950 
Moon’s semi. 16 5 a, 25 50 Ol. + comp. cos. ‘0457779 
d=99 58 58 2)155 16 54 
$sum, 77 38 27. . . cos, 9:3304933 
Zsumud, 22 20 31 F + cos. 9°9661096 
A, 29 25 30 . . + cos, 99400179 
A’, 26 41 35. . + cos, 9°9510585 
A+A’, 56 7 5 2)39°2935522 
196467761 
4(A+A), 23 3 32h. . —cos. 9°9456967+- os 
—— ese 
630 940. . «. sin, 9°7010794 two to be 
— added 
oes ° . . + cos. 9°9368233+-’ together. — 
3D= 494343. .  . sin. 9°8825200= their sum. 
.“.D= 99 27 26 the true distance 
Distance at noon, 98 38 0 Prop. log. diff. -2725- 
49 26 Prop.log. ,, ‘5612 
Mean time after noon at Greenwich 1h.32m. 35s.Prop. log. ,, ‘2887 
Meantimeatship. . . . 4h. 9m. 54s. 
Longitude E.intime . . . 2h. 37m. 19s. 
2h. in time = 30° in longitudo 
37m. 5, = 915 a ” 
19%. 5, = 445 ea 
Longitude E. 39 19 45 
It from this result, that although the ship’s | that the supposed time at Greenwich, namely, th. 33m., 
longitude by the dead-reck reckoning is ‘nearly 24° in error, is 20 nearly. squal bo the ocmrovt time these, thabithe ope. 
estimated time happens to be such, | ration for the time at the ship need not be repeated with 


* See ante, Fig. 29, p. 1093. the corrected data, We may porn conclude from what 
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han just bean done, that the moun tape at the ship sithe For the <pparent and True Altitudes, 
instant of observation, is 4h. 9m. 54s, p.m, and the Star’s Altitude, 
longitude is 39° 19 45” east. Such a large error as the R 
above, as well in the estimated time as in the longitud Obs, alt, . . + 20° 17" 50" 
that phic peoventtia Ghamionces ot tax benvent me oo a ; 
weather, whi venting 0 ions of the heaven —_—_——— 
Dodies, left the chip enti iy dependent upon the dead- 0 oe: . *& « - 2018 26% te) 
reckoning. And without taking into consideration the are Sree — 2 37” 
effect of unknown currents, leeway, &c., even the devia- 
tion of the compass alone, from the magnetic action of True alt. - . . *» 20°10'49" (A) 
the vessel, might in a few weeks lead a ship astray to the 90° 
above extent. ‘ . ; 5 
Under the circumstances here imagined, it would be Co.alt ZS= . . 69° 49°11 
better to take the Greenwich time at once from the ‘s Altitude. 
chronometer, if this can at all be depended on, as already Moon’s 
recommended at 1097 ; for the longitude and time Obs ae 4 ee 2 SER 
by account are emerel: only as subsidiary, to finding Dip — 4 24” + 10’ 32” 
an approximation to the time at Greenwich when the Remi-die;..) 14 86"-0 sey ' 
observations are made. If the Greenwich time, as de- +7 Aug. 31° 17’ 22" (a’) App. alt. 
termined from the lunar distance, differ considerably 
from the chronometer time, the operation for the time at Par, and Ref. . - + 44’ 54” 
the ship should be repeated with the more correct passe ESS 
Greenwich time thus obtained, and thence the longitude 32° 2 16” (A’) True alt. 
accurately deduced. , : 
2. On June 2, 1849, at 10h. 17m. P.m., mean time by For the Time at the Ship. 


estimation, in latitude 50° 51’ N., and longitude by| To compute the time we have the star’s co-altitude 
account 41° W., the following observations were taken :— | ZS = 69° 49’ 11", its polar distance, or co-declination 
Regulus W. of meridian, PS = 77° 17' 56", and the co-latitude PZ = 39° 10’, to 


. find the star’s hour angle P, which, since the star is west 
Observed altitude. Observed alt. moon’s L. L, of the meridian, if added tae a right ion, 


20° 21' 40” 31° 11’ 0” will be the right ascension of the meridian ; and since the 
Index — 3°50" Index —4' 10" time is p.m, this Fight asconsion, diminishod by that-of 
20° 17’ 50” 50” 31° 6 50” (Se e106). be the mean time at the ship, 
Obs. dist. nearest limb. ZS, 69° 49’ 11” , 
72° 36’ 30” sin. PS, 77° 17’ 56” Arith, Comp. *0107592 
Index —9 10” sin. PZ, 39° 10’ 0” Arith. Comp. 1995728 
72° 27’ 20” 2)186° 17’ 7” 
The height of the eye was 20 feet. Required the sin. 8, 93° 8’ 33”. . 99998464 
longitude. sin. (s— ZS), 23° 19 22” . . 95975972 
Ship time, June2. . . 10h. 17m. q 
Longitude W. in time . . 2h, 44m, 2)19°8072756 
Approximate Greenwich time 13h. 1m. cos. $ P, 36° 46’ 24" . . 99036378 
Aa serny now to the Nautical tay we take = 7= 
the moon’s semi-diameter and horizon os or 
midnight of June 2, the right ascension of the mean sun P= 73° 32 "a 
at noon, ard the right ascension and declination of the 
star. Te oad ae 
3)1 
From the Nantical Almanac. pt 
Moon’s semi-diam. midnight 14’ 49” 4 52 
Horizontal parallax. ° 54’ 23” 2 8 
Stare] B.A 10h, Om.'908 8 8 
. . . 1 ae Sine gece 
“= Star's hour-angle} 4h 54m. 11s, 
fun’s R.A. noon. . 4h. 43m. 21s. es 
Cor. for13b. -. + 2m. 8s, Star’s right} | 10h. Om. 20s. 
8 ¥ od . . , 23: a aie 
apeiron ie se Oe ore 
ye Ee eee 
a e o! unsuspected— ooo 
ee ; : 
— veel Gane oe cen aay ain en in ae of| Mean timeatship 10 9 2 
At the conclusion of the next Chapter, we shall give a brief abstract of For the Time at Greenwich 


Dr. Scoresby" - P : ‘sc giz 
ib eit iene fall $0 apply a reahedy to pet Tn os boty baa computing the true lunar distance in this example, 


on instru- | we shall adopt the recommendation at the bottom of 
wiht sat eae sees annie tee | page 1108, and. #0 modify tho observed, ot rather the 


rain and vibration to which a vessel under steam is subjected, so | apparent altitudes, that the seconds in each altitude may 
an yg og ang = ve ol ee Ay pg at dangerous ws | be a multiple of 10: whatever be added or subtracted in 


+ 
a 


Weather, might err even to the extent supposed in the above example. seconds. 


pinuary, 1894, was led out of ler proper course by these unsuspected in- this way, must of course be in like manner a 
uencea. ee eee at coe Be bn compass, and panone to the true altitudes, We shall also introduce a similar 
and this was eabjected to changes that might amount to ss much as | MOdification into the apparent distance, and a) the 
scans syed 20, degrees. It ia easy. to oonssive. that, in the o necessary correction to the true distance ; the of 
pedin to teated dese mee 1 oni contintaner at tad | these changes is to reduce the work of computing for odd 


—_ 
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In each of the foregoing examples the mean time at 
the ship is obtained from an alti le of the sun ora star, 
pr stdnpaptiintin stant it is matter of i 

such is the case, whether the time at the ship or 
time at Greenwich is determined first ; ean: Pad 
moon’s right ascension and declination change 
rapidly, salad tue aed the sun’s in a given” irra 


sregevetite eect the accuracy of the ship ’s time, and 
thence of the longitude. We would, there: af fore, recom- 
when, in consequence of the other chisel, the sun 
or a star, being too near the meridian for the 
of finding from it the time, the moon’s altitude must 
be employed, that the time at Greenwich be found 
before that at the ship is computed, as in the following 
3 On May _ 


at 11h. 15m. A.M, mean time 
ewe ah in latitude 50° 48’ N., and longitude by account 

the following lunar observation was taken when 
the moon was E. of the meridian :— 


Obs. alt. sun’s LL... - 57° 53’ 0” 
Index Cor. . e Fi 4 + 35” 
57° 53’ 35” 
Obs. alt. moon’s L. L. . « 27 6 2" 
Index Cor. . . | é —20” 
22° 52’ 42” 
Index cor. . . . . —35” 
56° 25’ 31” 


Obs. dist. 72° 27/20”) d, 72° 4 20” 
Moon’s semi. 14 56 a, 20 13 20 . . comp. cos. ‘0276310 
———-( a, 31 17 20 .«. comp.cos. 0682577 
d<=72 42 16 
2)124 13 0 
$sum,62 630. . cos. 9°6700614 
$sum 1d, 10 35 50 . cos. 9°9925289 
A, 20 10 43. . cos. 9°9724907 
A’,32 214 - cos. 99282440 
A+ A’, 52 12 57 . « « . 2)39°6592137 
19°8296068 
4(A+ A), 26 6 28°.  . cos. 9°9532608+. Mose 
; two to be 
6,48 47 0. « sin. 9°8763460 added 
6, . . «> com.. 9-8188250-+4+ / together. 
4D=36 1634. . sin. 9.7720858 = their sum. 
os Splaenee tee fe eden 06 4,2 ee 33 4 the true distance. 
Distance at 12h. . 19 35 . Prop. log. diff. 3017 — 
Difference . ° ° . 13 29 . Prop. log. . 1°1255 
Mean time after 12h. at Greenwich Oh. 27m. 0s. . Prop.log. . ‘8238 
-". Greenwich meantime . - 12h. 27m. 0s. 
Ship mean time é ° - 10h. 9m. 2s. 
Longitude W.intime . . 2h. 17m. 58s. 
2h. in time = 30° in longitude, 
ljm. ,, = # 15’ ” 


. ” Pe 14’ 30” ” 
Longitude W. 34° 29’ 30” 


bap ae A De ere. was 48 hs required the longi- 


Ship time, May 2lst . . 23h, 15m. 

Longitude W. intime . . 4m. 

Approximate Greenwich time. 23h, 19m. 

From the Nautical Almanac. 

Moon’s semi-diam. - * 
ich ieninight +} 15" 1:3’ . Hor, par. 55’ 7-6 
Moon’s semi-diam., + ORsive 
22nd, noon. . » | 15" 57° cs ee BB 237 
4-4" 16:1” 
Correction for 41m. 25. . 9 


before noon, 22nd 


Semi-diam. at 23h. ¥ “a 
19m. May 21 . "| 15° 5-4”. Hor. par. 655’ 22-8 


Sun’s semi-diameter at noon, May 22nd, 15’ 49”, 


For the Apparent and True Altitudes. 
Sun’s altitude. 
Am alt. “oe . 57° 53’ 35” 
P. tia} oe Fo 
0 he perme BBP Be 
= ew and par. ° ‘ ° — 36” © 
True Wher s.G) eu. , «BS? SAherCa) 


As it is proposed to deduce the time from the moon, 
the co-altitude of the sun is not wanted. 


1110 NAVIGATION—NAUTICAL ASTRONOMY,  [examrres 1x vonarrupe. 


Moon’s altitude. The data for computing the moon’s hour-angle with the 
Obs. alth LG “wo. B26? 42” meridian are therefore as follows ; namely— 
. = Ul * a 
Bao : sein}. . 10° 22” oe Oe ee ee ee 
A? tied PZ, 39 12 0 comp. sin. *1992628 
App. alt. . 4 a + B° 3 4°) PM, 72 55 50 comp. sin, 0195650 
Par, and ref. . ° s + 48'°38" - 
Feit nell 2178 16 8 
Trucalt . 4 4s 28° 61/42" (A’) 
90° 89 8 4. . sin, 99999503 
ERS: s—Z M, 22 59.46 . . sin. 95918086 | | 
Co-altitude. 1. . . 66 8 18"=ZM aa cine 
For the Time at Greenwich. rai 
Obs. dist. 3 > hey SP 2R’ SA” xs $P, 36 2846 . . cos. 99052933 
Moon’s semi. . me's 15 11 Sanam 
Sun’ssemi. . + 15 49 -.P,=72 57 6 ee 
d=68 66 31 | Sa 
d, 56° 56’ 31” ‘ 3)14,5° 5,5 4” - 
a,58 4 35 comp. cos. “2767183 a 
a,23 3 4 comp. cos. 0361386 : 4h. 50m. 
1m. 50s, 
2)188 410° 
<a Moon’s hour-angle in id 
}sum,69 2 5 cos. 9°5336429 time... ah. Bien. Bip, onehek Ge 
gsum d,12 5 34 cos, 9°9902543 Moon's R.A. 7h. 55m. 40s. 
- A,58 3 59 cos. 9°7234034 R.A. of meridian $h, 3m. 50s. 
A’, 23 51 42 cos. 9°9611955 Sun’s R.A. 4h. Om. 41s, 
A+A’,81 55 41 2)39 5413530 Sun’s hour-angle with _{ before noon of 
, acon eran nee iH Yon. Bom. Bis, {PONS Sond, 
197706765 24h. 
§(A+A), 40 57 50} —cos. 98780168+\ roc Bsa 
a poaaKoy “Ut two.to he Mean time atship 23h. 3m. 93, May 21st. 
ae EO, OCT added | Mean timeat Greenwich 238. 7m. 45x 
together. ae SS 
9, +. +. 608. 9°7955409-+ “TEP Longitude W. in time Oh. 4m, 36s..", Long. W.1°9. 
4D=28 8 135 sin. 9°6735577 = their sum. | Although the Greenwich time, by account, differs by 
*,D= 56 16 27 the truedistance. aly» fave iinatah Epes, Se ree ae eee 

Ree; ie min eo on, ve 
Dis. at 21h.55 15 36 Prop, log. diff. 3221— ; difred by more than 4” from the rs t here asrived at, 

- Sra on ae e ‘ i ip time been determin ore the Green- 
Difference 1 O51 . . « “4710 ‘ube, It thus appears, that it is in all cases more 
Mean tim 2th nie prudent to compute time at Greenwich before that 

ean time after 2th.) oy 7m. 45s. +1489 at the ship, when the latter is to be deduced from, the 

Z me f tt Whig 
.”. Greenwich mean - 
time... frou 7m. abe, Examples for Exercise, 


Having thus determined the time at Greenwich when | 1: On March 25, 1847, at 3h. 30m. P.a., mean time 
the inal disteiee was taken, we can compute the right | nearly, in latitude 69° N,, and longitude by account 33° 


ascension and declination of the moon to greater pre- | W-, the following lunar observation was taken :— 


cision than the time by account could be expected to " ’ Obs. alt. moon’ 
give. It so happens that, in ag) age td example, the aes =. pial om 23° 50/ si 
time, y beg ae is very nearly the same as that deduced 23° 10’ 20” 5 0 
from t cbenevetions ; but yet er esty bs sen. | Index cor.—6 10 Index cor. + 
sible difference e fesulting longitude, if the com- i earest limbs. 
| moee of the ship time preceded that for the om nets 30” 

reenwich time. Index cor.—4 20 


It is only in reference to the moon that much accuracy 
in the time and longitude, by account, is of any | The height of scat 0 was 20 feet, and the following par- 


consequence, ticulars were fu ed by the Nautical Almanac: namely, 
For the Mean Time at the Ship. ¢ Sun’s dec. Equa. of time. 
Sun’s R.A. Moon's R.A. Mar, 25, 1° 40’ 56" N. 6m. 138s. additive, 
2Qist . . Sh. 56m. 53-85. | 23h, . . Th. 55m. 24s. 26,2 4/29”N. 5m. 55°28. ,, 
Fn RE a met ore + Moon's semi. ‘Hor. par. Sun's semi. 
“rea R. A.= 7h. 55m. 40s. noon 25th, 14’ 59” noon 54’ 59” 16’ 3” 
R.A.=4h. Om. 41s. . midnight 1455” mid. 54’ 44” 
Moon's declination. " Also distance at Sh., 111° 38’ 34”; at Gh., 112° 57’ 16”. 
28h. . oe 17? B12". Required the longitude of the ship. Ans. 32° 594" W. 


Tm. 450. etd 1 2 2, On Ji 9, 1851, at 7h. 50m. P.M, mean time 
nearly, in. latitude 49° 40’ N., and longitude by account 
Dec. = 17 4 10N, 10° E., the following lunar observation was taken :— 


i al 
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Obs. alt. of Pollux E. of merid. Obs. alt. moon’s L.L, 


37° 10’ 10” 81° 50’ 10” 
Index cor.—1' 10” Index cor. + 1’ 20” 


Obs. dist. farthest limb. 
103° 20° 0” 
Index cor. 1’ 30” 


The height of the eye was 18 feet, and the following par- 
ekees were supplied by the Nautical Almanac: namely, 


Right ascen. mean sun. Moon’s semi. Hor. par. 
Jan. 9, 19h. 13m. 42-278. noon 14’ 55°8” 54’ 47:2” 
mid. 15’ '0'2” 55’ 3-6” 


The star’s R.A. was 7h. 36m. 12s., and its dec. 28° 22’ 

46” S. Also, the distance at 6h. was 103° 8’ 4”, and at 

9h., 101° 37'51”., Required the longitude of the ship. 
Ans, 10° 19’ 15” E.* 


The exam! ven will, we think, sufficientl. 
illustrate regen al operations for determining the 
at sea by a lunar observation. Inthe Nautical 
Almanac, the lunar distances are given for the planets 
Mars, Venus, Jupiter, and Saturn, as well as for the 
fixed stars near moon’s path. The calculations for 
etree od Reais the eats as 
maaed anes and, in deducing the time at ar 
the planet, we must proceed exactly as in ded 

see Seas She sey of ite A Seraph lie 
planet’s our-ang ence, by means its t 
ascension, taken from the Nautical dimanac, we must 
find the right ascension of the meridian ; the difference 
between this and the right ascension of the mean sun 
will—as in last example—be the sun’s hour-angle with 
fhe ecren at She. piace that is to say, the time at 

e 
Ce ee erage 
considerab) 


one of a am of 30/ in =a ernie 

Lonoirupe From OccuLTaTIONS AND Ectipses or 
Jvurirer’s Sarevitres.—What has now been mentioned, 
comprehends all the essentials for finding the latitude 


and longitude atsea. Other celestial- phenomena besides 
those here dwelt upon, may be occasionally made avail- 
able for determining the longitude; as, for instance, an 
eclipse, or an occultation of a fixed star or planet by the 
moon. Eclipses are of too infrequent occurrence to be 
of much service to the navigator ; but the passage of the 


moon over the stars and planets, in her path, is con- 
tin ; and this occultation of the object by 
the. | would furnish a a4 convenient means of 
fi Greenwich time, and thence the longitude, |. 


if the m of the ship did not, in general, preclude the 
ity of keeping the telescope s ly directed to 
ts moot ge 

It is + at the instant of the occultation, that 
is, at the instant of the disappearance of the star or 
planet by the interposition of moon—called the 7% im- 
mersion—the apparent right ascension of the moon’s 
occulting limb must be the same as the right ascension 
of the oceulted star. By removing the etfoot of parallax, 
the moon’s true right ascension at the instant of the 
star’s immersion may therefore be found, and the Green- 
wich time corres to this right ascension may 
thence be dedu 

The eclipses of J vc satellites answer a similar 
purpose, since the entrance of a satellite into the shadow 
of the eaceta is a ph which takes place at the 
same absolute instant, wherever on the surface of the 
earth the immersion be observed ; and so likewise does |. 
the gear of the satellite, or its emersion, 

The ich time, these immersions and 
emersions are ; are given in the 
Nautical Almanac ; so ‘het if the ship time, w any 
such phenomenon opeurs, be known, the ie may 
be at once obtained. 

But bere as in the caso of occultations of the 
stars by the moon, the rab a im ares Mele of keeping 
a pieres Solr accurate observati 
of the p pga this short and chats 
wise convenient method o! of finding the longitude of but 
very limited application. Ina calm sea, or in harbour, 
a telescope of sufficient magnifying power may, of course, 
be used without inconvenience. Of the four satellites, 
the first, or that which is at the least distance from the 
planet, is the best adapted for the purpose of determin- 
ing the longitude, on account of its more rapid motion ; 
it revolves round Ju; , and is eclipsed by the shadow 
of the planet once in wy forty-two hours: and the 
instants of immersion emersion are capable, in 
general, of much more accurately noted, than the 
ae of contact of the earth’s shadow with the moon’s 


CHAPTER V. 


NAUTICAL INSTRUMENTS. 


Tae QuapRant AND Sextant.—These two instruments 
are the same in principle—both are equally employed to 
Mack bad ie palsies fea the pamecee of o> 

or P of de- 
termining the latitude at sea, is a measurement more 
frequently made than any other, the former of the two 
above-mentioned instruments—the uadrant—is con- 
structed with exclusive reference to this purpose, and, 
being less elaborate in its mo and workmanship, is 
by far the cheaper instrument of the two. 

The are of e sea quadrant is the eighth part of an 
entire circumference, or 45°. This are is therefore, 
strictly speaking, not a quadrant, but an octant; but as 
it is capable of measuring all altitudes from the horizon 


nthe he ed see Mr. Jean’s rR vlna sacar and Nautical As- 
, whence the above have been taken. 

+ Sul visions of less extent than this must be estimated by the eye, 

A skilful observer can lly make this within two or three 


to the zenith—as will presently be explained—a greater 
extent of arc is unnece 

The sextant is a more delicate instrument. . Its arc 
is the sixth part of an entire circumference, or 60°, and 
it is capable of measuring angular distances up to ‘120°. 
The arc of the more common quadrants is divided—and 
that by means of an vaca scale attached to the index- 
limb—into minutes only : those of a superior kind are 
thus divided into half minutes ; but the are of a sextant 
is fi en tly subdivided—by aid of the Vernier scale 
just to, and hereafter explained—to every 
10”.+ 

Artists generally extend the are of a quadrant to a 
few degrees beyond 45°, and the arc of a sextant to a few 


seconds of the truth. Such an error, in the measurement of a lunar 

distance, would not occasion an error of more than about a mile in 

= reqniting longitude, (See Ast ‘ Instruments, page 989, 
seg s 


degrees beyond 60°. With either of these instruments 
Fig. 32, 


an altitude may be taken ; but usually 
with more precision with the sextant 
than with the quadrant, on account of 
the more minute subdivisions of the 
are. The manner of holding the in- 
strument in taking an altitude is 
figured in the margin. (See Fig. 32), 
The sextant, however, is almost ex- 
clusively used for taking a lunar dis- 
tance. All the essential parts of this 
valuable instrument are represented in the acoompanying 
figure. H (Fig. 33) is the handle by which the sextant 


is held while taking the angular distance ; D E is a small 
telescope fixed to the frame of the instrument, and 
directed towards the plane reflector or mirror, C. This re- 
flector is immovable ; the other plane reflector or speculum, 
B, is fixed to the movable radius, or movable limb, F, 
at the extremity of which is the index for pointing out 
the angle measured on the graduated limb, A A. 

The two reflectors, B C, are perpendicular to the plane 
of the instrument—that is, to the plane in which the 
are, or graduated limb, lies. The immovable reflector, 
C, is called the horizon glass ; the mene half of itis trans- 
parent and unsilvered ; and it is through this’ part that 
the horizon is viewed in taking an altitude; the lower 
half only, strictly speaking, is a reflector, being the only 
part coated wit “ar rsigh (Fig. 34). The movable 
reflector, B, is called the index glass ; it Fig. 34. 
turns with the radius, or limb carrying the ay me 

Ml os 

Suppose this radius to be turned into such Wilt 

a position that the planes of the two re- & : 


index, round the centre of the graduated 
limb. "i 

| 
flectors, B, C, may be exactly Mel to one another : 


in 
this position of the index limb, the point on the gradu- 


ated arc shown by the index is to be marked 0. It is 
the perfection of the instrument that, when the index 
points to 0, the two reflectors should be accurately 
parallel to one another. And here we pause for a 
moment to explain the cause of what the learner may 
have hitherto considered as the result of indifferent 
workmanship in the instruments employed in the pre- 
coming. Feo ems of Nautical Astronomy. We have 
repeatedly spoken of the index error, or the error of the 
instrument, 

These terms do not imply faulty workmanship ; all 
instruments whatever—the most elaborately-finished 
specimens in the most richly-furnished observatories— 
have, without exception, their instrumental errors, which 
are very different things, however, from errors df work- 
manship. F 

Inthe section on Mathematics coments on Euclid), 
the reader has been frequently soninded, that it is 
beyond the reach of art to draw a line of a prescribed 


ir of lines that shall be accurately parall 
foot perpendicularity and parallelism, therefore, of the | 
reflectors, B, C, are thi that cannot be. practically 
brought about; some minute departure from strict 
geometrical precision always exists, and hence, what is 
called ‘‘the index error.” How this index error may be 
discovered and allowed for, will be seen presently ; it is 
always furnished to the purchaser by the maker of the 
instrument. 

In reference to this subject, it may not be unprofitable 
to the learner, to add to the present di the fol- 
lowing observations of Sir John He: 

‘* Astronomical instrument-making may be justly re- 
garded as the most refined of the mechanical arts, and 
that in which the nearest approach to geometrical pre- 
cision is required, and has been attained. 

“Tt may be thought an easy thing, by one unaoc- 
quainted with the niceties required, to turn a circle in 
metal, to divide its circumference into 360 equal parts, 
and these again into smaller subdivisions—to place it 
accurately on its centre, and to adjust it in a given 
position ; but, practically, it is found to be one of the 
most difficult. Nor will this appear extraordinary when 
it is considered that, owing to the application of tele- 
scopes to the purposes of ra eed measurement, eve 
imperfection of structure or division becomes magni 
by the whole optical power of that instrument, and that 
thus, not only direct errors of workmanship, arising from 
unsteadiness of hand or imperfection of tools, but those 
inaccuracies which originate in far more uncontrollable 
causes, such as the unequal expansion and contraction of 
metallic masses, by a change of temperature, and their 
unavoidable flexure or bending by their own weight, 
become perceptible and measurable. 

‘An angle of one minute occupies, on the circum- 
ference of a circle of ten inches in radius, only about 

th part of an inch—a quantity too small to be cer- 
amly dealt with without the use of magnifying glasses ; 
yet one minute is a gross quantity in the astronomical 
measurement of an angle. With the instruments now 
employed in observatories, a single second, or the 60th 
part of a minute, is rendered a distinctly visible and 


appreciable quantity. Now the arc of a circle, subtended 
by one second, is less than the 200,000th of the 
radius ; so that on a circle of six feet in diameter, it 


would occupy no greater linear extent than zyyth part 
of an inch—a quantity requiring a powerful microscope 
to be discerned at all. . 

_ “Let any one figure to himself, therefore, the difficulty 
of placing on the circumference of a metallic circle of 
such dimensions (supposing the difficulty of its construc- 
tion surmounted), marks, dots, or cognisable divi- 
sions, which shall be true to their places within such 
minute limits, to say nothing of the subdivision of the 
degrees so marked off into minutes, and of these again 
into seconds. Such a work has probably baffled, and 
will probably for ever continue to bafile, the utmost 
stretch of human skill and industry ; nor, if executed, 
could it endure. The ever-varying fluctuations of heat 
and cold have a tendency to produce not merely tem- 
porary and transient, but permanent, uncompensated 
changes of form in all considerable masses of those metals 
which alone are applicable to such uses; and their own 
weight, however symmetrically formed, must always be 
unequally sustained, since it is tm to apply = 
sustaining power to every part separately : even co’ 

this be Some at all events tack coun be tiled to move 
and to fix them, which can never be done without pro- 
ducing temporary, and risking permanent, change of 
form. It is true, by dividing them on their centres, and 
in the identical places they are destined to occupy, and 
by a thousand ingenious and delicate contrivances, won- 
ders have been accomplished in this department of art, 
and a degree of perfection has been given, not merely to 
chefs-d’@urre, but to instruments of moderate prices and 
dimensions, and in ordinary use, which, on due considera- 
tion, must appear very surprising, Bat though we are 
entitled to look for wonders at the hands of scientific 


length accurately ; to raise a perpendicular ; or to draw @ | artists, we are not to expect miracles, The demands of 


— 
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the astronomer will always surpass the power of the 
artist ; and it must, therefore, be constantly the aim of 
the former to make himself, as far as possible, indepen- 
dent of the imperfections incident to every work the latter 
can place in his hands. He must, therefore, endeavour 
so to combine his observations, so to choose his oppor- 
tunities, and so to familiarise himself with all the causes 
which may uce instrumental derangement, and with 
all the iarities of structure and material of each in- 
strument he possesses, as not to allow himself to be mis- 
led by their errors, but to extract from their indications, 
as far as possible, all that is true, and reject all that is 
erroneous. Itis in this that the art of the practical 
astronomer consists—an art of itself of a curious and in- 
tricate nature, and of which we can here only notice some 
of the leading and general features.” (See Herschel’s 
Astronomy, Lardner’s Cyclopedia. )* 
ing now to the sextant :—To understand the 
way in which an distance is measured by this in- 
strument, we must first assent to the following simple 
optical principle—that is, when a ray of light from a 
luminous pe = falls upon a ras me. Barend and is 
thence received by the eye, the inci ray—or that 
direct from the object to the reflector—makes, with the 
perpendicular to the surface of the reflector, drawn from 
the point where it impinges on it, an angle equal to the 
angle made with the same perpendicular and the reflected 
tay, or that received by the eye. This property is briefly 
expressed thus :—the angle of incidence is equal to the 
of reflection. It is the same with an elastic sphere 
striking a smooth hard surface, as, for instance, a com- 
mon marble, shot against a smooth wall ; if the marble be 
shot perpendicularly, it will rebound along the same path, 
and return to the hand, the angle of incidence and the 
angle of reflection being nothing ; but if the marble be 


projected obliquely, it will rebound on the other side of 
the i ; and the oblique incident path, and the 
oblique reflected path, will make equal with that 


is principle being admitted, conceive the limb F to 
be moved so 


t the attached index points to zero on the 
| ap reson) point A on the right in the fi 33). 
this position of the index and of the reflector B, if the 


eye at E look through pine gpelpen BO of the 
horizon glass at C, and perceive a celestial object, such 
as a star, it will at the same time also perceive the image 
Se aasghtneek be loretenion rentals al the Foras 

ectors are, ypothesis, parallel, an star so 
distant that two rays from it falling, the one on the cae 
B and the other on C, must differ only insensibly from 
parallelism, it follows that the ray from the star, reflected 
at B and thence proceeding to O, from which it is again 
reflected at E, must to the eye E in the same 


direction as the direct ray from the star through the un- 
silvered part of C. But this will be better illustrated by 

a distinct diagram. 
Let dd (Fig. 35) be the position of the index glass 
Fig. 35. 


when the index points to 
zero, which in the diagram 
is marked by the letter e. 
By hypothesis, the surface 
of the half-silvered glass 
Cis 1 to that of dd. 
An object, R, so remote as 
one of the heavenly bodies, 
would be equally seen to 
' an eye at E in the direc. 
tion of ED, parallel to 
B R, as to an eye at B, in 
the direction B If the 
dotted line B WN be per- 
pendicular to dd, RB N 
will be the angle of inci- 
dence, and C B N the angle of reflection : the reflected 
ray B Cis now incident on C—a surface parallel todd ; 
therefore the reflected ray C D must be parallel to R B, 


* The reader may refer, on this subject, to the remarks on individual 
errors of &c., in the section on Astronomy, as another source 
of the instrument.—Ep, 


so that an eye at E will see the object directly through 
the transparent part of C, and the image of it, after two 

reflections, in the same direction ; or rather the object 
and its image would become confounded and supreme: 

Suppose now, while the eye is still looking at the object 

R through the telescope E D, the index-limb be moved. 
from e to e’; the reflector dd turning round with this 
limb will take the new position d’ d’, and the image of R 
will disappear, and that of some other object S, in refer- 

ence to a ray from which, B C will still be the reflection, 

will take its place. 

In this way, two luminous points, R, S, as, for instance, 
two stars, or a star and an edge of the moon, or the 
edges of the sun and moon, may be brought together ; 
one of the two, R, being seen by direct vision ; the other, 
8, after two reflections at the mirrors. 

The movement of the index from e to e’, necessary to 
bring the two objects R, S into contact, moves the re- 
flector dd into the position d' d’, and the perpendicular 
BN into the position BN’. Now BN, by the above- 
mentioned optical principle, bisects the angle R BC, and 
BN’, in like manner, bisects the angle SBC. Hence 

NBN’=34(SBC— RBC) = $SBR. 


And since the angles N B N’, e Be’, measured by the are 
ee’, are obviously equal, it follows that the are ee’ mea- 
sures half the angle SBR, formed by the two incident 
rays SB, RB; that is to say, it measures half the angular 
distance of the two objects S, R. 

If, therefore, the are AA, supposed to be 60°, be 
divided into twice that number—that is, 120 equal parts 
—then, by considering each part as a whole degree, the 
index at e’ will show the number of degrees in the angu- 
lar distance of Sand R. In like manner, the degrees 
and minutes will be shown if each division .be subdivided 
into 60 equal parts. This is the important principle in 
the construction of the sextant. 

Besides the two reflectors, B and C, in figure 33, 
several other glasses—called screens or shades—are at- 
tached to the framework of the instrument, as shown at 
K-and L, These are merely stained or coloured glasses 
to be interposed in the path of the rays from luminous 
objects, as the sun, and sometimes the moon, to reduce 
the intensity of the glare, which might be too strong for 
the sight, and, in the case of the sun, could not be en- 
dured with a clear sky. The principal use of these 
glasses, therefore, is to screen the eye; but they also 
serve to distinguish the ore from its image by differ- 
ence of colour. The movable glass, G, is a microscope, 
supported by a slip of metal turning about its extremity 
a, 80 as to ier of its being brought over the divisions 
of the Vernier—a small and important scale attached to 
the index, for the purpose of marking subdivisions too 
minute to be e ved on the circular limb of the instru- 
ment. We explain the Vernier presently. 

To Use rue Instroment.—The plane of the quadrant 
or sextant must always be held in the plane of the two 
objects, of which the angular distance is to be taken ; it 
is grasped by the handle H, usually with the right hand 
(see Fig. 33, 1112), the other hand being employed 
in moving and adjusting the index : when, as in common 
quadrants, there is no handle, the instrument is held by 
the framework itself. If the sun’s altitude is to be 
taken, the instrument is to be held in a vertical position, 
the index set to 0 on the limb, and the eye applied to. 
the telescope, or—removing this—to the sight-vane, 
which supplies its place, and directed through the 
horizon glass to that part of the horizon which is ver- 
tically under the sun. The index is now to be moved 
forward till the limb of the image of the sun, which we 
shall see to be gradually descending, just touches the 
horizon : the observed altitude of that limb will thus be 
obtained. 

The sight-vane may now be turned down and the tele- 
scope introduced, which, by magnifying the image, will 
render the contact more distinct. It is, in general, more 
easy to get a contact, though with less precision, without 
the telescope than with it, as the telescope wh (ra 4 limits 
the field of view ; but after the index is adjusted to the 
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approximate contact, the telescope, viously set to 
distinct vision, will at once show the chject more clearly 
defined, and give the contact more accurately ; of course, 
whatever shades may be necessary to oe the eye, 
and to distinguish the object from the image, are to be 

t in front. 
mit the altitude of a star is to be taken, the operation is 
just the same, care being taken to keep the star's image 
in view during the whole of its descent to the horizon, 
to avoid the mistake of bringing down the wrong star. 
The moon’s altitude is taken in the same way as the sun’s, 
using such shades as may be found necessary. 

When a lunar distance is to be observed, the ,plane of 
the sextant must be held so that both objects may lie in 
that plane, and the sight is to be directed, through the 
horizon glass, to the fainter of the two, so that when the 
brighter object is to the left, the instrument must be held 
fuce downwards. 

The practical management of the instrument, in 
making observations at sea, can be efficiently acquired 
only on ship-board ; the movements of the body must.be 
accommodated to the motion of the vessel, and peculiar 
attitudes and positions will be necessary in peculiar cir- 
cumstances : the observer sometimes stands erect, some- 
times reclines against a support, and sometimes lies on 
his back on the deck, when taking a lunar distance. It 
is plain that nothing but experience can dictate to him 
the best way of handling his instrument on the various 
occasions that may require its use. Supposing the 


observation to have been made, it remains to read off 


the measure ; this is done by aid of the Vernier, 
a contrivance so called from the name of its inventor. 

Tue Vernrer.—This is a small scale attached to the 
index-limb, F, Fig. 33, of the instrument ; it is slightly 
inclined to the face of the divided limb A A, and moves 
with the index-limb, in close contact with the divided 
are AA. It is attached to many other scales—as, for 
instance, to those of the barometer and thermometer—as 
well as to the scales of the quadrant and sextant, and is, 
in fact, an appendage. to many astronomical instruments 
used for angular measurement; its object and utility 
yes Phe explained as follows :— 

t CD (Fig. 36) represent any graduated scale, and 
AB a line which we wish to measure by it ; the scale and 
line must of course be of the same character—both 
straight or both circular. If, upon applying the scale to 
the line, as in the following figure, we find the extremity 

Fig. 36. 
ap 


thus placed, there will necessarily be found one wh 
exactly corresponds to a divisional mark on the 
scale, CD: in the figure below it is the fourth mark; 
and we accordingly conclude that a B measures four- 
tenths of ad so that the whole measure of A B is 
83. That such is the case will be readily seen from con- 
sidering that one of the divisions of B E is only y{ths of 
one of the divisions of C D, so that one of the latter 
divisions exceeds one of the former by yyth of a degreo, 
two of the latter exceed two of the former by ,yths, and 
80 on. 

Now from 4 to B, on B E, thero are four divisions ; and 
from b to f, on C D, there are also four divisions ; the 
latter four, in their whole length, exceed the former 


four by yyths of ww, but this excess is the length 
aB, co tly a B = y~yths, It follows, therefore, 
that if a B be only an exact number of tenths of a degree ; 


we shall be able to measure those tenths by this contriv- 
ance ; and the error of measurement, if a B be not an exact 
number of tenths, and therefore the mark 4 not strictly 
the continuation of the mark b, must be less than sth. 
In like manner, if the scale B E had the length of 
degrees of C D, and were divided into 20 equal a 
could have been measured accurately to within of 
d , andsoon. The scale BE is the Vernier. 

he annexed figure (Fig. mg Mba athens 
88, 


the Vernier, attached to the index-limb 
Fig. 


rant or sextant, adapts itself 
to the circular graduated 
limb of the instrument. The 
point marked a on the Ver- 
nier is the index of the gra- 
duated arc of the limb, and 
is that which marks out the 
integral part of the measure 
of the angle, the fractional 
being indicated by the 
ernier divisions, as already 
explained. It is the mark a 
which ought to correspond 
with the mark 0 on the gra- 
duated limb, when the index and horizon glasses of the 
instrument are parallel: it is common, however, to 
speak of the whole movable limb A as the index. 
Suppose each of the divisions on the graduated limb to 
denote n minutes, and let m be the number of those divi- 
sions which make up the whole extent of the Vernier 
scale, then the Vernier will contain m n of the 
minutes of the graduated limb. If this extent be 


seco AML PED ae Me ee PE Rey eed He fae A Bt 


Ico? divided into m + 1 equal parts, then the difference 


Bon 


to fall accurately upon one of the divisions of the 
scale, we, of course, obtain the measure without any 
fractional parts of a division: we may, for illustration, 
call the divisions degrees, and we shall conclude the 
measure to be so many degrees exactly. . 

But if, as would be most likely, the extremity, B, of 
the line project beyond the boundary of a division 
without reaching the next, the length would be so many 
degrees and some fractional parts of a degree, which the 
scale affords us no efficient means of measuring. In the 
figure, the measure of A B is eight degrees, with a frac- 
tional part, a B, of the ninth degree, the exact amount 
of which can only be guessed at. The object of the 
Vernier is to make known the value of this fractional 


Imagine a second scale, B E (Fig. 37), with its com- 
mencement placed in contact with the extremity, B, of 


D between one division on the graduated limb and one 
division on the Vernier, will be 


n 


ARR etic 
™-~m+1l m+i1 


If n = 20, and m =19, .’. wer If n= 10, 


oes 
m-+1 

Turn Inpex Error.—If when the index and horizon 
glasses are parallel, the beginning a of the divisions on 
the Vernier does not coincide with the mark 0 on the 
graduated limb, the distance between them is the index 
error—subtractive when the Vernier mark is to the left 
of the 0, and additive when it is to the right. To dis- 
cover the amount of index error, move the index tilla 


and m = 59’, then =10", ke, 


the pro line, to be applied to the scale CD: sup- | point of the horizon, or some more distant object, coin- 
pose the whole length of this second scale to be 8 degrees, | cides with its image: the distance of the index mark a, 
Fig. 37 from 0 on graduated limb, is the amount of 
R index error. 
t=- ot tt tt ttt The sextant just described is only a modification of 
f a es ER | aH; 2 a ee Paed REN B CTA | at} the quadrant 5 bom babomeente ve eee 
ran 


~_ that it is divided, as in the tS eed 9 equal parts ; 

aw ns assu t 

toh me, moreover, a B may be expressed 
Among the divisional marks of the second scale BE, 


» same. The first published description of the 
appeared in the Philosophical Transactions, No. 420, for the 
ee 1738, the paper communicating it having been laid 

fore the Society in May, 1731. It was the uction of 
John Hadley, and the instrument he described was con- 


a 
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sequently called Hadley’s Quadrant ; there is little reason 
to suspect that the invention was not his own. Buta 
similar instrument had soe pret venely bese invented by 
Newton, and communicated to Halley, who kept the 
contrivance to himself. ‘* The description of the instru- 
ment was found, after the death of Halley, among his 
papers, in Newton’s own handwriting, by his executor, 
who communicated his papers to the Royal Society, 
twenty-five years after Newton’s death, and eleven after 
the publication of Hadley’s invention, which might be, 
and probably was, independent of any knowledge of 
Newton’s, Hutton insinuates the contrary.” 
“ But,” adds Sir John Herschel, ‘‘the priority of in- 
vention undoubtedly to Newton, whose claims to 
the gratitude of the navigator are thus doubled, by his 
having furnished at once the — theory by which his 
vessel can be securely guided, the only instrument 
which has ever been found to avail in applying that 
theory to its nautical uses.” 


Cxarts.—A chart is a map upon a plane surface of a 

rtion of the sea, including whatever within its limits 
it may be useful to the mariner to have exhibited, such 
as rocks, shoals, &c.; and in some, the directions of 
currents, and the variations of the compass. Charts are 
of two kinds—the Plane Chart and Mercator’s Chart. 
Sie ageesa-of lotivete all. af edad kecgtiy Shei geuper 

e degrees of latit o length, the proper 
relations of latitude and longitulle are grossly violated, 
and such charts are of no use except for mere coasting 
purposes. At sea, the only charts of any use are those 
constructed on Mercator’s principles, described at page 
1062, the d of longitude remaining invariable ; while 
those of cera ee creme ame lene nese re 

uator to the pole, agreeably to t w investiga 
an explained at the page referred to. 

The accom ing map is a representation of the globe 
projected upon Mercator’s plan, but on a scale far too 
minute, of course, to serve any other purpose than mere 
illustration, for which alone it is here introduced. On 
the actual sea chart, representations of the compass are 
placed at intervals, clio ye! eet rye, Nake rime 

The meridians which limit chart employed at sea 
are uated, as also the parallel of latitude which 
bounds the extent of the chart north or south. A point 


the point, and held parallel to fy Remeh -s rope | 


lacing the hile on the point lel of 
Go meriliags, i = obeesting Claes the oles pb Aes 
graduated parallel. ; 


the given course ; from the 
side of the chart, and eet in ace od of the ship, take 

i , in degrees, &ec., the compasses : this dis- 
tance, ied from the point of departure along the ed 
of the ruler in the direction of the course, will mark ons 
the position of the ship by dead-reckoning. To lay down 
the position as given by the latitude and longitude is 
sufficiently obvious ; the intersection of two pencil lines, 
through the given points of latitude and longitude, and 
parallel to the boundaries of the chart, will be the posi- 
tion sought. 

It will be perceived by the reader who has gone over 
what has been stated in the Navigation respecting Mer- 
cator’s sailing, that although positions are correctly ex- 
hibited on the chart, as Tepe Sntitaide longitude, and 
course, yet distances are exaggerated. Distances which 
are the same on the globe, become more and more elon- 
gated on the chart as we approach the pole. 


Tue Surr’s Journat.—A Sea Journal is a record of 
the daily transactions and occurrences in connection with 
the navigation of the ship, including whatever observa- 
tions and remarks that may be necessary to give a brief 
but connected professional history of the voyage. 

The entries in the Journal are made hourly after the 
departure is taken: the ship shapes her course towards 
a definite point ; and to do this, either a chart is con- 
sulted, or the angle determined by computation; allow- 
ance then being made for the variation of the compass, 
and the local deviation, the compass or steering course 
for the first stage is obtained. The ship, however, is 
usually considered to depart from the point of land or 
other conspicuous object last seen ; and the bearing oppo- 
site to that, of this point of departure, is regarded as the 
first course, and the distance of it as the first distance. 
The ship is not, however, considered as having fairly com- 
menced her voyage till her final departure has been taken. 

Time is generally recorded as in the affairs of civil life. 
and not according to astronomical reckoning : noon and 
midnight equally divide the twenty-four hours, as on 
land. From the hourly registry of the course and dis- 
tance, the ain and the variation of the compass bein; 
properly allowed for, the ship’s position is determine 
every day at noon. If no astronomical observations 
have been made, the position thus determined is the 
place of the ship by dead-reckoning ; but if the latitude 
or longitude, one or both, have been computed from obser- 
vations, a distinct entry to that effect is made, although 
the day’s account by dead-reckoning is still preserved. 

This clearing up the ship’s account every day at noon, 
so as to enable her to take a fresh departure daily at that 
hour from a known Sipe just as she took her depar 
ture at first, is called a day’s work. As noon is the time 
invariably fixed upon for ascertaining the resultant of 
all the preceding twenty-four hours’ sailings, whatever 
latitude or longitude may «have been determined by 
astronomical observations in the interval, is brought up 
to that hour by ae of the dead-reckoning. Hence the 
entries, ‘‘ Latitude by Observation,” and ‘* Longitude by 
Observation,” frequently inserted in the noon results, are 
in general made up in some small part of the latitude 
and longitude by account. 

In keeping the ship’s reckoning, the position departed 
from at each noon, is considered to be that which nauti- 
cal astronomy assigns’; so that when observations have 
been made in the interim, the dead-reckoning com- 
mences afresh, and is not a continuation of the yester- 
10 og account. The record is then carried uninterrupt- 

y on till a noon arrives, immediately before which, 
the true position of the ship has again been settled by ob- 
servations, and soon. ‘The meridian observation for lati- 
tude is of course recorded for the noon on which it is made. 

The working of a day’s work may always be effected by 

the Traverse Table, after the manner shown at page 
1055; and as the twenty-four hours’ sailings should be 
regarded only as furnishing data for finding the position 
of the ship at the end of that time approximately, it is 
not considered as in general necessary to attend to 
minutes in the courses. ‘‘ It is mere waste of time,” 
observes Lieut. Raper, ‘‘ to work the course nearer than 
to the whole degree; for if even the compass could be 
depended upon, as it cannot be, to 1°, the ship cannot 
be steered to twice that quantity.” We shall now give 
a very short specimen of a Ship’s Journal: there is no 
settled and uniform plan of arranging all the entries ; 
but there are certain prominent features in which all sea 
journals are alike. ‘The specimen here offered is, with 
some slight modification, extracted from that given by 
Mr. Riddle in the work before referred to. 
- The reader is already aware that the principal entries 
in the Journal are, in the first instance, written in 
chalk on the black board called the log-board, from 
which they are afterwards transferred to the log-book. 
The correction of the several courses for leeway and 
variation being made, and the ition of the ship at 
noon, as deduced from the sailings, and as determined 
by observation when observations are taken, completes 
the day’s work, and renders the log-book a journal, 
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EXTRACT FROM A JOURNAL OF A VOYAGE FROM ST. MICHAEL TOWARDS ENGLAND. 
u | xK/|F Courses. Winds, | ee Remarks, Sunday, Sept. 11, 18—, 
1 w. Moderate and clear weather. P.M. 
bse Poe. the eastern end of St. Michael’s, lat. 37° 48’ 
2 . 25° 13'W., bore W.S.W., dist. 6 leagues, 
eeligee h I take my departure, 
3 N.N.W, 
4 | 6/ 8|/ ENERE Ditto weather. 
5 6) .7 N. Fresh breezes and cloudy weather. In top-gallant sails. 
G6 | 5; 4 Ditto weather, 
va 4/3 EBN. N.b 5. } In second reef to hauled down jib, and set fore 
Strong pewter. and hazy weather ; brailed up spanker, 
® oy Ube and set mizen staysail. ae 
9; 3/0) EBEbS | NEBEOUN. | 2 
7 : : In third reef topsail, and set trysail. 
mid- ‘ 
night} 2) 6 Ditto weather. 
tou Monday, Sept. 12. h am, 
1 3}; 4 E.S.E. N.E. 3} | Fresh gales and hazy weather, 
2 3) 6 3 More moderate. 
3 3/ 9 
4 4| 2 Out fourth reef of topsails. 
5 4/ 3] NN,E. E.b. 8. | 2}| Tacked ;- strong breezes and Frama’ poe nae 
6 4/0 2 Out thisd root & reef ee set re er, 
7 4/5 Set top-gal. sails. Fresh cloudy weather. | 
8 5| 0 1 
9 417 4 Out second reef to) 
10 4; 2 Lat. by doub. alts. at llam. , . 38° 15’ N. 
Diff. lat. up to noon. 5 Eke ° YN. 
Latitude at noon 38° 20'N. 
11 4/8 Moderate and clear weather. 
noon| 4/ 8 Variation by amplitude 1} points W. 
Nok. Dist, 57m. | Sr 19 N. ie ay N. OP iw, = Long. obs. iy 494° E. fps Anand ot 
H K | F Courses. Winds. : Remarks, Monday, Sept. 12, 18—. 
1 | 4] 6 N.N.E E. 1} | Moderate Pose g clear weather. ae jib, P.M. 
2) 5) 0 Out first topsails, set ro: poyals, flying 
3} 5) 3|INOBESE | EN | Light breezes and clear weather 
aisle Ditto weather. Swell from E. from 4 p.m, till 8, for 
which allow a drift of 24 miles, 
5 6| 0 
6 6] 1 Tn ro. and flyi ib 
7| 5) 3| ESE ca ee ee 
9 | 5|.0 4 | Ditto weather, 
10 5] 3 
ll 5] 8 0 
mid- ; 
night} 6| 2 Ditto weather. 
Tuesday, Sept. 13th. AM 
ee ; E.S.E. N.E. 1} | Moderate and clear weather. 
2 5 
3 |} 5] 3 1| Fresh breezes. In top-gallant sails, 
4 5] 4 
: 4 . E.N.E. N. 1} | In first reef topsails. 
7 |; 4/8 Strong breezes and cloudy, 
8 4/3 In pak, reef to 
Long. by chron. at8 am. , . , 23° 2 W. 
Diff. long. up tonoon . > : . 17’ E 
0] 3] 9 2 ane 
stg at hig , « 22° 45’ W. 
10 | 3} 4 Fl io wi tsi owers. 
11 | 3/38 2h Foal pales and sq coma y jib Konig Soak 
noon| 3] 5 Lat.at noon by mer. ut. 38° 46'N. Var 20° by azimuth, 
N. 6 E. | Dist. aon iis N. so ie | ae bo Ww | toy Ww. | Np Dat. lime 
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From what has already been said as to the unavoidable 
imperfections in even the most careful measurements of 
a ship’s course and distance, the difficulty of making the 
proper allowances for the leeway, &c., and of estimating 
the effects of squalls, currents, &c., it will readily be in- 
ferred that a ship’s reer soon — e esse 
neous, as a registry as to be quite value- 
less, unless repeatedly rectified by astronomical obser- 
vations. In the absence of these, such a journal would 


-describe little other than the imaginary route of an 


imagi ship, which, after a voyage of any length, 
might terminate at almost any point of the globe as 
likely as at the real point reached by the real ship. No 
opportunity, therefore, should be lost to check this in- 
creasing tendency to error in the dead-reckoning, by care- 
fully determining the position of the ship from the safe 
principles of nautical astronomy; and the ship’s account 
pnciakd be ed as of value, only in so far as it can 
be made auxiliary to the application of those principles. 
tewr ag gr oe tal the heads bs the first —_ 
umns in ing specimen of a journal, stan 
for hours, knots, and fathoms, or tenths of a nautical 
mile. The entries between noon and midnight are 
marked prm. (post meridiem), and those between mid- 
ight and noon are marked a.m. (ante meridiem 

e result of each day’s work is in at the 
bottom of the page; the courses being corrected for 
leeway and variation, the result exhibits the true course 
and distance from the point of departure ; together with 
the diff. lat. and diff. long. made in the twenty-four 
hours, or rather the latitude and longitude reach 

In reference to the two preceding days’ work, it will 
be observed, that as the variation of the compass is 
westerly, it must be allowed to the left of the compass 
courses ; and, therefore, when the ship makes leeway on 
the larboard tack, the difference between the leeway 
and variation is the correction to be applied to the 
course—to the left,.if the variation be greater ; but to the 
right if the leeway be the ; 

When the ship makes y on the starboard tack, 
the allowance for it, as well as that for variation, being 
to the left, their sum will be the correction to be appli 
to the compass course; and when no leeway is , the 
only correction is for the variation. Now E.N.E., the 
—_ point to the bearing of the land from which the 


TRAVERSE TABLE. 
Diff. Lat. Departure. 
Courses. Dist. : 
N. 8. E. Ww, 
NE. } E. 18 121 133 
N.E. 7 E. 16-9 | 10-1 13-6 
N.E. b. ie 83 | 35 75 
E.S.E. } 11-4 28 | 111 
§.E.1E. 70 47 | 62 
S.E. 7 E. 81 48 | 65 
N.N.W. 43 | 40 16 
N. b. W. 3 W, 85 | 80 29 
N. b. W. 4 W. 97 | 94 2-4 
N. ° 42 | 42 6 
N. 3 W. 96 | 96 5 
8. } W. 180 18:0 9 
609 | 803 | 572) 8-9 
30°3 89 
Course, N. 58° E. 
Distance, 57 miles. 30°6 48°3 


CEST ENCE | AT: aie pre ie em el 
Wi Gi es cop SOU 


Hence, by Mercator’s sailin, 1061, the difference 
ef Wigiindes 1°27 Ee % 


Long. lefe . +  é - SF 138° W. 
Diff. long. . Tt 2: 
24 11 W. 


Therefore the ship’s place, by account, is 
Lat. 38°19 N. Long. 24°11’ W. 


From 11 a.m. till noon, the ship’s true course was 
N. } W., 5 miles nearly : hence the difference of latitude 
also is 5 miles nearly ; and this added to the latitude, as 
determined by double altitudes, at 11 a.m, gives 38° 20 
N. for the latitude by observation at noon. : 

With this latitude and the longitude by account, the 
bearing and distance of the Lizard are found to be 
N. 49° 3 E., 1074 miles. 

The courses for the second day’s work, being first cor- 
rected for leeway only, as the variation is given degrees, 
we haye the following traverse table. 


TRAVERSE TABLE, 


Diff. Lat. Departure. 
Courses, Dist, 
N. 8. E. w. 
N. 3 E. | 96 | 95 14 
N. b. E. 23:0 | 22°3 56 
S.E. b. 115 64 | 96 

SE.b.E.3E. | 103 43 | 91 

E.S.E. 12:0 46 | 111 

8.E. } E. 116 69 | 93 

8.E. 6. E, 15°7 87 | 13-0 

a | N, 141 | 14 140 

73 A 

E.458. 68 7 8 
W. (swell). 240 24 
33°2 | 32-1 | 87-2 | 24 

321 24°0 

Compass Co., N. 89° E. 

Distance, 63 miles. V1 63-2 
Compass course . ° os; Mrz 
Variation . Ta ° 20° W, 
True course ‘ . . N.69° RB. 
Distance . ° ° + 63 miles. 


With this course and distance, 63 miles, found from 


the Traverse Table, the diff. lat. and departure are found 
to be 22°8 N. and 588 E, 
Lat. left 3 ° »  « 388°20'N, 
Diff. lat. e ress NS 23 N. 
Lat. by account - « S848N. 
Long. left . . . . 2411 W. 
Diff. long. Fy . ’ . 115 E. 
Long. by account ‘ , 2256 W. 


The departure made, from 9 a.m, till noon, is nearly 
14 miles, with which, and the mid-latitude, about 38°, 
the difference of longitude is found to be 17 miles ; 
which, taken from 23° 2’, the longitude by the chrono- 
meter at 9 a.M., gives 22° 45’ for the longitude by the 
chronometer at noon. 

Conctusion.—In here terminating this section on the 
Principles of Navigation and Nautical Astronomy, we 
would remind the reader of the objects proposed in un- 
dertaking it, as sufficiently declared in the Inrropucrion. 
This object was twofold : first, to furnish to the mathe- 
matical student a convincing proof of the great practical 
value of the abstract sciences which he cultivates ; and, 
second, to supply the professional navigator with the 
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theoretical principles on which his rules of operation are 
founded. It did not enter into our plau to go into all 
the practical details of navigating a ship, nor to dwell 
upon those facilitating expedients which could be ren- 
dered intelligible only by the aid of extensive nautical 
tables. The present treatise is offered to the notice of 
the mariner, more in the character of a companion or 
supplement to the books of rules and tables in every-day 
use at sea, and as serving to show him the scientific 
theory on which his practice is based. But as far as 
could-be done, without special tables, we have fully gone 
into the calculations necessary for determining the 
position of a ship on the ocean ; and have shown that 
all the practical demands of navigation may be amply 
satisfied by cd of only the common logarithmic tables, 
and that knowledge of turning them to account, which 
the elementary principles of plane and spherical trigono- 
metry supplies. 


; 


We shail now add afew general remarks by way of | 
comment, subjoining some interesting and valuable in- | 


formation respecting the action of iron ships on the 
compass. 

It cannot fail to strike an attentive reader, that the 
subject of Navigation presents a forcible example of the 
value of abstract science, even in circumstances where 
the practical application of its principles would seem to 
be almost precluded, on account of the unavoidable im- 
perfections of our observations and experiments ; of the 
instruments with which we work, and of the materials 
upon which we operate. 

The mechanical tools or implements of the navigator, 
are the log, the compass, the chronometer, and the sex- 
tant ; these are to furnish him with the materials upon 
which his science is to work, and from which he is to 
extract all his information in situations where no ex- 
ternal aid can reach him, and where to err may involve 
life and property in sudden destruction. Yet the me- 
chanical means upon which he thus depends for guidance 
and safety, are all confessedly imperfect ; he can measure 
with accuracy neither the rate at which he sails, nor 
the course upon which he steers ; and even if the log 
and compass were perfect, hidden and unsuspect 
—< may vitiate, and falsify the indications of both. 

he greet fortunately, is beyond the operation of 
these disturbing causes ; it is, moreover, the least im- 
perfect of all lis nautical appliances, and accomplishes 
the important end of rectifying and adjusting, to a very 
close approach to accuracy, what the other instruments 
may have done amiss. It is among the most valuable 

ifts that science has ever presented to man to aid him 
in his necessities. Nautical Astronomy could not exist 
without it: and to say that it is not perfect, is only to 
repeat what has been applied to every work of man’s 
hands. The best sextants, however, are subdivided to 
no smaller are than 10”, so that fewer seconds than 10 
must be estimated, by help of the microscope, entirely 
by the eye.* 

As just noticed, the sextant—including, of course, in 
this term the quadrant—is of the utmost use in correct- 
ing the results of the dead-reckoning. But the ship’s 
account continuously accumulates, and its errors must 
run on till the weather and the sky furnish opportunities 
for celestial observations. In the interith, the vessel is 
trusted almost entirely to the guidance of the compass ; 
and it most unfortunately happens that, from the local 
attraction, the ship may often be said rather to direct 
the compass than the compass to direct the ship. It is 
most important, therefore, that the intervals Sdewenn 
observations at sea be shortened as much as possible by 
seizing every occasion that offers for making them. 
From what is taught in the preceding pages, the reader 
will easily perceive how it happens, that even very gross 
errors in the dead-reckoning become comparatively "in- 
Operative in the results deduced from astronomical ob- 
servation, although the calculations founded upon these 
observations virtually involve the data furnished by the 

* The error of this estimation can never reach five seconds, so that the 
oooh sean error in longitude cannot be more than about two miles; an 
efror 


it is quite compatible with perfect safety, except in very extra- 
ordinary circumstances, (See page 1103), : ea 


ship’s account, These data, however, do not directly 
enter into the work ; it, is the time which corrosponds to 
them that is employed; and, fortunately, the astrono- 
mical elements, taken from the Nautical Almanac, in re- 
ference to this time—semi-diameter—declination—right 
ascension—horizontal parallax, &c., vary so little, even 
in a large interval, that an error in the ship’s place to the 
extent of a quarter of the globe, would not, in general, 
entail an error of a quarter of a degree in the adjustment 
of that place by the lunar observations, provided, at 
least, that the time be not deduced from the moon, 

As already remarked at page 553, in the Matnema- 
TICAL SECTION, the reasonings of pure geometry tolerate 
no errors in the premises ; but ice can never satisfy 
these rigorous conditions ; and in proportion as they are 
de d from, will be the geometrical shortcoming of our 
conclusions. At first sight, therefore, it would seem 
chimerical to hope for any close ap h to accuracy 
from data so widely erroneous ; but chee it is considered 
that these data connect themselves with other dependent 
data, which are incapable of.error beyond a very limited 
range, we at once perceive that these latter may be very 
near the truth, though the former may ly de 
from it ; and that if the inquiry involve 5 dependent 
data only, and notin a direct manner the ori the 
inaccuracies of these need give us but comparatively 
little concern. 


It is thus that a very close approximation be 
made to the true position of a ship, though the dead- 
reckoning may displace her many degrees, and though, at 


the same time, we employ this reckoning in the opera- 
tion, as if it involved no error at all. But in the in- 
tervals between these adjusting observations, the safety of 
the ship is often wholly dependent on the trustworthi- 
ness of the compasses; and, of late, much mischief has 
arisen from placing too implicit a confidence in them in 
certain circumstances, i 

Since the prevalence of iron vessels, the disturbances of 
the compass have been seriously forced upon the attention 
of scientific men ; and the subject of local deviation, still 
involved in considerable obscurity, is becoming more and 
oe a matter ; i scrutiny — << mag 

e importance e inquiry was stro y Dr. 
Scoresby, at the reper the British Tesenilons at 
Liverpool, in 1854. ‘There were certain principles,” 
observes the Rev. Dr., ‘‘ connected with the navigation 
of iron ships, which were universally admitted. 
principles were, that iron, being more especially disposed 
to the magnetic condition, was a material, of course, 
calculated above all others to disturb the action of the 
compass on board the ship. Again, it was admitted that 
there were difficulties in the navigation of iron ships, 
arising, not merely out of the original or primarily mag- 
netic condition and disturbing influence of the iron, but 
also in respect of certain changes which had been held as 
mysterious—changes which took place not a 
in regard to ships whose magnetic condition been 
supposed to be very well ascertained.” Dr, Scoresby 
then adverts to the circumstances connected with the 
melancholy wreck of the Taylewr, the fate of which 


must be in the recollection of all our readers. The 


ship Zayleur, a new vessel, bound to Australia, sailed 
from Liverpool on Thursday, January 19th, 1844. 
She was 1,979 tons burthen, new measurement, and 
she had on board about 458 passengers—the crew and 
ngers, altogether, making a total of 528 persons. 
he left the Mersey about noon on the above-named 
day. The pilot left her between seven and eight 
o’clock in the evening, in a position between Point 
Lynas and the Skerries. On Friday she encountered 
very heavy weather; and about eight o’clock on the 
following morning (Saturday), it was for the first time 
ascertained that there was any material difference be- 
tween the compasses. 
There were three com on board. Dr. Scoresby 
makes special reference to two of these. One of the two 
was near the helms’ and was the one by which he 
steered ; and the other was near the mizen-mast. Both 
of these compasses had been what is called adjusted, by 
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permanent magnets ; so that if the principle of adjust- 
ment had been correct, they should not either of them 
have changed or differed from the other. . 

Trusting to the compass near the helmsman, the captain 
had the idea firmly impressed upon his mind that he-was 
sailing fairly down almost mid-channel ; at all events, in 
a good position for navigating the Irish Channel. The 
other compass indicated a difference of about two points. 
The captain, however, judging from certain indications 
which he had noticed previously, assumed that the wheel 
compass was the correct one. 

In the course of a few hours, about half-past eleven 
o’clock on the same morning, the wind having in : 
and a heavy sea setting up the channel, the ship made 
rather a rapid progress, when they suddenly came in 
sight of Jand on lee beam, in such a position that 
there was necessarily a great difliculty—in this case 

ing to the measures pursued) an insurmountable 

——in avoiding the land. An attempt was made 
toweartheshipround. This failed: and then an attempt 
was made to use the anchors to sary | her up. Both the 
cables snapped on the occasion, and the ship was then left 
helpless, driving broadside upon the rocks of Lambay 
Island. The result was the fearful catastrophe—namely, 
the loss of about 290 lives : out of 100 females who were 
on the ship, only three escaped upon that melancholy 


oecasion. 

: igations into the cause of the calamity were under- 
taken ; and the Marine Board of Liverpool, after stating 
that Captain Noble had given very great attention to the 
ascertaining of the correctness of his compasses, and 
verifying their action on different occasions—report that, 
“ notwithstanding these precautions, it pepe to this 
Board that the Tayleur was brought into the 11S 
position in which the wreck took place through the de- 
viation of the courpasses, the cause of which they (the 
Marine Board) had been unable to determine.” 

To these important matters Dr. Scoresby has given 
much thought and attention ; and he finds, from numerous 
experiments, some of which are vei 
chanical violence has a very considerable influence upon 
the magnetic condition of iron. When an iron bar, 
entirely neutral as to its molecular magnetism, if held in 
an upright position, or inclined in the axial direction of 
the earth’s magnetism, was subjected to percussion or 
other mechanical violence, not only did its magnetism 
become much more powerful than that of simple in- 
duction, but it strongly exhibited augmented polarity, 
when placed in the east and west equatorial position ; and 
however it might be moved about and swung round, its 
sage remained the same. Dr. Scoresby applies these 

to iron ships, and points out that, in consequence of 
the percussive action to which the material is exposed 
while the ships are in course of construction, it became 
as intensely magnetic as it is possible for malleable iron 


tobe. This augmented etism, however, is not per- 
manent or fixed, but, under different circumstances, as to 


the relative directions of the ship’s magnetism and that 
of the earth, is easily chan and liable necessarily 
to be changed. The magnetism developed by mechanical 
violence can be gg ap changed, ee a 
proper change of conditi other processes of me- 
chanical violence. he . 

The eral result of his experiments went to the 
establishing of the fact, that besides the two denomina- 
tions of magnetism ordinarily received—that of simple 
te restrial induction, and that of permanent independent 

wgnetism—there is another denomination corresponding 
with neither ; not being absolutely controllable, like the 
former, by terrestrial influeuces, nor capable, like the 


simple, that me- 


latter, of resisting all kinds of mechanical violence. To 
this third denomination he gives the name of Retentive 
Magnetism, and which he proves to be a fluctuating 
quality, though hitherto considered as permanent. On 
the contrary, the long-continued vibration of a ship under 
steam, and, much more s0, the straining of the vessel 
in a heavy sea, under the circumstances when the terres- 
trial induction might be acting in a very different 
direction from the original axial polarities of the ship, 
would be sufficient to change the direction of the mag- 
netism originally developed in the course of her con- 
struction. Hence, he observes, much would depend, in 
respect of the mechanical action of the sea, on the posi- 
tion in which the ship had been built. In the case of the 
Tayleur, when he first heard of the catastrophe and had 
read the evidence, he stated to some friends at Torquay, 
that he would venture to affirm that she had been built 
with her head northward ; he found, on inquiry, that she 
had been built with her head nearly north-east. Here 
then, he adds, were the precise circumstances for ex- 
mere a change in the ship’s magnetic distribution. 

ving been built with her head to the north-east, she 
had a certain magnetic distribution accordingly ; and 
when she began to strain, with her head to the south- 
west, that distribution was necessarily changed, and the 
first effect of it had been to produce a great difference in 
the two compasses adjusted by fixed magnets. I£ the 
captain had been aware of the changes which might, and 
most probably would, take place when the ship began to 
strain in a different position from that in which she had 
been built ; if he Becca that the compasses, having 
so large an original deviation as 60°, might vary as much 
as two, three, or even four points, he would have known, 
of course, that he must place no reliance upon them. 

It is most important, therefore, continues Dr. Scoresby, 
for safety in navigating these vessels, that captains should 

made aware of the liability of the compasses to change, 
and so to mislead them ; that they should know the cir- 
cumstances under which, in accordance with natural 
laws regulating and applying the earth’s inductive action, 
changes were most likely to occur; tliat they should be 
always watchful of opportunities for determining the trne 
magnetic direction, with reference to their compasses, by 
observations of the sun and stars ; and that by providing 
a place for a standard compass aloft, as far from the 
deviating influence of the body of the ship as possible, 
they might have guidance sufficient, with some small 
allowances, for steering a correct magnetic course. With 
such precautions, Dr. Scoresby did not doubt that the 
difficulties in respect of compass guidance, in the naviga- 
tion of iron ships, might be mainly and practically over- 
come, 

These remarks and suggestions, from an experienced 
navigator so well acquainted with his subject, deserve 
the serious attention of mariners; and there is no doubt 
that, even in wooden ships, such a locality for a standard 
compass, as he here recommends, would prove of service, 
In iron ships, as sufficiently shown above, any compass- 
adjusting apparatus, applied at the outset of a voyage, 
becomes of little or no avail when the vibration and strain 
of the vessel are thus known to change its magnetic 
condition ; and any confidence placed in such adjust- 
ments is likely to beget a feeling of security, and to 
allay apprehension, even in situations of the most immi- 
nent peril. 

For a full account of Dr. Scoresby’s views, and of those 
of Mr. Towson, another very competent authority, the 
reader is referred to The Proceedings of the Twenty-fourth 
Meeting of the British Association for the Advancement of 
Science. (See, also, on this subject, p. 246, ante). 


SECTION XIL 
METEOROLOGY, 


Section may be properly divided into three parts. That by Dr. Scoffern, affords a popular and comprehen- 
sive description of the eltote. Such portions of the original paper as referred to Light, Electricity, and Magnetism,” 


have been omitted, for those subjects have a’ 


lready been discussed in detail, under their respective sections. The 


remarks on Heat and its laws have been left untouched, because, although they have been anticipated under that 
section, it was thought desirable to bring them again into prominence, in connection with Meteorological 
phenomena. The second part (Chapter IV.), by Mr. Lowe, is devoted entirely to Practical Meteorology, and affords 


valuable aid and directions to those who may be disposed 


to make accurate observations. The third 


(Chapter V.), by the Editor, gives a résumé of the proceedings of Admiral Fitzroy and Mr. Glaisher, especially 
in reference to the balloon ascents of that eminent meteorologist ; with other recent and important particulars. } 


CHAPTER I. 
INTRODUCTION. 


Dercyrrion anv Limcratrons.—The term Meteorology, 
derived from perewpoc, elevated, was applied by Aris- 
totle to signify phenomena occurring in elevated regions. 
It may be considered synonymous with the study of 
atmospheric phenomena ; though all which concerns me- 
teors proper is very nearly allied with astronomy. 

In many respects, Aristotle’s opinions on meteorologic 
subjects display the usual acumen of that deep thinker ; 
his remarks on the subject of dew are particularly inter- 
esting. Deprived, however, of the barometer and ther- 
mometer—deprived of optical instruments—the nature of 
electricity yet undeveloped, and the composition and 
functions of the atmosphere unknown, ancient specula- 
tions on meteorologic subjects were necessarily unsatis- 
factory and vague. - 

The meteorological writings of Theophrastus, Aris- 
totle’s pupil, were more diffuse than those of that great 
philosopher, and were long recognised as constituting a 
text-book. They constituted the groundwork of the 
Atoonpea, or pi ostics of Aratus, and were embodied 
in a versified Soklarting by Cicero in his youthful days. 
Portions of these attempts at versification are still in 
existence, and do but little credit to the great Roman 
orator in a poetical capacity. 

Meteorology, in its most common and restricted sense, 
may be considered synonymous with knowledge of the 
weather. It therefore involves a full acquaintance with 
the nature and composition of the atmosphere ; with the 
laws of gaseous and vaporous elasticity ; with the con- 
ditions determining the production of fogs, déw, snow, 


| and hail ; also with the laws of atmospheric, optical, and 


electrical phenomena, It is the province of meteorology, 
also, to study the phenomena se aérolites, and the rela- 
tions which subsist between atmospheric conditions, and 
the development of organic species. 

The above is a general outline of the scope and limits 
of meteorology. Its successful study will be seen to in- 
volve a pre-acquaintance with many sciences, more 
especially those of chemistry and electricity. There does 
not, indeed, exist any science having limits so undefined 
as meteorology. From a consideration of the theory of 
shvoting stars, to a contemplation of the mutual alliance 


| subsisting between certain forms of disease and atmo- 


spheric conditions, or the relation between certain animal 
and vegetable tribes and given atmospheric conditions, 
the divergency is wide. Nevertheless, all these branches 
of ge oh intimately allied with meteorology ; and, per- 
ha most delightful part of botanical science is that 
which seeks to establish connections between the localisa- 
tion of certain vegetable families, in districts charac- 
terised by some peculiarity of meteorologic condition. 
Horticulturists have been too ready to overlook the in- 


fluence of remote atmospheric conditions on certain vege- 
table families. Too frequently it has been considered 
that a vegetable fob. by an atmosphere having a 
temperature similar to that of its native region, and 
planted in a soil of similar chemical composition, must 
necessarily thrive. There are, ieveetaleal meteoric 


conditions beyond these. Why is it that many species of | 


the palm tribe refuse to grow very far away from their 
native regions, although transplanted to localities seem- 
ingly identical in all respects? Why is it that the cocoa- 
pa 


m refuses to grow in de, jo very far distant from the | 
v 


sea? These questions involve meteorologic considerations 
of t interest : and not less interesting to a meteoro- 
logist, is the partiality evinced to a restricted region 
the cinchona tribe. An atmosphere very much Seiad 
and perpetually moist, is so essential to their existence, 
that they cannot live without it. 

The natural approach to meteorology is the study of 
the atmosphere, which admits of being contemplated 
under many aspects. ‘ It may be metres. Teor either as 
the atmosphere proper or theoretical, composed of two 
gases—oxygen and nitrogen ; or as the practical atmo- 
sphere or mixture of the gaseous theoretical atmosphere, 
with numerous vapours, extraneous and fleeting 
undetermined miasmata, The atmosphere, too, admits 
of being regarded statically, i.e., at rest ; and dynami- 
cally, i.e., in motion; the latter involving a study of the 
causes of winds. The atmosphere, lastly, may be con- 
sidered in relation to the imponderable agents, to heat, 
light, electricity, and magnetism. We shall begin b 
investigating the nature of our atmosphere sage 
chemically. ‘ 

CuemicaL ConsTITvTion oF THE ATMOSPHERS.—By the 
ancients, air was considered to be an elementary sub- 
stance. Chemistry at length demonstrated it to consist 
of two gases, oxygen and nitrogen combined, or rather 
mixed in the proportions ef about eighty parts, by mea- 
sure, of nitrogen, and twenty of o n; or, in other 
words, one volume of oxygen to four of nitrogen. 

Considerable difference of opinion once existed on the 
question, whether the atmosphere be a chemical or a 
mechanical compound. To adduce evidence bearing on 
this discussion, would be foreign to the subject of me- 
teorology. The generally received opinion is in favour 
of the mechanical constitution of the atmosphere. The 
law of the diffusion of gases perfectly accounts for the 
intimate mixture with oxygen and nitrogen in the atmo- 
sphere, without having recourse to the assumption of 

emical union. An outline of the law in question it will 
be proper to give. 

aseous Diffusion.—lf two glass vessels be taken, as 


represented in the accompanying diagram (Fig. 1), the 


a 


a A I, 


: 
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upper one being filled with hydrogen gas, the lower one 
Fig. 1. 


with oxygen gas, placed in com- 
munication with each _ by 
a capillary tube passing throug! 

the cate stopper of both, and 
allowed to remain at rest for 
about half an hour, perfect mix- 
ture of the oxygen and hydro- 
yen gases will have ensued. In- 
asmuch as no chemical union 
_takes place between the two 


gases thus circumstanced, and 
us hydrogen gas, filling the upper 
vessel, weighs but th of its 


bulk of the oxygen gas filling 
«the lower vessel, some new cause 
of admixture has to be sought ; 
it depends upon the mutual tendency of the two gases 
to become diffused through each other. 

The above is an individual case exemplifying a general 
principle ; any two gases might have been selected, and 
mutual diffusion would have ensued. Oxygen and 
hydrogen gases have been here chosen, because of the 
facility wherewith the circumstance of these having be- 
come diffused, may be determined. It is well known 
that neither oxygen nor hydrogen gas, taken separately, 
will explode on the application of flame, whereas a mix- 
ture of the two readily explodes ; hence the Propriety of 
selecting these two gases for illustration of the principle 
in question, will be obvious. : 

‘araday appears to have been the first to direct atten- 
tion to the mutual diffusibility of gases. He noticed 
that bottles filled with gases, and corked or stoppered, 
or vessels filled with gases and inverted over mercury, in 
either case enclosed to all appearance accurately, never- 
theless almost always permitted mutual admixture of the 
air without and the gas within. Ddbereiner, Mitchell, 
and Graham, more especially the latter, have since in- 
vestigated this class of phenomena more narrowly ; and 
Graham has succeeded in determining the law which re- 

lates this diffusion. He finds that the relative dif- 
usiveness of any two gases is expressed by the reciprocals 
of the square root of their densities. Thus, the density 
of air being one, its diffusiveness is one also. The density 


. A : F P 1 
of hydrogen being 0°693, its diffusiveness is oes = 
1 


2633 ~ 38: the density of ammonia being 0-5898, its 
~/ st ape k nd 
05898” 0-7681 
representing the density of a gas by d, its diffusiveness is 


diffusiveness is = 130 ; and generally 


= “it Applying this rule to practice, it appears that, 


supposing hydrogen and ammonia placed under circum- 
stances promoting their mutual diffusion, 3-8 volumes of 
hydrogen will become mingled with 1°30 of ammonia. 

It will be remarked that the atmosphere has hitherto 
been treated of, in a theoretical sense, as a mere mixture 
of nitrogen and oxygen gases. Practically, however, the 
atmosphere is far more complex. It invariably contains 
portious of carbonic acid (about one part in a thousand) ; 
also extraneous gases, besides aqueous and other vapours. 
A mixture of all these things may be termed, distinctively, 
the actual or practical atmosphere. They will hereafter 
come under our notice seriatim; but even a theoretical 
mixture of oxygen and nitrogen gases is subject to re- 
markable variations of property, its chemical composi- 
tion remaining unchanged ; portions of its oxygen are 
a ap be converted into ozone. “ay 

of common oxygen into ozone, furnishes an 
illustration of one of the most remarkable discoveries of 
modern science. It displays what is, perhaps, the most 
extraordinary example of the condition of allotropism, 
or the existence of one body under two different aspects ; 
it Sieapws to render evident some of these occult atmo- 
spheric causes which determine the progress of epidemics, 
and promote the existence of endemic diseases, 

VoL. 1. 


A summary of our knowledge relative to ozone may 
be briefly stated as follows :—Oxygen gas is susceptible 
of undergoing a change, the nature of which is altogether 
veiled in mystery. It is susceptible of becoming odorous 
corrosive, and irritating when breathed ; its chemical 
action may be exalted and modified, so that, whilst or- 
dinary oxygen gas neither bleaches nor corrodes silver, 
nor decomposes iodide of potassium, the allotropic, or 
second form of oxygen gas, will accomplish all these re- 
sults, and many more too numerous for mention here. 
The general conclusion to which it is desired to bring 
the reader is this: if causes can be proved to exist 
capable of changing atmospheric oxygen gas, in its or- 
dinary state, into oxygen gas in its extraordinary state, 
how vast, how complicated must be the meteoric results 
determined thereby! That such natural causes do exist, 
will be readily inferred from a consideration of the arti- 
ficial methods to which the chemist has recourse, for 
changing ordinary oxygen into ozone. 

i oF Seaienrea Oxycen Gas.—The most ready 
method of ozonising oxygen gas is as follows :—Take a 
few sticks of phosphorus; scrape them free from all 
superficial ane &c.; place them in a wide-mouthed 
bottle containing a little water, but not enough to cover 
the phosphorus. Let the whole remain at rest for about 
ten or fifteen minutes, and a considerable portion of the 
atmospheric oxygen will have been converted into ozone. 
The ozonised air thus generated will be at present mixed 
with vapours of ——— acid ; washing will free the 
air from these, however, without removing the ozone. 
That the air thus treated has become considerably modi- 
fied in some way, will, in the first place, be rendered 
evident by the smell. Atmospheric air, when pure and 
in its ordinary state, is devoid of smell; but the atmo- 
spheric air, the product of the experiment just detailed, 
will be found to have a very iar odour. It will be 
fuund, moreover, to be capable of removing the colour 
of sulphate of indigo, and other vegetable and animal 
colouring bodies, All this is due to the modification 
which ordinary oxygen gas assumed—due to its assump- 
tion of the allotropic state—to its conversion into ozone. 

Another ready method of generating ozone is this :— 
Moisten the interior of a bell-glass receiver, or a large- 
mouthed bottle, with ether ; then take a glass rod, heat 
it in the flame of a spirit-lamp, and plunge it into the 
bottle or bell-glass : under these circumstances ozone will 
be formed, provided the glass rod has not been heated 
to a very high temperature ; for the circumstance has to 
be mentioned, that ozone is reconverted into ordinary 
oxygen ee by contact with any body heated above a 
certain, but not very well-determined emce 

We have seen that the ordinary method of generatin 
ozone, consists in bringing phosphorus into contact wi 
atmospheric air (or oxygen) under certain conditions. 
Many other substances besides phosphorus are capable of 
generating ozone by contact. Oil of turpentine, and 
many other essential oils, will accomplish this; and the 
fact in question cannot be too forcibly remembered by 
the painter, who may discover, in the philosophy of ozone, 
the reason why certain pigments fade, or are bleached, 
thus destroying the general effect which he desired to 
produce. eteorologically considered, however, the 
most important source of ozone remains to be described : 
we refer to the production of ozone by means of elec- 
tricity. Every person who has been much accustomed 
to work with the electrical machine, must have noticed 
the generation of something powerfully odorous during 
the friction of the cylinder, or plate, against the rubber. 
This odour has, in point of fact, been called the electric 
smell. Now, if this electric smell be compared with the 
smell of the atmospheric air which has beeu treated with 
phosphorus, as just described, and the air washed, tlie 
two odours will be found to be identical, which is a pre- 
sumptive evidence that electricity has in some way been 
concerned in the formation of ozone—an idea which ex- 
tended experiment fully confirms. 

It has already been stated that the most prominent 

nality of ozone is its highly developed oxidising power. 
y taking advantage of this property, we e; supplied 
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with an easy method of recognising it, by means of a test- 
paper, imbued with a mixture of iodide of potassium and 
starch. The chemical reader need not be informed that 
iodine colours starch blue, whereas iodide of potassium 
does not; therefore test-paper, containing iodide of 
tassium and starch, may occasionally be resorted to for 
indicating the presence of certain bodies, which have the 
faculty of decomposing iodide of potassium, and: liberat- 
ing free iodine. Ozone is one of these; which fact 
remembered, will render the following experiment intelli- 
gible :—If a piece of this pane be held between the 
rime conductor of an electrical machine and the 
Cendita: or a metallic ball, and electrical sparks trans- 
mitted through it, spots of blue discoloration will be 
seen on it, corresponding to each electrical spark. 

The method of detecting the presence of atmospheric 
ozone is now readily indicated. Hf a strip of prepared 

per turn blue, the existence of ozone is demonstrated. 
The experiment is very striking when performed near 
the sea. During the prevalence of a land wind, the 
test-paper will generally afford slight indications, or none 
at all; during the prevalence of a sea wind, however, 
ozone can generally be detected. 

The pet will now be prepared to form some idea of 
the natural causes which may generate ozone. We need 
assume no other agency than that of electricity, to be 
assured that the production of ozone must be universal, 
and, looking on the world as an aggregate, continuous ; 
and when we consider the potent nature of ozone, the 
irritation it produces when breathed, the facility with 
which it bleaches, corrodes, and destroys, we shall not. be 


| ata loss to understand that the ghar, er to living 


beings, of its excess or diminution, must be all-important. 
A most important function of ozone has yet to be indi- 
cated : it removes, almost more rapidly than chlorine 
itself, the bad odours resulting from the decdOmposition 
of animal or vegetable bodies, If a piece of putrid flesh 
be immersed for a few minutes in a bottle of ozonised 
air, the odour of decomposition is totally destroyed. 
With these facts before us, we may form some idea to 
ourselves of the important functions which ozone is 
designed to accomplish. Lessen the amount of atmo- 

heric ozone, lower it below given limits, and increase 
the atmospheric temperature to the degree most conge- 
nial to organic decomposition, and the air will soon be 
charged with Gietcatanaig and putrid odours. It is 
in accordance with all that philosophy has been able to 
teach us, in relation to the laws of epidemic and endemic 
maladies, that the presence of such gaseous odours of 
organic decomposition as are here assumed, must be the 
fruitful source of disease ; and it is not possible, after 
having studied the qualities of ozone, to refuse assent to 
the proposition, that the existence of this agent, in com- 
petent amount, must be followed by the destruction of 
the pestiferous odours of organic decomposition. If, 
however, ozone be naturally formed at any time in 
excessive amount, it is not difficult to foresee that other 
serious consequences must result to animal life. The 
inhalation of an irritating gas cannot but produce in- 
jurious effects on organs so delicate as the lungs; and, 
perhaps, many of the now anomalous and inexplicable 
effects of of air, to patients suffering from chest 
diseases, may ‘ter receive their solution in a more 
intimate acquaintance with the laws of ozone. 

Puystca, Properties or Gaszovus Bopres.—The 
word gas is of German origin, and was first employed by 
Van Helmont, to signify the vapour which escaped from 
liquids u ing vinous fermentation. At later periods, 
the term was applied to es every invisible sub- 
stance disengaged from bodies by the application of fire. 
Macquer, a celebrated French chemist of the eighteenth 
century, extended the meaning of the term gas to signify 
every kind of air besides atmospheric air ; and modern 
chemists have extended the meaning of the term still 
further, to indicate elastic fluids, whatever their colour 
may be, which are not readily condensible. At one time 
it was erroneously imagined that gases did not admit of 
condensation : in accordance with this belief, a gas was 
defined as being a permanently elastic fluid, thus distin- 


guishing this class of bodies from mere vapours, whi 
so ray Be being permanently elastic, are ree bn 


condensible. Modern baer e | has proved this distine- 
tion to be untenable. All the known gases, 
oxygen, nitrogen, hydrogen, nitric oxide, Piss ioe 
and coal gas, have been liquefied, and a great number of 
them solidi by subjecting them to extreme cold and 
pressure. 


Law of Marriotte—The Volumes of Gases are inversely 
to the Pressure applied.—This is a very celebrated we 
‘at = 4 


and one that intimately concerns the meteorologist ; 
compressibility of 


may be otherwise termed the law of 
elastic fluids. ; 

Tt will be ised that the law in question, accord- 
ing to the exposition of it just given, is a law, 
applying to a vast number of gaseous vaporous 
bodies. For a long time its absolute truth remained un- 
questioned ; but, more recently, M. Regnault and others 
have demonstrated it to be not of such universality. 

Even atmospheric air and nitrogen do not rigorously 
conform to the law; and carbonic acid, and liquefiable 
gases generally, are so little amenable to the law, that, 
as applied to them, it cannot be as eae 
mately correct. Even the rate of compressibility of 
hydrogen is not strictly accordant with the law, although 
the deviation in this case is in the opposite direction to 
the deviation when atmospheric air is concerned ; for it 
suffers less compression according to the law, 
should take Carbonic acid and nitrogen, com- 
pressed ‘by a force of forty-five atmospheres, only fill 
seven-tenths of the space they ought to oceupy according 
to the law. 

Now, inasmuch as the philosophy of estimating the 
height of mountains barometrically, is intimately associ- 
ated with the law of Marriotte, it is well to indicate that 
this law is not quite correct ; nevertheless, as regards 
atmospheric air, it is so nearly correct that we may accept 
it without demur. : 

The experiment by which the law of Marriotte was 
deduced is as follows:—Into a strong glass tube, of 
equal diameter throughout, bent on itself pig. 9. 
(as represented in Fig. 2), open at the loi a 
and closed at the short extremity, a little 
mereury is po in such a manner that it 
shall be perfectly level in the two legs, as 
represented by the line AB. Under these 
circumstances, it will be evident that the air 
inclosed between BO and AD will be 
equally compressed. Let us assume the 
amount of compression to be represented 
by the weight z. Let us furthermore 
assume that the weight of a column of 4 
mereury between O and D to be = a, and : 
let us call it m. If, then, on filling the 
long arm of the syphon with mercury, the 
column of air originally extending from 
B to C be diminished to the column extend- 
ing from B’ to OC, that is to say, to one-half, 

then we have x + m= BO, or 
2Qe= a BC > c 

proving that the compression of air within {| 
the limits of the experiment is inversely to: {| ° 
the pressure applied. In like manner, 

when the pressure is triple, the volume of 

gas is reduced to one-third ; when quad- 8 A 
ruple, to one-fourth, &c. M. Arago has 
experimentally determined that the law rigorously applies 
to atmospheric air up to a pressure of twenty-seven 
atmospheres. * ’ 

The Atmosphere as a Ponderable Agent.—Owing to the 
equality of pressure which the atmosphere exercises on 
every side, we are not ordinarily conscious of its 
ing weight. Nevertheless, its weight is no less definite, 
under proper limitations of pps than the 
weight of any solid or liquid. The weight of the atmo- 
sphere may be contemplated under two conditions: 


* The student will find a more extended mathematical in of } 
a a a EE Nee ee ee eee ee , et seg. 
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firstly, as the equivalent weight of an atmospheric 
column of known sectional area, but unknown height ; 
secondly, as the equivalent weight of a known atmo- 
spheric volume under limitations, presently to be 
indicated. Both these investigations will now have to 
be considered. ; 
Determination of the Weight of an Atmospheric Column 
known Sectional Area, but unknown Elevation. The 
.— Experiment 1.—If a piece of glass tube be 
taken equal in bore 
throughout, having 
a length of some 
thirty - three or 
thirty-four inches, 
closed at one ex- 
tremity, and open 
at the other; if it 
be filled with mer- 
Savunty bate 
tem ily e 
thumb, “and: inver- 
ted in a basin of 
mercury, as repre- 
companying ske 
(Fig. 3), we shall 
obtain Ae a eter 
of perhaps the most 
: = simple form this 
useful instrument can assume. We will proceed to stud 
its philosophy. Firstly, let it be observed that thoug 
the tube was quite full of mercury, it does not remain 
uite full. No sooner is the restraining thumb removed, 
finns postion of the mercury sinks into the basin. If, 
instead of holding the inverted tube > ee re- 
presen: some permanent support i ‘or it; 
if the potah corresponding with the nt elevation or 
level of the mercury be marked on the tube ; and if the 
tube be examined from day to day, the observer will 
soon find the level to fluctuate ; sometimes it will rise, 
at other times fall. He will find,*moreover, that the 
mercury will .become depressed previous to stormy 
weather. 5 sil ; 
The instrument thus roughly extemporised is, in point 
Fig. 4. of fact, a measurer the 
weight of an atmospheric 
column of known sectional 
area (i,e., the area of the in- 
terior diameter of the tube), 
but of unknown elevation, 
It is a barometer ; and co- 
laterally—inasmuch as de- 
pression of the mercurial 
column usually precedes 
stormy weather—the rough- 
ly-extempori instrument 
is a weather 
Demonstration.—It is de- 
sirable b> se ally — 
treati na’ pheno- 
hx violate the mathe- 
matical rule of accepting no 


——— Thus, in the present in- 
stance, we have taken the fact for ted, that the cause 
operating to maintain inacensiel 4claare ts the closed 
tube, is atm heric pressure ;-and the cause to which 
variations of the height of that column is referable, is 
fluctuation of atmospheric pressure, The first pro- 
position shall now be demonstrated, when the second 


SORE ee 
extremity, an tube be taken, one e ¢ 

by tyi over it two or three strong pieces of 
aaa reuray ovr it two oF th be filled 
with mercury, as before, and inverted in a basin of 
mercury, we shall be in a position to demonstrate the 
proposition, that it is owing to atmospheric pressure— 


and that alone—that the mercurial column is supported. 
The operator has simply to prick the bladder, and let in 


Fig. 5. 


air, when the whole 
column will suddenly 
rey to the level 
of the mercury in 
the basin (Fig. 4). 
is another 

form of demonstra- 
tion, as follows ; but 
it is not so simple as 
the last, inasmuch as 
it requires the aid of 
the air-pump :— 

Aisa gi air- 
pump receiver (Fig. 
5), through the 
of which fas es tg B 
passes, in 
an exterior tube, 
which may be re- 
garded as a prolon- 


plate of an air-pump, 
on which the re- 
ceiving jar is laid. 

Let us assume that the barometer tube has been filled 
with mercury as before—plunged in the basin aT | 
mercury un , the receiver A slipped over it, 
finally extension made by the long glass sheath. Let-us 
assume now that the air-pump is worked, and exhaustion 
gradually effected. Under these circumstances, the mer- 
curial column will be seen to fall, and it will fall by 
jerks, each jerk corresponding with a stroke of the 
pump-handle. Hence, by the two preceding experi- 
ments, it is demonstrated, that to atmospheric pressure, 
and atuospheric pressure alone, is the variation of the 
mercurial column due. It is also proved, inferentially, 
that the fluctuations of height witnessed from day to day 
in a barometric column, are due to variations of atmo- 
spheric pressure. It appears, then, that by the barome- 
ter we actually weigh a column of atmospheric air, equal 
in height to the whole elevation of the atmosphere, 
whatever that may be, and equal in area to the internal 
sectional area of the barometer tube. The barometer, 
however, gives us no information in terms of cubic 
dimensions of the barometric mercury. Thus, supposing 
the barometric tube employed, to have a sectional area 
of one square inch, and supposing the mercurial column 
to be thirty inches high, then we should be correct in 
averring the pressure of an atmospheric column a square 
inch in sectional area, and extending the whole height of - 
the atmosphere, to be equal to the weight of thirty cubic 
inches of me! Now the weight of thirty cubic 
inches of mercury will be about fifteen pounds; hence 
the atmosphere is said to exert a mean pressure of 
fifteen pounds on every square inch at the level of the 
sea, 


InrLvENcE oF EtevaTion on THE BAROMETRIC 
Cotumy.—It will be evident, on reflection, that the 
atmospheric pressure must decrease with every incre- 
ment of elevation above the level of the sea. Founded 
on this principle, the barometer is frequently employed 
to determine the height of mountains; and, reversing 
the application, it might also be employed to determine 
the depth of mines and wells. At the elevation of about 
thirty-six miles, the pressure of the atmosphere cannot 
amount to more than 0-001 of an inch of the barometric 
column ; and conversely, at a depth of about sixty-six 
miles, the density of the atmosphere would be about 
100,000 times greater than at the surface ‘of the earth 
being six times more than the density of gold and 
platinum ; so that, supposing either of these metals to 
be plunged into such an atmosphere, they would actually 
float. 


If the atmospheric density were uniform, a barometric 
fall of one inch would correspond to 11,065 inches, or 
922 feet of air. But it is not uniform, as we have 
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already seen ; therefore such deviation from the standard 
of uniformity, and indeed many other circumstances, 
must be taken cognizance of before we are enabled to 
employ the barometer as an indicator of atmospheric 
elevations. 

‘The law of Marriotte teaches that the dilation of a 
volume of air is proportional to its density, so long as 
the temperature to which it is exposed is constant ; 
whence it follows, that the density of the atmosphere 
diminishes from below upwards, in geometrical progres- 
sion. Reasoning on this basis, it appears that, assuming 
any particular elevation above the point of observation, 
its numeral exponent may be ed as the logarithm 
of the density of the lowest atmospheric layer, or, in 
other words, of the barometric column, A consideration 
of the mutual relation subsisting between numbers and 
their logarithms will render this evident, for logarithms 
are nothing more than numbers increasing m Baarggmaene 
progression, corresponding to other numbers, the in- 
crease of which is a in geometrical progression. Being 

of a table of logarithms, expressing the densi- 
ties of atmospheric layers, one might calculate the 
height of a mountain by two observations made at two 
stations ; but the same result may be arrived at by using 
a common table of logarithms, and multiplying them 
by a constant factor. According to Deluc, the factor is 
10,000. 

Many other considerations have to be allowed for 
before the barometer can be accurately applied as a 
measure of mountain elevations: they are temperature, 
latitude, relation subsisting between the specific gravities 
of air, and mercury, and dilation of mercury for each 
a of the thermometer = 0-0001 for each degree of 
Fahrenheit’s scale. All these general considerations have 
been embraced in tables. 

Although the circumstances necessary to be taken 

i of when employing the barometer as an indi- 
cator of mountain elevation, are numerous and compli- 
cated, nevertheless, the results obtained are susceptible 
of a considerable degree. of accuracy. Subjoined is a 
table of comparative results between trigonometric and 
barometric observations. The difference, it will be seen, 


is only trifling, 
COMPARISON OF TRIGONOMETRIC AND BAROMETRIC 
MEASUREMENTS OF MOUNTAIN HEIGHTS. 


ée2 7 

2 3 |éee| 2 
E Place of Observation.| 3 = 52 ps! 
é A] 8 |e") a4 


° t oe 4 
Webb...... Gunna Nath, Stockdale! 29 45 56 | 79 30 $9| 6,828 | 6.831 
Borda 29 47 30 


es Bagha Ling, Temple ... 80 227 | 7,646 7,635 

Von Buch [Teneriffe 2.0.04... 28 30 0/1613 0} 12,188 | .... 
eee ; oe eT 12,131 

Buckle ...)Sugar-loaf,SierraLeone|; 8 2940 | 1315 0} 2,493 tn 
Sabine ...) Ditto Ditto anew bes pes 2.521 
Sabine -..| Spitzbergen Mdaadaadéobvitn 7300.10 0 0} 1,644 1,640 


When an approximate result is alone required, and 
the height is inconsiderable, a fall of yyth of an inch ma: 
be allowed for every ninety feet of elevation, or wana 
of an inch for every foot. This rule suffices for the 
small differences of elevation at which barometers are 
hung, and enables the observer to institute a comparison 
between them, Correction for temperature must, how- 
ever, not be omitted, The ratio of expansion for mer- 
cury, glass, and brass—the materials employed in the 
manufacture of barometers—will be pointed out here- 
after; meantime we may as well indicate, that perhaps, 
after all, it is well in practice to ignore these setae 2 
elements, and to consider yesoths of an inch as the 
allowance for mercurial expansion for every degree 
above 32, and vice versd. Applying the above correc. 
tions for temperature and pressure to practice, let it be 
required to know what height the mercury would stand 
at the level of the sea and at 32° Fah., if at an altitude 
= ee and temperature 55°, it indicated 29-565 


| Inches. 
Actual height of mercurial column . . + 29°565 


| Deduct for 23° of temperature above 32 


3 23 69 


jo00 * 2 ™ To00 . . . . = 069 


Altitude of mereury . ‘ . . ‘ = 29°496 
Add for elevation 001 x 150. . ‘ = ‘150 


Altitude of level at sea, at temperature 32 Fah. = 29°646 


The reader will remember that the previous remarks 
have reference to the barometer as affected by air at rest, 
this being the simplest atmospheric condition which theory 
can assume. Hereafter we shall discover that the baro- 
meter, when influenced by the atmosphere in motion 
—by winds, in other words—is subject to great varia- 
tions. 

Further Improvements of the Barometer.—The baro- 
meter in its simplest form, as already described, is a more 

rfect Srntea tenn =e in which that fo hem of 

orm is de m, in parent toy . 6. 
nevertheless, it is not quite correct. To be shee i 
lutely correct, it is indispensable that the mercurial 
level in the basin should bear a constant ratio to 
the mercury remaining in the tube, a condition 
which ee Sm obtained in the instru- 
ment just descri n proportion as mercury 
rend out of the inverted tube, the level of the 
mercury in the basin will be elevated, and to the 
extent of such elevation the indications of the in- 
strument will be prejudiced. Various means are 
had recourse to for lessening, or absolutely remov- 
ing, this evil. It may be lessened by increasing 
the width of the basin to such extent, that the 
ratio of elevation of the mercurial surface may be 
so greatly diminished that it will practically cease 
to impart errors. It may be absolutely removed 
by one of two devices. One consists in mounting 
the receiving basin on a screw, which, by eleva- 
tion and depression, regulates the quicksilver to any de- 
sired level. Such is the contrivance of M. Fortin, whose 
construction of a barometer is here annexed (Fig. 6) ; 

Fig. 7. Fig.8. but it is more usual to attach to the 

barometer, a long scale having a slide 
motion, so that the lower end, or com- 
mencement of the scale, may be made 
to coincide with the level of the mer- 
cury in the basin. Practically, how- 
ever, the basin is usually dispensed 
with, the reservoir for mercury being 
i amere extension of the barometric 
tube, in some cases bulbed, and in 
others quite plain. Both these forms 
of construction are shown in figures 
ae ee 
eather-qlass.—The pri 
and only direct function of the baro- 
meter is, that its 


\\ arbor « coe in- Fig. 9. 
ieates, by its rising 

~ and falling, the vary- 

ing weight of the superincumbent at- 

mosphere, frequently this direct 

function is en no account of; 


variation in the state of the weather 
being all which the observer desires 
to make himself acquainted with. 
Subserviently to this intention, all direct 
rise and fall of the barometric column 
is lost sight of, and the indications ; 
of a dial-plate with movable hand are { 
substitu Such an instrument is Qy 
termed the dial weather-glass, the con- 

struction of which is as follows.:—T 

OS ne Wis asmall 


oat attached to one end of a cord, the other extremity: 


- 
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of which is attached toa small weight, N. From this 
t it will be seen that every rise and fall of 
the real barometric column, in the long arm of the tube, 
will correspond with a parallel fall and rise of the mer- 
curial column in the short arm. It will be seen, moreover, 
how the small float, W, is raised and lowered ; how the 
ulley, P, will be caused to revolve, and the index- 
fand to traverse the dial-plate of the instrument. The 
exterior of the wheel eter is represented in 
Fig. 10. 

e need scarcely state that the wheel barometer is 
considered, pneumatically, a very 
imperfect instrument. Not only 
is the varying ratio between the 
mercurial column and the level 
of the mercury in the reservoir 
here a necessity—the very index 
motion depending upon it—but 
the presence of the float, W, 
tends also to embarrass the free 
ascent and descent of the baro- 
metric column of m % 

Manufacture of a Correct Baro- 
meter.—Not to render the prin- 
ciples concerned in the barometer 
complex, we have hitherto as- 
sumed that the act of charging a 
tube with mercury is simple and 
free from difficulties. Practically 
this is not so; many precautions 
have to be taken, otherwise the 

_ resulting barometer will be any- 
> thing but correct. The tu 
2 selected must not be too small ; 
many instruments are rendered 
incorrect owing to neglect of this 
precaution. e internal dia- 
meter of the barometer tube 
should never be less than a quar- 
ter of an inch ; it may be even 
more with advantage. A small 
barometer tube prejudices the 
correctness of the instrument in 
two respects, for the variations 
¢ of expansion and contraction of 
the mercury, due to variations of temperature, are 
more considerable ; and the motion of the quick- 
= up and down, is impeded by friction against the 


& 

The Mercury must be Pure, pe orn my secemrs ree 
Air.—Mercury, as commonly existing, is generally im- 
pure. It contains uncertain quantities of tin, lead, and 
sometimes zinc. Of course these admixtures damage 
the mercury for i The observer 
desires to read off his atmospheric pressure in terms of 
inches of mercury, not in terms of inches of a mercurial 
compound. It is indispensable, therefore, that the im- 

ies be disc or extracted. Various processes 
are used to this end; but that usually followed by makers 
of barometers, consists in agitating the mercury to be 
purified, with dilute nitric acid, which gradually dissolves 
out the extraneous metal, and leaves the mercury 


pure. 
Far ear difficulties are encountered in discharging 
atmospheric air from the mercury employed. This is 
accomplished by boiling the mercury after it has been 
into the tube. The tion requires great 
delicacy, and the instrument is frequently broken in the 


operation. 
| Method of Reading off Barometric Indications correctly. 
—It is not possible to read off, by referring to a common 
scale of inches and parts of inches, the various small 
elevations and depressions of a barometric column. 
Two methods are had recourse to for obyiating this 
difficulty : one is the diagonal tube, a contrivance 
altogether peculiar to the barometer; the other is the 
Vernier or Nonius scale, employed for the 
epee ot facilitating the reading of minute scale 


| 


The diagonal-tubed barometer is represented by the 
Fig. 11. 


mee FF) diagram (Fig. Fig, 12. 
‘The Nonius or Vernier Scale. 
—tThis is an ingenious contri- 
vance for measuring small 
linear divisions by means of 
— divisions, and, conse- 
quently, more easil HR, og - 
ble by the e than arger 
divisions would be. Thus, for 
example, by means of a Vernier 
uated in divisions of an 
inch and one-ninth, we can read 
off tenths of an inch, as will 
be seen by reference to Fig. 12. 

Let A be a scale sliding in | 
proximity to B. Let each of 
the divisions on B be = one}: 
inch, and each of the divisions on A=one inch 
and one-ninth. From these considerations it 
follows that nine divisions on A are equal to 
ten divisions on B. Directing the eye to the 
upper limit of A, it will be seen that its edge , 
corresponds to thirty inches, and something : 
more on B. In this case the observer would 
have no difficulty in recognising the amount 
over and above thirty inches on B to be equal 
to four tenths of aninch. Our scale divisions 
are so large that a Vernier scale is not required 
for conveying that information. But, assume i 
the tenth division between 30 and 31 to be 
obliterated, still we should be able to discover 
the overplus 30 inches to be four-teuths 
bymeansof the Vernier scale A, inasmuch as the 
number of tenths will be equal to the number of 
whole parts on the Vernier scale A, above the 
first line of coincidence between it and the scale 
B. Now the line of coincidence in question is at 
26, counting upwards; from which, to the extre- 
mity, we have four divisions, which indicate a 
fraction of four-tenths of an inch over and above 30 inches, 

Correction of the Barometric Column for Copillarity. —It 
mercury be poured into a glass vessel, it will not furnish: 


o 
9 
23 


—— 


a perfectly level surface, but will be elevated, as in the 
Fig. 13. 
v 


accompanying diagram (Fig. 13): it 

will constitute a meniscus; and if 
. the line V be dropped perpendicular 

to the line B, joining the two corners 
of the meniscus, the line V will con- 
stitute the versed sine of the menis- 
cus. The convexity of the meniscoid 
surface of mercury will vary in pro- 
portion as the diameter of the tube 
or other vessel containing the mer- 
cury varies. Hence, the allawance to 
be made for diminution of the height 
of a mercurial co- 
lumn, owing to ca- 
pillarity, is deter- 
mined by two con- 
siderations—the diameter of the tube, 
and the length of the versed sine of 
the corresponding meniscus. 

The necessity for such allowance 
does not apply, as will hereafter be | 
seen, to barometers of every form; 
neither is it ye eee so long as 
the indications of one barometer are 
to be compared amongst themselves ; 
but it is indispensable if we would 
compare the indications of barometers 
with each other. 

First, let us consider the cases to 
which the correction for capillarity 
does not apply. It does not apne 
any barometer, the reservoir of which 
constitutes part of the tubeitself. The di 


Fig, 14. 


(Fig. 14) 


| represents a barometer of great tubular diameter. Two 
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meniscoid surfaces of meroury are there “apparen 


columnar interference at A will be exactly equal to 
the columnar interference at B, pg the tubular 
diameter be equal throughout. ence, whether the 
degree of elevation be counted from the summit of 
the lower to the summit of the upper meniscus, or 
from the base line joining the two corners of the lower 
meniscus to the base line joining the two corners of the 
upper one, the two resulting columnar estimations 
will be strictly equal and comparable. But it is 
different when the observer has to do with barom- 
eters constructed on the original, or Toricellian, plan 
of a separate reservoir ; in this case the meniscoid eleva- 
tion of the mercury in the reservoir is practicall 


ignored, being so inconsiderable that it amounts practi- 
Fig. 15. 


cally to nothing, as will 
be seen by reference to 
the diagram (Fig. 15). 
The following is asm 
table of depressions due 
to capillarity. Larger 
and seicias elaborate 
tables have been calcu- 
lated ; but the one given 
will suffice for, perhaps, 
every occasion. The 
meteorological student 
cannot have the fact too 
strongly impressed upon 
him, however, that the 
barometer is confessedly 
a very imperfect instru- 
ment; therefore correct ——— 
results from barometric os 
observations are to be Jooked for only as the mean 
resultant of a number of accumulated observations. 


DEPRESSION DUE TO CAPILLARY ACTION, 


= be en Depression in Decimals of Inch. 
inches. 
Ivory. | Young. Laplace. 

5 *2949 Cs ee eee 
10 1404 1424 1394 
15 “0865 0§30 “0854 
29 0F33 0589 0580 
25 0409 0404 “0412 
30 0293 0280 0296 
35 0212 0196 0216 
40 0154 0139 *0159 
45 0112 0100 “O1L1LT 
50 0082 0074 “0087 
60 0043 0045 0046 
70 TL, ee | eee 0024 
80 “0012 erat 0013 


Tue Anzroi Barometrer.—Of comparatively recent 
date is the invention-of the Aneroid barometer. It 
consists of two discs of metal, accurately joined to- 
gether, so as to enclose a space, from which the air is 
removed, and a vacuum produced. An increase or 
decrease of atmospheric pressure will cause the contrac- 
tion or expansion of the sides of this vessel; and by 
means of tooth-wheels and rack-work, an index is thus 
moved on the face of the instrument, so as to indicate 
the pressure on a circular plate, divided into inches, &c., 
corresponding with the gauge of the mercurial barometer, 
The ‘‘aneroid” has been so greatly improved, ace 
according to Mr. Glaisher, a good one maybe conside 
correct at a pressure so low as that equal to five inches 
of mercury. (See Chapter V.) 

THenmat Exranston.—We will now examine tho 
function of thermal expansion, which not only intimately 
concerns the barometer, but is the fundamental basis of 
the thermometer ; and besides, it enters as an element 
into so many meteorologic calculations, that a thorough 
investigation of its laws cannot be omitted. We shall, 
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t— | therefore, embody the laws of thermal expansion. in.a 
one at A, another at B. Now it is evident that the few propositions for successive demonstration. 


Heat may be regarded in the two senses ; one signify- 
ing temperature, or that sort of heat which is recog- 
nisable to the sense of touch, and which aflects the ther- 
mometer; and heat, which is devoid of these manifesta-~ 
tions, which neither creates the sensation of warmth, nor 
is amenable to thermometric demonstration. The former 
we may express by the term sensible heat ; and the second 
by the term latent, or insensible heat. 

On the supposition that all the functions of heat, sen- 
sible as well as insensible, are referable to a real physical 
agent, the term caloric bas commonly been applied as the 
representative of such agent; but though the term be in 
— use, it is perhaps objectionable—modern science 
leading us to infer that the ions of heat are due to 
Is into avidonh ashy oongtioagie to. thaliana ahd 

t is to evident isable to the t we 
shall now direct Seeds attention. 

I. Heat affects the Volume of all Bodies—The general 
effect of heat on bodies is to cause their expansion. 
So general is this rule, that we shall do well to consider 
it as universal ; treating all deviations from it hereafter 
as so many exceptions. 


II. The Volume of all Solids is Increased by Increase of 


Heat.—This tion is ae by so many i= 
stances com y i ific experimen: 
are hardly required, The 0 tech takes advantage 


of this property to bind tightly together the wood-work 
of his carriage-wheels. te heats the annular om, ty 
which he expands it; he then slips the tire over 
around the wood-work, and, allowing the tire to cool, the 
wood-work is tightly braced er by an immense force. 
Acts 0 ldhers, oh Pain, were fount 40 be SmaI 

rts et Métiers, at is, were fo’ to iverging 
from the perpendicular, and were restored to their ori- 
ginal lines by the following beautiful expedient :—They 
were perforated transversely ; copper bars were thrust 
through the perforations, each bar at either extremity 
being supplied with a nut and screw. Every alternate 
bar was heated by means of a spirit-lamp flame ; being 
heated, the bars expanded, and the screw-nuts being 
now turned close up to the wall on either side, the bars 
were allowed tocool. By peer contracted—pulled 
the walls to some extent together, leaving the ends of 
the unheated bars protruding; their screw-nuts: were 
now turned close up to the wall on either side, and the 
heating process repeated, Thus, little by little, the walls 
were restored to their original position. 

An exemplification of the expansion of iron by heat 
sometimes occurs to the laundress. Occasionally she is 


surprised to find that the heater of her Italian iron will 
not enter its corresponding sheath when red-hot, though 
it enters readily enough when cold. This is attribu 

Fig. 16. 


as the student will perceive, to the effect of thermal ex- 
pansion on the iron (Fig. 16). . 
Thousands of familiar instances might be jean Be 
illustrative of the same property. We shall leave thei 
consideration to the reader, concludi 
this part of the subject by bringing before his notice a 
common lecture experiment, illustrative of solid thermal 
expansion. Let G (Fig. 17) be a gauge, into which the 
metallic bar, A, accurately Fig. 17. 
fits, whilst cold ; it will be A 


found that when the bar A | nee 


is heated—moderate heating 


will suffice, such as may be 
accomplished by means of 


the remarks on | 


> 


ini 
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the flame of a spirit-lamp, or a basin of hot water—the 
heated bar will no longer fit into the gauge. In th 

way the student may demonstrate the fact that each dif- 
ferent solid possesses its own definite rate of expansion 


for equal degrees of tem pat ; 
Investigations of the law regulating the thermal ex- 
pansion of bodies, under “phat condition, are attended 
with extreme difficulty. They have been conducted by 
Regnault,- Rudberg, and others, with industry and 
much success ; but, as in most cases where the investiga- 


tion of natural omena through long ranges are con- 
cerned, the are merely <i peer To give the 
reader a general notion of one of these difficulties, let it 


be assumed that ABC D stand for successive equal in- 


between A and D is equal : 
+ poeta hepa a ly between A and B is equal 
lg 


Further consideration of this matter may, however, be 
omitted in a Treatise on Meteorology. We merely want 
to be acquainted with approximate results of the law, 
in order to allow for practieal discrepancies between the 
apparent and the actual indications of the instruments 
employed in the course of our researches. 


o convey a 
to the m to ical observer, the student’s attention 
may be directed to the fact, that, supposing a barometer- 
dnl te hesgede of brass, and the tube to be filled, as 
usual, with mercury, then the amount of expansion of 
mercury by heat, and for which allowance to be 


M 
made, will be determined by the ratio p, if M stand for 
the co-efficient of expansion. of mercury, and B for the 


ient of expansion of brass. By the term, ‘‘co- 
efficient of ion,” is meant the number indicating 


the amount of expansion peculiar to any body for given | 


a of ace reneaty 
ILL. The Volume of all Liquids is Increased by Addition 
of Heat.—Investigations prosecuted for demonstrating 
is law, are attended with a difficulty which does not 
apply to the previous case. Liquids require vessels to 
them, and these vessels are themselves amenable to 
expansion. This difficulty has been very ingeniously 
avoided by MM. Petit Dulong, who determined the 
expansion of liquids by a method founded upon the well- 
known h tic principle, that the vertical heights of 
two fluids, communicating a horizontal tube, are in 
inverse ratio to their densities. The apparatus shown 
in Fig. 18 was employed in their experiments. A, B, 


C, D is a tube bent twice at right angles, and enlarged 
Fig. 18. 


tube of exceedingly fine bore. 

Caneats adc sea 
any liqui ensity 
roan leg of one side, 


-it will rise to a 


and if the fluid in one vertical leg be now heated, and 


columnar t of the other, by a definite quantity. 
By an phy a8 of mathematical seasoetingg” "tis 8 


notion of this kind of knowledge | 


elevation in the vertical leg of the other ; | 


pansion due to heat can be deduced from a consideration 
of the different levels and the different temperatures of 
the two vertical tubes. Our diagram represents,each 


.vertical tube surrounded with a cylindrical vessel. These 


vessels are for the purpose of commanding variations of 
tem ture ; one tube filled with ice, whilst the other 
is filled with hot water. 

By an experiment of this kind, the co-efficient of 
thermal expansion of mercury from 0 to 100 of the 
centigrade scale, is ; whence, assuming its rate of 
expansion equal throughout, the expansion for every 
centi will be gq, or, for every degree 
of Fahrenheit, gg55; in decimals = 0-000101; or, ex- 
— in round numbers, one ten-thousandth part of 
its’ 

IV. Zhe Volume of all Gases is Increased by Addition of 
Heat.—Though the consideration of this law is not re- 
lated, like the two preceding, to the construction of the 
barometer, it is intimately connected with the functions 
of that instrument, more especially as regards its ap- 
plication to the measuring of elevations; we shall do 
well, therefore, to consider it at once. 

It has already been remarked, that the rate of expan- 
sion of all solid bodies for giving increments of tem- 
perature is various; and a similar remark applies to 
liquids. The rate of expansion of gases was first closely 
investigated by the immortal Dal who arrived at the 
conclusion, that all gases were equally affected by _ 
increments of heat, expanding to zi,th parts of their 
volumes at 32° Fah. for each of the 180°, between 32° 
Fah. and 212° Fah. As temperature, above 212° 
Fah. and below 32° Fah., it was imagined by Dalton 
that the same law of expansion held Various 

ical reasons exist of a nature to create a doubt as 
to the large isation of Dalton ; and these doubts 
have been fully substantiated by M. Regnault. He 
finds that all gases do not dilate to the same extent be- 
tween equal limits of temperature, neither is the dila- 
tation of the same gas, between the same limits, inde- 
pendent of its primitive density. These are interesting 
facts : they prove that to assume one co-efficient of dila- 
tation for all gases is obviously incorrect ; nevertheless, 
his experiments go to prove that such a universal gaseous 
co-efficient of dilatation may be adopted for convenience, 
without appreciable error, within the theoretical limits 
of ordinary experiment. We must not, however, con- 
tinue to adopt z}5th as our working gaseous co-eflicient 
of dilatation for every degree of Fah. between 32° and 
212°; nor ah as subsequently adopted by MM. Petit 
and Dulong, but z};. 

Tue ArmospsERE AcrvaLty or Practicatty Con- 
SWWERED.—We have hitherto regarded the atmosphere 
as a compound or mixture of nitrogen and oxygen gases 
only ; but the reader need not be informed that such an 
atmosphere is altogether theoretical. Besides nitrogen 
and oxygen gases, there always exists a portion of car- 
bonic acid, and aqueous vapour, either visible or in- 


visible. These are invariable components of the atmo- 
sphere, indi le to its functions, and adapting ittothe 
purpose of this world’s economy. The atmosphere con- 


tains also other materials, the results of local operations 
in nature, néless than the operations of man. As the 
subject of our present investigations, let us consider 
the atmosphere as a mixture of the theoretical atmo- 
sphere, plus aqueous moisture and carbonic acid. 

Limits of the Atmosphere.—It follows, from a con- 
sideration of the laws of elasticity, that the atmosphere 
must vary in density for every difference of elevation. 
The atmospheric layer nearest to the earth must be 
pressed upon by the superincumbent atmosphere above 
it; whence the deduction follows, that when we speak 
of 100 cubic inches, or any definite measure of the at- 
mosphere, weighing a certain number of grains, certain 
condiiotis and limitations are implied. Some of these 
have reference to the composition of the atmosphere 
chemically considered ; others have reference to the at- 
mosphere merely regarded as an elastic medium. To 
the latter consideration alone the reader’s attention will 
be now directed. 


| 
: 
| 
| 
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Seeing that the atmosphere, in accordance with the 
laws of elasticity, must ily expand, the higher 
we ascend above the normal leyel of surface of our 
globe—or, in other words, the level of the sea—the first 
question which arises is this—To what extent do the at- 
mospheric limits reach? does the expansion go on, ad 
infinitum, to the farthest realms of space, or are these 
limits definite? and if definite, what is the cause, or 
what are the causes, of limitation? Two theories have 
been adopted in reference to this question. According 
to one theory, the atmosphere is illimitable ; according 
to the other, it is limi Some of the arguments for 
and against we shall now proceed to give. * 

If the atmosphere be really illimitable, let us see what 
should follow, to be in accordance with ised laws, 
to which all ponderable matter, or matter subject to 

vitating influences, is amenable. Gravitation being 

irectly as the mass of gravitating bodies, it shoul 

follow that, were the atmosphere illimitable, each of the 
heavenly bodies should be surrounded with an atmo- 
sphere proportionate to its mass—an assumption which 
astronomy disproves. Thus, astronomy furnishes strong 
proof in favour of the finite extension of the atmosphere. 
A consideration of the laws of the atomic constitution of 
matter, lends further, and perhaps stronger, proofs. 
Chemistry is full of evidence in favour of the atomic con- 
stitution of matter; or, in other words, is full of proofs 
that all material substances are composed of molecules or 
particles ; to which extent they can alone be divided, and 
not beyond. The mathematical reasoning, which has 
been employed against this atomic theory, as chemists 
term it, is specious at a first glance, but really untenable. 
To argue that the theoretical space, occupied by any mate- 
rial particle, may be supposed capable of division and sub- 
division, ad infinitum, is really not to the point. Space 
is one thing ; the matter occupying such space is another. 
The mathematical objection touches the space alone, not 
the matter ; therefore the chemical evidence in favour 
of the atomic constitution of matter is unanswered, and 
is apparently unanswerable. Let us now regard the con- 
sequences of this assumption as it relates to atmospheric 
air. The late Dr. Wollaston was the first person who 
directed attention to the limitation which should, theo- 
retically, be imposed on atmospheric expansion, supposing 
the assumption of its atomic constitution to be correct. 
The atmosphere, like other ponderable material bodies, 
is subject to gravitating influences, thus imparting a 
tendency of descent towards the earth. On the other 
hand, the atmosphere being elastic, its particles are 
mutually separated from each other by the operation of 
this force. Now, assuming the atomic constitution of 
the atmosphere to hold good, there must be some finite 
distance from the earth’s surface, at which the force of 
elasticity would be counterbalanced by the force of 

vitation, which distance would correspond with the 
farthest limits of the atmosphere. The mean distance 
of this limit is assumed to be about forty-five miles, 
though it must differ from every point north and south ; 
being greatest over the equator, and least at either pole, 
as indicated by the accompanying diagram (Fig. 19). 

The reason of its being greatest at the equator is im- 
mediately referable to the diurnal rotation of our globe 
on its axis, thus generating a centrifugal force, which 
has determined the oblate spheroidal form of the earth. 
Material bodies will be affected by this centrifugal force, 
ceteris paribus, directly as their attenuation ; whence it 
follows that the atmosphere, being a gas, must be affected 
to an extreme degree. It ey sufficiently evident, 
however, that the atmosphere is only affected by the 
earth’s diurnal rotation intermediately, or by friction ; the 
velocity of motion imparted to it by the earth being less 
considerable than the velocity of the earth itself. We 
shall hereafter find, when we come to treat of the trade- 


winds, that those permanent aérial currents are not alto- | 


depend upon the diurnal motion of the earth. 
termination of the Weight of a given Volume of 
than the 


toe! referable to atmospheric motion, but in some 


Atmospheric Air.—Nothing can be more easy 


* Bee / neumatics, ante, p. 772. 


theoretical means of solving this problem ; 


certain practical difficulties do interpose, we better, 


Fig. 19.. 


ir. the sake of theoretical explanation, consider them 
absen 

The case under consideration is general, not specific. 
The determination of the weight of a given volume of 
atmospheric air, is accomplished similarly to the determi- 
nation of the weight of a given volume of any other gas ; 
nor does it differ in principle from the process pal nd 
course to when solids or fluids are concerned. 

If, to take the simplest practical case, without reference 
to cohesive state, it were desired to ascertain the — 
of a given bulk of copper or brass—say one hundred cubi 
inches—the operator’s first care would be to obtain a 
solid of copper or brass having these cubic dimensions ; 
which having been obtained, no vessel for the pu of 
Mees ay it in would be necessary. This is the simplest 
case of bulk-weighing which can occur ; nevertheless, a 
condition has to be regarded which the superficial 
observer might forget, or, perhaps, not be aware. of. The 
copper or brass alters its dimensions for every variation 
of temperature. If heated, it will expand ; if cooled, it 
will contract ; so that, practically, under no two degrees 
of temperature has the mass of brass or copper the same 
size. Practically, so long as solids are concerned, these 
variations of size, dependent upon variations of tempera- 
ture, are not of much consequence in ordinary operations 
of weighing. It is n , however, to estimate them 
for other reasons, Hig ty these variations. We 
ss have occasion to refer to this tabulation here- 
after, 

Let it now be assumed that the problem before us is to 
determine the weight of a given bulk of liquid—say 
water. In this case we must have recourse to some 
vessel of capacity, for the purpose of holding the water 
to be weighed ; and further elements of complexity, in 
addition to that of temperature, are tatroduesd Firstly. 
the vessel employed has its own laws of expansion an 
contraction ; secondly, the water, when poured into the 
vessel, will not have a perfectly flat surface ; so that, 
except the mouth of the vessel be small, an error of 
considerable magnitude will be imparted ; neither must 
it be too small, or the functions of capillary attraction 
will come into play, and then the water will present a 

igher level than properly belongs to it. ; 

he chief source of inaccuracy, however, which the 
operator meets with in operating upon solids and liquids, 
is that dependent on the variations in bulk referable to 
thermal increments and decrements ; any alteration due 
to variations in pressure being practically ignored. So 
far as atmospheric pressure is concerned—which is the 
only kind of ressure we need take cognizance of as 
affecting oursu genes exercises so little influence on the 
dimensions of solids and liquids, that we may put it alto- 
gether out of consideration, Far different, however, is it 
when gases are concerned. Their attenuation and elasti- 
city are such, that variations of atmospheric pressure 


exercise the most powerful influence over them ; so that 
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the degree of atmospheric pressure operating at the time 
of the experiment, is, at least, of equal consequence 
with the degree of temperature. é 

We are now ina — to trace the theoretical steps 
necessary to be followed in obtaining the weight of a 


fiask having a neck with stopcock attached) is already 
filled with the 


be pure ; 
+, eg aan 
Gas must be either Dry, or its Amount of Moisture 


must be Definite—The property which gases have of 
aly aqueous vapour, is well 


be followed : either the gas 
ly dried by exposure to one of the hy- 
ic bodies used by chemists for that a 3 Or, 
1t must be saturated with moisture to the capa- 
pe some given temperature. 
e further 


According to Gay Lussac, the 
ratio between the specific gravity of aqueous vapour and 
air, under similar conditions of temperature and pres- 
sure, is 

0620 = vapour 
1° == atmospheric air ° 


The amount of aqueous vapour which a unit volume 
of gas can absorb at given temperatures, has been ascer- 
ying this i ledge 1 

A i is know to practice, let us assume 
that’ 100 cubic inches of moist air, at 60° Fah. and 30 
oe eer ean rhe Lapeer } pire bette 
how much 100 cubic inches of dry air would weigh. 

We begin by turning to a table indicating the quan- 
tity of vapour present in a gas saturated with vapour at 


any given 5-4 epee Dalton’s table gives this quan- 

tity for 60° F as 0-524. Wenext orm the follow- 

ing calculation :— 

30 : 0-524 : : 100 : 1-747 = the volume of vapour in 100 
cubic inches of moist air at 60° Fah. 


And as 100 cubie inches of Ey vapour weigh 19 

grains, 1°747 cubic inches weigh 0:°332 of a grain. 
Weight of 100 cubic inches of moist air . 31 
Deduct 0332 


30°6638 


Therefore the weight of 100-1°747 = 98°253 cubic 
inches of dry air = 30°668 grains, and 98-253 : 30°668 : : 
100 : 31-213 grains. 

Whence it follows, according to the fo’ 
lation, that the weight of 100 cubic inches of dry air, at 
30 inches barometer and 60° Fah., is 31°213 grains. 

Such, then, are the practical operations by which the 
weight of a known volume of gas is determined. We 
have chosen atmospheric air as the subject of illustra- 
tion, but the processes are identical whatever the gas 


i sc a am ateata nc amaaata 
L 


ing caleu- 


gives 31°213 grains as the weight of 100 cubic inches of 
atmospheric air at 30 inches barometer and 60 Fah., and 
although the number may be accepted for all purposes of 
meteorologic calculation, nevertheless it must not be 
viewed in an implicit sense. In point of fact, the exact 
weight of atmospheric air is not yet made out. Pro- | 
bably the determinations of MM. Dumas and Boussin- 
gault are most reliable. According to their experiments, 
1 litre or 61:02791 cubic inches of air, at 0° oe le 
and 0°76 metres barometer, weigh 20°065 grains ; whence 
it follows that 100 cubic inches, under the same condi- 
tions, must weigh 31°093 grains at 60° Fah. 

Barometric Pressure at the time of Experiment must be 
an Element of the Calculation.—A consideration of the 
laws of pressure, as influencing the volume of gases and 
vapours, will have made the student aware that due 
allowance requires to be made for variations referable to 
this cause. Now we are acquainted with the amount of 
expansion and contraction dependent on variations of 
pressure. This information is conveyed by a study of 
the law of Marriotte, which proves that a rule of propor- 
tion will furnish the information required. Thus, for 
example, suppose we have 100 measures of any gas at a 
pressure of 29 inches of the mercurial barometric colui 
and it is required to ascertain what volume the gas wi 
fill at 30 inches of the same—this being the normal. 
pressure to which all calculations as to the volume of 
gases are reduced—then we say 


As 30 : 29: : 100 : 96°66. 


In other words, the 100 volumes of gas, under those 
conditions, would contract into 96-66. 

Temperature must be an Element of the Calculation — 
When it is considered to what extent 2s and vapour 
suffer oe and contraction by variations of tempe- 
rature, the necessity of this calculation will be obvious. 
We have already explained the ratio of thermal expan- 
sion, to which gases and vapours are subjected by varia- 
tions of temperature. Practically, we have seen at page 
1127, that this ratio may be considered identical for all 
of this class of bodies, and to be equal to 7};th part of 
their bulk at 32° Fah. and 30 inches barometer for every 
degree of temperature between 32° Fah. and 212° Fah. 
Let us now apply this information to practice. 

If the temperature of the gas be above 32° Fah., mul- 
tiply its total volume by 491, and divide the product by 
491 plus the number of degrees that the temperature of 
the gas exceeds 32° Fah. The numeral result of this 
operation gives us the correct volume the gas in question 
would oceupy at 32° Fah. 

For example, we have 100 cubic inches of gas at 50° 
Fah. ; it is required to know what volume this gas would 
occupy if raised to 60° Fah. : thus 

Ls = 96-46 = the volume at 32° Fah. 


And 
9646 4 See 0 


Es 


Recapitulation and Deductions.—It appears, then, that 
the operation of weighing a demands in all cases that 
due ovina should be e for variations of heat and 
of pressure ; and if the gas be charged with vapour, due 
allowance has to be made for moisture also. 

Tue Tuermometer.—lIn the course of our a 
investigations relative to the atmosphere, we have seen 
that temperature is an important element. Not only 
are the chemical functions of the atmosphere intimately 
related with temperature, but, without allowing for the 
expansion produced by increments of heat, the me- 
teorologic observer would be unable to comprehend some 
of the most ordinary physical conditions of the atmo- 
sphere. We have already seen that the general effect of 
heat, as regards alteration of dimensions, is expansion. 
If the amount of this expansion be determined for any 
particular range between fixed points, and the linear ex- 
tension or space thus intercepted be divided ai smaller 

= E 


= 101-96 = the volume at 60. 
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spaces, each of these becomes a representative of heat or 
temperatire, Supposing we assume the temperature at 
which water freezes to be our starting-point or first 
limit, and the tem at which water boils to be 
our other limit ; and supposing, furthermore, we assume 
the space between the two to be divided into any given 
number of y, for example, 180—then we may 
describe any third body, the temperature of which is be- 
tween the temperature of freezing and the temperature 
of boiling, to be one, two, or any number of parts above 
the former or below the latter. aad by applying these 
principles, we should have constitu e thermometer 
or heat-measurer. If the rate of expansion of any one 
body for given increments of temperature were regular 
and well eicainel, there would be no theoretical diffi- 
culties in the way of making a thermometer ; practical 
difficulties there would be, but the hypothetical part of 
the task would be sufficiently easy. It so happens, how- 
ever, that the number of expansive agents capable of em- 
ployment for this purpose is limited. 

The earliest thermometer was that of Sanctorini. ‘Its 
construction is represented in the following diagram. A 
glass stem, open at one extremity, is terminated at the 
other by a bulb (Fig. 20). Into the bulb and a portion 
of the tube is poured a coloured 
fluid, which being done, the 
stem is inverted into the lower 
vessel. By virtue of the ordi- 
nary laws of hydrostatics, the 
level of the fluid in the stem will 
remain constant for every con- 
stant temperature; but inas- 
much as every increment of heat 
Mea cause the rN oops in the 

ulb to expand, so will it neces- 
sarily cause the coloured fluid— 
which latter merely serves as an 
index—to descend in such a man- 
ner, that were the ratios of suc- 
cessive equal linear measures of 
descent equal, the instrument 
would be a no less delicate mea- 
surer Of variations of temperature 
than it is a delicate indicator of 
the same. For certain reasons, 
now to be described, it is not a 
delicate heat-measurer. Its suc- 
cessive linear columnar measure- 
ments are not comparable among 
themselves; whence it follows, = 
that the instrumentis not a ther- 
mometer or heat-measurer, but a thermoscope or heat- 
indicator. 

Concerning the reasons wherefore the instrument just 
described is not a perfect instrument, they readily ‘admit 
of being made evident. They are immediately referable 
to the that the coloured fluid, which, according to 
the necessities of the experiments should be dynamically 
passive, is really active. Its activity, moreover, is a 
yariable quantity. If the coloured fluid were merely an 
index, having no dynamical power of its own, then the 
total increments of expansion and contraction of the air, 
contained in the bulb and part of the stem, would be 
proportionate to the increments of heat and cold within 
so small a deficit of the truth (see 1127), that the 
error need not enter into calculation ; but examination 
of the structure of the instrument will show that this 
cannot be so, Actually, the total expansion of the air in 
the bulb is the resultant of two forces—the force of aérial 
elasticity due to heat, and the force of pressure or down- 
ward tendency of the columnar liquid. Inasmuch, 
therefore, as the columnar height of the liquid in ques- 
tion varies for every ng (ee ym ; and, moreover, as the 
rising and falling of the liquid in the reservoir, or lower 
receiving-veasel, also confuses the result, the heat-deter- 
mining instrument of Sanctorini is not a correct mea- 


surer of temperature. 
The- Differential Thermometer.—Alt! 
forms of air-thermometers are occasionally 


Fig. 20, 


various 
used in 


(nb THERMOMETER, 
conducting certain c their use is 
rare. Almost the only form of air-thermometer in fre- 


tween the temperature of any two adjacent bodies, or of 
the adjacent parts of any one body, without eater rage 
the seni concerning the actual temperature 


either. 
The differential thermometer is represented by the ac- 
companying diagram (Fig. 21). It consists of a glass 
Fig. 21. pemmatreniy Scrore 3 
. tod joined bya stem bent 
on itself twice at right 


will readily see that, supposi 

force of the atmosphere in noe bulb to be 
dex fiuid in the stem will stand at isely same 
elevation in both vertical stems; but supposing the air in 


‘ one bulb to become heated to a higher mee i than the 


air in the other; supposing, in other wo its expan- 
sion to be greater, the corresponding columnar height 
will be diminished, and necessarily, the opposite colum- 
nar height will be raised. Hence the difference between 
the two columnar heights will indicate that of the tem- 
perature of the two bulbs, expressed in equal parts of 
columnar measurement, 

Thermometer Scales, and Ordinary Thermometers.—The 
liquids ordinarily employed in the manufacture of ther- 
mometers are mercury and alcohol. The former is pre- 
ferred to all others, when its use is practicable, on 
account of the comparatively equal expansion to which 
it is subject for equal grades of temperature. Inthe © 
manufacture of thermometers, however, intended to be 
employed for the measurement of tem below 
the freezing point of me , that fluid is necessarily 
inapplicable. Spirit, or alcohol, has never been frozen 
by the most intense cold yet produced, therefore it is 
substituted for m on such occasions. We shall 
now proceed to detail the successive steps in the manu- 
facture and graduation of thermometers. 

Under the head of Barometer, the inconvenience was 
pointed out of using a glass tube of small diameter, be- 
cause of the interference resulting from the expansion 
and contraction of mercury by heat. Now that which is 
a cause of embarrassment in the barometer, is the func- 
tion on which the action of the thermometer depends, 


.It follows, therefore, that in proportion as the bore of a 


thermometer tube is smaller, so is the resulting in- 
struments more delicate, because greater linear incre- 
ments of expansion will be generated for given amounts 
of temperature. However, it pens in practice, that 
if the diameter of the tube, and the diameter of the mer- 
curial column contained in the tube, be smaller than cer- 
tain limits, it is difficult to be seen. It is hardly neces- 
sary to indicate, moreover, that the of linear 
expansion may be increased to any given limit, by 
in ing the dimensions of the i or. 
mercurial reservoir. Practice alone can determine the 
proper relation which should subsist. between the bore of 
a thermometer tube, and its corresponding bulb, 

The following directions, for the manufacture of a ther-— 
mometer, are not intended to enable the 
student to usurp the functions of the m 
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instrument-maker ; on the con , they are intended to 
make known to him the defects which he should look for 


in a thermometer, and which, if discovered, should 
cause the thermometer to be rejected. : 
~ The Tube must be Equal in Bore throughout.—lf£ the 
bore or diameter of a thermometer tube be not equal 
throughout, it is evident that the amount of linear ex- 
ansion cannot be equal, and that the instrument will 
be absolutely worthless. A very easy means of gauging 
this equality is the following :—Having selected a piece 
of thermometer tube open at both ends, tie on to one ex- 


tremity a rigid bottle of india-rubber, and dip the other 
end in mercury, thus (Fig. 22). Pressing the bottle, a 
portion of the atmosp! 

Fig. 22. 


¢ air will be expelled ; then, 
allowing the bottle to ex- 
pand, some mercury will 


mi 
measured by means of a 
per of compasses; and 
et the mercury be driven 
to various of the 
tube, and the measure- 
ments repeated. If the 
tube be of equal bore 
throughout, the mercu- 
rial column will necessa- 


= Fight bo employed, ‘bat 
——— ight be em a 
= it “would : be attended 
: with the disadvantage of 
moistening the tube. However, it is possible to use the 
breath without prejudice, if the operator take the pre- 
caution of blowing through some material absorptive of 
moisture. The next step in the manufacture of a ther- 
mometer consists in fusing one end of the tube, and 
blowing it into a bulb; this, again, should be effected by 
means of the caoutchouc bottle, lest moisture be depo- 
sited. M has now to be introduced, which is ac- 
complished as follows :— 
e thermometer tube having been bent as represented 
(Fig. 23), its open extre- Fig. 23. 
mity is immersed in a 


= 


the removal of h the 
whole—tube, bulb, stem 
an filled 
with mercury. The bent 


now 
quantity of mercury dul 
portioned to the “¢ ; : 
he amount of this apportionment can be only deter- 
in general terms, it may be de- 
: @ quantity that, at the boiling 
it shall nearly extend to the extremity 


ie 


point of mercury. 
of the fube,* ~” 


* Care is required, in this process, that the cold metal shall not suddent 
impinge on the hot bulb, as that would certainly break it. Eo. : 


The next process is one of extreme delicacy. It has 
for its object the sealing or melting the open extremity 
of the thermometer tube, without admitting the slightest 
portion of atmospheric air, the presence of which would 
materially interfere with the delicacy of the instrument, 
The operation is conducted as follows :—The open end of 
the Erbe having been melted in the blow-pipe flame, is 
drawn out to a fine termination, thereby diminishing 
still further the internal bore of the tube, and rendering 
the final closing of its orifice more easy. The mercury 
in the bulb is heated once more ; and at the very instant 


Fig. 24. 


— it is seen to fill the tube and to a pe eee 
overflowing the capillary extremity, the tube is y 
the fine jet of biow-pipe flame b (Fig. 24). It only now 
remains to graduate the thermometer. 

Graduation.—The instrument just described is, in its 

t condition, a thermoscope, or indicator of heat ; 
ut it is by no means a heat-measurer—to convert it into 
which, it requires to be uated into a determinate 
number of equal parts. are usually called 
degrees ; but it must be remembered that the so-called 
degrees have no ratio whatever to any particular unit. 
are not like the degrees on the circumference of a 
circle, each one of which is related to the trigonometrical 
ratio, or the ratio of the circumference to the diameter. 
Thermometric degrees are altogether ers except in- 
somuch as certain usages in this respect obtain. This 
much is, however, invariable and universal—the divi- 
sional parts or ry pee must be established between cer- 
tain limits, fixed by nature, The limits usually adopted 
in the manufacture of thermometers are the boiling and 
the freezing of water, which phenomena always, under 
similar conditions, take place at similar a HS. tem- 
peratures. Founded on the bases of these limits, three 
principal scales of graduation have been devised. They 
are the centigrade scale, or scale of Celsius ; the scale of 
Reaumur, and the scale of Fahrenheit. The latter is 
m used in this country; the former is chiefly 
adopted on the continent. 

Let us commence our illustrations with the centigrade 
scale, as being most easy. The term centigrade seems to 
be significant of a hundred divisions. In point of fact, 
the centigrade scale has for its 0, or zero, the temperature 
at which water freezes, and, for its 100, the temperature 
at which water boils; the intermediate space i 
peace gat equal Apa _ be — to 
carry the uations or Ww ga imi 
this is accomplished by measuring off play rsh ra 
means of a pair of com: 

Reaumur’s scale has also its zero point, at the elevation 
of mercurial column nding with the freezing 
point of water; but at the other extremity of its scale 
the boiling point of water is considered to indicate 80 ; 
hence. the intermediate space is divided into 80 equal 
parts. The following diagram (Fig, 25) will render 
evident the peculiarities of the ordinarily employed 
thermometric scales, 

Conversion of One System of Graduation to Another.— 
This conversion of thermometric scales is fréquently 
necessary. The rules for effecting the conversion are 
evident on reflection ; nevertheless it is well to reduce 
them to general formule. If all these scales counted 
their zero from the same point, the method of convert- 
ing one scheme of uation into another would be still 
easier than we find it. Actually, some little confusion 
at first arises from the circumstance that Fahrenheit’s 
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zero is placed not at, but below the freezing point of 


water. 
. Fig. 25. 
Water Dolls ......2 cecseessaves ao ° hd . 
Water freemes i.iccce cee sss peepecses ° 0 
Cold uced ixture of ice 
F e R 


Conversion of Fahrenheit to Centigrade Degrees.—The 
proposition is evident that one Fahrenheit degree is 
equal to five-ninths of a centigrade degree, inasmuch as 
the number of Fahrenheit d between the freezing 
and the boiling point, is to the number of centigrade 
degrees for the same space as unity to five-ninths, as is 
seen to be established by the following proportion :— 


F. 8 ol Cc. 
(212 — $2) = 180 :100::1:399 = §, 
whence it ap that we may convert Fahrenheit 
degrees into their centigrade equivalents, by first sub- 
tracting 32°, which leaves 180; then multiplying this 
number by five, and dividing by nine, as in the following 
proportion :— 


bn OR 


212 — 32 = 180 and 9 9 

Conversion of Centigrade to Fahrenheit Degrecs.—-Inas- 
much as each centigrade degree is longer than a degree 
of Fahrenheit in the ratio of % to 1, therefore the 
former may be reduced to the latter by multiplying by 
9, dividing by 5, and adding 32. The truth of this 
operation may be readily demonstrated by working 
on the number 100, which should give, if the rule just 
enumerated be correct, 212 :— 


100 
x00 X 9 _ 180, and 180 + 32 = 212, 


The examples just given, illustrate the process of cal- 
culation when positive degrees, or degrees above zero, 
thus (+-), are concerned. Exactly the same rule has to 
be followed when negative degrees (—) are in question, 
although the rule, when stated in common terms, appears 
to be different, inasmuch as following the diction of 
arithmetic, the operator must be told to subtract 32. An 
example will render this more’ evident, Sup we 
require to re t 5° below zero, or — 5° of ©, by its 
equivalent F. Now the number 32, with 9 subtracted, 
gives 23 for remainder. Viewing all the steps of the 
calculation involved algebraically, it will be found that 
the rule of adding 32 has been implicitly followed ; a 
negative 5 however (— 6) yields in the following 0 
tion a negative 9 (— 9), which, being added to + 32, is 
equivalent to subtracting a positive 9 (+ 9). For 
example— 

—5x9 
5 


The various steps for the reduction of one system of 
thermometric degrees to another, are comprehended in 
the appended formule :— ~ 


Fahrenheit to Centigrade, F: = SS an 


Centigrade to Fahrenheit, ©: x ree eee 
Fahrenheit to Reaumur, Ex Bns = BR 


Reaumur to Fahrenheit, =xs + 32=—F, 


The Register Thermometer.—The greatest difficulty 
attendant upon the use of the thermo- Fig. 26. 
meter for meteorologic observations, is TN 
referable to the necessity of frequent 
examination, To obviate in some 
measure the necessity for this, the 
instrument called the Register 7'her- 
mometer has been devised—an instru- 
ment which depends for its action on 
the traversing of two steel bars in the 
bore of the tube, each pressed forward 
by the expansion of a liquid column, 
An instrument of this kind is repre- 
sented in Fig, 26. The register ther- 
mometer is accurate eno in its in- 
dications for some roug’ 
but it is by no means adapted to super- 
sede the use of thermometers of ordi- 
ce | construction. 

é 


of Brequet.—A 
very delicate thermometer has been 
invented by M. Breguet. It ditlers 
from all w ri by Pat a de- 
scri in the fact of its dispensing 
sHocethier with mercury, or other 
expansive liquid, and utilising the 
expansion or uncoviling of a compound 
métallic bar. 

The illustration of the different rates 
of expansion by heat of ‘two different 
metals (for instance, iron and brass) 
is often made by the following con- 
trivance :—a (Fig. 27) is a compound 
bar of this kind, ectly straight 
when cold ; but if this same bar be heated, it becomes 
curved, as represented by Fig. 28, 


Fig. 27, 


Breguet’s thermometer is merely an amplification of 
the preceding experiment ; Pars f of a straight com- 


Fig. 28. 


pound bar, a compound bar twisted into the spiral form is 
employed. One end of the spiral is fixed ; the other end 
is free, and is attached to an index. The mode of action 
of the instrument will be obvious, Variations of tem- 
perature producing variations’ 
of curve, will cause the spiral 
to unfold, or contract, accord- 
ing as the variations are to- 
wards the direction of increased 
heat or increased cold. The 
metals ree etch in making the 
spiral of Breguet’s thermome- 
ters, are platina, gold, and sil- 
ver, Experiment has demon- 
strated that the needle of this 
intrument travels over equal 
arcs for equal increments of 
temperature ; hence Breguet’s 
thermometer is not only com- 
parable with itself, but with all other instruments on the 
same construction. Unfortunately, this delicate instru- 
ment has no prest range of application, its indications 
being limited between the freezing and the boiling points 
of water (Fig. 29). f 

The Thermoscove of Nobili.—By far the most delicate 
indicator of minute increments and decrements of 
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temperature, is an instrument founded on prin- 
ciples totally different to 


: Fig. 30. 
any already described. eS 
The lastiioal thermoscope ie 
of Nobili admits of being 
thus described :—The ac- By are 


tion of the instrument is 
based upon the funda- 
mental fact. of electro- 

wetism ; viz., that a 
magnetic needle, freely sus- 
pended and placed in the 
vicinity of an electric cur- 
rent, arranges itself 
at right angles to that current. Hence the deflection of a 
magnetic needle becomes indicative of the existence of 
on gpacaalaery Founded on the consideration of this fact, 
we have the instrument termed the galvanometer, which, 
in its simplest form, is represented by Fig. 30; and a 
still more deli construetion of which is represented 


in the following engraving (Fig. 31). 
Fig. 31, 


It remains now to remark that heat is a fruitful source 


of electricit; 3 gpa 'y when heat is applied to one end 
of a scone arrangement of alternate bars of two 
metals, such as bismuth and antimony, as represented in 


the accompanying diagram (Fig. 32). 
Fig. $2. 


a 


=> 
= 


In order to — the \ pra of poor bars 
more compact, they are us arranged in a bundle, as 
represented below (Fig. 33). | 


Dey cD 


Very few words will now render comprehensible to the 
reader the structure and functions of the thermoscope of 
Nobili. A bundle of bismuth and antimony reduplica- 
tions, valves described, being placed in communication 
with a galvanometer, the maguetic needle of the latter 
is ready to be deflected on the first occurrence of an 
electric current, and such electric current is a direct con- 
s°quence of the application of heat to one extremity of 


the system of compound metallic bars, The followin 
diagram (Fig. 34) represents the thermoscope of Nobili, 


as employed to indicate small increments of radiant heat 
evolved from the little lamp on the left, and transmitted 
through the central diaphragm .* 


Fig. 34. 


Considerations respecting the Use of Thermometers.— 
Much that is incorrect passes current ing the 
functions of the thermometer—the accuracy to which it 
is susceptible, and the spontaneous deteriorations to 
which the instrument is subject. A few words, 
therefore, on these matters may be advisable. 

Let us assume the thermometer under con- 
sideration to be a mercurial thermometer, and 
that the mercury used was absolutely pure ; that 
the tube was proved to be of equal bore through- 
out ; that the process of sealing was accomplished 
without permitting the ingress of the slightest 
amount of atmospheric air; let us, finally, 
assume that the tube has been accura’ 
graduated—such an instrument may be re- 
garded as free from all errors of construction. 

Nevertheless, it is found that a thermometer 
thus unexceptionable at first, is liable to de- 
teriorate by time, the gauge points—i.e., 32° 


and 212° ding with higher portions 
of the tube than they should do, te necessarily, 
all other similarly change. Most 


probably this result is referable to a gradual 
contraction of the sides of the tube and of the 
bulb, the contraction being determined by con- 
tinuous atmospheric pressure. Looking at this 
contraction, the propriety is ee of re- 

some time 


taining thermometer tu 
previous to graduation. 
The kind of Heat indicated by Thermometers,—The 
term heat is commonly held to be synonymous with 
vature; but philosophy accepts it in a more ex- 
tended sense, as comprehending not merely one effect 
(temperature), but the cause of many effects. The phi- 
hoaophy of latent and specific heat is almost too purely 
physical for extended examination here ; hence a slight 
erence to these conditions will suffice.t The ther- 
mometer is not ada: to take izance of heat in 
this latent or specific form. It is only indicative of 
evident heat or temperature ; nor are its indications in 
this narrow field so complete, nor the information it con- 
veys so extensive, as is frequently sup The ther- 
mometer does not even profess to indicate the quantity 
of heat, but only its degree ; terms which are totally dis- 
tinct, as will soon be perceived. Let us take the follow- 
ing as an illustration of the difference :—A pint of boiling 
water is as hot as a quart of boiling water, the tempera- 
ture of both being 212° Fah.; hence the thermometer, if 
appealed to, will indicate this identity of temperature. 
But, necessarily, a quart of boiling water must contain 
twice as much calorific force as a pint of the same ; the 
deduction is too obvious for comment. ; 
Again, strictly speaking, the thermometer cannot ba 
said to present us with the correct temperature of any- 
thing, inasmuch as the degree of columnar expansion is 
not the degree corresponding with that of the thing, with 
which the thermometer is brought into contact, but the 
mean of the thing touched, and the bulb which touches 
it. This objection attains its minimum when the atmo- 
* For more detailed descriptions of these instruments, the reader may. 
consult the Sections on Electricity and Magnetism generally, in which 


these principles of action are investigated.—KEp. 
+ These subjects have been fully discussed in the Section on Heat, 
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sphere itself is the medium, the temperature of which 
we desire to investigate; but it becomes of ical 
importance in all other cases; and its consideration 
teaches the thermometric observer the necessity for em- 
ploying instruments, the bulbs of which are as small as 
compatible with well-marked amounts of columnar ex- 
pansion. This remark especially applies to cases in which 
the bulk of liquid or solid o upon is small. As 
concerns the graduation of thermometers, the most cor- 
rect instruments are those of which the graduations are 
effected on the tube of the glass itself. If the gradua- 


tion be made on a scale of brass, the resulting indica- |. 


tions will be very incorrect, except the relative expansi- 
bility of brass and glass be taken into consideration, and 
duly allowed for; this, however, is so troublesome, that 
it will be too frequently evaded, and errors will creep in. 
Far better than brass is box-wood ; and slate and ivory 
are better still. 

Ci nce between Thermometers.—Scarcely any 
two thermometers exactly correspond, even though the 
same materials be employed in their construction, so 
numerous are the points which require attention. Be- 
tween thermometers constructed with different materials 
—air thermometers and mercurial thermometers, for in- 
stance, or either of these, and spirit thermometers—the 
discrepancies are still more considerable. 

The experiments of M. Regnault relative to the dis- 
erepancies subsisting between mercurial and air thermo- 
meters, are amongst the latest on this important subject. 
He found, that between 32° and 212° Fahrenheit, there is 
an almost absolute coincidence between the degrees of 
the air and the mercurial thermometer. From 212° to 
482° Fahrenheit, the mercurial and air thermometers 
remain pretty equal ; but after the latter point the mer- 
curial gains on the air thermometers. 

Hitherto we have treated of the atmosphere, statically, 
that is, in a condition of repose ; but ect atmospheric 
quiescence is unknown in nature—it is always agitated, 
more or less ; hence we are led to the consideration of 
atmospheric currents or winds. 

So variable are winds in these northern latitudes, that 
their incertitude has passed into a proverb; primary 
atmospheric currents, nevertheless, are constant in their 
direction, and are referable to variations of temperature 
simultaneously existing in different parts of the 
world. 

Heat, in its non-latent condition, or, in other words, 
that condition of heat which is recognisable by the ther- 
mometer, has a tendency to equalise itself. Hence, if 
two bodies a and b, of which @ is hotter than b, be 
situated in proximity to each other, there is an imme- 
diate tendency to equalisation of temperature as between 
the two ; but the thermal conditions which regulate the 
production of winds, will be most readily appreciated by 
reflecting on what takes place when a heated solid is 
suspended in the atmosphere by a small chain or wire ; 
we shall find, on investigation, that a heated solid thus 
circumstanced gradually mes cool by the operation of 
three distributive influences—conduction, radiation, and 
convection. It will be unnecessary for us to do more 
than give a very general illustration of these terms, as 
the subjects are fully investigated in the first section of 
this volume, , = 


z 


eat, 
evidently because it removes a i 

ef eee ure from tho heated. can 
non- conducti it away. 
This Aaa of Nee” ts oat walk 


held even at the distance of some feet from the heated 
cannon-ball, tlie mercurial column will be sensibly affected, 
thus demonstrating the transmission of heat. But how 
transmitted ? By contact with the atmosphere? Clear: 
not, inasmuch as the result just indicated, still occurs 
the cannon-ball be placed in the vacuum of an air- 
pump. By experiment, it has been determined that the 
temperature, in the case under consideration, has been 
given off in the condition of rays, precisely as light is 
evolved, and hence the propriety of the term radiant heat. 

Convection.—Independently of the two processes of 
heat-distribution already described, there is yet a third. 
Referring to the suspended hot cannon-ball, we shall find 
that, if suspended in a room from the ceiling, the air near 
hp coene mes hotter than the air below: hence a 
portion of the temperature of the hot cannon-ball must 

ave become accumulated there, by reason of some cause 
besides those of conduction and radiation, both of which 
distribute the temperature equally in all directions, 
through a homogeneous medium—such as the atmo- 
sphere for example—in our assumed experiment. The 
process of heat-distribution known as convection, is the 
n result of the ex ion of liquids and fluids by 
heat ; for when expanded they are specifically lighter ; and 
when specifically lighter, they must necessarily ascend. It 
is by virtue of the process of heat-distribution, termed 
convection, that the child’s soap-blown bubbles ascend 
instead of at once falling to the surface of the earth. 

Temperature and pressure being equal, breath evolved 
from the lungs is heavier than atmospheric air, because 
it holds more carbonic acid. Reveciealan, inasmuch as 
it is evolved from the lungs hotter than the surrounding 
atmosphere, soap-bubbles blown with it ascend. Pre- 
sently, however, they descend, because the heat acquired 
from the lungs being evolved, and equalisation of tem- 
perature with that of the surrounding atmosphere havi 
ensued, the t specific gravity of the gas wherewi 
the bubble is blown, causes the latter to sink to the sur- 
face of the earth. 

It is to the process of heat—convection—that we owe 
the salutary draughts in our chimneys, and also unsalu- 
tary draughts in our apartments, No sooner is fuel 
lighted in a pad pts than the superincumbent air be- 
comes higher an a regs | lighter ; it therefore ascends, 
and cold air rushes in to fill its place, Thus we have, in 
point of fact, a local wind ; and the causes which deter- 
mine that wind are exactly comparable to the causes of 
winds which take place in the grand economy of nature, 
as will soon be rendered manifest, 


CHAPTER II. . 


ATMOSPHERIC 


Tae Trane Wixps.—A plying the facts already de- 
veloped, let us now regard the surface of our lobe in the 
aggregate, with reference to the localities of maximum 
and minimum temperature, and the consequence of such 
difference of temperature in originating an aérial current. 
It is evident that the hottest portions of our globe’s sur- 
face are comprehended within the tropics, and the cold- 
est portions are the arctic regions—north and south, 


PHENOMENA, 


These circumstances being premised, we are now in a 
condition to anticipate the direction of the aérial cur- 
rents or winds which must necessarily ensue, Firstly, 
an ordinary current of heated air should rise aloft in the 
tropical regions, then diverge and pass north and south to 
either arctic circle, thus constituting what may be termed 
the upper trade current. This current, as it Broce 
north and south, gradually becomes cold, in which condi- 
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tion it is rendered specifically heavier, falls to the surface 


of the earth, and floats along towards the oun thus_ 


generating two principal currents—one , the other 
Whilst Per i ike frigid and the temperate zones, 
these pri currents encounter so many interferences, 
that A simgee’ Beer or fundamental direction is masked or 
veiled : but still ing north and south, the eon 
tent directive tendency of the trade winds is at length 
developed. But the currents no longer flow directl 
north and south. By the operation of a cause which wi 
presently be Pesiiieaad evident, the directive tendency of 
either current has acquired a certain impulse towards the 
west ; or, in other words, both currents come more or 
less from the east. But at 1 they blow almost 
from due east, and finally cease altogether; so that the 
equator, and a certain space north and south of the equa- 
tor, are com) within what is termed the region 
of calms. north trade wind meeting the south trade 
wind, they are mutually destructive of each other. Two 
conflicting aérial forces by mutual impact come to rest, 
just as two billiard balls, each rolling gently from an op- 
posite point, become quiescent. 

No part of the earth’s surface, however, is subject to 
such capricious and such violent tempests as the so-called 
region of calms. This is a result which theory would 
lead us to The cause has now to be explained 
why the trade winds do not blow directly north and south. 
If our globe were at rest, or if its only motion were mo- 
tion in its orbit, such would be the result ; but it re- 
volves on its axis also from west to east ; and this circum- 
stance fully explains the deviation from northness and 
southness of the trade winds. If the lower or returning 
aérial current which constitutes the trade winds ceased to 
exist altogether, then our globe’s diurnal rotation would 
generate a. current in the apparent direction of east to 
west. We say apparent direction, because, in point of 
fact, we may regard the atmosphere under these circum- 
stances as being tranquil or passive, and our globe re- 


vol in the midst of it, in the direction of west to 
east. uch as the force representing this apparent 


east wind, and the force representing the north and south 
atmospheric currents, flo towards the equator from 
either pole, are simultaneously operating, there occurs a 
resultant, which is the trade wind. The following dia- 
gram (Fig. 36) roughly illustrates the points which have 


Fig. 36. 
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been described. Towards the extreme north and ex- 


uctuating 
gradually, however, they acquire a northern 


geographical position of ics is not the onl 
infos ot thie bine Ai punliasaculatide of ta ecare 
surface, taken conjointly with a favourable condition of 
the sun’s rays, may bring about similar results. In this 
manner the terranean etesian winds, or aérial cur- 
[gente carbs ora tbe pee seep Looking at 
the geographical of localities south of the Medi-~ 


terranean, we find the Sahara, or Great Desert, a region 
whose surface is strewed with masses of pebbles and sand, 
and almost totally devoid of vegetation. Such a surface 
must necessarily become elevated by the solar rays to a 
high temperature, an atmospheric column must ascend, 
travel to the north, then fall, and at length return from 
the north to the S from whence it came. 

Lanp anp Sea Breezes.—Many countries near the 
sea are subjected to winds of diurnal periodicity, known 
as land and sea-breezes. About eight or nine a.m., an 
aérial current begins to flow from the sea towards the 
oa and persists until about three p.m., when a current 
in the reverse direction, or from the land towards the 
sea, takes its place, and continues throughout the night 
until sunrise next morning, when it ceases, and a calm 
ensues until the completion of a period of twenty-four 
hours from the occurrence of the preceding land-breeze. 
These currents, in reverse directions, can hone Re 
counted for when we consider the heating agency of the 
sun. Necessarily, land becomes hotter than water under 
an equal power of calorific rays ; whence it follows, that 
the surface of the ground, becoming heated after sunrise, 

ines the ascent of an atmospheric current verti- 
cally ; thence, proceeding oceanward, the same current 
returns from the sea to the land. No sooner does the 
sun set, than this current is reversed. : 

In the preceding ampeni of the cause a “4 
being owing to inequalities of temperature, it wi ol 
served that viibesiné has alone been made to the calorific 
effects of the sun’s rays. This is, in point of fact, the 
only source of heat which has to be noticed in meteoric 
considerations ; for, although the earth’s own tempera- 
ture gradually increases as we pierce downwards below 
the surface, so mperiens are the conducting powers of 
the materials of which the crust of our planet is com- 
posed, that all consideration of them may be safely 
omitted in accounting for the present phenomenon, 

Process or Reverse AtmospHeric Currents.—Al- 
though the existence of atmospheric currents, proceeding 
in a direction reverse to those we meet with on the 
earth’s surface, is forced upon the mind by inferential 
reasoning, and the fact must be accepted, even though 
no further evidence of it could be a ased, nevertheless 
direct proofs are not wanting. The direction of upper 
layers of clouds afford their testimony to the truth of 
the opinion. Where the trade winds prevail, the higher 
strata of clouds may be seen taking a direction opposite 
to that of the wind itself; and travellers, during their 
ascent of high epi encgerey abt frequently proved the 
existence of a superior wind pursuing a course ite 
to the wind below. This has been it fr ebro 
the Peak of Teneriffe, a mountain situated in the belt of 
the trade winds. On the summit of this peak, it has been 
always ‘ound that a south-west wind prevails; whereas 
the trade wind, at the base of the same mountain, blows 
from the north-east. 

A similar remark has been made by travellers who 
have ascended Mona Kea, in Owyhee, the height of 
which is 18,000 feet. But, perhaps, the most striking 
illustration is the following :—The island of Barbadoes 
lies eastward of St. Vincent, and between the two the 
trade wind continually blows, and so forcibly, that it is 
only with difficulty, and by making a long circuit, that a 
ship can sail between the latter the former. Never- 
theless, on one occasion, during an eruption at St. 
Vincent, dense clouds formed over Barbadoes, and large 
quantities of ashes fell on the island. A similar result 
was observed after an eruption of the volcano of 

ina, on the shores of the Pacific, in Guatemala, in 
January, 1835, some of the volcanic ashes falling in 
Jamaica, more than 800 miles in a direct line distant, and 
directly opposed to the prevailing lower current. At the 
same time, another portion of ashes was carried 
westward, or in an opposite direction, falling on Her 
er ship Conway, in the Pacific, more than 1,200 
miles distant. 


The trade winds are, for the most part, only is- 
able at sea; the solid material of land. developing local 


-aérial currents of theirown. The extent of prevalence 
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of the trade wind is various. In the Atlantic it prevails | trovadoes, hurricanes, 


typhoons, &c. Hurricanes are 


from 8° to 28° or 30°, but in the Pacific only to 25° N.L. | essentially tropical; the West Indies suffer from them 


In the southern hemisphere, the extent of the trade wind 
has been less accurately determined. When first the 
phenomena of trade winds were noticed by Columbus 
and his associates, they caused the greatest consternation. 
Acoustomed to the fluctuating and irregular breezes of 
Europe, they regarded the continuance of a wind from 
the east as emblematic of their perpetual banishment 
from their native shores. The early Spanish navigators, 
however, very soon learned to appreciate the value of 
trade winds, by the aid of which treasure-laden 
galleons could, setting out from Acapulco, manage to 
arrive at Manilla almost without changing a sail. 

As respects the upper current proceeding from the 
equator to either pole, it varies, as might be anticipated, 
in different localities. Travellers, who have ascended 
the Peak of Teneriffe, inform us that this upper current 
is found in that locality, at an elevation of 9,000 feet ; 
but Humboldt, during his explorations on the Andes, 
discovered the eastern trade wind to be blowing at an 
elevation of 8,000 feet above the level of the sea. As the 
upper or equatorial current loses its heat, its specific 
gravity becomes greater, and it sinks lower and lower, 
no longer manifesting any well-marked directive tendency. 

On the ocean, and between 30° and 40°, there is a 

revalence of westerly winds, especially in the southern 
reat a In the Atlantic this tendency is manifest ; 
whence it follows, that the voyage from Europe to 
America occupies more time than a voyage in the reverse 
direction. It is difficult to say what may be regarded as 
the prevailing wind in these isles—probably, however, a 
south-western wind, as stated in the following table :-— 


Table representing the Relative Prevalence of Winds in 
different Countries for a Period of 1,000 days. 


Countries. N. |N-E.| E. |SE.| 8 s.w.| w. |N.w. 
England. . | 82|111| 99| 1|111|225| 171| 120 
France . . |126/140) 84| 76/117 | 192) 155) 110 
Germany. . 84} 98,119; 87) 97 185 | 198 131 
Denmark . | 65) 99/100) 129| 92/198| 161] 156 
Sweden . . |102)104) 80) 110/128} 210) 159| 106 
Russia . . 99/191} 81/180) 98] 143| 166] 192 
North America | 96 116 | 49 | 108 123} 197 101} 201 


The direction of winds is found, taking the average of 
many years, to vary according to theseason. In Europe, 
south winds are more prevalent than any others during 
winter ; east. winds belong more especially to the spring; 
west and north winds to the summer; and towards 
October the wind usually veers round to the south. 
Usually, the wind is more strong in February and March 
than at any other time; and at all seasons the wind is 
usually strongest at noon. 

Srorms.—Whenever the air, from any cause, is thrown 
into violent commotion, the result will be a storm. The 
philosophy- of storms, notwithstanding the attention 
which has been devoted to the subject, is by no means 
well understood. In point of’ fact, the causes of storms 
are numerous and complex. If we reflect on the agency 
of temperature on the air, one prevalent cause of storms 
will at least become manifest. If one portion of the 
atmosphere be suddenly heated, violent commotion must 
arise—there must follow a storm. The laws of latent 
heat demonstrate, that whenever water is suddenly con- 
densed, the surrounding air must be raised in temperature; 
and thus we have one of the most frequent local causes of 
storms. According to modern observations, storms are, 
for the most part, circular whirlwinds progressing in a 
north-eastern direction from the south to. the north of 
the tropic of Cancer. In proportion as a locality is 
devoid of mountains and near the sea, so is it more 
liable to be subject to storms. Perhaps the most violent 
of all European storms are those which occur in the 
south of France during the prevalence of the north-east 
wind, termed mistral; but the most violent storms occur 
in and near the tropics, and are termed tornadoes, 


—— 


| more than any other region. Hurricanes are of yearly 
| occurrence in the West Indies ; but the islands of Trinidad 
}and Tobago, being protected by mountain elevations, 
usually escape them altogether. The wind, during a 
hurricane, frequently makes an entire circuit, blowing 
from every point of the compass ; and it is by no means 
an unusual occurrence for the wind to cease awhile 
altogether, and then commence blowing again. Perhaps 
the most violent hurricane on record is the one which 
occurred in 1780. It destroyed the fleet of Lord Rodney, 
and a vast number of merchant ships. It killed no less 
than 9,000 individuals in Martinique; 6,000 in St. 
Lucia ; and did immense damage at other places. 

The eastern, western, and southern coasts of Africa 
are also subject to storms of almost equal violence with 
the West Indian hurricanes : these storms, however, in 
the localities under consideration, are called tornadoes, 
At Sierra Leone and the adjacent parts, two or three 
tornadoes usually usher in the dry season; they are 
sometimes accompanied with rain, and sometimes with- 
out: when of the latter kind, they are called white tor- 
nadoes, ; 

The term cyclone is now applied to those storms, which 
are produced by a rotatory motion of the air. In the 
Northern Hemisphere, the rotation is contrary to the 
motion of the hands of a watch; whilst, in the Southern 
Hemisphere, it proceeds in the same direction as they 
jmove. The knowledge of the nature and motions of 
cyclones is now so complete, that, in many cases, 
navigator, by watching the barometer and the direction 
of the wind, may so guide his vessel’s course as to escape 
the violence of the storm. It is found, that near the 
centre, and the circumference of a cyclone, a calm 
usually exists, the force of the tempest being produced 
between those positions, 

Typhoons may be described as hurricanes of the 
Chinese and Japanese seas ; like hurricanes, they have a 
rotatory motion, but they are more localised in their 
action, having no distinct rectilineal progression. 

Hot Winds.—Although heat may be regarded as pri- 
marily the cause of all winds, it does not follow that all 
winds must be hot ; indeed, we know that the result is 
the direct opposite—that many winds are very cold. 
The temperature of a wind is for the most part totall 
independent of the temperature which caused it, and is 
determined by the nature of the surface over which it 
blows. The principal hot winds are those denominated 
the simoom, the harmattan, the chamsin, the sirocco, 
and the solano. The term simoom, or samiel, means 
poisonous, and is derived from a belief of the Arabs, 
that the devastating effects of this wind are attributable 
to some poisonous emanation which it bears. There is 
no foundation, however, for this notion. The terms 
chamsin and harmattan, are little else than tian 
and negro appellations respectively for the simoom. 
The Egyptian term chamsin means fifty, and has re- 
ference to the duration of the wind fifty days—from 
April 27th to June 18th. The simoom is the terror of 
desert caravans. At its approach the horizon grows 
dark ; the sun’s rays scarcely penetrate with lurid gleam 
the atmosphere charged with particles of burning sand. 
The wind blows with fitful violence, scattering death and 
desolation in its track, withering the trees and shrubs 
which it encounters, suffocating animals, and burying 
them under waves of sand. The camels no sooner per- 
ceive the advent of the simoom, than rushing to the 
nearest tree or bush, or seeking the spur of some pro- 
jecting rock, they place their heads in the direction op- 
posite to which the wind blows, and endeavour to screen 
themselves from its violence. ‘The traveller throws him- 
self on the ground on the lee-side of the camel, and 
screens his head from the fiery blast within the folds of 
his robe. Too frequently, all these precautions are un- 
availing, both man and t falling a prey to the ter- 
rible simoom, In the western part of Asia, more espe- 
cially in Arabia, the simoom only blows in the summer 
months, and with maximum violence in July. It occurs 
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only in the day-time, and for the most part only lasts a 
few hours. In Lower Egypt, the direction of the 
simoom is from the south-west ; in Mecca, it comes from 
the east ; in Surat, from the north ; in Bassoria, from 
the north-west; in from the west; and m 
Syria, from the south-east; in every case, proceeding 
from the neighbouring desert, where the air has suffered 
rarefaction. The simoom, far from being poisonous, is 
in some localities beneficial to health, by drying up 
aqueous exhalations, which, if not removed, would give 
rise to fevers and other diseases. This is particularly 
the case on the western coast of Africa. It is, neverthe- 
less, always injurious to vegetation. 

The Italian sirocco and the solano of Spain may be 
regarded as European continuations of the harmattan 
or simoom of Western Africa. The sirocco, although 
usually restricted to Malta, Sicily, and Southern Italy, 
sometimes extends into Germany and Switzerland : in 
the latter locality it is denomina oor ae fcohn. The fohn, 
although prejudicial to trees, develops, to a rising 
degree, the vegetation of young plants, and can hardly 
be as a calamity. It is most prevalent in 
Switzerland, near the Lake of the Four Cantons. Its 
period of duration does not usually exceed a few hours, 
though sometimes this period is exceeded ; and it rarely 
occurs in winter. 

The southern part of Australia is subject to a hot 
north wind, presenting such a marked resemblance to 
the sirocco, that geographers are led to the natural in- 
ference, that the unknown interior of the Australian 
continent is a desert of sand and rock, like the Sahara 
and the wilds of Arabia Petra. . 

Cold Winds.—These winds are less noticeable and 
fewer in number than those already mentioned. Their 
low temperature is usually referable to the circumstance 
of their ing over mountain ranges covered with 
snow. ielan saceh aomaiclargh e winds of this kind exist 
in Mongolia, i and the Russian steppes. 
To this class also be the brat a north-east wind 
prevalent in southern and which is exceedingly 


Mg em to vegetable life. 

irlwinds.—When two violent winds meet, the re- 
sult is a whirlwind, so called from its rotatory character. 
If a whirlwind occur at sea, or over water, it elevates a 
large column of water aloft, sometimes to the height of 
many hundred feet, thus giving rise to the meteor’c 


Fig. 37. 


Phenomenon termed a water-spout. If a whirlwind 

occur on land, it lifts up dust, boughs, the roofs of houses, 

and other solid matters, producing a column of well- 

defined shape. These whirlwind columns, whether they 
VoL, 1, 


consist of water or solids, present the same general for- 
mation and contour. They consist of a hollow cone, 
sometimes straight, but more frequently curved or 
horn-shaped, its upper portion proceeding from a cloud ; 
its lower part regpnsce dhe’ an aggregation of water or of 
sand and dust, according to the locality. The upper 
and lower portions of these columns are so much denser 
than the remainder, that they’ are generally opaqne, 
whereas the middle portion is generally transparent. The 
tint of these colours is various—sometimes grey, some- 
times brown or nearly black, and occasionally fiery red. 

Independent of the circular or axial motion of these 
whirlwind columns, they pursue an onward course, some- 
times straight, at other times curved. The velocity of 
this course differs within wide limits. Sometimes a man 
on foot can readily keep pace with ‘it, whilst at other 
times they proceed at the rate of nine or ten miles an 
hour; sometimes more. 

Whirlwind columns, whether they eventually become 
water-spouts or not, always originate on land, or in the 
vicinity of land where the winds and temperature are 
mutable. They are usually attended with thunder,’ 

ightning, and other electrical phenomena ; and they con- 
stitute the centre of an aérial commotion, all around the 
focus of which, a profound calm prevails. Bodies which 
they have taken up are not readily deposited, but carried 
along in their onward course. Sometimes they are quite 
in the clouds, at other times on the surface of the earth 
or water ; and their formation may be prevented. Even 
when already formed, they may frequently be destroyed 
by some violent aérial commotion, such as that produced 
by the discharge of a piece of ordnance—a fact well 
known to seafaring men. The size and height of these 
whirlwind currents are various ; occasionally they present 
a diameter of no more than two feet ; while the diameter 
of some has been estimated at two hundred, or even 
more. Again, the height of some is no more than 
thirty feet ; whereas others have been known, the height 
of which was no less than three thousand feet. 

Warer-Spours.—Of these columnar whirls, the water- 
spout is less damaging than the dry-whirl, probably be- 
cause the weight of fluil which it carries diminishes the 
violence of its rotatory motion. Not the least extraor- 


Fig. 38, 


dinary amongst the many curious circumstances relative 

to water-spouts, is the well-attested fact that, although 

occurring at sea, they have been occasionally known to 

break, and deluge a ship with a torrent of fresh water. 
Influence of Wind on the Barometer.—Although the 

barometer has hitherto been considered in reforence only 

to the pressure of a tranquil column of air, its apres 

: ¥ 
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are influenced by a other circumstances, which we , 
must not omit to consider. Amongst the most impor- | 
tant of these are winds. Having regard to the ultimate 
eause of winds, it will be evident that the existence of a 
wind bespeaks the condition of different temperature in 
two different places. Hence, every wind necessarily 
varies to some degree the temperature which would 
have subsisted at any given place under a perfectly tran- 
quil atmosphere. Now, as the atmosphere expands by 
heat and contracts by cold, varying, to a corresponding 
degree, its density or specific gravity, so it follows that 
the height of the barometric column will be influenced 
by win In Europe, it will be generally found that a 
fall of the barometer corresponds with a rise in the 
thermometer; this rule also prevails for the tropics: 
nevertheless it is subject to many variations. The baro- 
meter may rise and fall without any corresponding change 
in the thermometer, or both may rise and fall together. 

The application of the barometer as a weather glass is 
altogether collateral and secon ; nevertheless its in- 
dications in this respect are, for the most part, worthy 
of confidence: generally, the barometric column sinks 
the day before rain occurs, and rises during its preva- 
lence. The barometric column is much agitated durin 
the existence of a storm, owing to the conflict whic’ 
then ensues between atmospheric currents tending to- 
wards opposite directions. 

Other Variations in the Barometer.—Besides the eleva- 
tion of barometric mercury due to direct atmospheric 
pressure and to aérial currents, there exist other fluc- 
tuating causes, both diurnal and annual. The former is 
scarcely noticeable in temperate, but very conspicuous 
in the torrid zone. Every day the barometric column 
twice attains a maximum, and as often a minimum. 
The two periods of maximum elevation occur between 
84 and 10} a.m. (say an average of 9h. 37m.) ; and be- 
tween 9 and 11 p.m. (say an average of 10h. 11m.) The 
two periods of minimum elevation are between 3 and 
5 a.M. (average 33); and between 3 and 5 p.m. (average 
4h. 5m.) During winter and the rainy tropical season, 
the diurnal elevations of the barometer are least, and 
they assume their maximum in April. The variations 
rae much less on elevated mountains than in the plains 

ow. 

Mean Barometric Condition of a Place.—It was formerly 
assumed that° everywhere, at the level of the sea, the 
barometric condition for the same time was identical. 
This opinion is fallacious, latitude having a well-deter- 
mined influence in this respect. It is least of all at the 
equator, whence it increases north and south, attaining 
its maximum about 30° or 43° of latitude: it then de- 
creases to between 60° and 70°. Within the polar circle 
it would ap to reascend ; but further experiments 
for this locality are a desideratum. 

Longitude also appears to exert some influence over the 
elevation of the barometric current. It is greater in the 
Atlantic than in the Pacific, by a small but readily per- 
ceptible quantity. 

Causes of Periodical Barometric Variations. —Various 
opinions have been~ advanced to account for these 
periodical barometric variations. To say that they are 
attributable to difference of temperature, is to advance 
a cause too remote from the result. Many philosophers 
have attributed these variations to the existence of veri- 
table atmospheric tides ; but the most plausible explana- 
tion of diurnal barometric variations would seem to be 
that of Dove, who assumes them to depend upon the 
a fer amount of aqueous vapour. Aqueous vapour 
and atmospheric air are possessed of different specific 
gravities; and the barometric height of a column of 
inercury for any time, will be the sum of pressure of dry 
atmospheric air and associated moisture ; as the relative 
amount of the two varies, so will vary the height of the 
barometric column. 

Atmospxeric Morsture ANp 17s Dertvatives.—When 
treating, at page 1129, of thie means to be empldyed for 
Weighing a gas, the facility wherewith gaseous bodies 
absorb moisture, was adverted to. Some idea then may 


be gained of the amount of moisture present in the at- 


mosphere, seeing that the latter is ever in contact with 
large expanses of water. The atmosphere, in point of 
fact, is never dry, or in any way near dryness. Even 
when the air seems parching hot, drying the skin and 
withering vegetables, it is easy to demonstrate, by the 
aid of chemical agents, the existence of aqueous mois- 
ture ; without the presence of which, nei the func- 
tions of animal or of vegetable life could be maintained. 
Even when the air a) the condition of 
within very remote limits, breathing is difficult, an 
symptoms of feverish restlessness speedily set in. Tho 
natural craving of the lungs for moisture is demonstrated 
by the presence of aclose stove in a small room. The 
sensations, which are very Py garg can always be 
alleviated by placing a small dish of water on the sto’ 
so that evaporation may go on continuously. It is 
the utmost importance, then, to be enabled, not only 
to demonstrate the existence of atmospheric moisture, 
but to determine its quantity, A few experiments for 
hirer this separ sig we shall ep fea detail 
cperiment 1.— accompanying di % 
represents a balance, or pair of scales,-into one pair 


Fig. 39. 


which there has been placed a small dish of oil of vitriol, 
and into the other a counterpoise. If the apparatus be 
exposed to the air, even when the earth is hhottes 

est, nevertheless, the ee of the pair of 
will soon be destroyed. me ponderable increase will 
have been acquired by the pan containing the oil of 
vitriol ; and analogy demonstrates the increase in question 
to be due Berd a toe rhe ~— <1 te 
property, oil of vitriol is ently employ: 
chemist for desiccating substances which could not be 
heated without damage. ingly, if a of oil of 
vitriol and a moistened sheet paper. be enclosed 
together, under an inverted glass, the pa 
course of time become dry. Far more ae and power- 
ful is the operation of the oil of vitriol w 


5 oe vapour 
e absorptive 
operation of the oil of vitriol being continuous, the 
water is speedily evaporated. 

Experi 2.—Instead of oil of vitriol, carbonate of 
soda, or chloride of calcium, and, in an inferior degree, 
impure common salt (chloride of sodium) may be used ; 
for these bodies are all hygrometric—that is to say, they 
have the yerty of absorbing water from the air. Of 
the three bodies mentioned, chloride of calcium is the 
most hygrometric, and is of constant application by the 
chemist. Founded on the hygrometric quality, of 
common salt, and other saline materials contained in 
sea-water, is the property” which certain sea-weeds 
have of becoming moist in damp weather, and of indi- 
cating, by their crispness, at opposite atmospheric 
arsine os poets 

Although aqueous vapour is always presen 
Bia ori. it is not always visible. Frequently it is 
quite transparent, and only demonstrable by the process 
of extracting it by such means as we have described ; 
but at other times it tes, 
and forming clouds, fog, dew, 


rain, snow, hail, or 
sleet, 
Diw,—Although the philosophy of dew is now 
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perfectly well understood, no atmospheric phenomenon, 
before the happy researches of Dr. Wells, was more im- 
pees explained and involved in ter mystery. 

formation of dew is immediately referable to the 
fanction of radiation, concerning which it will be proper 
to make a short explanation, in addition to that which 
has been already stated. 

The general indication only has been made that a 
heated body—for example, a cannon-ball—if suspended 
in space, darts off heat cognisable under the condition of 
rays. It remains now to be stated that the function of 
radiation is determined as to its extent by the surface of 
bedies : rough metallic surfaces radiate more than those 
which are smooth; glass surfaces radiate more than 
metallic surfaces ; plants radiate more than the earth ; 
grass and leaves more than bushes and trees ; loose 
gra land more than hard soil. 

To demonstrate the effect of surface.on radiation, 
many instructive experiments may be performed by 
means-of the differential thermometer and a cubical 
canister of tin plate. If such a canister be taken, and 
oue side of it scratched, another polished smooth, 
another painted white, andthe fourth black—a mixture 
of send OB and size being used by preference for the 
latter pu : if the canister be now filled with hot 
es and held between the a of a Sew re 
thermometer, as represented in the accompanying di 
gram (Fig. 40), each side of the canister will represent 
and indicate a different amount of 
radiating influence, as shown by 
the complementary disturbance of 
the two mercurial columns. It 
will be found that the polished 
side has the minimum, and the 
blackened side the maximum, 
radiating effect. It will soon be 
perceived that these deductions 
concerning the property of radia- 
tion are intimately connected with 
the philosophy of dew.* 

Until the experiments of Dr. 
Wells, which will be soon ad- 
vi to, the most erroneous 
notions prevailed concerning the 
brews Mo dew. According to some it fell from the sky; 


ing te others it rose from the ground ; both which 
theories are altogether untenable. 

It is a sufficient answer to the proposition that dew 
falls from the sky, to say that dew never occurs when 
nights are cloudy ; and it is a sufficient answer to the 


| 


ig-point of the investigation is the 
Now the atmosphere always 
i as we have already ex- 

; and amount of this moisture 
ceteris paribus, be correlative with the 
atmospheric heat at the time. If, 
atmosphere being raised to its 
point of saturation for wny given 
temperature, that temperature 
poewdbe d any chance fall, the result will 
ily be a deposition of moisture. Let 

us now apply these principles to the condi- 
tions of a heat-radiating surface of the earth and a 
| clouded sky. In this case no dew oceurs, nor, according 
to theory, should any occur, inasmuch as the clouds 
‘orm the functions of a second radiating surface. 
earth radiates heat owing to the clouds; but the 

| clouds, in their turn, radiate heat back again to the 
earth ; whence it follows that the earth practically does 
not lose heat, and its temperature not falling below the 
temperature of the circumambient atmosphere, no atmo- 
PEt pcg be bet to the article ‘ Radiation,” in the Section on 


Hm 


spheric moisture can be deposited ; in other words, no 
dew can occur. 

For these facts we are indebted to the late Dr. Wells. 
They are demonstrated by thousands of natural condi- 
Loni and bear the test of any properly-devised experi- 
men 

The following diagram (Fig. 41) is intended to show 


Fig. 41. 
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the manner in which a screen will prevent the occurrence 
of dew. Two plates of glass are represented as supported 
over an expanse of grass. Underneath the glass plate 
not the slightest dew will be round, though the grass 
around will be dewed heavily. ; 

A very pretty illustration of the conditions which regu- 
late the formation of dew, will frequently be supplied by a 
sheep lying down on the grass, on a clear, tranquil, cloud- 
less night, when, to use a popular but incorrect expres- 
sion, dew is falling ; it will be found that the upper part 
or aspect of the wool of a sheep, is completely drenched 
with dew, although the under part or aspect of the 
animal is dry, as represented in the accompanying dia- 
gram (Fig. 42). 


Fig. 42. 


The explanation of this phenomenon will be so obvious 
that no further remark concerning it is necessary. 

Consideration of the laws of radiant heat will render 
manifest the reason wherefore some surfaces are more 
bedewed than others. The amount of dew will depend, 
ceteris paribus, on two circumstances—firstly, on the 
kind of surface ; and secondly, on its angle of inclination. 
Reterence has already been made to the comparative 
facility wherewith certain bodies found in nature, favour 
the deposition of dew upon them ; and the most casual ob- 
server canuot fail to be struck with the difference, In all 


Fig. 43. 


the bodies which radiate heat are the most favour- 
able to the deposition of dew upon them. Few, if any, 
objects, naturally occurring, are so solicitous of dew as | 
spiders’ webs ; and no object presents the phenomena of | 
dew under a guise so beautiful. Not unfrequently, a thin 
filament of cobweb, so small that it would be invisible 


cases, 


resents itself to the vision on a 


to the naked eye, 
it were strung with little pearls 


dewy @norning as i 

(Figs. 43, 44). 
That angular inclination of a body should influence, 

and be intimately connected with, the function of dew 
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formation, directly follows from a consideration of the 
iawaol radiant saian's and it may be readily illustrated 
Fig. 44. 


” 2 pM. ad 75 

by adiagram. Let us sup that a screen of glass 

re supported over the Fodtccingy surface of the earth—in 

one case horizontally, in the other case at an angular 

inclination—as represented by the accompanying dia- 

graws (Figs. 45, 46). 
Fig. 45. 


Fig. 46, 
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It will be evident that the horizontal glass in Fig. 45 
will radiate more heat than the diagonal glass in Fig. 46. 
Determination of the Amount of Dew.—Although the 
laws which regulate the formation of dew are perfectly 
well known, and a rough method of determining the 
amount of dew deposition not difficult, yet no correct 
means of estimating its actual amount has yet been de- 
vised. Instruments for determining the amount of dew 
are called drosometers, A drosometer is a balance, sus- 
pended to one arm of which is a plate, to the other a pan 
containing weights, exactly ap Ce to the weight 
of the plate, so that both may be in equilibrio. Supposing 
dew to be deposited on the plate, the latter will evidently 
increase in weight by the amount of such deposition, aud 
a deviation of the beam from the horizontal will ensue. 
The principle of the instrument is unimpeachable, but in 
practice it is imperfect. Instead of the plate as described, 
recourse may be had to a lock of wool or eider-down, or one 
of a large choice of hygrometric materials. Bodies of this 
kind were employed by Wells. Wilson and Flangergue 
had recourse to a plate; but it seems that the materials 
employed by Dr. Wells should have the preference. 
very instructive experiment relating to a dew for- 
mation, and one which may be regarded as presenting a 
summary of the whole matter, is as follows :— 

If, ou a clear, cloudless night, when dew is being de- 
posited, a glass ball (Fig. 47) be suspended in the open 
air, some height from the ground, dew-drops will form on 
the ball ; not, however, equally on all portions of its sur- 
face. Its upper aspect will be bedewed, then its sides ; but 
only rarely, and in extreme cases, the inferior aspect of the 
giass globe becomes covered with dew-drops; and when 
they do occur, they are very small; ind a complete 
gradation of size is manifest, the dew-drops decreasing in 
size as the upper aspect of the globe is departed from. 

Generalisations.—The following generalisations relating 
to the phenomena of dew may now be appended ; they 
will, for the most , be seen to be directly deducible 
from a consideration of the laws of radiant heat :— 
Clouds and brisk winds are both inimical to the forma- 
tion of dew ; the former, because of their own radiating 
power; the latter, because of the removal of cool air, 


(pEw—rrost—Foaa, 
its place being supplied by air already warmed. If the 
; night be cloudy, and the Fig. 47. 


wind still, very little dew 
results. If clouds and wind 
occur together, dew is to- 
tally absent. Screen-like 
objects, interposed between 
the sky and the radiating 
surface, produce an effect 
identical with clouds ; hence ' 
bodies freely exposed to the 
atmosphere, ccteris paribus, 
are most freely bedewed. 
Morning and evening are 
not the times, as commonly 
supposed, when dew is form- 
ed most copiously. It is 
deposited at. all hours of 
the night, but most co- 
pionsly rather after mid- 
night. It sometimes occurs 
even before’ night, late in 
the afternoon. Dew is not 
deposited with equal readi- 
ness in all parts of the world, 
but attains its maximum in 
warm lands near the margin 
of the sea, rivers, or lakes; 
as, for example, near the Red ’ 
Sea, the Persian Gulf, the coast of Coromandel, at Alex- 
andria, and in Chili. It is quite absent in very arid 
regions, in the interior of continents ; such, for example, 
as central Brazil, the Sahara, and Nubia; neither does it 
frequently occur at sea, because of the bad radiating 
quality of a surface of water. 

The imperfect radiation of a surface of water is well 
illustrated by the following striking experiment :—Glass 
is a good radiating surface; whence a piece of glass 
freely exposed in an atmosphere when dew is forming, 
soon becomes covered with dew. If, however, the glass 
have its surface wetted previously to exposure, instead 
of becoming more wet it becomes dry, simply because 
radiation is impeded, and evaporation es place 
unchecked. Cateris paribus, the amount of dew pro- 
duced, will be proportionate to the amount of aqueous 
vapour present in the atmosphere ; and this readily ex- 
plains the fact, that a copious production of dew is fre- 
quently the precursor of rain. 

Honey-Dew.—Occasionally a sweet, damp, sticky 
moisture attaches itself to leaves during the night, and 
does not disappear throughout the day. The term 
honey-dew has commonly been applied to it, though, in 
point of fact, it is not dew at all, being merely an excre- 
tion from certain insects termed aphides. 

Hoar-Frost.—Hoar-frost differs only from dew in the 
circumstance of temperature. One is deposited, and 
remains uncongealed ; the other, becoming consolidated 
by the agency of freezing cold, is converted into ice. 
Kvery meteorological observer knows that the existence of 
hoar-frost is held to be indicative of coming rain, and in 
most instances the opinion is verified. ‘The phenomena 
of hoar-frost are even more beautiful than the correspond- 
ing ones of unfrozen dew. Upon leaves and vegetable © 
stems, the deposition of hoar-frostis particularly beautiful. 
If hoar-frost be examined microscopically, or sometimes 
even attentively by the naked eye, a crystalline structure 
will be evident. The crystals belong to the same crys- 
tallographic system (the rhombohedric) as those of snow, 
but their general appearance is somewhat different. 

Foes.—Fogs may be regarded as clouds, which form 
close to the earth’s surface; hence we might discuss 
their peculiarities under the general head of Clouds. 
They are characterised by some peculiarities, chiefly 
dependent, however, upon the vesicular aqueous vapour 
of which they are composed, embracing and retaining 
volatile particles evolved naturally, or from the opera- 
tions of man. In this way it is well known that London 
fog is anything but pure aqueous matter, One of its 
very important constitueats is the condensible part of 
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smoke. As regards the production of fog, it is usually 
referable to one of two circumstances : either non-visible 
aqueous vapour may be converted into the visible or 
vesicular form, by decrease of atmospheric temperature 
immediately, or by the cooling agency of the earth’s 
surface, depressing the temperature of the layer of air 
next to it, below the dew point. In this country, and in 
Europe generally, fogs are of most frequent occurrence in 
spring and autumn. There are regions, however, in 
which fogs prevail throughout the year. The coasts of 
California are almost constantly veiled in fog; and the 
same remark applies, in a minor degree, to the western 
coast of the American continent, even so far south as 
Peru. Newfoundland, Nova Scotia, and Hudson’s Bay, 
are all subject to frequent and dense fogs, attributable, 
in these localities, to the condensation of vapour, which 
arises from the hot gulf-stream, by contact with neigh- 
bouring and colder air. Fogs do not occur so frequently 
on level plains as in mountainous regions. In Arabia 
and the arid table-land of Persia they are almost alto- 
gether wanting. London and Amsterdam have acquired 
a somewhat evil character for fogs; but this meteoric 
condition applies to many other European localities with 
an almost equal amount of propriety. At Antwerp, 
fogs are very prevalent ; and the navigation of the lower 
and middle Rhine is sometimes impeded for weeks 
toyether by the occurrence of this pest of the sailor. 
Neither can Paris boast of much immunity from fogs ; 
they are somewhat less dense and less frequent than our 
own London fogs, it is true, but are, nevertheless, far 
from contemptible. Amongst the regions which are 
likely in future to be celebrated for the prevalence of 
fogs, the Black Sea may be enumerated. Until recent 
events, that locality was comparatively unknown to us ; 
but during the time of the Crimean war, which neces- 
sitated a constant navigation of the Black Sea, the 
embarrassment of fogs became but too apparent. 

Dry Fogs.—Under this name has been described a dull 


| to a flock of sheep. 


All regions thus’ circumstanced, provided irrigation be 
impossible, and the altogether exceptional condition of 
copious dews be absent, are, despite the most favourable 
conditions of climate and of soil, barren wastes. 

Notwithstanding the thousandfold varieties of clouds— 
their Protean shapes, their manifold colours, and other 
distinctions—when the observer comes to regard them 
with a scrutinising eye, he will not fail to recognise broad 
distinctions between them, admitting of being made the 
basis of a philosophic classification. Thus, some clouds 
are devoid of outline, their edges merging away into cir- 
cumambient air; some are black and massive, almost 
conveying the idea of a hard substance ; some are white 
and fleecy ; others extended like a pennon. All these 
are forms of cloud which present manifest distinctions 
amongst themselves. Mr. Howard was the first who 
effected a regular classification of clouds. This classifica- 
tion is now generally adopted. We shall, therefore, pre- 
sent the reader with an outline of his system. Accord- 
ing to this meteorologist, there are three elementary and 
four secondary forms of cloud. 

Primary Forms.—-The first primary form is the cirrus, 
consisting of feathery expansions, and which is only seen 
in clear weather. 

The second primary form of cloud is the cumulus, com- 
posed of large hemispheroidal masses, superiorly, and ap- 
parently resting below on a horizontal base. This form 
of cloud chiefly occurs in summer. 

The third primary form of cloud is stratus, composed 
of horizontal layers, the smaller layers being underneath. 
It is this form of cloud, more than any other, which pre- 
sents itself under a variety of beautiful colours, It 
chiefly appears at sunset. 

Secondary Forms.—The secondary forms of clouds are 
—(L) Cirro cumulus. It is a mixture, as its name indi- 
cates, of cirrus with cumulus, and is made of an aggre- 
gation of small white clouds, which have. been compared 
(2) Cirro stratus. A compound cloud, 


opaque appearance which the atmosphere of certain ' which is formed of the two primary clouds embodied in 
Fig. 48, 


regions occasionally assumes, deaden- 
ing the fiery beams of the sun, and 
dulling that luminary so that he may 
be looked at without pain by the naked 
eye, and embarrassing respiration. 
The dry fog is most. common in = 
certain parts of North America, during !*s 
the period known as the Indian } > eis. 
Summer. It also occurs in Germany, (B= es 
and more rarely in England. There 
can be no doubt that many atmo- 
spheric opacities, differentin character 
as well as in cause, have been sum- 
marily classed under the denomination | 
of dry fog. When the phenomenon | 
occurs locally, it can generally be & 
traced to such canses as the burning of | 
extensive districts of turf or of forests. 
When its prevalence is more general, | 
the most rational explanation would & 
seem to be that which attributes it 
to volcanic eruptions. Some mete- 
orologists have invoked electricity as 
the cause of this phenomenon; but 
it is not easy to see in what way Faas 
the assumed cause could produce the 7 
effect in question. Electricity has & 
long been to meteorologists what the } 
class radiata wasto Cuvier ; namely, === 
the receptacle for things unknown or unexplained. * 
Croups.—Clouds are perhaps the most beautiful of all 
aérial phenomena. All the charms of changeful variety 
of colour, of form, and of motion are theirs; nor is their 
utility inferior to their beauty. Without clouds there 
would be neither rain, nor snow, nor hail; the conse- 
quences of this deprivation may be anticipated, or they 
may be readily learned, by turning to the geography of 
countries where rain, and snow, and hail are unknown, 
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* Some have broached the curious theory that such fogs are caused 
by the immersion of the earth in the tail of a comet.—Ev. 


itsname, (3) Cumulostratus. This compound cloud chiefly 
appears towards night, in dry windy weather, and is of a 
leaden colour. (4) Nimbus, or rain cloud. This cloud is 
seen in greatest perfection during a thunder-storm. All 
the varieties of clouds described are represented in the 
above diagram (Fig. 48), 

It will be readily anticipated that clouds are frequently 
so mingled and confounded, that they are not always 
susceptible of the precise classification just announced ; 
nevertheless, a prevalence of one type of cloud over 
another will be generally seen to prevail. 
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| Relation between Clouds and the Weather.—People who 
| are in the habit of narrowly studying the phenomena 
| of clouds, are enabled to draw conclusions of much accu- 
| racy respecting the coming weather. ‘Thus cirro cumuli 
| are for the most part indicative of serene, fair weather ; the 

prevalence of wind subsequently to the appearance of 
| much-extended and highly-coloured stratus clouds is a 
| matter of popular experience. The appearance of nimbus 
| clouds proclaims the advent of rain ; and the cirro stratus, 
| which sometimes colours the sky as with a veil, all well- 

defined form being absent, is almost a sure forerunner of 
bad weather. 

Composition of Clouds.—That clouds are composed of 
water in some condition does not uire to be demon- 
strated ; but some explanation must be given of the cir- 
cumstances enabling watet, a material so much heavier 
than atmospheric air, to remain suspended frequently in 
very elevated regions, where the atmosphere, thin though 
it be on the earth’s surface, is still more attenuated. 
This isa matter which, it must be confessed, is still veiled 
in considerable obscurity ; but, perhaps, the most rational 
explanation of cloud formation is the following :—Firstly, 
aqneous vapour is diffused, or rather absorbed, invisibly 
throughout the air. The laws of the absorption or dif- 
fusion are perfectly well known. The amount differs, as 
we have already seen, for different temperatures, being 
proportionate to the temperature. Assuming, then, that 
the upper regions of the atmosphere at any time are 
saturated with atmospheric moisture in its invisible con- 
dition, let us now contemplate the effect of cooling that 
atmosphere by any cause. It is not difficult to furnish 
reasons for these cvoling agencies; theyare numerous and 
varied—such as sudden variations of electric condition, 
sudden variations in the direction of winds. If, then, from 
any cause, the atmosphere is cooled below its capacity for 
holding vapour in the invisible form, aqueous deposition 
occurs. If this deposition take place on the earth’s sur- 
face, the result is dew ; if aloft in the air, we have acloud. 

Thus far the steps of each succeeding change are 
evident; but the remaining points of cloud-formation 
are more obscure, the circumstances of chief difficulty 
being to find an explanation of the aérial permanence of 
pes seeing that the material of which they 


the earth’s surface—consists of particles of snow or ice. 
Assuming this to be the case, it is not easy to advance the 
reason of such molecules remaining aloft im a medium so 
attenuated as is atmospheric air in a position so elevated. 

Position of Clouds —It is somewhat remarkable that 
every known form of cloud assumes more or less the 
horizontal position. Vertical clouds are very rare, and, 
if we choose to except water-spouts, not recognising 
them as clouds, perhaps we may say unknown. The 
horizontality of clouds, warrants their being spoken of 
as composed of strata; generally, indeed, these strata are 
very well defined. MM. Paytier and Hoffard have care- 
fully examined the thickness of these cloud-strata on the 
Pyrenees, and have found their average variation to be be- 
tween the limits of 3,400 and 1,600 feet. Mr. Glai- 
sher, during his balloon ascents in 1862-63, passed 
through clouds of about 8,000 feet thickness. In the 
fifth chapter of this section, the reader will find the 
observations of that meteorologist fully detailed. 

Height of Clouds.—Several meteorologists, amongst 
whom Riccioli, Wrede, Kaemtz, and Arago must be par- ° 
ticularly mentioned, have set themselves to the of 
discovering the height of clouds. ‘I'he methods by which 
these investigations were made have been various. 
Riccioli determined their height by placing two observers; 
a certain and known distance apart; Wrede by making 
use of their shadows, and then reducing the computation 
of height to the solution of a problem in trigonometry. 
Riccioli stated the maximum height of clouds to be 
25.000 feet; and Lambert gave their minimum height 
at 13,000: whilst their maximum height, according to 
the same, is from 15,000 to 20,000 feet. Gay Lussac, 
when he acquired in his balloon an elevation of 21,60) 
feet, perceived small clouds floating much above him. 
Kaemtz believed that the usual range of cumulus runs 
from 3.000 to 10,000 feet; of cirrus, from 10,000 to - 
24,000 feet ; of nimbus, or thunder-cloud, between 1,500 
and 5,000 feet. That very accurate physicist, Pouillet, 


as the result of certain experiments performed in 1840, 

states that he has proved the existence of clouds at an 

elevation from about 22,300 to 38,000 feet: and Mr. 

Glaisher, in 1862-’63 observed them at those heights. 
Fig. 49. © 


are composed is so much heavier than air. Pro- 
bably the most consistent explanation is this :— 
| Atmospheric moisture, when it changes from the 
invisible to the visible form, assumes the physical 
| condition of spheroids or vesicles—minute bubbles 
of water, in point of fact, each bubble filled with air. | 
lf these vesicles be exposed to the sun’s rays, it is ; 
evident, from consideration of known laws, that = 
they must become specifically lighter than the 
surrounding medium; and thus. atiected, they 
| would float, for the same reason that asoap-bubble 
floats whilst it is yet warm, notwithstanding that 
the air, which it contains, is heavier than the 
surrounding atmosphere. We seem, therefore, in 
a position euabling us to account for the upper part 
of cloud strata. Direoting our attention now to |= 
the lower part of these strata, it seems rational to | 
assume that the vesicles of which they are composed | 
should desvend. Probably they do so ; continuing | 
their descent until they come in contact with an 
atmosphere sufficiently warm to dissolve their aqueous 
coating, and convert their water once more into the vapor- 
ous or invisible form. Thus it may be, and most probably 
is, that a cloud, which looks permanent to the eye, is really 
exposed to the continued operation of resolution and re- 
formation : or, rather, that the two opposing causes, which 
| are here spoken of as producing active changes, balance 
| themselves, and give rise to a condition of equipoise. 
| Although it has hitherto been taken for granted that 
clouds are formed of unfrozen water, we know that such 
is not invariably the case. If the temperature of a nim- 
bus cloud sink to freezing point, or 32° F., its contents 
| freeze, and snow is the result. Many philosophers, in- 
| deed, but more especially Kaemtz, are of opinion that 
the cirrus—the cloud which soars in the highest regions, 
| frequently at an elevation not less than 30,000 feet above 
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As regards the elevation of clouds, we ne Gor at the 
conclusion, that cirrus does not descend below 2,000 or 
$000 feet; whilst nimbus occasionally descends so low 
that it approaches the earth within a few hundred feet 
of surface. The maximum mean elevation of clouds 
seems to be in low latitudes, evidently on account of the 
greater capacity of the atmosphere to absorb and dissolve 
aqueous vapour. It should here be remarked that the 
élevation of a cloud cannot be determined by reference 
to its apparent place in the sky; and, except the distance 
be known, neither can its actual size, These remarks 
are illustrated by the above diagram (Fig. 49), where 
the same cloud will be seen, at different times, under very 
different angles by the same observer, as reference to 
the angles AEC and BED will testify, whence the 
height would ditter for two difivrent statures. 
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And again, as in Fig. 50, it is demonstrated that the 
observer at A will see clouds which are quite invisible 
to another observer at B. 

Rary.—When, from any cause, cloud-vesicles aggregate 
into drops, and these drops fall, the result israin. Some 
years ago, Mr. Green, the aeronaut, stated that rain only 


fell when the cloud producing it was covered by another 
floating directly over it. This seems to be confirmed by 
Mr. Glaisher, during his balloon ascents of 1862—63. Still, 
the phenomenon of rain without clouds is well attested. 


Fig. 50. 


The amount of rain which falls is measured by ; 
pluviameter, or rain-gauge, The principles on which 
this instrument is founded are of the simplest kind. - If, 
for example, a cup or basin, of known cubic capacity 
and known orifice, be exposed so that it may receive the 
fallen drops of rain, the cup or basin would be a rough 
rain-gauge. Were it not that the collected water thus 
exposed would be continually evaporating, thus ap- 
parently diminishing the total fall of rain, no better rain- 
gauge need be desired ; but in practice it is necessary to 
provide against such evaporation; and it is usually ac- 
complished by forming an instrument of such construc- 
tion, that one part may be destined to collect the fallen 
rain, and another part to diminish, within the smallest 
limits, the amount of evaporation. In expressing the 
amount of rain which falls at any particular spot, it is 
necessary to express the height also at which the obser- 
vation is made. The annual fall of rain increases as land 
acquires elevation ; nevertheless, at one and the same 
place, the amount of rain decreases with elevation, for 
the reason that each drop of rain throughout its descent 
goes on collecting moisture, and becomes larger. Dalton 
appears to have been the first to notice this fact. He 


= 


proved, on comparing two sets of observations—one set | tral England, 1°4; in Central Germany, 1°2. 


made at the base, the other at the summit, of a high 
tower—that the amount of rain at the top to that at 
the bottom was as two to three. Similar observations 


| 


demarcated only by periods of maximum and minimum 
fall of rain. Dutch Guiana furnishes the well-known 
illustration of a country having two well-marked rainy 
seasons ; one, and that the chief, commences in April, 
and lasts till June; the other, or minor rainy season, 
commencing in the middle of December, lasts till the 
middle of February. The drops of tropical rain attain 
a magnitude never seen in the tamer showers of these 
northern regions ; their weight is so considerable, and 
the force with which they descend so great, that their 
splash or stroke leaves a smarting sensation on the 
skin. The region situated between the influence 
of the two trade winds, and commonly known as 
the region of calms, is devoid of periodic rains, 
although the fall of rain there is frequent and 
| heavy. 
| Rainless Portions of the Earth.—There are some 
localities in which rain never occurs : for example, 
| Egypt, the Desert of Sahara, the table-lands of 
|! Persia and Mongolia, the rocky flat of Arabia 
| Petrea, &c. Rain is generally the most abundant 
near mountain ranges; but there are exceptions, 
7 oue of the most remarkable of which is presented 
by the part of Spain south of the Sierra Nevada. 
Condition of Europe with regard to Rain.— 
Europe, considered in relation to the prevalence 
of rain, admits of being divided into three districts— 
the South European, the Middle European, and the 
|| Swedish. In Portugal, and the Jarger portion of 
southern and central Spain, there is an almost 
total absence of rain during summer; but north 
of the Pyrenees, rain occurs at variable times through- 
out the whole year. All the portions of Europe, 
north of the Alps and Pyrenees, are subject to the 
Middle European and the Swedish pluvial conditions. 
The characteristic of the Middle European climate, as 
regards rain, is, that the latter chiefly occurs during 
westerly winds ; whereas the Swedish climate is charac- 
terised by the prevalence of rain during both easterly 
winds and westerly winds, which bring rain to the whole 
of Central Europe, and deluge our isles with wet, leaving 
the bulk of their moisture by the mountainous Scandi- 
navian range, which separates Norway from Sweden, 
St. Petersburg and Moscow cannot be said to belong 
either to the Central or Northern European climate ; 
these places lie on the confines of both ; hence neither 
westerly nor easterly winds are there prevalent. In 
England, the maximum number of rainy days through- 
out the year occurs in Cornwall and Devonshire ; passing 
thence east.into Central Europe, the total number of 
rainy days per anrum continually declines. If we as- 
sume the annual amount of rain which falls at St. 
Petersburg to be nearly three, the corresponding annual 
amount for the West of England will be 2°1 ;* in Se 
is 
statement assumes an average of some special localities 
to have been taken into consideration: special places 
present many deviations. In describing any place as 


made at the Paris Observatory have led to similar re- | subject to rain, or rainy, distinction must be made be- 
sults. This variation between the amount of rain at | tween the actual quantity of rain per annum which falls, 


different elevations in one locality, is the more consider- 
able as the point of aérial saturation is more nearly at- 
tained ; for which reason, it is less in summer than in 
winter. The heaviest rains usually occur in the tropics, 
aud during the hot season. There the fall of rain is 
enormous, sometimes amounting to an inch per hour; 
nay, Humboldt has related, that in South America, no 
less than five inches of rain fellin one hour. In these 


islands, we can hardly say that any one season merits | 


the designation of the rainy season ; but in tropical re- 
gions, except the belt of calms, and in the sub-tropical 
regions, the separation between the dry and rainy seasons 
is well marked. In the continental portions of the tor- 
rid zone, the rainy season sets in when the summer heat 
attains its maximum, and continues during four or five 
months, the atmosphere being clear and bright through- 
out the remaining portion of the year. Near the equator 
there are two wet. seasons, sometimes separated from 
each other by a totally rainless period ; but at other times 


and the total average number of rainy days. Under- 
standing by the latter term every day on which rain, 
much or little, falls, the number of rainy days increases 
in Europe from south to north. The mean average for 
Southern Europe may be taken as 120, in Central 
Europe as 146, and in Northern Europe as 180. The 
following statement indicates the total number of rainy 
days per aunum for a few places specifically named :— 


HAG. -\¢.) vy ete 112) Ratisbon , ... 115 
Warsaw - . + 138} Rotterdam. . . . 187 
Germany, average of 150| Paris .. .. - 160 
Carlsruhe . . . . 174| Poictiers $, ye Oo 
Tagernseo . . . - 170| St. Petersburg . . 168 
Mounich) 2... 4 149 | Moscow. -« « « » 205 


Stuttgardt . ... Z 127 
Annual Distribution of Rain.—The time of year at 


* The position of our Western Coasts, in reference to the Gulf Stream, 
which washes then, must be borne in mind.—Ep. 
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which rain is most prevalent, is subject to much varia- 
tion for different countries. Throughout Central Europe 
rains are most prevalent in summer; but in Southern 
Europe the preponderance is on the side of winter rains.” 
Norway is subject to copious winter rains; whilst in 
Sweden they are almost entirely wanting. Sweden, in 
point of fact, although placed so near the sea, has 
aclimate altogether like that prevalent in continental 
regions The reason why Norway is subject to winter 
rains, and Sweden is deprived of the same, hinges upon 
the explanation already made, that western winds (which 
predominate in Scandinavia during winter) lose their 
moisture in passing over the Scandinavian range. Al- 
though summer rains are in many places rare, yet when 
they occur they are generally more copious than rains at 
any other period. ; 

Rain which falls in summer at different places, taking 
the rain which falls on a winter’s day at the correspond- 
ing place as unity—is in, 


England . . . ~hOt Se 
Western France. . - 103 
Central France shape gl ey 
Germany F . . . . 176 
St. Petersburg > ° . 217 


From which statement it appears that the prevalence of 
summer rain increases towards the east. 

Peculiarities of Rain- Water.—Fresh-falling rain-water, 
collected far from town’ or other sources of local con- 
tamination, is very nearly pure; nevertheless, modern 
chemical observation has succeeded in discovering the 
presence of many substances, in small quantities. Nitric 
acid and nitrate of ammonia are by no means unusual 
constituents ; and iodine has been frequently recognised. 
As s the sources of these and other extraneous 
bodies, much still remains to be discovered. Nitric acid 
is most probably formed in the atmosphere by the 
agency of electricity ; and the ammonia may be referable 
to exhalations from decomposing matters on the earth’s 
surface. Many of the extraneous bodies, especially salts, 
are unquestionably due to the action of winds upon 
finely-divided ocean-spray. 

Snowers of Fishes, Stones, &c.—Instances are on record 
of whole shoals of fishes, and numerous collections of 
other animals—also stones, &c.—being cast on the earth 
byshowers. At one time these phenomena were regarded 
mysteriously, and referred to occult causes. At present 
they are deprived of their mystery, and referred to the 
previous elevation of the fishes, &c., by aérial currents, 
whirlwinds, and water-spouts. 

Syow.—If the temperature of a cloud should fall at 
any time to 32° F., or lower, instead of rain the result 
is snow. Much that is beautiful and beneficent is seen 
in this divided form of frozen water. In our own tem- 
perate clime we do not comprehend, except by reflection, 
the true value of snow in the economy of nature. Its 
fall amongrs us is uncertain and exceptional ; we know 
not when it is to come, or how long it is to remain. We 
therefore make no provision for it—regard it as a con- 
dition to be tolerated—regret that it interferes with our 
locomotion—that it impedes our railway trains, and wets 
our feet, and wish it away. Nevertheless, even in these 
isles, the farmer, from experience, is not insensible to the 
value of snow. He says it keeps his winter crops warm ; 
and the thoughtless r-by, wrapped in his own self- 
conceit, laughs at him for making a statement so appa- 
rently “yee ie The philosopher, however, who is 
aware of the low heat-conducting power of snow, and 
who can appreciate the evil consequences of frost on 
bie geo indorses the farmer’s statement. 

f we would desire to recognise the full benefits of 
snow, we must direct our attention to northern climes— 
to Sweden, Russia, and Canada. There, the advent of 
snow is looked forward to as a blessing; and when it 
comes, the period of its duration admits of being pre- 
dicted with tolerable accuracy. No sooner is the ground 
covered with sufficient snow, than wheeled i 
which but yesterday were sticking up to the axletree in 
mud and wet, are put aside, and sledges supplied in their 
stead. Market-places, which, before the snow had fallen, 


were naked and unworthy, now teem with good things 
brought from hundreds of miles away. Snow has, all at 
once, laid down a far-stretching track, over which the 
sledges glide almost with the ease and velocity of a rail- 
way train. 

Form of Snow-Flakes.—In certain conditions of tem- 
perature snow falls asa pulverulent body ; in other con- 
ditions as a bers Ae mass ; but if very ca snow 
be microscopically examined before it has been broken 
up, indications of crystalline structure will be recog- 
nisable. Sometimes these crystalline snow-flakes attain 
such large dimensions, that they are qnite evident to the 
naked eye. The crystalline forms thus developed are 
numerous, but they are all referable to one crystalline 
system, the Tiombohededs or rhombohedral ; the character- 
istic of which is, that crystals belonging to it have three 
axes crossing each other at the angle of sixty d 
and one axis at right angles to these. Scoresby, who has 
minutely examined these snow-flakes describes five prin- 


Fig. 51. 


ea 


cipal forms of snow-crystals:—Ist, crystals having the 
form of thin plates, which are the most abundant ; 2nd, 
surfaces or spherical nuclei, with ramifying branches in 
different planes ; 3rd, fine points, or six-sided Barret 
4th, six-sided pyramids. The latter form is least 
frequent of all. The above diagram (Fig. 51) represents 
the gm crystalline varieties of snow-flakes. 

The Snow-Line.—Inasmuch as the upper regions of the 
atmosphere are intensely cold, there is an elevation for 
every latitude at which atmospheric moisture is changed 
into snow. ‘This elevation corresponds with what is 
termed the snow-line, At the equator, the snow-line is 
elevated from 12,000 to 15,000 feet above the sea-level. 
As we proceed towards the north, the elevation of the 
snow-line will evidently be lower. Snow does not fall on 
level ground in Europe, farther south than Central [taly; 
but in Asia and America the region extends nearer to 
the equator. Through Florence, passes the isothermal 
line of 59° F., and it may be regarded as the southern 
limit of the region, in which snow falls on level places. 
Snow does not usually fall at the time of maximum cold; 
some meteorologists say it never does—but this is an 
error. After snow has fallen, the weather generally in- 
creases in severity. We are usually in the habit of 
assuming that the total mgr sss of snow which falls, in- 
creases as we reach either pole—an assumption, how- 
ever, which is only correct within certain limits. Thus, 
taking the northern hemisphere, for instance, the fall of 
snow increases from the isothermal of 59° F., to the 
een coes of = F.,, = sree ri the town sa 

mtheim, in Norway. Passing still further north, 
quantity of snow goes on diminishing, evidently because, 
in the polar regions, the temperature of the air is too 
cold to retain much moisture, and atmospheric moisture 
must necessarily be the antecedent to either rain or snow. 

The atmospheric condition during the fall of snow, may 
vary from the limits of almost complete tranquillity, to 
the other extreme of most violent perturbations. In 
Germany, aud other countries having a corresponding 
latitude, the fall of snow is usually tranquil, except 
during the months of February and March. In high 
latitudes, snow usually occurs during violent tempest- 

ts, almost equal, sometimes, to the West Indian 
urricane, or the Chinese typhoon. In Norway, these 
storms are very frequent, also in Kamtschatka ; in which 
latter region they are called purga. aye are veritable 
thunder-storms, as is completely proved by the intense 
electrical condition of the atmosphere. On mountainous 
elevations, snow-storms are commonly prevalent, irre- 
spective of latitude. 
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Colowred Snow.—Red and green snow have been fre- 

ently described by travellers. The cause of these 
isneinacs is now aca to = peeesnee pee minute 
algee—the protococcus nivalis in the so-call snow, 
and the protococcus viridis in the green variety. 

Hart.—Frequently, cloud vesicles become aggregated 
and frozen into lumps of various sizes and shapes, some- 
times opaque, sometimes transparent, and occasionally, 
though not very often, containing neuclei of solid foreign 
matters. ically, aggregations of this kind 
constitute hail. In most parts of the world where rain 
occurs, hail is known ; but certain localities are particu- 
larly subject to hail-storms. Generally hail falls by day ; 
indeed an 5 oe prevails that hail-storms are unknown 
by night. is supposition is, however, erroneous. The 
form of hail-stones is various, though for the most part 
they assume a spherical, spheroidal, paraboloidal, or 
pyriform contour ; and still more uently they are 
rounded, flattened, or ah ing to Delcross, 
the most common form of hail is that of a three-sided 
spherical segment, resulting from the comminution of 


r spheres. 
ar “sd Namie of hail-stones at a mean latitude is, 


according to Muncke, not usually greater than one and 
a-half, or one and three-fourths of an inch, although, on 
some occasions, blocks of ice of enormous dimensions 
have fallen. For example, in 1719, there fell at Kremo, 
hail-stones weighing not less than six pounds ; and at 
Namur, in 1717, others weighing not less than eight 
*. Again, it is stated that, in 1680, masses of ice 
in the Or twelve inches thick; and in 1795, 
hail-stones fell in New Holland, from six to eight inches 
pe team two fingers thick. It is recorded, but on 
doubtful testimony, that there fell in Hungary, on May 
28th, 1802; a piece of ice three feet square by two feet 
thick, and the weight of which was 1,100 pounds. But 
even this is much exceeded by a statement that, in the 
latter part of the reign of Tippoo Saib, a lump of ice fell 
ra ot wrenlagd ag per ar The size of the 
— ver, is not mentioned. 
ith regard to foreign substances existing in hail- 
stones, are described as various. In 1755, there 
fell, in Iceland, hail-stones containing sand and volcanic 
ashes ; others which fell in Ireland, in 1821, contained a 
metallic nucleus, which proved, on analysis, to be iron 
pyrites (sulphide of iron) ; a similar phenomenon occurred 
in Siberia in the year 1824. The presence of small 
pieces of straw in hail has been frequently demonstrated. 
The hail-stones fall in summer, during thunder- 
storms. Storms of this kind are most frequent in June 
and July; se osprey mag ef August, and 
September, still more so in April and October. 
They usually occur at the close of | iods of calm, 
sultry weather. Hail-clouds are muc er ia the sky 
Soler —_ ; and are generally yer ‘ nm ae a 
iar ragged or j contour, and by their lower 
portions being dont 9 gece white streaks, the other 
portions of the cloud being inky black. Previous to the 
occurrence of hail, the barometer sinks very low ; and, 
what is unusual before rain, the thermometric column 
suffers a ing depression. The thermometer, 
during a hail-storm, has even been known to sink through 
7 Fe agevaner remem enend: dn\pe sit is. also 
indicative of speedy hail, accompanied by a darkness 
resembling that dependent on an eclipse of the sun. 
Hail-storms are very seldom of long duration, usually 
lasting a few moments only—seldom longer than a 
quarter of an hour. The rapidity with which hail-storms 
travel is very great: one which occurred in Central 
France, in 1788, travelled at the rate of forty miles an 
hour. The force of hail-stones is sometimes dangerously 
not only breaking windows and shattering tiles, 
t killing men and animals, cutting off branches of trees 
and herbage, and, in short, desolating all save the largest 
vegetable growths. The hail-storm in France of 1788, 
oe adverted to, extended perigee ences igo nares 
parishes, destroying property to the amount of 25,000,000 
of francs. ‘Although ail storms often extend very far 
in a linear direction, their breadth is usually incon- 
vou. L 


| siderable—often but a few hundred, or at most a few 
thousand feet; while the linear extension has been 
known to exceed four hundred miles. 

It has been already mentioned, that wherever rain- 
clouds rest, hail may occur; nevertheless, latitude and 
local conditions determine the frequency of the pheno- 
menon. Rain seldom occurs on the level land of tropical 
countries ; and it is rare in the extreme north. The 
hail-belt, pre-eminently so considered, is comprehended 
between 30° and 60°, and to elevations less 6,000 
feet. Even within this belt, and below the limit of 
elevation just assigned, there are certain localities where 
the occurrence of hail is a very rare phenomenon. 
Certain of the Swiss valleys may be cited as a well-known 
illustration of this remark ; more especially in the Valais 
and its allied dales. It has also been well determined 
that hail more rarely occurs at the base of mountains 
than in localities a short distance removed. Perhaps no 
country, upon the whole, is more subject than France to 
the ravages of hail-storms, and in no country are the 
effects more serious. It has been ascertained that the 
average annual number of hail-storms in France is about 
fifteen. They are Py ear oo to the vine and 
the olive, sometimes laying whole districts under desola- 
tion. Having regard to the highly excited electrical 
condition of the atmosphere, as the rule, during the 
occurrence of hail-storms, great hopes were once enter- 
tained that they might be prevented, or their ravaging 
her diminished, by means of suspended conductors. 

e idea of using such conductors appears to have been 
first s' by Guenaut de Montbeillard, in 1776 ; and 
hail-conductors have been extensively tried, but hitherto 
without any amount of practical benefit to justify their 
longer continuance. In 1820, a peculiar kind of hail- 
preventer was suggested by La Postolle, and subse- 
quently by Thollard. The instruments consisted of 
straw ropes, in which a metallic wire was interwoven, and 
suspended by means of pointed rods similar to lightning- 
conductors; but, like instruments having a similar 
object, and which preceded them, they were found to be 
unavailing. 

Mernops or DerermMIninec THE AmMouNT oF ATMO- . 
spHERIC Morsture.—Having described the numerous 
forms under which aqueous moisture may exist in the 
atmosphere, it now remains to indicate and describe 
certain instruments which have been devised by different 
experimenters for determining its amount. These 
instruments, founded on different principles, as will be 
seen, are termed hygrometers. 

It is a matter of common experience that many bodies 
are affected as regards their dimensions, more particularly 
their linear dimensions, by mutations of a 
moisture. Wood is a very common example this 
property ; more particularly a stick of wood cut trans- 
versely to the grai Founded on this property of wood, 
the late Mr. worth constructed a very ingenious 
toy, which, though not a hygrometer, inasmuch as it does 
not measure the amount of atmosphere prevalent in the 
air, is at any rate a hygroscope. It is related, that the 
somewhat eccentric philosopher, just named, once laid a 
wager that a certain toy—a wooden horse—constructed 
by himself, should, after the lapse of some time, walk 
across his room. The horse was accordingly made, and 
placed at one end of a chamber ; the door of the chamber 
was then locked, and the key deposited in safe keeping. 
In process of time the horse did indeed arrive at the 
other end of the room; and the manner in which this 
was accomplished will now be made evident, 

Underneath each hoof was a claw, long enough to stick 
into the flooring, and there take hold. The horse itself 
was made out of a piece of wood cut transversely to the 

in ; the consequence was, that when the weather was 
Sey the Jinear dimensions of his back contracted, and 
when the weather was wet his back again elongated. 
Now, bearing in mind the construction of the feet of this 
toy-horse, it is evident that these alternate contractions 
and expansions must necessarily result in a forward 
motion. 


Again, the condition of human hair illustrates the 
; 7a 
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effect of ing amounts of moisture in the atmosphere. 
Every htm that she cannot retain her hair in curl 
during wet weather, so well as when the weather is dry, 
because of the moisture present, which causes the hair 
spirals to relax and unfold. In point of fact, each hair 
contracts and elongates alternately, by every mutation of 
dryness and moisture ; so that if only the exact-ratio of 
contraction and expansion could be determined and 
applied, the meteorologist might construct a Sagan 
having for its basis of actuation, a human . The 
hair-hygrometer of Saussure takes advantage of this 
principle. the 
To construct- this hygrometer, a soft human hair is 
boiled for a short time in a solution of sulphate of soda ; 
afterwards for a few minutes in.pure water; it is then 
well washed to free it from all adhering salt, and dried in 
a shady place. Next, one extremity of the hair is 
fastened to the extremity of a little tongue, and the other 
end is wound round a small pulley having two grooves. 
The second groove is for the purpose of retaining a fila- 
ment of silk, from which a weight is suspended for the 
purpose of retaining the hair in a constant state of 
tension. To the pulley is fastened an index, traversing 
a graduated are, whenever the pulley turns in any di- 
rection by the contraction or elongation of the hair. The 
graduation of the instrument is thus effected :—It is 
placed in a receiver holding chloride of calcium or con- 
centrated oil of vitriol; the air is exhausted from the 
receiver, and the place where the index then stands is 
marked. This mark corresponds with the point of 
test dryness, or 0 of the scale. We have next to 
etermine the point of greatest saturation, which is thus 
effected :—The instrument is next placed in a receiver 
containing a dish of water ; so that as the hair elongates 
the index turns, and finally coming to rest, the point at 
which it stands is mark This mark corresponds to 
the maximum of moisture, which of course may be indi- 
cated by any number arbitrarily selected ; this number 
being usually 100. Finally, it remains to divide the 
interval between the two extremes into 100 equal parts, 
and the instrument is complete. Notwithstanding all 
the care which may be devoted to the construction of 
this instrument, it is, after all, scarcely deserving the 
name of a hygrometer—it is little better than a hygro- 
8cO 


Gecnitoniitty, certain helical vegetable fibres have been 
used as hygrometers, in a way which the accompanying 
diagram will render manifest. 

Let A (Fig. 52) represent a circular card or other flat 

Fig. 52 disc, and B a vegetable filament heli- 
wk cally coiled—it is evident that the helix 
will unravel in a damp, and tighten its 
coil in a dry, atmosphere. An instru- 
ment of this kind has been sometimes 
employed for the purpose of -deter- 
mining whether a bed be moist or dry. 
The instrument is a very good hygro- 
scope ; but, inasmuch as the coiling and 
uncoiling of the helix is most compar- 
able with equal arcs, the instrument can hardly be 
termed a hygrometer. 

We are under obligations to the ingenuity of the 
Dutch for another hygrometer, or rather hygroscope—for, 
like the instrument just described, it is not a true indi- 
cator of the quantity of moisture present in the atmo- 
sphere. The instrument is of this kind :—A piece of 
catgut is suspended from one éxtremity, and to the other, 
or lower extremity, is fixed, transversely, a little hori- 
zontal bar. On one extremity of the bar, a lady, in gay 
summer attire, is represented; on the other a man, 
dressed appropriately for a rainy day : finally, the catgut 
and its toy-appendages are surrounded with a case, hav- 
ing two openings, and in such a fashion that only one of 
the toy-images can be visible at a time. Now, it is 
evident that the fibres of the suspended catgut will 
partially untwist under the influence of moisture, and 
re-twist as the atmosphere becomes dry ; whence it fol- 
lows that the lady will appear under the latter circum- 
stances, and the man under the former. This instru- 


ment, though something more than ingeni ‘or it is 
; g' ng genious—fe 


a does not merit the dignified term of 
hygrometer. 

The Dew-point Hygrometer of Daniell.—If a wine- 
bottle be taken from its bin, it will frequently be found 
covered with moisture ; and in proportion as the air is 
saturated with moisture, so will the depression of tem- 
perature be at which this moisture begins to be deposited 
on the bottle. In this manner, if we had the means of 
regulating the temperature of the bottle at our will, de- 
pressing it at pleasure, we might ascertain the exact 
temperature at which moisture would begin to be 
sited ; and thus, noticing the variations of temperature at 
different times, we might establish and tabulate a corre- 
spondence between eac i temperature at which 
moisture was deposited, and the corresponding amount 
of moisture contained in the atmosphere. ow, the 
degree of temperature at which moisture begins to be 
deposited in this way, is called the dew-point ; and hence 
the propriety of the appellation, dew-point h 5 
which has been given to the instrument presently to be 
described. It consists of a doubly-bent, exhausted ‘rc 
tube, each end terminating in a bulb, One bulb is 
covered with a coating of thin gold or platinum foil, the 
other with a fine linen rag. The former bulb is par- 
tially filled with ether, and holds a small thermometer, 
the graduated portion of which passes up the tube. If 
ether be dropped on the second bulb, evaporation rapidly 
ensues, and the bulb is cooled, thereby condensing the 
vapour of ether which it contains, and itting a new 
evolution from the ether in the bulb. is evolution of 
ether cools the bulb, and causes dew to be deposited on 
its surface. The inclosed scale indicates the dew-point. 
The following reasoning explains how the determination 
of the dew-point can indicate the amount of aqueous 
vapour in the atmosphere. In proportion as the tempe- 
rature of the air is elevated, will it be capable of holdin 
more moisture, Hence, by cooling the air, its power 
holding moisture is diminished ; a portion of moisture, 
therefore, becomes condensed in the form of dew-vesicles. 
The greater the moisture contained in air, the more 
readily will condensation ensue for a given reduction of 
temperature. 

The dew-point hygrometer of Daniell, though a great 
advance upon the rude instruments just described, is 
attended with some imperfections, Its construction has 
been improved upon by Dobereiner and by ap areas 3 but 
the instrument, in its most perfect form, still leaves much 
to be desired. Not only does its employment necessitate 
the use of a large amount of ether ; but, what is of more 
consequence, when the weather is age? mons dry, the 
deposition only takes place with t difficulty. 
more effective instrument, though on different con- 
ditions, is that now to be described. 

The Psychrometer.—The psychrometer consists of two 
thermometers mounted on the same frame, the bulb of 
one thermometer being naked, whilst the bulb of the 
other is enveloped in muslin or other similar absorbent 


texture, from which there extends a wick-like absorbent — 


stem, terminating in a cistern of water. From a con- 
sideration of the structure of this compound eeptaimer ak 
it will be evident that the mercurial column of the 
or uncoated bulb will stand higher than the merenrial 
column of the second or wetted bulb. The reason of this 
is obvious. ‘The process of evaporation lowers the 
temperature: and it follows that, under one condition, 
and only one, can the readings of the pair of thermometers 
which constitute the psychrometer correspond—namely, 
when the a’ here is saturated with moisture, to such 
an extent that it is unable to take up more. By an exten- 
sion of this reasoning it will be now evident that the 
mercurial readings of the pair of thermometers will 
continually vary, according to the amount of dryness or 
moisture of the surrounding atmosphere. The variation, 
in point of fact, is in an inverse ratio to the amount 
moisture ; so that by means of formule we can i 
connect the indications of the psychrometer with the dew- 
point. 

Diurnal Variation of Atmospheric Moisture—The 
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amount of moisture present in air varies at different 
times of the day, There appear to be two maxima and 
two minima. e first maximum occurs about 9 4.M., 
the second at 9 ».m. ; the first minimum shortly before 
sunset, the second about 4.4.m. Popularly, the air is 
said to be most damp at sunrise ; and in the sense of dew 
or palpable moisture, the popular expression is correct ; 
but, provided the air be hot enough, we have already 
seen that it can absorb large quantities of moisture, re- 
tain it invisibly, and impart no sensation of moisture ; 
indeed, pure steam is no more wet than a pure gas. 
Monthly Variation of Atmospheric Moistwre.—The fact 
needs no comment, that all months ee the year 
are not equally moist. It appears that at London, Paris, 
Geneva, and Great St. Bernard, the absolute amount of 
vapour in these places attains its maximum in January, 
and its minimum at the end of July or the beginning of 
August ; but the relative moisture is greatest at London, 
Paris, and Geneva, in December, and least in May. 
Like the true aérial atmosphere, atmospheric aqueous 


vapour continually varies as to its amount of tension or 
elasticity. According to Dove, the amount of tension is 
less during north and south winds than during eastern 
and western winds, an observation which has also been 
confirmed by Kaemtz. Necessarily, too, the direction 
whence the wind blows must influence the quantity pre- 
sent of aérial vapour. North and north-east winds are, 
at least in these latitudes, less moist than winds blowing 
from the opposite direction. Mr. Glaisher found, during 
his balloon ascents in 1862, that the aqueous vapour 
rapidly decreased as increased elevation was attained. 
(See page 1174). 
Inasmuch as the ase sg vapour dissolved invisibly in 
air, assumes the condition of vapour whenever the air is 
cooled below the dew-point, the influence which mountain 
ranges exercise in robbing winds of their moisture and pro- 
ducing rain, will be readily evident. By an extension of 
the same reasoning, it is evident that winds which have 
reached into continents far distant from the ocean, and 
lost considerable bulks of water, must be necessarily dry. 


CHAPTER III. 
ATMOSPHERIC PHENOMENA—(Continued). 


Puenomena or Armospyertc Rerraction. — The 
amount of atmospheric refraction is due to inequality of 
the density of the air. But inequality of density, and 
therefore inequality of refractive power, may be the re- 
sult of varying amounts of expansion, referable to the 
operation of varying degrees of heat ; and thus arise what 
may be termed the abnurmal effects of atmospheric re- 
fraction. 

Every one must have noticed the peculiar, tremulous 
condition of the air in summer-time over an ignited 
brick-kiln, or near a red-hot bar of metal, or even on the 
surface of the ground, provided the weather be suffi- 
ciently hot. This tremulous ap ce is referable pri- 
marily to the expansion of the air near a hot surface, and 
immediately to the diminished refrangibility attendant 
on such expansion. These local sources of heat set up 
local currents, each being composed of air of a different 
density from that of neighbouring currents, whence each 
has a different refractive power. That which an ignited 
brick-kiln, or a glowing metal-bar, can accomplish on the 
small scale, is accomplished on a larger scale by many 
natural causes, giving rise to phenomena both striking 
and delusive. Pictures of ships and towns inverted, the 
vain semblance of lakes of water in the midst of burning 
sands where no water really exists, aérial cities, spectral 
forms of men and animals—all these, and many more— 
are the phenomena of atmospheric refraction and reflec- 
tion. 

One of the most common effects of irregular atmo- 
spheric refraction is the twinkling of the stars. This 
appearance is strictly conformable with all the teachings 
of th in reference to the laws of refraction, and is due 
to the fluctuations of variously-heated currents of air. 
When these small aérial —- et oe tem- 

tures, are numerous, weather is likely to super- 
ta hence, an explanation of the imesh aritkling 
of stars before bad weather sets in—a phenomenon which 
has been very commonly noticed. 

Extreme “ae of atmospheric phenomena are, for 
the most part, only seen in hot climates ; but there they 
are frequent. The mi is an atmospheric phenome- 
non, in part attributable to refraction, and in part to re- 
flection ; it occurs in Egypt, and gives rise to the impres- 
sion in a stranger’s mind, of a lake or tranquil expanse of 
water, though the region is only a waste of sand. The 
explanation of the phenomenon is this :—The villages 

hout Lower t are usually built on elevated 
; hence the houses are to some extent raised 


above Reecok. wire level of the earth, which level becom-. 


e 
ing in y hot, imparts heat to, the atmosphere placed 
gn contact with it, and alters the refractive power of that 


portion of atmosphere. An optical illusion now ensues 
—the lower or heated atmospheric layer assumes a trem- 
ulous appearance, like the surface of a lake, on which 
the images of the buildings of the village are seen re- 
flected, whilst the direct view of the village is still evident 
in its true position, The Egyptian mirage is so dece) 

tive, that a stranger seeing it for the first time, can hardly 
be convinced that the semblance of water is only an 
optical delusion. The term mirage is peculiar to India ; 
yet the phenomenon to which it refers is common in 
~ eat Rrpsany hot regions, especially in Central India and 

- : 


The visual inversion of obj a phenomenon not at all 
uncommon in hot places, is 'y due to refraction and 
partly to reflection—for, in point of fact, the function of 
reflection may be demonstrated to be only an extreme 
case of refraction, 

The locale is supposed to be a hot, sandy region, and a 
date-palm is the object seen inverted ; the explanation of 
which phenomenon is as follows :—The eyes of the ob- 
server being at p (Fig. 53), will first see a direct image 


of the palm-tree by rays which come straight in the direc- 
Fig. 53, 


tion of the line hp; simultaneously he will see an in- 
verted image of the palm-tree. Let us examine how this 
happens. Referring to the illustration, several parallel 
lines will be seen, cc’ c’e’”’, These are intended to deno- 
minate atmospheric layers of different amounts of density. 
Tracing the ray of light h i, let us now examine what be- 
comes of it. First, it impinges on the upper atmo- 
spheric layer, which is hotter, and consequently more 
expanded, than the next layer above; the ray h ¢ is, 
therefore, refracted from the perpendicular. Passing on 
to the next layer, it is refracted still more from the ee. 
pendicular ; and this refractive gradation is repeated on 
the ray hé until it arrives at m, at which point, the ten- 
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dency to fly from the perpendicular still remaining, this 
tendency is manifested, not under the condition of refrac- 
tion, but reflection; consequently, the ray h m is directed 
towards the eye of the observer, and, along with the 
other rays upon which a similar operation has been 
effected, gives rise to the appearance of an inverted | 
object. In order that the phenomenon should occur, 
hewever, there must be the following conditions besides 
those already mentioned :—Not only must the solar heat 
be considerable, but the air must be calm, so that the 
lower atmospheric layers may retain a density less con- 
siderable than the density of those above them. 

As, under the peculiar circumstances just mentioned, 
refraction may pass into reflection, and the reflection may 
be excited upwards from below, so may the operation be 
reversed ; in which case the inverted images of terrestrial | 
objects wil! be seen in the air. The celebrated fata mor- | 


Fig, 54. 


gana, sometimes observed on the Calabrian coast, and 
more especially at Reggio, is a celebrated example of this 
kind. At certain times, the whole city of Messina and 
its environs, are reflected downwards from an upper 
stratum of the air—thus presenting an appearance suffi- 
ciently curious, but by no means the striking and well- 
defined character which the records of early travellers 
would lead us to suppose. (See Fig. 54). 

The correlation between atmospheric refraction and 
a.mospherie reflection, and, at the same time, a rationale 
of the peculiar aérial visions which may occur in certain 
atmospheric states, is furnished by the diagram (Fig. 55), 
suggested by M. Biot. The line b tc is supposed to be 
a ray of light proceeding from b, passing thence dowr- 
wards to the point t, wherice it is reflected to the ob- 
server's eye at c. Now the optical conditions of this 
arrangement are such, that any rays proceeding from b 
below the ray b t ¢ represented, would be invisible to the 
observer at c, whilst two images will be seen of all objects 
above this line. Supposing the object in question to be 
a man—guppose, further, the man to be walking from 
the observer, he would be presented to the latter under 
the successive forms seen in Fig. 55. 

Fig, 55. 
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In these atmospheric optical delusions, involving the 
appearance of two images, one of them inverted, both 


natural and inverted images have occupied a horizontal | 


lane. Occasionally, however, the reduplication of 
image has been projected on vertical planes, of which 
phenomenon the following is an example. On Juno 
17th, 1820, whilst MM. Soret and Turine were in the 
second storey of a house on the lake of Geneva, they 


_ looked towards a ship two miles off, and making for the 


harbour. Immediately the vessel in question arrived at 
q (Fig. 56), she appeared reduplicated on a vertical plane ; 
when she came to r the reduplication still continued, 
but the second image was further removed than before. 

and both were distorted ; lastly, when the vessel arrived 
at the point s, the reduplicated image had receded to a 
distance still farther away, and both im though dis- 
torted, presented an appearance of distortion very 
different from before’; they were apparently drawn eee 
elongated both as to the hull and rigging, as represen 

in the diagram (Fig. 56). The following is the ex- 
planation of the phenomenon, as sug- 
gested by the two observers above- 
mentioned ; and there seems no reason 
to doubt its correctness. 

The letters, ABC, represent an 
outline of the eastern bank of the 
lake of Geneva; the air over that 
bank had, at the time of observation, 
been long under the shadow thrown 
upon it by the mountains of Savoy, 
. whilst, contemporaneously, the western 

bank had been strongly heated by the 
sin ; hence, from the conjoint opera- 
tion of these two causes, there were 
two vertical layers of atmosphere of 
different temperature, and consequent- 
= ly of different densities; hence, they 
E were of two different refractive and re- 
flective powers. 

All that is necessary to determine 
aérial reflections, is a sufficient differ- 
B= ence between the temperatures of any 

> two adjacent atmospheric layers. In 
the instance already mentioned, this 

(difference had been oceasioned by por- 
t.ons of the ground being hotter dian 
the strata of air ‘with which they were 
in contiguity. The reverse of these 
conditions may, however, obtain, and fantastic atmo- 
spheric delusions may be the result. This latter case 
generally presents itself at sea, and by no means ex- 


clusively in warm localities. Thus, for instance, it is 
Fig. 56, 


prevalent enough in the Northern Ocean. Sometimes 
the atmospheric delusion has merely the effect of pro- 
longing the appearance of an object really below the 
horizon; sometimes not only is the appearance pro- 
longed, but the body is seen double. hatever the 
appearance, the atmospheric delusions now under con- 


| sideration are usually seen near the horizon—a position 


where the optical powers of the atmosphere attain their 
greatest intensity (Fig. 57). ’ 

Tur Ratrpown ihe most beautiful of all luminous 
meteorologie phenomena is the rainbow, which results 
from the decomposition of light by refraction through 
drops of rain, and subsequent reflection. Rainbows are 
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of two classes, solar and lunar ; the latter, however, are | prismatic colours ; 2° therefore is about the breadth of 
rare ; and even when they do occur, the bow is seldom | the rainbow. 
coloured. Fig. 58, 


Fig. 57. 


The colours of the rainbow are partly due to refraction 
and partly to reflection, as has been observed. The 
first effect of light on the drops of rain is refraction, by 
the operation of which, white light arrives at the pos- 
terior side of each drop, and is decomposed or dissected 
into the primitive colours of which it is composed. At 
the posterior aspect of each drop of rain the dissected 
colours are reflected unto the eye, and a coloured image 
is presented. 

Such is an explanation of the theory of the primary 
rainbow—besides which, the surrounding rainbow re- 
a to be noticed. The secondary rainbow is outside 
the primary, and is larger than it, but also much fainter. 
1} Its angular position is defined by the limits 50° 59’ and 
Wy/ at 54° 9’, meas::red with reference to the axis Ax. The 
| PAG Ja ‘il secondary rainbow has all the colours of the primary, 
Ui wisi but less completely defined, and in a reverse order. Its 

IAA existence may be explained by the statement that it is 
the result of light twice decomposed, whereas the true 

The chief conditions under which a solar rainbow may | rainbow is the result of light only once decomposed, 
occur, are the following :—The sun must not have less | The secondary rainbow, then, is produced by drops of 
than 42° of angular elevation ; the back of the spectator | water very far off. 
must be towards the sun, and rain must be falling from Inasmuch as any angular elevation of the sun above 
a highly illuminated cloud. The rainbow is usually | 45° is incompatible with the existence of a rainbow, it is 
double, and the theory of its formation may be thus ex- | evident that this beautiful meteor can never occur in 
on Let it be assumed that a straight line passes | the south. It may occur, however, either in the east, 

rom the eye of the observer through the sun; then this | west, or north. 

line will constitute the axis of a cone, the base of which As concerns Junar rainbows, they are, as we have before 
will be the rainbow, and its vertex the eye of the | remarked, exceedingly rare, and are very seldom coloured. 
observer. If the bow be at the horizon, and the place of | Nevertheless, in northern latitudes, where the moon 
observation be a level plain, then the rainbow will appear | shines with a brilliancy unknown to us, coloured lunar 
as a perfect circle constituting the base of the .cone, | rainbows are occasionally seen. 

This complete circular appearance is, however, rare, the Hatos anpD Parnetia.—These meteoric phenomena 
rainbow being far more generally, as its name implies, a | are far more rare with us than in more northern lati- 
mere are of coloured light. The explanation is now | tudes, where they are continuously visible for long 
evident of the fact that the rainbow cannot appear when | periods of time, and give rise to phenomena of extra- 
the sun has attained an elevation greater than 45°. The | ordinary beauty. The term halo is applied to a luminous 
rainbow, though still depicted, is depicted below the | circle occasionally seen around luminous bodies, more 
horizon, and is, therefore, invisible. it follows, then, | particularly the sun and moon, and is partly due to the 
that the size of the visible rainbow is inversely as the | refraction of light by vaporous water, sometimes in the 
elevation of the sun above the horizon. form of true clouds, sometimes not; and partly to the 

The following diagram (Fig. 58) illustrates the forma- | properties of light termed diffraction and interference. 
tion of the rainbow. The straight line A P is supposed | As respects diffraction, the circumstance has been already 
to be drawn between the sun and the eye of the observer, | announce¢, that when light passes through a’ minute 
passing through the latter. Through this line a vertical | orifice—such, for example, as a small aperture punctured 
plane is supposed to be drawn. If the line Ax be drawn | in a card—the edges of such light bend: this is termed 
through A so that the angle P Az shall amount to 42°, | diffraction. The term, interference of light, is used to 
the rain-drops will reflect coloured drops to the eye. | explain the phenomena of colour, or alterations of 
Assuming the line A x to rotate, a cone will evidently | luminous condition generally, which result from the 
be generated, part of which, lying below the horizon, | assumed jarring impact of luminous waves meeting in 


>? 
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will be invisible. It is the surface of the céne thus | different phases of their vibration.* 

generated which is the reflecting surface, and to which, | Solar halos frequently exist, though unnoticed ; the 
therefore, the rainbow is due. Inasmuch as every | sun’s light being so powerful that the eye of the observer 
colour has a refractive quality peculiar to itself, each | cannot withstand its impressions. By the aid of a sheet 
drop only represents one tint to the eye. Anarchaving| . <.. yy ; Light's articles, « tek 
the breadth of about 2° is sufficient to include all the \* Diffraction neo FRE Se, Sen as ae en 
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of glass rendered dull by smoke, these halos are fre- 
quently rendered visible (Fig. 59). 


Although halos, and also the phenomena next to be 
described, are referable to the action of atmospheric 
moisture on luminous rays, yet it is evident that the 
condition of that moisture will vary according to tem- 
perature; in other words, the aérial moisture which 
would be mere cloud-vesicles at temperatures above the 
freezing-point, would, if depressed below 32° F,, be con- 
verted into snow, or spicule of ice. The alteration 
which these are capable of effecting on luminous rays 
being far greater than mere uncongealed vesicular water 
can effect, the resulting optical phenomena are far more 


the phenomena of halos and parhelia—as ares of light 
appearing near the sun, and sometimes intersecting each 
other, are called—are brilliant and impressive beyond 
anything which corresponding phenomena occurring in 
this region would lead us to conceive, These luminous 
ares, sometimes intersecting each other, are as often 
oceasioned by the moon as by the sun. As the phe- 
nomena in question, when referable to the latter cause, 
are demonstrated parhelia, so, when dependent on the 
former cause, they are termed paraselene. 

Frequently parhelia and paraselene consist, not only of 
the intersecting arcs just mentioned, but of circular 
luminous meteors, to which the term mock suns are espe- 
cially applicable. Associated with parhelia, and some- 
times included under the same name, is a luminous band, 
passing horizontally through the sun, and not unfre- 
quently making a cireuit of the whole heavens. Where 
this luminous band and the inner parhelion cross, a 
mock sun usually appears, as represented in the following 
diagram (Fig €0). ' 

AURORA eeatsy sisi has already been indicated, in 
the section on Electricity, that various circumstances 
materially operate to produce the condition termed elec- 
trical. By far the best-studied of atmospherical electri- 
cal phenomena are thunder-storms; but it is an error to 
suppose that the atmosphere contains, at the time of a 
thunder-storm, its maximum of electricity ; the experi- 
ments of Faraday have sufficiently made out this point. 

Reserving the consideration of thunder-storms for the 
present, we shall introduce here the subject of electrical 
phenomena by a description of the aurora borealis—a 
phenomenon sometimes said to be magnetic, inasmuch 
as the magnetic needle is strongly affected during ita pre- 
valence, but which, nevertheless, seems more naturally to 
belong to electricity, 

The term aurora borealis, or northern light, is applied 
when the phenomenon presently to be described occurs 
in the north; and the term aurora australis is applied 


brilliant and remarkable. Hence, in northern latitudes, | 


when it occurs in the south, But the former has .been 

seen as far south as 45° of southern latitude, and the 

. latter has, more than once, been visible: 

in Britain. Nevertheless, the t -autiful 

henomena of northern and svuthern 

ights are most prevalent towards the 
north and south poles respectively. 

Northern and southern lights, when 
in their greatest perfection, consist of a 
well-defined arc of white light, and 
luminous streams of coloured light flow- 
ing therefrom. The are is not permanent, 
as in the rainbow, but bends and twists 
in all directions like a ribbon agitated 
by the wind, The intensity of the 
aurora varies within extensive limits : 
when faint, the light is only recog- 
nisable at night by careful examination ; 
but when highly developed, the aurora 
borealis, or australis, can be seen during 
broad sunshine. 

These phenomena may occur at any 
season, but ny oe most prevalent in 
the months of March, September, and 
October, or about the period of the 
equinoxes. The aurora borealis and aus- 
tralis are sometimes said to be tic 
storms; a more reasonable fo ion 
is required for the remark than is supplied 
by the turl ulent agitations of the magnetic need» with 
Fig. 60. 


: —— 
which they are attended; but we have already seen that 
che functions of magnetism and electricity are so nearly 
connected, that it is impos- 
Fig. 61. sible in some cases to di 
Se tingnish between the two. 

There is a very common 
electrical experiment which 
furnishes an artificial phe- 
nomenon very nearly re- 
sembling the northern and 
southern light, in all re- 
spects except in the om oi 
of the illuminated y, 

which is a luminous are. 
The experiment consists 
in exhausting, by means of 
an air-pump, all the air out 
of a glass tube furnished 
with a metallic point at 
each end, looking inter- 
nally, and placed in the elee- 
tric current, as represented 
in Fig. 61. When a stream 
of electricity, of adequate 
intensity, is passed through 
the appecene from + to—, 
the whole interior of the 
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tube becomes illuminated with flashes of light, very 
similar in appearance to the flashes of the aurora. 

The phenomenon of the aurora borealis was noticed by 
Aristotle and Pliny, although neither philosopher could 
have seen it to advantage. Gassendi first originated the 
term aurora borealis, to indicate the phenomena of this 
kind observed by him on September 12th, 1621. These 
phenomena appear to be subject to some laws of secular 
variation not yet understood. That they have appeared 
in certain years, and certain groups of years more than 
others, is certain. According to De Mairan, twenty-six 
occurred between a.p. 583 and 1354; thirty-four between 
1446 and 1560; sixty-nine between 1561 and 1592; 
seventy between 1593 and 1633; thirty-four between 
1634 and 1684; two hundred and nineteen between 
1685 and 1721; nine hundred and sixty-one between 
1722 and 1745; and twenty-eight between 1746 and 
1751. 

After 1790, auroras became unfieyuent, but since 
1825 they have been on the increase. A very remark- 
able aurora borealis occurred in the 
autumn of 1847: it was conspicuous 
not only in England, but even so far 
south as Italy and Spain (See Fig. 
62). 

Height of the Aurora.—As a proof 
of the doubt which exists concerning 
the height of the aurora, they have 
been variously estimated from 3,000 
or 4,000 feet to several miles. The , 
probability is, that the conditions 
on which the aurora depends vary in 
the altitude of their operation; but 
the truth is, that, notwithstanding the 
electrician, by his artificialexperiments, 
can imitate the light of the aurora bo- 
realis and australis—notwithstanding 
the prevalence of the phenomena in = 
question near the magnetic poles, seems = 
to point to magnetic agency as the 
cause—our real knowledge concerning 
the aurora borealis and australis is 
very slight. \\ 

It may be as well here to present 
the reader with a summary of the 
various opinions which have prevailed 
at different times relative to the 
phenomenon in question. Many early writers referred 
the appearances presented to mere optical causes, 
considering them to be due to the reflection of the 
sun’s light thrown upwards by a mirror of snow 


and ice, and a subsequent reflection downwards 
by atmospheric agencies. De Mairan, the observer who, 
perhaps more than any one else, is entitled to be con- 


sidered the chronicler par excellence of the phenomena 
of the aurora, attributed them to the penetration of our 
planet at certain periods into the solar atmosphere. On 
this supposition it will be remarked, that the solar at- 
mosphere must be assumed to extend to the orbit of our 
planet, an hypothesis totally irreconcilable with the 
teachings of optics and astronomy. The celebrated 


Fig. 63, 


have offered a most crude and improbable theory ex- 
planatory of the aurora. Adopting the molecular theory 
of light, he assumed that the solar rays, striking against 
the particles of our atmosphere, actually carried particles 
of the latter up into the heavens to a height of more 
than four thousand miles—the height at which Euler be- 
lieved auroras to exist. Some philosophers, of whom 
Volta may be regarded the Corypheus, adopted a 
chemical theory of auroras, referring them to the igni- 
tion of hydrogen spontaneously generated on the 
earth, and rising, by its light specific gravity, to the 
higher atmospheric regions. It was assumed by these 
philosophers that the evolution in question took place in 
the tropical regions chiefly, and that it was wafted by 
the upper current of air—treated of in connection with 
the trade wind—to the north and south poles respec- 
tively. 

Halley was the first, we believe, who suggested that 
the phenomena of aurora borealis and australis might be 
due to the passage of magnetism from one magnetic 


Fig. 62. 


pole to the other; and the theory of Halley is so far re- 
tained, that the aurora is assumed to be in some way 
connected with electricity and magnetism, but in what 
manner is beyond the competence of observers to decide. 

Ox THe Poenomena oF THUNDER AND LIGHTNING. 
—Perhaps no meteorologic phenomena are now so well 
understood as these; though, before electrical science 
had been studied by the philosophers of the last cen- 
tury, and the crowning experiment of Franklin per- 
formed, the phenomena of thunder and lightning were 
so mysterious, that even philosophers were content to 
refer them to the operation of an occult cause. 

The intimate study of electrical science opens a field 
of somewhat abstruse matters for consideratidn; the 
field is far too wide and too abstruse 
to be dealt with satisfactorily here. 
Tn the section on Electricity it has 
been treated in detail ; and to this we 
must refer the reader who desires to 
know more on this subject than strict- 
ly belongs to the necessities of what 
we may term practical meteorology. 

With this explanation we shall not 
hesitate toadopt the term electric fluid, 
although the reader has already been 
made aware that no such fluid is 
at all likely to exist. Let us now 
contemplate the phenomenon of that 
electrical excitation, the solution 
of which is lightning, under the 


Euler, the philosopher who could deal so satisfactorily | simplest conditions that the phenomenon can assume, 
with the abstractions of number and quantity, seems to | Let A and B (Fig. 63) represent two clouds, which, 


, assumed that the cloud A becomes 


| to some natural cause unn 


_ gous to the discharge of a Leyden jar. 


1152 


METEOROLOGY. 


' {LicHTNING, ETO, 


being made up of watery vesicles, are electrical 
conductors ; — being surrounded by the atmosphere 
on all sides, are necessarily insulated. “For the sake of 
our illustration, it will now suffice to assume that neither 
of the clouds here represented is electrically excited at 
this period of the description, and hence that the marks 
+ and —are for the present misplaced. Let it now be 
itively electrified, 
—that is to say, charged with positive electricity, owin 
here to explain ; an 
let the results of this condition be traced out. Firstly, 
there is not in all nature, and there canot be, such a 
condition as that of independent electric excitation ; in 
other words, there cannot be one stag geet | excited 
without the co-existence of another y negatively ex- 
cited. Hence, if clond B were away, and cloud A posi- 
tively excited, the air circumadjacent to A would assume 
the second or negative function; but if the cloud B is 
present, it therefore becomes negative, and the two 
clouds A and B are mutually attracted, because oppagite 
electricities attract each other. Hence, they approach 
until the space of air, between the two, is insufficient to 
restrain their mutual electric tension: this condition 
having arrived, a discharge takes place, precisely analo- 
Under the pos- 
tulates of our experiment, the discharge, or Hentnlog 
flash, takes place between the two clouds A and B, 

It follows, however, from the consideration of known 


| electrical laws, that just as the two oppositely electrified 


bodies may be two clouds, as assumed, so also may they 
be one cloud, and the surface of earth or water, or con- 
ductors placed upon either one or the other; under 
which conditions a downward discharge will take place ; 
and generally, electricity will always take the nearest 
path between any two bodies oppositely charged, the 
conducting facilities being equal. 
Licutntnc-Conpuctors.—It is almost unnecessary, in 
these days, to announce that Franklin, in the year 1752, 
first demonstrated the nature of lightning by drawing 


’ electric sparks from the string of a kite, mieten 


caused to ascend into the region of a thunder-cloud. 
This experiment performed, the connection between 
lightning and electricity could no longer be doubted, and 
a means of drawing off a surcharge of the electric fluid 
by lightning-conductors was immediately suggested. 
The most important instruments were not adop how- 
ever, until after numerous and varied conflicts. Firstly, 
the argument was adduced by some, that lightning con- 
ductors could not be adopted without impiety, being in- 
tended to contravene the will of Providence. An argu- 
inent so fallacious was no sooner abandoned than light- 
ning-conductors were exposed to another ordeal, founded 


| on an erroneous practical estimation of a truth in theo- 


retical electricity. We allude, as the electrician will 
perceive, to the contest between the advocates of spheri- 
cal, and of pointed, terminations for electrical con- 
ductors. 

Now, regarding the question of points or spheres 
abstractedly, it is easy to see that preference should be 
given to the former, inasmuch as points draw off and 
give issue to the electric fluid in silence ; whereas spheres 
draw off and give issue to electricity in sparks ; but, in- 
asmuch as the largest spherical termination ever used, 
or ever likely to be used, for the upper extremity of a 
lightning-conduetor, is virtually a point in comparison 


| with the enormous surface of the smallest thunder-cloud, 
| the dispute, though violent and prolonged, never had 
_ the practical significance which was at one time taken 


for ——_ 

The history of lightning-conductors furnishes a remark- 
able illustration of the difference between the mere know- 
ledge of a fact, and the confidence or conviction resulting 


from that knowledge, and justifying its practical appli- |. 


cation. The whole theory of lightning-conductors was 
almost as well known half a ceutury ayo as now; yet it 
is only within the last few years, and owing to the un- 
flagying perseverance of Sir W. Snow Harris, that due 
effect has been given to the theory, and lightning-rods 
have been fearlessly applied. 


electric connection between its external and its internal 
coating be completed by three linear substances of equal 
length—say, for example, silk, wire, and linen thread— 
thiu wire, being the best electrical conductor of the three, 
will transmit the whole of the electricity, to the exclusion 
of the silk and the linen thread. It is assumed, how- 
ever, in the performance of this experiment, that the 
oe is sufficiently large to convey the whole electric dis- 


arge. 

(2.) Provided the Conductor be good, and its Sectional 
Area adequate, the Electric Fluid or Discharge is conveyed 
harmlessly away.—No point in the whole of electrical 


hich is of glass, aa 
_ which is o 
therefore Baie ds 
ductor of electricity. 
Those who are con- 
versant with the 
- form and construc- 
7 tion of the discharger, 
are aware that its two terminal balls admit of being un- 
screwed. Assuming one of the balls, viz. the u 
one in the diagram, to have been unscrewed, the li 
rated brass stem to be passed through a marroon, or box, 
holding gunpowder, and the ball to have been again re- 
placed, the conditions will have been fulfilled which the 
diagram represents. It is evident that the Leyden jar, 
as represented, will be discharged. It is, moreover, 
evident that the whole of the charge will be transmitted 
through the gunpowder contained in the marroon, yet 
that gunpowder will not inflame. If, however, instead 
of the conditions of the last experiment, a very fine 
metal wire (a steel wire by preference) be passed through 
the marroon, or rather through some combinations of ex- 
plosive materials less potent than a marroon, which 
would now be dangerous, and electricity transmitted as 
before, the wire, not presenting a sufficient amount 
of transverse area of Fig. 65. 
surface to convey 
the electricity, would 
melt, and the explo- 
sive compound be in- 
flamed. 

(3.) Lateral Dis- 
charge must be = 
vided against.—The 
meaning of lateral 
discharge will be illus- 
trated by the following 
experiment :—The dia- 
gram (Fig. 65) repre- 
sents, as before, a 
Leyden jar ready 

for being . 
discharged through a 
metallic wire, - one 


end of which has ——_— 

already been brought into contact with the outside of 
the jar, while the other end can be brought into 
contact with the knob communicating directly with the 


- 


‘column, it has only one. Perha 


‘ 
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inside of the jar. The hand is represented in the act 
of holding a glass rod, around which one end of the wire 
is coiled, and the extremity of the wire is finished off 
with a ball. All these seg ements, os Cap aig <a 
will perceive, are necessary for giving e e 
efficient discharge of the Leyden jar through the 
conducting wire. The chief point for observation, 
however, is the bend of the wire, by means of which 
one part is caused very closely to approach another 
part, as represented at ab. Now, it is possible by 
choosing a wire sufficiently small, and causing the two 
bands to pass sufficiently near, to determine the passage 
of an electrical spark from a to b, instead of proceeding 


through the entire length of the wire, from the internal 


to the external coating of the jar. . This is what electri- 
cians call the lateral discharge, and it requires to be stu- 
diously ed against in the construction and arrange- 
ment of lightning-conductors. 
Application of the foregoing Deductions.—Perhaps the 
deductions already arrived at, will suffice for practical 
i in the matter of lightning-rods, though these 
uctions by no means exhaust the science of the sub- 
ject. The fact may be considered as proved, that all 
ies, even the most dangerous and inflammable—all 
edifices, all living beings, may be shielded from the evil 
consequences of lightning, by the safeguard of lightning- 
conductors. The conductors, however, must present a 
suflicient external area; and the point has been made 
out by numerous trials, that a copper rod, a square inch 
in sectional diameter, will convey away the utmost fury 
of the most highly-charged thunder-cloud ever proved to 
exist. Copper is one of the best electrical conductors 
amongst metals; but, by providing a sufficiently increas- 
ing sectional area to compensate for inferior conducting 
power, any metal may be made to perform the function 
of Pk Whatever be the conductor, its upper extre- 
mity should project considerably above the ce to be 
protected ; and if pointed theoretically, all the better ; 
though, practically, the bluntest termination could be 
only as a point by —— with the enormous mass 
of a thunder-cloud. Far from preventing contact be- 
tween the building to be pro and the conductor, as 
is sometimes done by the interposition of glass or earthen- 
ware guards, a lightning-conductor cannot be brought 
into too intimate metallic connection with every part of 


the edifice to be protected. The conductor should 


branch and ramify over the surface of the building, and 
should be brought into contact with every important 
system of metal line work, such as the iron pipe which 
frequently runs down the side of a wall ; finally, the con- 
ductor should, at its lower extremity, be brought into 
contact as efficiently as possible with some good electric 
conductor, such as the system of gas or water-pipes 
which ruv underneath most houses, especially under the 
streets of most civilised towns. As the number 
of conductors necessary to be supplied to one building, 
that will depend on the shape of the building, whether it 
be composed of many elevations, or whether, like a 
the best practical 
testimony on this point is gleaned from the fact, that in 
a ship having three masts, one of which only was pro- 
pore | by a lightning-conductor, the unprotected masts 
have been shattered by the effects of a thunder-storm, 
while the other remained untouched. If a column be 
surmounted by a metallic statue, it is worse than useless 
to disfigure the head of the statue by a projecting me- 
tallic spike as the beginning of a lightning-conductor ; 
nothing more is requisite, in this case, than to provide 
sufficient metallic conduction for the electricity down- 
wards into the ground. Lightning-conductors, it should 
be remembered, do not, as they are commonly said to do, 
attract electricity. They no more attract electricity, 
than a gutter attracts water. They merely open a 
channel for electricity to pass through, Before the 
demonstrations of Sir William Snow Harris had taken 
effect, marine lightning-conductors were something more 
dangerous than lightning itself: consisting merely of 
chains, which were only elevated aloft after the thunder- 
storm had come on. Marine lightning-conduztors are 
VOL. I. 


now fixtures on the masts; they are made of copper, 
running band-like down the mast, and imbedded in the 
latter in such a manner, that, whether the masts be ele- 
vated or lowered, perfect metallic contact, between any 
two pair of masts, remains uninterrupted. : 

Recative Prevatence or THuUNDER-sTORMS.—The 
phenomena of .thunder and lightning are nowhere so 
violent or so frequent as in the so-called region of calms ; 
but they are very prevalent throughout the torrid zone, 
more especially during the rainy season. Thunder and 
lightning are almost always absent in the polar regions ; 
and even at a spot no farther north than Bergen, in 
Norway, the annual number of thunder-storms does not 
average more than six. As the rule, thunder-storms 
chiefly occur in hot weather, winter thunder-storms 
being comparatively rare. Iceland and the western 
coast of North America, however, are remarkable for the 
predominance of thunder-storms in winter. In Sweden, 
winter thunder-storms are almost unknown; thus fur- 
nishing another example of the circumstance already 
noted, that the Scandinavian range of mountains effects 
a remarkable difference between the general climate of 
Sweden and Norway, though the two, geographically 
considered, are so close ther. 

Arroutes—Snoorine Stars—Mereorio Stongs.*+— 
The beautiful phenomenon of shooting stars is common 
enough ; but at certain periods it is peculiarly remark- 
able, the whole sky being filled with these fleeting me- 
teors. The beginning of August and the beginning of 
November are noticeable for their connection with shoot- 
ing stars ; more especially have they been recorded be- 
tween the 9th and 14th of August. The bouquet of 
shooting stars, observed at this period in North America, 
has been sometimes called the Shower of St. Law- 
rence. 

For our knowledge respecting the periodicity of the 
phenomenon of falling stars, we are indebted to Quet- 
elet, Besenberg, and others; but Muschenbroek, so lon 
back as 1762, first directed attention to the so-call 
Shower of St. Lawrence. In addition to the August and 
November phenomena of the kind under consideration, 
other periods have been noticed—for instance, in April, 
and from the 6th to the 12th of December ; but these 
bouquets of shooting stars, which thus occur, are less con- 
siderable and less regular than the former. Besides 
these showers, the periodicity of which is well attested, 
single meteors of this kind are frequently noticed, and 
they occur at all seasons ; therefore, whatever may be 
the cause of shooting stars, it must be regarded as con- 
tinuously operating. 

Sometimes the luminous meteor attains a large magni- 
tude; observers then speak of it as a fire-ball. The 
identity of shooting stars and fire-balls is now well estab- 
lished, though formerly they were treated of as dis- 
tinct. Fire-balls are sometimes seen alone, but more 

uently in connection with shooting stars. Their 
light and their bulk are uently so considerable, that 
they can be seen in broad daylight. Their velocity 
through the heavens, or rather through the upper layers 
of our atmosphere, is various ; but it generally exceeds 
that of the earth. As regards the nature of shooting 
stars, we have only theory and analogy for our guidance; 
but our knowledge of fire-balls is far more accurate, and 
there seems no reason to doubt that they quite illustrate 
the nature of falling stars. Numerous fire-balls dart 
through our atmosphere, become luminous, and. disap- 
pear, no one knows whither. Others, though passi 
near to our atmosphere, fail to enter it, and therefore 
are not rendered visible. A third division not only come 
within our atmosphere, shine, and burst with a loud 
report, but they fall; yet, falling either into the sea or 
upon an ron spot of land, the locality of their 
fall remains unknown. Whilst a fourth division of fire- 
balls may be seen to fall, be dug out, and examined. 

Masses of this kind are termed aérolites, and their 
connection with fire-balls has been placed beyond all 
doubt. Fire-balls have been seen to fall, and aérolites 


* Further remarks on this subject will be found in Chapter V., at the 
end of this section. ¥ 
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have been extracted from the place whereon they have | When the utmost powers of a refined chemi 


fallen. Nevertheless, some aérolites have fallen upon 
the earth without the assumption of a previous appear- 
ance of luminosity. Cases, though rare, are well attested 
of an aérolite suddenly falling from a small cloud, 
attended with a noise ceeeabliang the discharge of 
cannon ; others, again, 
the clear air, not the 
visible at the time.* 
Testimony concerning showers of stars and the fall 
of aérolites has béen handed down to us from all 
periods ; 


have 
been applied to the analysis of atmospheric constituents 
and conditions, much still remains to be unveiled. 


| There are atmospheric causes, whatever they may be, of 


have fallen silently, and out of | 
slightest trace of cloud being | agencies under the general expression occult emanations. 


epidemic and endemic diseases, and perhaps other 
agencies which our philosophy little suspects or dreams 
of. We have ventured to include these undetermined 


It is not difficult to point out objections to this designa- 
tion in some of its applications. Perhaps it is not 
strictly philosophical to speak of emanations thus hypo- 


but it is only since the time of Chladni that ‘ thetically ; perhaps this may be only a repetition of the 


the occurrence of these phenomena has been placed | error of assuming the existence of an electric fluid; 


beyond doubt. 

Amongst the best-attested examples of the fall of 
aérolites are the following :—On the 16th of June, 1794, a 
shower of stars fell at Sienna; and in the following 
year, December 13, an aérolite, weighing no less than 
fifty-six pounds, fell in England. Three years after- 
wards, and, remarkably enough, also on December 18th, 


a fire-ball split up and discharged round stones. <A very | 


large shower of stones fell April 26th, 1803, near Aigle, 
in France; the occurrence is particularly interesting 
on account of its having been noticed and verified by 
M. Biot. Ten such meteoric showers were observed in 
France in twenty-six years—i.e., between 1790 and 
1815. The meteoric shower at Aigle in 1803, which 

ured its contents over a surface of two-and-a-half 

‘rench miles long, by one in breadth, consisted of 

2,000 fragments of different sizes, some weighing not 
more than two drachms, others near twenty pounds. 
Aérolites are sometimes much larger than this ; one fell 
at Agram on the 26th of May, 1751, weighing seventy- 
one pounds; but the largest known aérolite fell in 
Mexico, and weighed between 30,000 and 40,000 
pounds. 

As to shape, aérolites are generally prismatic, or 
angular—rarely smooth ; and almost always sheathed in 
a crust of pitchy blackness. Their specific gravity is 
various, some being: sufficiently porous to absorb water 
with rapidity, others being dense and metallic. Looking 
at the specific gravity of aérolites in the aggregate, it 
may be said to vary between 1-94 to 4:28, presenting 
a mean of about 3-5. All the heavier varieties of aérolites 
are made up of iron, holding a little nickel; traces also 
of cobalt, manganese, chromium, copper, arsenic, tin, 
and other well-known elementary bodies, are found. 

Onicin oF Fime-Batts anp Snoorina Srars.—Va- 
rious opinions have been advanced to account for these 
bodies. One of the earliest, if not the very earliest, of 
these hypotheses, originated in 1660, and assumed fallen 
aérolites to be mineral masses originally projected from 
lunar volcanoes ; and calculations were made, having 
for their object to demonstrate what voleanie force 
might be sufficient to project aérolites of a given mass 
into the sphere of attraction of the earth’s atmosphere. 
Unfortunately for the probability of this theory, the 
moon’s surface appears to be altogether devoid of active 
volcanoes. Then followed the chemical hypotheses, 
according to which it was assumed that aérolites were 
nothing more than aggregations of metallic vapours, 
which had risen to the upper region of the atmosphere, 
aggregated there, and fallen. The opinion of Chladni is 
now, however, generally received ; he regards aérolites 
to be of cosmical origin—to be so many planets, or 
planetary fragments, which revolve in orbits of their 
own, variously inclined to the orbit of the earth ; ‘that 
our — encounters periodic shoals of these little 
worlds, some of which, becoming entangled in the earth’s 
et eo system, pass into our atmosphere, become 
1eated by friction against its particles, and ultimately 
fall to the ground, Although the discovery of aérolites 
is comparatively rare, the meteors, of which they are the 
final result, are by no means so. It has been calculated 
that the average annual fall of aérolites is not less than 
700, or about two daily. 

Mereonotocic Rxesuur or Occurr Emanations.— 


* A large collection of these curious substances may be seen in the 
Britieh Muscum.—Ep. 


perhaps the number of influences due to allotropism 
and to polarity is greater than we imagine ; but, at any 
rate, the term ‘occult emanations” may be as 
a rallying-point for a certain class of facts, until the 
time arrives when their true significance shall be correctly 
made out. 

Without invoking the hypotheses of allotropism and 
polarity, there are undoubtedly some atmospheric agencies 
to which the expression occult emanations is applicable, 
and concerning which, the only thing occult about them 
is the insufficiency of ordinary chemical examinations to 
demonstrate their existence, though that existence 
admits of being demonstrated by extraordi chemical 
means. Thus, for example, it is a well-authenticated 
fact, that the atmosphere of localities in which fever is 
endemic, usually contains minute traces of hydrosul- 
phuric acid, and an odorous animal matter—su ces 
which ordinary chemical processes fail to detect, but 
which, nevertheless, by the adoption of refined methods 
of investigation, can be proved to exist. The late Pro- 
fessor Daniell was of opinion that the much-dreaded 
fever of Western Africa was-augmented by the diffusion, 
through the atmosphere of that coast, of minute traces 
of sulphuretted hydrogen. And the cireumstances under 
which African fever originates, are perfectly consonant 
with the above theory. The disease only prevails now 
on the coast, its ravages being limited to a small belt, 
partly of land and partly of sea, Central Africa being 
comparatively exempt from its inflictions. Now Pro- 
fessor Daniell assumes the hydrosulphurie acid to be the 
result of decomposition, under a powerful sun, of matter 
borne seawards by the Niger and other great rivers, in 
connection with certain sulphates of sea-water. Be this 
theory true or the contrary, there can be no doubt as to 
the truth of the assumption which refers fever, when 
endemic, to a vitiated condition of atmosphere ; which 
vitiation may be generally summed up as consisting of 
minute traces of hydrosulphurie acid, and of undeter- 
mined animalised matter. 

Amongst other occult emanations, we can hardly 
refuse to admit the cause, whatever that cause may be, 
of intermittent fevers. The ultimate, if not the proxi- 
mate, cause of this class of disease is so well known, 
that we may almost produce or banish intermittent 
fevers at pleasure. Given, heat and moisture con- 
tinuously; ague almost invariably sets in, and continues 
its ravages as long as the conditions of heat and mois- 
ture co-exist. 

What is the occult emanation here? What is the 
proximate cause of intermittent fever? Are we to 
attribute the disease to the conjoined evaporation of 
moisture, and heat directly, or to some further emanation 
to which these conditions give rise? Some pathologists 
have assumed that light carburetted hydrogen, or 
marsh-gas, as it is called, determines the disease; but | 
the notion hardly coincides with known facts. The 
horizontal demarcation of altitude, above which the 
influence of ague cannot extend, is one of the most 


remarkable circumstances in connection with the disease 5 | 


a difference of no more than ten feet in perpendicular 
height frequently corresponding with the region of fever 
and the region of salubrity respectively. 

The mention of light marsh-gas naturally suggests the 
curious meteorologic phenomenon called Will-o’-the-wi 
or Jack-o’-lantern ; of which gas, ignited, or, aceordi 
some, phosphuretted hydrogen gas, it is belioved to con- 
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sist. The Will-o’-the-wisp is not.a very frequent pheno- | sources of heat, and to the means of its.distribution over 
menon anywhere ; but it is chiefly seen in marshes and | the surface of our planet. The term heat, as applied to 
churechyards—the latter locality apparently*adding to | the matter now under investigation, may be regarded as 
thé hypothesis that itis nothing more than ignited phos- | synonymous with elevation of temperature ; and inas- 
phuretted hydrogen gas. (See Fig. 66). much:as such elevation necessarily pre-supposes a con- 
Scarcely less accurately demonstrated than the locality | dition of antecedent depression, we may, without impro- 
of ague, is the locality of yellow fever, the focus of which | priety, comprehend the meteorological effects of high 
Fig. 66. and low temperatures (heat and cold) 

Poe iF op & under one and the same generalisa- 
Lae AN Dt “i! tion. 

‘ Ree : Central Heat of the Earth—The 
hypothesis was first propounded by 
Leibnitz, that the whole of our planet 
was once a molten mass, which, by 

~ the operation of cooling, uninterrupt- 
edly going on in successive ages, has 
become superficially encrusted over, 
the crust barine become adapted to 
the necessities of animal and vegetable 
life. Various circumstances may be 
adduced in favour of this notion, 
more particularly the gradual increase 
of terrestrial heat’ downwards,* the 
heat of deep springs, and the evi- 
dences of fusion, in what geologists 
term the igneous rocks. Whether the 
idea of Leibnitz hold good in its 
entire acceptation—that is to say, 
whether the centre of our planet 
be one molten mass or not—there 
can be little doubt that all positions 
of the globe, ata sufficient distance 
SES below the surface, have at some 
SSSGRS Sytner te : ask been submitted to fusion. 
rj a TES: Nevertheless, at this time, the 

may be considered to be Vera Cruz. Strange to say, earth’s central heat may be altogether ignored as 


the yellow fever is totally unknown on the Pacific coast , tending to influence, in any manner, the climatic tem- | 


of Mexico ; it extends north as far as New Orleans, but | perature of our globe. Primarily, the sun’s direct rays 
rarely further. This condensation, soto speak, of febrile | determine the climatic temperature ; those portions of 
energy, points to some local cause—most probably of the world’s surface being most strongly heated on which 
atmospheric origin ; but chemistry has been unable to | the sun shines vertically—a remark which of course 
determine its nature. | applies to the tropics; while those are least heated on 

Reflections similar to the above are suggested by the | which the direction of solar rays is most oblique—a re- 
contemplation of several contagious diseases; of which | mark which of course applies to the arctic and antarctic 
the plague isa notable example. This scourge, although | regions. But the latitude of a region has less connection 
capable of spreading, frum its normal focus, into regions | with its climatology than might at first seem probable, 
wide apart, is in certain spots determined conditionally | The varying conditions of insular and. continental sea- 
by the existence of some unknown circumstances; and level, or elevated table-land, valley, or mountain, and 
these are most probably atmospheric. The plague never still more the influence of thermal oceanic currents, have 
originates in very hot or very cold regions. Its focus of much to do with the climatic result. The high table- 


| development is Egypt, Turkey, and the Levant, from ; land of Mexico is strongly illustrative of the effect of 


———— 


which spots it can never be said to be absent altogether; | mere elevation. The traveller who disembarks first on 
but it only appears with violence at intervals of eight or | the Atlantic coast, and wanders inland, soon finds him- 
ten years. Still more extraordinary than any of the | self amidst all the luxuriance of a tropical forest, and 
preceding, are the varied conditions which give rise to | surrounded by all the dangers of tropical existence. 
Asiatic cholera. Unlike the plague and the yellow fever, | Still wending his way inland, he ascends a mountain 
and intermittents, this fell destroyer seems independent | elevation, well adapted to the growth of wheat, which 
of region, recognisable limits, or other conditions of | refuses to grow anywhere in tropical lowlands. 
demarcation. From east to west it has extended its Of all the causes which influence the climate of a 
ravages, under every vicissitude of season and of clime. | region, that attributable to oceanic currents has been 
Much as there is mysterious in this—absolutely ignorant | hitherto least studied ; yet there is none which deserves 
though we be of the proximate influences by the operation | to be scrutinised more narrowly. Looking at the enor- 
of which cholera and other epidemics are generated, im- | mous amount of oceanic surface in comparison with that 
portant facts have, nevertheless, been made out; and | of the land—taking into consideration the mobility of 
their consideration tends to allay the extreme fear | water, its susceptibility of thermal impressions, and the 
wherewith epidemics were formerly regarded. The most | effect of the configuration of vapes, headlands, and lines 
important fact in connection with this subject is, that epi- | of coasts—the contemplative observer soon arrives at the 
demic influences, whatever their nature may be, only as a | deduction, that the ocean presents to him, at least, as 
rule prevail over the weak, exhausted, ill-fed, or mentally | wide a field for investigation as the atmosphere, and one 
broken-down individuals of a community; whence it | scarcely less interesting. ‘‘ The fauna and the flora,” says 
happens, that in our metropolis the medical statician is | Maury, ‘‘ of the sea are as much the creatures of climate, 
enabled to lay his finger upon the regions of epidemic | and are as dependent for their well-being upon tempera- 
virulence, as he would on the locality of a mountain or | ture, as are the faunaand the flora of dry land. Were it 
a coal-field ; and with equal satisfaction can he point to | not so, we should find the fish and alge, the marine 
localities where epidemics formerly raged, but whence | insect and the coral, distributed equally and alike in. all 
they have been banished by the art of man. P * Careful observations have not confirmed this idea, as it has been 
CimatoLtocy.—Many of the effects of heat, in its me- | found, in mines not at work, that there is no indication. of an inoressed 
teorological relations, have already been incidentally con- | “™Pcrature as a cescent bs made. Bh raed oR Bees ioe pte 
dioceds bat reference has not yet been made to the | the miners—Eo be due to the animal heat, lamps, &o., of 
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rts of the ocean. The polar whale would delight in the 
torrid zone, and the habitat of the pearl oyster would be 
also under the iceberg, or in frigid waters colder than the 
melting ice.” The particles of water being mobile, the 
ocean, and indeed aqueous collections generally, are 
amenable to the same law of convection as was described 
when treating of the cause of winds. Hot water, being 
specifically lighter than cold water, must necessarily come 
to the surface; and for every current in one direction 
there must be a counter-current in the reverse direction, 
precisely in the same manner as occurs in the develop- 
ment of a wind. - 

Contemplating the ocean in its relation to the effects of 
heat and motion, our original ideas concerning that vast 
collection of waters are modified and expand Instead 
of regarding the ocean as one shapeless aggregation of 
briny water, it presents itself to us as an assemblage of 
many streams—a network of mighty rivers, each follow- 
ing its own course, each having its own temperature, its 
own flora, its own animals; and though devoid of \pal- 
pable banks, scarcely less accurately defined on that 
account. Amongst all these oceanic currents, that 
denominated the gulf stream is the largest in size—the 
most important in the functions it subserves. The gulf 
stream is so far from being an imagining of mere theory, 
that the dark blue alone of its waters suffices to point out 
its limits and define its course. 

All hypotheses as to the cause of the gulf stream are 
as unsatisfactory as the direction of the stream itself, and 
its benign influences are evident. The first idea relative 
to the gulf stream was, that it originated in the impetus 
given to the ocean by the disemboguement of the Missis- 
sippi; but placing out of consideration the inadequacy of 
this assumed cause, on account of the comparatively 
small amount of water which even a river so vast as the 
Mississippi can pour forth, it follows that, if really the 
cause of the gulf stream, the whole Gulf of Mexico 
should, in process of time, be found to contain only fresh, 
or, at the most, brackish water. This, it is scarcely neces- 
sary to remark, is not the case. Franklin advanced the 
theory, that the gulf stream is referable to the pressure 
of an inordinate amount of water against the coast of the 
Gulf of Mexico by the trade winds—an idea which is 
scarcely more tenable than the last. 

Whatever the cause of the gulf stream may be, the 
direction of its current is obvious. Setting out from the 
hot regions of the Mexican Gulf and the Caribbean 
Sea, it proceeds northward to the great fishing-bank of 
Newfoundland, and thence to the shores of Europe, 
yielding up its heat to the genial west winds, and thus 
transferring a portion of the superfluous heat of the 
tropics to our colder shores. The greatest heat of the 
oceanic water of the Mexican Gulf is about 86°, or about 
9° above the ocean temperature due to latitude alone. 
After it has ascended to 10° of north latitude, the gulf 
stream has still only lost 2° of the original heat with 
which it set out. nding northwards a distance of 
three thousand miles from its first origin, this mighty 
oceanic river still preserves the heat of summer even in 
winter time. It now crosses in an easterly direction, in a 
line coincident with about the fortieth degree of north 
latitude, spreads itself out, and imparts to Europe a 
genial temperature ; which mere latitude could never 
give. The gulf stream now pauses in its course ; it is 
split into two divisions by the British Isles, and two 
gulf streams are formed. Of these, one ends northward 
in the direction of Spitzbergen, while the second enters 
the Bay of Biscay—imparting temperature to each, and 
causing a soft mantle of vapour to arise, which, wafted 
landward, in its turn disperses the heat of the gulf stream 
far inland. Very little is known concerning the depth to 
which the gulf stream extends. 

Lieut. Maury, of the United States naval service, as- 
sumes that depth to be two hundred fathoms; and, 
arguing on this assumption, he calculates that the 
amount of heat led away from the Gulf of Mexico by 
this oceanic torrent, raises, on a winter’s day, the whole 
atmosphere which hovers over France and the British 
Isles, from the temperature of 32° F. to about 79°; in 


other words, from winter-cold to summer heat. But the 
genial influence of the gulf stream on the British Isles is 
more than this. Every western breeze that blows to- 
wards us crosses the mighty gulf stream, robs it of a 
portion of its heat, and comes towards our shores charged 
with warmth and laden with balmy moisture, clothing 
Ireland in a suit of green, and imparting a mildness to 
both England and Ireland which can be best appreciated 
when we consider that the coasts of Labrad 
American side, and under the same 
as England, are rigid with ice. In 1831, the harbour of 
St. John’s, Newfoundland, was closed with ice as late as 
the month of June; yet the h of Liverpool, 
though 2° further north, is never ice-locked, even in 
severest winters. By apg. § to any chart of 
thermal lines, the current of the gulf stream, as 
described, may be readily traced. 

Although climatic effect of the gulf stream is so 
advantageous to Western Europe, more me epee to 
these isles, it is oe advantageous to regions 
whence it originates. the gulf stream be the channel 
cocrait, wa may epeaitete Waeelae 
eastw: we may on uences 
would have arisen had the amount of tem 
conveyed away, remained in the gulf 
the coast-line of this region is extremely hot and un- 
healthy ; how much more hot and unhealthy would it 
have been had the gulf stream not existed ! ets 

Under-Current of the Gulf Stream.—As the trade 
are only an under atmospheric current, passing fin an 


i Even 


of this current has been found as low as 48°, whilst the 
surface-water had a temperature of 85°. At the depth of 
three hundred and eighty-six fathoms the temperature 
had fallen to 43°; faut at the very bottom of the gulf 
stream the temperature was only 38°; hence the exis- 
tence of the returning cold current is fully borne out. It 
comes, there is little reason to doubt, from the arctie 
circle ; presenting the closest analogy to the lower aérial 
current which constitutes the trade wind. 

The course and extent of the stream were not 
— known until the celebrated Dr: Franklin 

w attention to the subject. The history of this 
event is worthy of narration, illustrating as it does the 
discriminating and logical mind of that extraordinary 
individual. 

Happening to be in London in 1770, his opinion was 
demanded respecting a memorial presented by the Board 
of Customs at Boston to the Lords of the Treasury, 
stating that the Falmouth packets were generally a fort- 
night longer on their voyage to Boston than common 
traders were from London to Providence, Rhode Island: 
whence their request that the Falmouth packets might 
be sent to Providence instead of to Boston. ‘* Franklin 
could not understand the reasonableness of this request, 
inasmuch as London was much further than Falmouth ; 
and from Falmouth the routes were the same ; so that the 
difference should have been the other way. Desiring a 
solution of his difficulty, he consulted Captain Folger, a 
Nantucket whaler, who chanced to be in on at the 
time. The whaler explained that the difference arose 
from the circumstance that Rhode-Island captains were 
acquainted with the gulf stream, while those of the Eng- 
lish packets were not. The latter kept in it, and were 
driven back sixty or seventy miles a-day; while the 
former avoided it altogether.” —Maury. 

The manner in which the old whaling captain had 
been made acquainted with the existence, the extent, 
and the direction of this gulf stream, is curious enough 
in its way. His instructors were the objects of his 
search, the arctic whales—animals which, having a dis- 
like to warm water, never enter the gulf stream, though 
they swim close up to it on both sides. 
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Franklin having extracted this intelligence from the 
whaling captain, got him to draw a chart of the gulf 
«stream to the best of his ability. The chart was drawn; 
Franklin had it printed; and copies were sent to the Fal- 
mouth captains. They, however, were foolish enough to 
pay no heed to its teachings; nor did they profit for 
many years after by the knowledge of the gulf stream. 
Though the date of Franklin’s discovery was 1775, yet a 
knowledge of the gulf stream was not generally diffused 
and acted upon until fifteen years later. Not the least 
extraordinary fact in connection with the gulf stream, is 
the sharpness of its line of demarcation. No river im- 
prisoned between two rocky banks could flow in 
channel more defined. ‘‘If,” remarked the American 
author, Jonathan Williams, ‘‘these strips of water had 
been distinguished by colours of red, white, and blue, 
they could not be more distinctly discovered than they 
are by the thermometer.” —‘‘ d he might have added,” 
remarks Maury, “‘ nor could they have marked the posi- 
tion of the ship more clearly.” ; 

The notion prevails among sailors that the gulf stream 
is the great storm-breeder r the Atlantic—the father of 
storms; and, indeed, the tempests which follow in its 
course, or on its borders, warrant that designation. What 
are the indications of theory in this respect? Had the 
Atlantic been still an untravelled waste, and the existence 
of a gulf stream, such as we now know it, been pro- 
— as the basis of discussion, would not the theorist 

ave predicted that storms must originate in the meeting 
of the hot, moist atmosphere, which hovers over the 
ocean tract of seething waters, from the fiery shores of 
Mexico and the Caribbean Sea, mixed with the chilling 
blasts of the north? What torrents of water must result 
from the condensation of the tepid mists—what stupen- 
dous electrical force must be brought into operation ! 

If the gulf stream, by its impulsive flow, sometimes 
impedes the mariner, and drives his ship from the de- 
sired course, it nevertheless affords a compensation, not 
only in assisting to propel ships sailing in the direction 
of its course, but in affording a genial climate to the 
weather-beaten mariner, frozen and benumbed by the 
shivering blasts of the regions outside its channel. ‘‘ No 

art of the world,” says the writer, to whom we are 
Fouts indebted for much that in these pages concerns 
ocean currents and ocean climatology—‘‘ no part of the 
world,” remarks Maury, ‘‘ affords a more difficult or 
dangerous navigation than the approaches of our (the 
American) coast in winter.” Before the warmth of the 
stream was known, a voyage for this reason from 
urope to New England, New York, and even to the 
capes of the Delaware or Chesapeake, was many times 
more trying, difficult, and dangerous than it now is. 
In making this part of the coast, vessels are frequently 
met by shore-storms and gales which mock the seaman’s 
strength, and set at nought his skill. In a little while. 
his bark becomes a mass of ice, and his crew frosted and 
helpless. She remains obedient only to her helm, and is 
kept away for the gulf stream. After a few hours’ run 
she reaches its edge, and almost at the next bound, 
from the midst of winter into a sea at summer- 

t. Now the ice disap: from his apparel: the 
sailor bathes his stiffened limbs in tepid water ; feeling 
himself invigorated and refreshed with the genial warmth 
about him, he realises out at sea, the fable of Anteus 
and his mother Earth. He rises up and attempts to 
make his port again ; and is again as rudely met, and 
beaten back from the north-west ; but each time that he 
is driven off from the contest, he arises forth from this 
stream, like the ancient son of Neptune, stronger and 
stronger ; until after many days his freshened strength 
po and be at last may enter his haven in safety ; 
ut in the contest he sometimes falls to rise no more, for 
it is often terrible. Many ships annually founder in 
these gales ; and we might name instances, for they are 
not uncommon, in which vessels bound to Norfolk or 
Baltimore, with their crews enervated in tropical cli- 
mates, have encountered, as far down as the Cape of Vir- 
ginia, snow-storms that haye driven them hack into the 
gulf stream, times and again; and have kept them thus 


out for forty, fifty, and even for sixty days, trying to 
make an anchorage. 

Nevertheless, the presence of the warm waters in the 
gulf stream, with their summer-heat in mid-winter, off 
the shores of New England, is a great boon to naviga- 
tion. At this season of the year especially, the number 
of wrecks and loss of life along the Atlantic sea-board are 
frightful. The month’s average of wrecks has been as 
high as three a-day. How many escape by seeking re- 
fuge from the cold, in the warm waters of the gulf 
stream, is a matter of conjecture. Suffice it to say, that 
before this temperature was known, vessels thus dis- 
tressed knew of no place of refuge short of the West 
Indies ; and the newspapers of that day—Franklin’s 
Pennsylvania Gazette among them—inform us, that it was 
no uncommon occurrence for yessels bound to the capes 
of Delaware in winter to be blown off, and to go to the 
West Indies, and there wait for the return of spring, be- 
fore they would attempt another approach towards their 
destination. , 

The gulf stream is the largest known oceanic current ; 
it has been perhaps more fully studied than any other, 
and its teachings may, therefore, be appropriately re- 
garded as the type of the rest. We have seen how power- 
ful and extensive are its effects; we have seen a few of 
the purposes to which it ministers. The ocean is full of 
streams similar to this, each taking its well-defined 
course, carrying its own temperature, clad with its own 
fauna and flora, peopled with its own denizens. Thoughts 
like these prove how false and unfounded is the expres- 
sion, ocean waste, so commonly applied. The ocean has 
its regions, its valleys, and its mountains—climate and 
varied inhabitants—no less than the earth. 

Orper Oceanic Currents.—The Mediterranean.—lIt 
has long been known that an upper or sailing current 
constantly sets into the Mediterranean through the 
Straits of Gibraltar. What, then, becomes of the water 
of the current? That water must either be dissipated by 
evaporation, or there must be a second or back-current. 

@ existence of this under-current was first demon- 
strated very curiously in 1712. At that time, France 
being at war with Holland, M. L’Aigle commanded a 
French privateer, called the Phonic of Marseilles. 
Near Ceuta, this privateer gave chase to a Dutch ship 
bound to Walla asa up with her, delivered one 
broadside, when the Dutch ship went down, A few days 
later, the sunken ship, with all her cargo of brandy and 
oil, came to light again ; but this took place on the coast 
of Tangier, at least four leagues westward of the place 
where the ship went down, and in a direction quite op- 
posite to that of the upper or navigable current. This 
well-authenticated case was communicated to the Royal 
Society in 1724. 

Currents. of the Red Sea —Precisely similar to the 
Mediterranean currents, just described, are those of the 
Red Sea. The necessity of a free change of waters here 
is even more decided than in the Mediterranean ; the 
sea is not only shallower, and subjected to a more power- 
ful evaporation, but its waters are not freshened by the 
afflax of any rivers, It has been calculated by Dr. 
Buist, that, taking into consideration the mean evapora- 
tion on every part of the surface of the Red Sea, a 
sheet of water, eight feet thick, and equal in superficial 
area to the whole extent of the surface of that sea, is 
raised in vapour annually, When this enormous rate of 
evaporation is conside the necessity for a continuous 
interchange of water between the Red Sea and the ex- 
ternal ocean will be evident. If the Red Sea outlet were 
choked up, so that in and egress were no longer 
possible, the evaporation of about a thousand years 
would, it is calculated, completely dry it up. 

Currents of the Indian Ocean.—Many thermal currents 
originate in the Indian Ocean. Amongst the foremost of 
these is the Mozambique current ; another of these cur- 
rents, first escaping from the Straits of Malacca, and 
being swollen by warm streams from the Java and 
Chinese Seas, flows ont into the Pacific between the 
Philippines and the Asiatic shores. Passing thence to- 
wards the Aleutian Isles, it ultimately loses itself on the 
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north-west coast of America. Meteorio conditions like 
those which mark the course of the gulf stream, also 
mark the course of this. fogs: and mists follow in its 
track, and storms are also generated on the bank of this 
oceanic river. s 

For a fuller account of oceanic currents than is con- 
sistent with the limits and objects of these pages, we 
must refer the reader to treatises which deal with the 
special matter, and, above all, to the work of Lieutenant 
Maury, of the United States’ service, to whom meteoro- 
logists are under deep obligations, for his contributions 
to their knowledge of ocean phenomena. : 

In contemplating these oceanic currents, of which the 
gulf stream may appropriately be considered the ‘ype 
we cannot fail to be impressed with an evidence of « 
sign, where, at first, no design would seem to exist, 
These oceanic currents originate in, and are determined 
by, a peculiar conformation of the iand. Ni ow, what can 
be more seemingly i lar or capricious than the shape 
of land? If dropped down into the ocean at random, 
or elevated by a subterranean power equally capricious, 
the crust line of islands and continents, the solid blocks 
of our planetary crust, could not well be more irregular 
than they are ; and yet how practically harmonious is 
the relation between land and water : how well adjusted 
the powers of each—how well adapted to the mutual 
benefit of mankind! It appears an unimportant matter 
when, in the map of the world, we skim our eye over the 
southern hemisphere of the terrestrial globe ; there we 
behold the limits of the African and American continents 
in their furthest extent; but how terribly 
would the locomotive faculty of mankind 
have been impeded had either continent 
expanded itself to the south pole, or even 
traversed much further south than is actually 
the case! 

In connection with the subject of oceun 
currents, the effect of aqueous temperature 
on the ocean’s denizens, deserves a passing 
word of remark further than has already 
been devoted to it. In the Caribbean Sea, 
and other ocean cauldrons, where stores of 
heat are accumulated for distribution in 

ions far away—in the hot currents which 
originate in these tepid sources of oceanic 
rivers, there are a fauna and a flora: the fauna no less 
marked than we see on tropical lands. There grows the 
coral, there swims the shark ; and thousands of shelled 
mollusea, of gorgeous colour and enormous size, revelling 
in oceanic forests of rank and bulky growth, represent 
the land forests, and their denizens of corresponding 
climes. But, though grandeur and beauty be the charac- 
teristics of these warm ocean spots—the thermal ocean- 
tropic (if the propriety of that expression be allowed)— 
it is the colder oceanic currents which support the form 
of animal life most useful to man. Strange though the 
circumstance may appear, it is no less true, that the fish 
of the hot parts of the world are always indifferent as 
food. This fact is strikingly illustrated in the Mediter- 
ranean. The temperature of the Mediterranean water 
is usually four or five degrees above the temperature of 
the external ocean; and what a difference in the fish ! 
Whoever has com the edible fish of the Atlantic 
with those of the Mediterranean, will be at no loss to 
admit the vast superiority of the former. The naturalist 
does ‘not require to be informed, that not only are 
Mediterranean fish inferior to those of the Atlantic, but 
they are, for the most part, of different species. 
us now take a glance at the locality of the princi- 
pal fishing regions. Limiting ourselves to two of these, 
they would unquestionably the fishing-grounds of 
Newfoundland and Japan. The former is the better 
known of the two, though, perhaps, the latter is the 
more considerable, seeing that the natives of Japan are 
debarred from the use of animal food by their religion, 
although the eating of fish being permitted, they are all 
ichthyophagi ; and, notwithstanding the dense popula- 
tion of the Japanese islands, their inhabitants, though 
fish-eaters, are abundantly fed, 


Between the gulf stream and the coast is a narrow 
band of cold water: here are the fisheries of Newfound- 
land. Between the China current, as it is denominated, 
and flowing in an opposite direction, is the cold current, 
in which Japanese fisheries are prosecuted. These 
are the two most ee examples, and they will be 
found to present the type of many others, 

Coup, anv its Errgcrs.—Under the heads of Snow, 
Hail, and Hoar-Frost, some of the meteorologic effects of 
cold have been already described. The phenomena due 
to this powerful agency are, however, so numerous and 
so important, that it may be well to make the subject of 
cold a matter of special contemplation. If, casting our 
eye over the field of nature, we endeavour to select the 
most prominent results of cold, they will be found to re- 
late to the departure from an ordinary law, which Nature 
ras made in the expansion of water during the act of 

reezing. 

The term ing is but a san expression for the 
act of solidification by cold. Popularly, the term is only 
applied to solidified water ; but this is altogether a con- 
ventional acceptation of the word. We are justified, 
then, in comparing fh act of solidification of water 
with the act of solidificatton of any other fluid, and see- 
ing to what extent the conditions which regulate one 
also regulate the other. 

When the temperature falls to 32° F., water ceases to 
be liquid, and. becomes ice; the weather is said to be 


frosty, and water is said to be frozen. Whatever water 


be contained in the atmosphere at the freezing tempera- 


ture, is deposited in the solid form of hoar-frost, the 
particles not being irregular, but bounded by definite 
mathematical outlines—frequently giving rise to forms 
of great beauty, especially on aiahieaeion blades of 
grass, and leaves (Fig. 67). These forms are similar, in 
neral contour, to those of well-formed snow-flakes 
Fig. 68), but far more beautiful, and, like snow-flakes, 
prove that frozen water is a crystalline body, and that it 
crystallises in forms belonging to the rhombohedral 
tem, 
veut the most important point connected with the 
freezing of water, and without which our globe would 
cease to be habitable, is this :—Water, during the act of 


ste 


freezing, expands, and thus becomes specifically lighter, 
Ice, therefore, swims on water; it cannot oa. How 
stupendous are the consequences of this departure from 
the law of Piedeel: Hed it so happened that frozen 
water, like frozen mercury, were heavier than the cor- 
responding liquid material, each frozen sheet of water 
would sink as soon as formed; and thus, being far 
removed from the melting influence of solar rays, the 
production of ice would have been accumulative, and the 
ocean, long ere this, would have been completely 
moras hypothetical; ed aberration of 
n tracing, hypothetically, an assum i 
Nature to its consequences, the mind is 8 
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entangled and lost in the chaos of jarring effects. The 
speculative meteorologist finds himself unable to thread 
the labyrinth of causation here involved: Having 
shown that the ocean would have been full of ice, had 
the ordinary law of solidification not been departed from 
in the case of water, it is perhaps unnecessary to follow 
the development of our hypothetical case further. That 
ocean life must have been destroyed is evident ; that the 
sea’s liquid highway would have ceased to be, is only a 

ative expression for a frozen ocean. But would 
what is now the solid land have then served the purposes 
of animal life? Where could the rivers have flown, had 
the ocean been a block of ice? or would not the rivers 
have remained frozen too, seeing the vast cooling power 
of a frozen ocean? It is easy to see that, under such 
circumstances, our planet would have been totally unfit 
to be a resting-place for its present denizens had the 
ing of water not assumed a 9 oe from a law, 
though it be impossible to imagine consequences 
that would fai ten resulted. 

The same expansive force of water during the act of 
freezing, by the operation of which it is rendered speci- 
fically lighter than water, subserves many important 
md seed in the world’s economy, besides floating the ice. 

ater percolating into the fissures of rocks, and being 
subsequently frozen there, displays its irresistible force 
by splitting la. ge rocks into fragments, and disintegrating 
iueir fragments. In this way hard and sterile districts 
become covered with useful soil, in which low forms of 
v life can take root; and by their subsequent 
decay, contribute the elements necessary to the support 
of higher forms of vegetation. 

Relation of Climate to Organic .—The 
naturalist, who, in his desire to see, as in a dioramic 
picture,.the wonderful characteristics of animal and 
vegetable types, sighs to think that a vision so glorious 
will never pass in reality before his gaze, may at least 
console himself with the assurance of that { master 
of philosophic travel, Humboldt, that it is in the power 
of man’s creative faculty, aided by philosophy, to imagine 
those striking types in the vivi of their truth, 

laddening the closet with ideal images of the living 
eatures of Nature. 

Even in the narrow region of European travel, the 
intelligent observer will not fail to see distinctive 
physiognomies. Passing from the cold green-sward and 


modest vegetation of our own Isles to the Mediterranean 


shore, a striking change in the aspect of nature meets the 
view. The sturdy oaks and elms of our own forests 
disappear; the absence-of smaller grasses removes the 
green carpet of our meadows; tall graminacesw spring 
up ; the aloe and the prickly pear bespeak a mixed con- 
dition of heat and drought; and the date-palm, barely 
acclimatised, gives some faint notion of what the charac- 
teristics of a tropical forest must be. ‘It would be an 
enterprise worthy of a great artist,” says Humboldt, ‘‘to 
study the aspect and the character of all these vegetable 
groups, not merely in hot-houses, or in the description of 
botanists, but in their native grandeur in the tropical 
zone. How in’ ing and instructive to the landscape 
painter would be a work which should present to the eye, 
first separately, and then in combination and contrast, 
their leading forms! How picturesque is the aspect of 
tree ferns, spreading their delicate fronds above the 
laurel-oaks of Mexico ; or the groups of plantains. over- 
shadowed by arborescent grasses! It is the artist’s 
privilege, having studied these groups, to analyse them : 
and thus, in his hands, the grand and beautiful form of 
nature which he would portray, resolves itself, like the 
written works of men, into a few simple elemeuts.” 
When the meteorologist has exhausted his knowledge 
in the laying out of climatic groups—when he has placed 
in correlation, conditions identical, as he thinks, in every 
respect—the growth of vegetable forms demonstrates his 
inability to comprehend many hidden secrets of nature, 
which theirdelicate organisation makes known. Euro: 
olive-trees grow luxuriantly at Quito, but they 
neither fruit nor flowers; and a similar remark applies 
to walnut-trees and hazel-nuts in the Isle of France. 
In India, the bamboo flowers luxuriantly ; but in South 
America, where it flourishes equally well, so far as 
general of growth is concerned, so rare an event 
is the infloration of the bamboo, that during a four 
years’ residence in South America, Humboldt was only 
enabled to obtain blossoms once. But, perhaps, a still 
more remarkable example of luxuriant growth, without 
inflorescence, is furnished by the sugar-cane. The West 
Indies have come to be considered as the region par 
excellence of the -portrsr 3 yet it seldom bears flowers 
there—nor indeed does it in any part of the American 
continent ; thus furnishing a strong presumptive argu- 
ment in favour of the theory, which asserts, that no 
vy of the sugar-cane is indigenous to the New 
or! 


CHAPTER IV. 
PRACTICAL METEOROLOGY. 


So many amateur meteorologists are now springing up | 
in every direction, that it may be desirable to point out 
the precautions and reductions necessary, in order to | 
render the raw observations useful to science. The pre- 
sent paper is, therefore, written to enable the amateur, 
with as little trouble as possible, to reduce his obser- 
vations to useful results. 

To the non-meteorologist, such terms as ‘‘adopted mean 
temperature,” “‘ elastic force of vapour,” ‘‘ reduced baro- | 
metric,” &c., unexplained, serve rather to lex than to 
enlighten, or point out that care has Tiseid testoired upon 
the observations, and that the requisite reductions and 
precautions had been adopted. | 

The first duty of an observer is to procure good instru- 
ments, and to place them in such poe as may be 
deemed least likely to be affected by local circumstances, 
such as heat from a fire, draughts round a building, ec. 
Much time is frequently thrown away by using imperfect 
instruments. @ person p a thermometer, 
he is too apt to consider it correct ; whereas, in many | 
instances, it is far from being accurate, Mr. Hartnup, 
of the Liverpool Observatory, in his last report, mentions, | 
that among the thermometers used by the captains of 
the merchant service, an error of 4° or 5° is quite common; | 


even a thermometer fitted up for taking the temperature 
of water at different depths, and professing to have been 
made with care, was found to be 8}° in error in one part 
of its scale. The most curious instance, however, was a 
barometer which had the following errors :— : 


At 28 inches was — 2-22 inches of the standard. 


” ” ” ” 
At29 4, 9 073 45 ” 

t ” » —030 ,, ” 
At 30 ” $5, 0 0°02 ” ” 
At ” » $933 4, ” 
At3l ,, 9 +107 5 ” 


The whole yearly range of pressure seldom reaches 
two inches, whilst the range in error of this instrument 
was 3°29 inches. 

Merrgoroocicat OpseRvATiIoNns.—In order to place this 
portion of the subject in as clear a light as possible, let 
us suppose that daily observations are made of the baro- 
meter and its attached thermometer, of the temperature 
of the air, of the wet bulb thermometer, of self-register- 
ing maximum and minimum thermometers, of the 
amount of rain, amount of ozone, temperature on the 
grass and sunshine, state of electricity, amount and class 
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of cloud, direction and force of winds, and state of the 
weather. Let us further sup that two observations 
are taken daily, the hours of Ghearratices being 9 a.m. 
and 10 P.M. 

The Pressure of the Air,—The barometer is the instru- 
ment by which the alterations in the weight of the air 
are ascertained, The gravitation of the earth exerts a 
certain pressure, which would always be alike, were it 
not that lateral disturbances had the power of removing 
a portion of that pressure, and adding it elsewhere. 
Thus, suppose the average pressure to be inches ; if 
the barometer be seen to rise to 30 inches, it is certain 
that, in another portion of the earth, a corresponding fall 
has taken place to account for this change : however, as 
it is not our object to enter into the physical and local 
changes of the weather here, we shall at once proceed to 
describe the reductions that are requisite. 

It is essential to correct observation, that the baro- 
meter used be a standard instrument. The ordinary 
instruments are useless, owing to the friction of the 
mercury against the sides of the glass in small tubes ; the 
impossibility of applying the reduction necessary to 
correct, for the alteration of the height of mercury in the 
cistern, with the common wheel barometer, owing to a 
rise and fall in the tube; and, further, because if errors 
occur in this barometer, they are increased by the cir- 
cumstance of the index of the wheel barometer being a 
long arm worked by a small wheel, thus multiplying all 
the errors. 

The Standard Barometer should have a tube of not less 
than yyths of an inch in diameter; and the nearer it 
approaches to yths the better, as the correction requisite 
for the friction against the sides of the glass, rapidly 
diminishes with an increase in the size of the tube. This 
is the correction for capillarity, which is additive. The 
base of the tube suena be plunged into a cistern of pure 
mercury, and the scale of inches should have a at- 
tached, terminating in an ivory point, so contrived as 
to be moved by rack-work until the point just touches 
the surface of the mercury, This is requisite, in order 
that the measurement may be made from the surface of 
the quicksilver in the cistern. Suppose we either neglect 
this operation, or that the barometer is one not capable 
of having it applied ; and let us further take a reading 
without reference to this correction, after a sudden change 
in the barometer ; this ing may be represented as 
30-036 inches, On bringing the ivory point down to the 
mercury, this second reading may be 30-074 inches: 
thus exhibiting an error, from the want of this pre- 
caution, of ‘038, or nearly four hundredths of an inch. 
The thermometer fitted for use should have its bulb 
plunged into the cistern of mercury, otherwise it will 
not give the temperature of the mercury itself, but 
merely show the heat of the apartment in which it is 
placed. Such an instrument is produced by many of 
the leading London makers: of similar kind are those 
made for the Royal Society, Greenwich Observatory, 
Admiralty, and the British Colonial Observatories. 

Description.—a (Fig. 69) is the mahogany board to 
affix aguinst the wall; b, brackets which support the 
barometer, between which it is capable of being revolved 
so as to observe the light on the surface of the mercury ; 
¢, a vase, which unscrews, to allow of the socket d being 
removed, to receive the upper end of the barometer ; e¢, 
the adjusting screws for shifting the lower centre, by 
which the barometer is to be made exactly perpendicular: 
to accomplish this, the ivory point is to be adjusted to 
the surface of the mercury; the barometer gently turned 
between the two brackets; and if, in any position, the 
point should be elevated from the surface, or depressed 
into the mercury, the screws must be altered accordingly, 
until the point coincides in every position ; f, the key by 
which the ivory point is adjusted—the ivory point being 
a termination of the brass scale marked off at the tempe- 
rature of 32°, and which is adjusted by means of a tan- 
gent screw; g, the glass part of the cistern, through 
which the surface of the mercury and ivory point are 
seen ; h, the cistern ; i, the screw, which is nog fh loosened 
when the barometer is fixed, to admit the atmospheric 


| pressure ; k, the movable part of the cistern, on which 


the index is engraved ; 1, the key by which the Vernier 


Fig. 69, 
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is adjusted ; m, the thermometer dipping into, and show- 
a Bog temperature of the mercury. 
his barometer is necessarily expensive. Modifications 
of this standard are made by many London instrument- 
makers ; wei eal 4 — perce in pri eget 
ing remarkably wi ugh possibly not equal to Mr. 
Newman’s standard, ying procured a barometer, it 
should be compared with the Standard, in order to ascer- 
tain its index error. The apartment in which it is kept 
must not be subject to great changes of temperature ; 
one with a window pcign, Pee north is to be preferred ; 
and the instrument sho cov haboeie’s there is a strong 
light, but an outer wall should be avoided. 
THEeeMoMETERS,—There are various constructions of 
instruments for ascertaining the temperature of the air ; 
* these the mercurial eps the best. Thermometers 
‘or comparison require to be placed upon a proper stand, 
as the errors arising from peculiarity of situation, from 
radiation, absorption of heat, &c., will alter the reading 
very materially. There are two forms of stand—the one 
constructed by the late Henry Lawson, Esq., F.R.S.; the 
other by James Glajsher, Esq., F.R.S. 
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Thermometer-Stands.—In comparing the readings of 
-one thermometer with any other, it is requisite that each 
instrument should be placed, as much as possible, in a 
similar manner ; without this uniformity, no deductions 
can be drawn with any claim to accuracy. In looking to 
the situation of instruments used by persons who have 
not been aware of the necessity of providing themselves 
with a thermometer-stand, some will be found facing the 
north, others the = inne rider: and, in 
short, ev int the com gain, some are 
prs fee dais £0 five feet from the ground, others ten 
to twenty feet ; some in the angle of a large building; 
others exposed to the sun’s rays, either during the morn- 
ing or the evening; some touching a wall, others at a dis- 
tance from one; in short, the situations vary in as great a 
degree as the temperature deduced from the observations 
made by them. ‘To obviate these sources of inaccuracy, 
the late Mr. Lawson constructed his ‘‘ Thermometer- 
Stand,” a sketch of which is given below (Fig. 70). 


Fig. 70. 


This baw reseed a frame, Wei Fie dh found to 
answer the inten purpose very well. It is composed 
of white deal boards, and dt be constructed by any 
carpenter. It consists of an oblong trunk T, 12 inches 
by 8 inches outside measure; to the opposite side of 
which are nailed boards bb, at the distance of three- 
quarters of an inch, and projecting about six inches from 
the trunk towards the north. Outside of these are nailed 
o-her thin boards cc, full half an inch distant, and pro- 
jecting about four inches beyond the last-mentioned 
7 inte tate pad cnnen ue og shades 
ng m ca e sun from heating the interior 
of ore ere the thermometers are Sided: The 
top, or pent-board, P, is made double; and the boards 
are placed full three-quarters of an inch distant from 
each other, and come forward so as to overhang, by a full 
inch, the Night Index Thermometer, placed immediately 
beneath, for the purpose of preventing rain or dew from 
perpendicularly upon the b of the thermo- 


meter. The legs, LL, of the stand, are merely the con- 
tinuation of the sides of the trunk. The board or feet, 
FF, are loaded or fixed to the ground, to sustain the 
force of the wind. The interior, T, is blackened to pre- 
vent strong reflections of light. 

Fig. 71 is a ground-plan of the machine, which will 

rove sufficiently clear to any intelligent workman for 
its construction. The sides (and wood-work generally) 
are of half-inch white deal. The distance or space 
between the sides of the trunk T and the board or inner 
side, 7 s, is three-quarters of an inch; and the distance 
from that board to the outer side, os, is full half an 
inch. The narrow buards, ss, are to be nailed, with 
studs intervening, to the middle board or side, ¢ s, and 
are for the purpose of preventing the sun from shining 
between the trunk, pal the sides 0 s andi s, when near 
the meridian. The sides are fixed, one upon the other, 
at the required distance (viz., three-quarters of an inch 
and half an inch), by numerous wooden studs, about 
three-quarters of an inch in diameter; and the 
nails or screws passed through the sides and studs, 
fix the whole firmly together. The whole is to 
be painted white, and no other colour, except 
the face of the trunk T, which may be black, as 
mentioned already. 


Fig. 71. 


v 


This thermometer-stand can be placed in any 
eligible spot that may suit the convenience of 
its owner ; its four sides should face the cardinal 
points, commanding therefore a true north and 
south aspect. It can be visited on every side, 
and be free from all surrounding objects. The 
thermometers used can be fet off with the 

test facility, and the whole will be at a 
nown distance from the ground. Those instru- 
ments placed on the south face will have the 
meridian sun, and those on the north face will 
be always in the shade, in consequence of the 
projecting wings. The arrangement can be em- 
ployed by any meteorologist, wherever residing ; 
it is of a determinate form, height, and size ; it is not 
costly, but firm, and can be on any open spot 
that may be thought eligible for its use. The instru- 
ments may be off with the greatest promptitude, so 


as to prevent or reduce errors arising from the person of 
the observer being too | in the pera Ag the ther- 
mometers. By the gen adoption of this stand, in 


struments placed upon it will be used or observed 

under similar circumstances, and deductions from them 
be more correctly drawn than where there is no other 

used. It follows, that observations made by individuals 

wherever residing, either in Europe, Asia, Africa, or 

America, if drawn from instruments thus similarly 

placed, can be compared one with the other, with far less 

chance of error than has hitherto been the case. 

Mr. Glaisher, F.R.S., has likewise constructed a stand, 
differing from the one just described, but which is also 
an excellent contrivance. (See Fig. 72.) 

Rutherford’s Thermometer.—The mercurial thermome- 
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nap of Rutherford’s construction, pushes a registering- 
pin before it as the mercury expands by heat ; on the 


air becoming cooler, the mercury contracts, leaving the 
registering-pin at the point of maximum heat. One 
' objection to this instrument will always be felt—i. e., 
the pin is not unlikely to become entangled with the 
mercury, especially if the mercury should oxidise. 

It is very desirable to incline Rutherford’s maximum 
thermometer from the horizontal position, so that the 
bulb shall be slightly the highest, in order that the 
thermometer may have the assistance of gravitation in 
pushing the pin forwards. Within the last fifteen years 
many of Rutherford’s construction have, at the Highfield 
House Observatory, become useless, owing to the regis- 
tering-needle becoming en led with the mercury. 
Two thermometers, however, of this construction deserve 
to be noticed—the one purchased of Dollond, and the 
other of Bennett: they have done their duty satis- 
factorily, and are at the present time in perfect working 

er, 

Negretti’s Patent Maximum Thermometer.—Too much 
praise cannot be given to this ingenious invention, 
which, from the circumstance of doing away with the 
registering-needle, prevents the possibility of the instru- 
ment getting out of order. Since the invention, half-a- 
dozen of these thermometers have been constantly em- 
ployed by us without any derangement. The principle 
of the thermometer is this :—A small piece of enamel is 
pushed into the thermometer tube near the bulb, and 
the tube is then bent so as to secure it in its place ; if 
the thermometer act once, it will continue to act until 
the instrument is broken. As the temperature rises, 
the mercury will flow over this enamel ; yet, on the air 
becoming colder, the contraction will only take place 
below this point, the whole column of m in the 
tube being left to mark the maximum heat. It is only 

uisite to turn the tliermometer in a vertical position, 
and give it a gentle shake, when the mercury will descend 
and flow over the obstruction, which, in the horizon 
position, had prevented it from returning into the bulb 
of the thermometer. 

Phillips's Construction of the Maximum Thermometer. 
—This, the invention, of Professor J. Phillips, F.R.S. 
also records without a registering-needle. A sm 
bubble of air is passed down the tube, and a portion of 
mercury is made to remain above this bubble ; as the air 

ses in temperature the whole column rises ; yet, 
when it cools, the mercury only falls from below where 
the bubble of air is situated. It is an instrument liable 
to out of order in travelling; yet, when once pro- 


bubble of air expanding with an increase of temperature, 

a slight error will be occasioned, and the thermometer 

will read a little too high in warm weather, and the 

The  Mislowme Therteomeher, willl lelelg, kad eee 
inimum » uni y, 

down with 


pin io lets bein: ag, Ses marks. "ee orlaees Dele 


lished by slightly lowering the bulb from the horizontal 
4 ition, Tne bee that we have received have been from 
essrs. Negretti and Zambra ; in these the pin is much 
longer and more slender, and they very rarely get out of 
order. A disadvantage will always be felt with ye 
thermometers, for their action differs from those 
with mercury. ; 

The Mercurial Minimum Thermometer.—Meteorolo- 
gists have for some time urged the opticians to invent a 
mercurial minimum thermometer, an invention which 
long seemed almost to be an impossibility. However, 
such an instrument now exists—thanks to Messrs, Ne- 
gretti and Zambra. A thermometer, with a large tube, 
is placed in a vertical position ; in it is a slender, peated 
needle, which is brought down to the surface of the mer 
cury ; quicksilver, being heavier than the needle, the 
latter is held above it; yet, the needle being pointed, 
plunges a small, but sensible, distance in the ee 
which it invariably does by the side of the glass of 
thermometer tube. This being the case, the needle will 
descend to the lowest degree of cold ; on the thermo- 
meter rising, the me: presses the needle to the glass, 
and rises up by the side of it, instead of raising the 
needle. Four months’ working of this thermometer has 
proved it to be a valuable invention. The instrument 
must come into general use among meteorologists. 

The See a : eh ede ry oeney Thermometers ey 
made entirely of g' e scale being engraven upon the 
bulb itself. "For thermometers continually exposed to 
damp, the swelling of the w and the obliteration of 
the index thereon; have been felt a t annoyance ; 
consequently, the substitution of glass for wood has been 
hailed with pleasure by meteo! ists, tee forveecng> 
its great improvement in a scientific point of view. 

The white enamel placed along the back of the ther- 
mometer tube—an invention of Negretti and Zambra’s— 
is now becoming generally adopted ; the improvement is 
at once manifest on es abesy ay instruments, the one 
with, and the other without enamel. 

The Wet.and Dry Bulb Thermometer.—The dry bulb is 
the ordinary thermometer ; and the wet bulb differs only in 
having the bulb enclosed in a muslin bag, with a cotton- 
wick conductor to a cup of water, so that it shall always 
be wet from the capillary action of the cotton conveying 
the water constantly to it. If the muslin bag were at- 
tached to self-registering, instead of ordinary thermo- 
meters, the greatest heat and cold of the wet bulb would 
be obtained—an important addition to the meteorological 
instruments, yet one almost unknown. The muslin and 
cotton should be ci ed every month. 


Evarorators.—Having had constructed gauges of 
various sizes, we are enabled to with confidence as 
to their working, The water in gauges under eight 
inches in diameter becomes too warm, owing to the small 
quantity that can be contained in them; consequently, 
an excess of evaporation results. There are two anngee 
to be recommend : the eae. Newuws as and the o 
Negretti’s. These gauges work we! ewman’s is a very 
convenient and ornamental instrument, having a gradu- 


fixed, does its work well. In consequence of the 
— 
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ated glass tube. It consists of a short cylinder, twelve 
inches in diameter, having connected with it, by means 
of a stopcock, a glass tube graduated to indietliba: and 
terminating in a lower vessel, which will contain a suf- 
ficient quantity of water, to be raised by artificial pres- 
sure into the upper one, for exposure to the atmo- 
sphere. aii 

To use the apparatus, pour water into it until it rises 
to the zero iit the pina 40 ; then, by means of a syringe, 
force the air through the tube x (Fig. 73) into the lower 
vessel, so as to raise the water into the upper one to any 
height you please. Now shut off the stopcock beneath to 


retain the water in the uw vessel ; then, having ex- 
posed the apparatus for ‘iy length 
Fig. 73. 


of time required, open 


i. 

It 
ja 
3 


J 


the cock ; the water will run into the lower vessel, filli 
it and part of the glass tube, the divisions of which wi 
now indicate the quantity 


the diameter of eight inches, 
wooden box filled with wet sand ; this keeps the outside 
the metal cool, and prevents that excessive evapora- 
i ich would result the heating of the metal 
Where the diameter of the gauge is large, 
and the water is several inches deep, the effect of the 
sunshine on the metal sides is not felt. 

Rarn Gavoes.—There are several constructions, yet 
none so as Negretti and Zambra’s, which is simple, 
and at the same time prevents any loss by evaporation— 
epg eee int, which has been too much over- 

contrivance is that of a cylindrical 
vessel of brass or zinc (Fig. 74); 
the latter would be the cheap- 
est, and answer all purposes 
equally well. Into this cylin- 
der, a funnel, with its tube 
bent, fits tightly : the diameter 
should be eight inches, and the 
tube about an inch in length. 
The object of this bent tube 
is to prevent evaporation tak- 
. ingp from the surface of 
=~ rain collected in the rain gauge 
i = for a few drops of water wi 
Mt hermetically seal the opening 
Moin ——< — the Hh mr of vapour. 
frequently the evening dews will deposit sufficient 
moisture for this purpose, which the heat of the day will 
scarcely have time to dissipate, before night brings a 
fresh supply. 


of water evaporated. Ne- 


Fig. 74. 


The readiest mode of measuring the amount deposited 
in the gauge, is by procuring another cylindrical vessel, 
or measure, which is exactly four 
inches in diameter, and four inches Fig. 75 
deep: this, when quite full, will 
just contain an amount equal to the 
deposit of an inch of rain as col- 
lected in the eight-inch gauge. Parts 
be an inch Co be aren by 

unging a rule (Fig. 75) perpen- 
dicularly to the bottom Coe ey od 
sure, portion we e 
water being the decimal part of an,,, nm 
inch required. Having made a rule. 
exactly four inches in length, an 
divided it into ten equal and 
each division being subdivided into 90;|——— 
a measure is obtained 
which will read off the hundredth of ® 
an inch; and, as the divisions are 
tolerably wide, it is not difficult to 
estimate even to thousandths of an ;,| 
inch. Thus, for example, as used 
in the measure, the rule four inches 7 
1 divided into 100 parts, repre- 
pa I one inch of rain fallen ; the 65 
score at twenty-five, or one inch, ¢, 
Hyrtaty a fall of a quarter of an 
inch, and so on. 

Exxcrnomerers, — Atmospheric 
electricity has been much neg’ 50 
by meteorologists ; it is an impor- 
tant item of meteorological investi- *° 
gation. There are several methods 
of studying the subject: the most 
one is Sperone pee 35 
which, being portable, sho 
come generally adopted. Where 30 
a are the eee soeelatece 
exp! wires, properly ins 
the santlle are more sati 3 20 
and when this plan is adopted, t 
following electrometers uld be 15 


used :— 
1. De Saussure’s Electrometer, ! 
which consists of two fine wires, each 


y: 


rf le, ifaey | 


terminated by a small pith ball their 
expansion being meas a gra- 
duated scale. ne ene 

*2. Volta’s Electrometer, consisting of two thin stems 
of about two inches in length, and fitted to a metal rod 
by small rings, > 

* tars et sete bees re consisting of two slips of 

-leaf. For stronger electricity, a pair of Dutch-gold 
eaves become a useful addition. noes - 

4, Zamboni’s -pile Electrometer, It is a single 
gold-leaf suspend been, the conducting-rod between 
two dry piles, the negative pole of the one and the 
positive of the other being uppermost. This shows 
whether the electricity is positive or negative. 

For powerful electric storms, the self-registering ap- 
paratus belonging to the atmospheric recorder is very 
useful ; whilst a nicely-arranged electrical bell will be a 
means of warning the observer that his presence is 

uired in the electric-room, 

e effect of a thunder-storm, when three or four 
miles distant, as shown on these electrometers, is ex- 
ceedingly interesting, It is not only possible to witness 
the instantaneous convulsion caused bya flash of lightning, 
at least twenty seconds before the of thunder occa- 
sioned by it is heard, but it is possible to know, 
several seconds before a flash takes place, that one is 
about to occur. j 

The beneficial effects of electricity on the vegetable 
kingdom are of a character so tel t, that any extended 
researches upon the branch of Meteorol calculated 
. = ditional light upon the subject is very 

esirable. 


The Gimbal Vane,—This is a wind-vane exactly 
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balanced and hung on gimbals, having vertical fans to 
carry it in the direstion or the wind, and horizontal fans 
to enable it to tip up or down, to show the angle at which 
the air is blowing. 

The Rain Angle is a simple contrivance for showing 
the angle at which the rain descends. It consists of a 
rod, which moves along a graduated are, 

The —_— Sew ersaes as - the ae 

enter’s rule, having an elevated eye-hole, fixed vertically 
fa the joint, tam fap uch pin screwed vertically on each 
leg of the rule, The rule itself slides on a graduated are. 
In order to measure approximately the distance of a 
ered cloud, or other celestial phenomenon, from any 

ed object, the legs of the rule are opened until one of 
the vertical pins covers the object to be measured, and 
the other the object to which itis referred. The distance 
will be seen on the eas arc. 

Ozonometer.—A chemical contrivance for ascertaining 
the amount of ozone in the atmosphere. Ozone was 
discovered by Dr. Schénbein of the University of Bale, 
in the year 1848. Test-papers are hung in a situation 
where there isa free current of air, but not in sunshine ;— 
the north face of a thermometer-stand is a convenient 
situation. These papers will remain colourless if there 
be no ozone present, and will be more or less tinged with 
blue, as the ozone is more or less powerful. A scale of 
different tints, marked from 0 to 10, is furnished with the 
test-papers, to which the slips are referred after exposure 
to the atmosphere, immediately after immersion in 
water for the space of one minute, 

These test-papers are made in the following manner ;— 

200 parts of distilled water, 
10 ,, of starch, 
1 ,, of iodide of potassium, 

boiled together for a few seconds, and then slips of 
bibulous paper dipped into the solution ; when dry, they 
are ready for use. If there be any ozone present in the 
air, it seizes on the potassium—the blue colour left being 
iodide of starch. Other test-papers have been prepared 
by Dr. Moffat of Hawarden, which do not require to be 
plunged into water, in order to bring out the proper 
colour. Dr. Moffat’s test-papers must be kept in the 
dark. They are placed in a box, the bottom of which 
is perforated with holes for the free passage of air. 
These test-papers, if kept in the dark, will last for 
several years, retaining the amount of discoloration. 

The Wind-Vane should be so contrived as to move 
with the least amount of friction; otherwise, in calm 
weather, the changes will not be seen to take place in the 
direction of the wind at the proper time. : 

The Atmospheric Recorder, although too expensive fo 
the ordinary meteorologist, still cannot be passed over in 
silence. Having had one in work for a year, we can speak 
of its value. Every change in the atmosphere is written 
down by pencils at the precise moment of occurrence. 
It is merely requisite to supply the cylinders with suf- 
ficient paper ; after which, if the clock be. occasionally 
wound up, and the pencils kept capable of drawing 
a clearly-defined line, no further care or tronble is 
needed. This machine is incessantly writing down the 
force of every gust of wind, the extent of every change 
in its direction, the commencement and termination of 
every shower, the quantity of rain which has fallen, and 
the amount of evaporation and electricity. The 
os of the air, the pressure and hygrometrical 
condition, are recorded every quarter of an hour. The 
discussion of these records cannot fail in being produgtive 
of “gue i to meteorologists. Mr. Dollond makes 

machine. 

The Actinometer,—An instrument for ascertaining the 
force of solar radiation. It consists of a large hollow 
cylinder of glass, soldered at one end to a thermometer 
tube, terminated at the other end by a ball drawn out to 
a point, and broken off so as to leave the end o The 

inder is closed at the other end. It is filled with a 

p blue liquid (ammonio-sulphate of copper). The 
linder is enclosed in a chamber, which is blackened on 
sides. This instrument requires careful manipula- 

tion, and is but little nsed. 


facing the north. The box is painted black inside, with 
salts belt ofa comple of ches in, willl giaieeied 


been well described by Mr, Breen in the Section. on 
Astronomy. A very close my ery to correct time 
may be obtained by the use llond’s Portable Transit. 

A good astronomical clock, with a mercurial pend 
ought to be found in every observatory, and a 
watch in the pocket. of every observer ; each be 
provided with the seconds-hand, ; 
Whee Anemometer, Meer by the Rev. Dr. 

ewell, is an ingenious -registering anemometer, 
which gives the amount of horizontal movement in the 
air. A system of wheels is worked by windmill-sails, 
according to the velocity of the wind ; and these carry a 
pencil, which is constantly recording the direction and 
velocity of the wind. 

Osler’s Anemometer constant] 
direction of the wind, and also 
admirable invention, Unfortunately, such instruments 
as this and Dr. Whewell’s are too expensive for the 
majority of meteorological observers. 

Electrical O at Kew, under the able 


management of Mr. Ronalds, has become a most im-— 


portant meteorological station, being, in fact, a collection 
of all uisite electrometers; a brief description of 
which will be found in Dr. Drew’s Practical Meteorology. 


Daniell’ s H .—An instrument for a 


from direct observation, the temperature of the dew- | 


point. This is an interesting contrivance, as a ring of 
dew is precipitated at the temperature of the dew-point. 
It consists of two glass balls, communicating with each 
other by means of a bent tube. The one is of black 
lass, and the other t. A thermometer is 

xed with its bulb within the blackened ball; and as 
soon as three-fourths of this ball is filled with sulphuric 
ether, it is immersed. The air having been exhausted, 
the tube is hermetically sealed. The transparent ball is 
covered with muslin. A duplicate thermometer for 
ascertaining the temperature of the air, is attached to 


the stem of the instrument, To find the temperature of 


the dew-point, all the ether must be made to run into 
the black ball ; ether is then poured from a phial on the 
muslin ; this produces rapid evaporation, and the tem- 
perature is cooled down to that of the dew-point ; at 
this temperature, a ring of dew is formed round the 
black bulb, and at this instant the immersed 
must be read off; rapidity of observation being neces- 
sary, as the temperature will continue to fall w this 
point, and the ring of dew also to increase in width. In 
a few seconds the ring will gradually disappear, and at 
this moment the thermometer be read a second 
time. The mean of the two readings will give the tem- 
perature of the dew-point. 1t is necessary that the 
ether should be very p 

The results obtained by actual observation and by caley- 
lation (from the wet and dry-bulb thermometers) are very 
nearly identical, as the following illustration will show :— 

By Observation. 


Daniell’s hygrometer, temperature of air .  . 656°0° 
Daniell’s hygrometer, temperature of dew-point 
when ringwasformed . . . . . 481 
Daniell’s hygrometer, temperature of dew-point 
when ring disap : ; ad - 48:2 
Daniell’s hygrometer, mean temperature of dew- 4 
point. * * hen 9 R ‘ . \ 7 
Daniell’s hygrometer, temperature of dew-point 
below temperature of air «Rats: hee 
By Caleulation, 
Temperature of dry bulb . . oes oP OOD 
Temperature of wet bulb . nt ae) ato bayanee 
Calculated dew-point eee 
Temperature of dew-point below temperature of 78 
air . . . . . . . . 
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eqnault’s Hygrometer—Another instrument for as- 
certaining the dew-point from direct observation. It 
differs considerably in its construction, Some meteoro- 
logists prefer it to Daniell’s hygrometer. Messrs. Negretti 
and Zambra have constructed a modification of Reg- 
nault’s hygrometer, and from them it can be procured 
at the same price as that usually charged for Daniell’s 
h ter. 

‘i ‘onnell’s Ti is a third instrument for ascer- 
taining the dew-point from observation. In this, the 
temperature is lowered to the dew-point by means of an 
exhausting syringe. The wet and dry bulb thermometer, 
however, answers every 
observer, is not so liable to be incorrectly read off. 


Cyanometer consists of a flat ring, divided into 53 expands zotrs' 


and 52 very dark blue ; the other numbers are 

intermediate tinge from nearly white to 

its us¢, the colour of the sky can be com- 
ed. 


The 
one parts, and numbered from-0 to 52, the 0 being 
white, 


ings up (this is a peculiarly violent 
breeze noticed in mid fhund th i 


formed, oscillatory among the stars. The hour 
of easebiande when sore. anca eeened ight ; if there 
be floating patches of luminous haze or cloud, &c. 

Solar Lunar Halos. —When visible, the quarter pf 
the heavens where they appeared, and how long they 
remained visible. : 

Mock Suns and Complicated Circles of Light.—Their 
form and position with respect to the sun or moon; 
whether i 


of Wind.—Their direction, and estimated force ; 
when they commenced and terminated; the height of 


of “fal 


pearance stars” is always 
daring other times of 


During these periods, the 
found to be more frequent than year.—Ep. 


Requisite Tasies or Repvuctron.—Iist. Glaisher’s 
Eiygrometrionl Tables (2nd edition). These splendid 
es enable the observer, with comparatively little 
labour, to calculate the temperature of the dew-point ; 
the elastic force of vapour; the weight of vapour in a 
cubic foot of air ; the additional weight of vapour required 
to saturate a cubic foot of air; the degree of humidity ; 
the whole amount of water in a vertical column of the 
atmosphere ; the weight of a cubic foot of air ; and also 
to separate the pressure due to vapour from that due to 
the gases, forany temperature from 10° to 100° F, There 
is also a table for reducing the readings of the barometer 


purpose, and, to the ordinary to the level of the sea, Mr. Glaisher has calculated this 
| table from the fact determined by M. 


ult, that air 

for every increase of 1° of heat. 
2nd. Zables of the Corrections for Temperature to. Re- 

duce Observations to 32° F. for Barometers with Brass 


Scales, by J. Glaisher, Esq. It is absolutely requisite to 
reduce the readings of Fp tn to a certain acknow- 
ledged temperature, otherwise the true pressure of the 
air could not be ascertained ; for it must be remembered 
that, besides the pressure of the air on the mercury, the 
mercury itself obeys the same law which is pointed out 


th part 


| to us by the thermometer—i.e., it expands by heat, and 


contracts by cold. ‘Thus, suppose the actual pressure of 
the dir to stationary, the barometer will be seen to 
rise or fall, if there be an increase or deeregse in the 
tenperstere of the air. In like manner, the metal scale 
of the barometer is subject to expansion and contraction 
by an increase of heat or cold ; and this, as Mr. Glaisher 
says, explains the ap t anomaly that, although the 
readings are said to be reduced to 32° (or the freezing- 
i the point of no correction ‘is 283°. As metal 

will vary in ‘length with every degree of tempera- 
ture, it is apparent that a certain temperature should be 
determined upon‘at which the stan unit of measure 
must be referred ‘to. ~ ; 

Now this temperature has been fixed at 62° F.; 
therefore above 62°, as the metal will expand, this will 
make the divisions on the scale of the ter too 
large, and consequently the barometer will read lower 
than it should do; on the contrary, below 62°, the metal 


contracting, will bring the index divisions closer to- 
gether, the barometer will read too high, unless 
corrected. Thus, owing to this cause alone, at the tem- 


perature of 32°, the barometer is made to reach ‘009 of 
an inch too high. 

The great use of the reduction for temperature will 
be at once apparent, when an example is given: thus, 
suppose a person has two barometers, one in a room 
heated artificially, and the other as cold as possible ;— 


ing of barometer at temperature of 90° = 30°200 


Correction for temperature. ° ~— 0°165 
Reading corrected for temperature . . 30°035 in. 


Reading of barometer at temperature of 40° = 30.066 
Correction for temperature. . O31 


Reading corrected for temperature . -  80°035 in. 


The difference “134 inch between the two readings, being 
due to the expansive action of heat. 
These tables have been calculated trom Schumacher’s 


formula, which is here copied :— 


m (t —32°)—s (t —62°) 
x 1+m ¢—8F) 


z = reading of barometer. 
m = the expansion in volume of mercury for 1° F. = 
00001001. ~ 
t = the temperature of the mercury and the scale. 
s = the expansion of the brass scale in length for 
1° F. = 0-000010434 (the normal temperature being 62°), 
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Thus the formula becomes— 

00001001 x (¢-32) — 0000010434 x (t—62) 
a 1 + 00001001 x (é—32) 

Srd. Table of Corrections to be applied to Meteorological 
Observations for Diurnal Range, by the Council 
of the British Meteorological Society. These tables are 
of the utmost importance, as they enable an observer, 
from one, two, or three ings daily, to find from them 
the true monthly means ; in fact, to make his observa- 
tions represent a reading taken every hour, day and 
night. Tis, if a reading of the barometer be made 
daily at 3 a.m. in March, the mean will be -023 too low, 
or, at 11 Am., 015 too high. The necessity of this 
reduction becomes very evideut from hourly readings of 
the thermometer; for, suppose the readings are made 
in June, at 4 a.m., the mean will be 9°3° too low, or, if 
at 2 p.m., 8°6° too high. 

The only correction requisite for the reduction of me- 
teorological observations not found in the three above- 
mentioned tables is that for capillarity—the capillary 
action of the tube of a barometer depressing the mer- 
cury by a quantity inversely proportional to the diame- 
ter of the tube. The following table will be found suffi- 
cient for this reduction : it is copied from the work pub- 
lished by the Committee of Physics and Meteorology of 
the Royal Society :-— y 

Correction to be added to Barometer Readings for 
Capillary Action. 


Diameter Correction for Correction for 

of tube. unboiled tubes boiled tubes 
Inch, Inch. Inch, 
0-60 * * +0004 ° * + 0:002 
0-50 ° . 0007 * . 0-003 
O45 * ° 0010 ° . 0-005 
O40 * 5 0014 ° - 0007 
0°35 ° . 0020 ° . 0-010 
030 °- 2 0-028 °* 9 0-014 
025 » + 0040 ° : 0-020 
0:20 * ° 0060 + . 0-029 
O15 ° ° 0088 ° * 0-044 
010 - . 0:142 ° 0.070 


The following reductions for meteorological observa- 
tions will v4.61, Samer nea of every reduction ni _ 
Barometer Repvcrions.—To find the mean pressure 
of the barometer for the month of February, 1856 
(height above the sea-level, 281 feet). 
Sum of all the readings made at 9 a.m., 867640; 
at 10 p.m., 867528. 
Divide the above by the number of observations. 


29)807640(29-918 inches, 29)807528(20 915 inches 
287 287 
261 261 
266 "265 
261 261 
Ty “2 
29 29 
250 138 
233 145 
18 = 


Sum of all the readings of the attached thermometer 
at 9am, 13435 ; at 10 P.m., 13745. 


“ee ‘3° temp. of mercury. 


183 
174 


yt yn “4° temp, of mercury, 
214 
203 

115 : me 

116 

-1 
Mean pressure at 9AM. . . - = 29-918 
Correction for temperature of 463° . . = —O47 
Mean pressure corrected for temperaturo . = 29°871 
Index error . . : " . - — 002 
Mean pressure further corrected for. index 

ons for cay m 
holed. cee ee 
Correct readingfor9amM. . . . « = 29°871 
Correction for diurnal range for February — 008 
Approximate mean pressure ° . + «= 29863 
Mean pressure at 10 p.m. . -  « «+ = 29-915 
Correction for temperature of 474 . .« =—050 
Mean pressure corrected for temperature . 29°865 
Index error en . ° ° - — 002 
Mean pressure further corrected for index 
Chictnetlon ier wabillesdiy, the nieneugp peels Tae 
ion for ca 

boiled Pegg i ikl Sa 
Correct reading forl0p.m.. . . « 29° 865 
Correction for diurnal range for February . — 007 
Approximate mean pressure ° vised 29°858 
Ditto. ditto. cP We ° 29°863 


Sum of the two observations oe - 259-721 
Adopted mean pressure for the month 


To reduce the mean pressure of the month to the sea- 
level, the adopted mean temperature of the air being 
36 0°, and the cistern of the barometer 281 feet above 
the level, the adopted mean pressure = 29°860 inches. 

In Table 2 of Glaisher’ 's Hygrometrical Tables (page v.), 
showing the volume of a mass of dry air, after expansion 
from heat, for each degree of Pahrenheit’s scale, it will 
be seen that a stratum of air 90 feet in thickness, will 
balance a column of mercury 0:1 inch in height, 


The factor for 36° is 1-008 
Multiply this by 90 ft. 90 


feet. 
90°720= 90°7)281-0(-3098 of an in. 
2721 
8900 
8163 
7370 
7256 
114 
Adopted mean pressure for altitude of 281 feet 29°860 
Correction to reduce to sea-level . ; - +310 
At sea-level the mean pressure is -  « 90170in 
in. feet, . 
As 90°7 :0:1::281: = axe = 0'310. 
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Another method, based upon the theorem of Sir 
George Shuckburgh and the calculations of Regnault, 
has been described by Dr. Drew of Southampton, who 
has constructed x tele showing the height, in feet, of a 
column of air equivalent in weight to a column of mer- 
cury one inch in height, at different temperatures, under 
apressure of thirty inches of mercury. This table is 


copied from Dr. Drew’s P: Meteorology. 

Temp. Feet. Temp. Feet. Temp. Feet. 
30 865-1 47 8952 64 925°2 
31 866°8 48 897-0 65 927-0 
32 868°5 49 898-8 ||, 66 928°8 

-33 870°3 50 9005 67 930°6 
ot 872-1 51 902°2 || _ 68 932-4 
35. 8739 52 903-9 69 934:°1 
36 875-7 53 905-7 70 935°8 
37 877°5 54 9075 71 937°5 
38 879-3 55 909-3 72 939°3 
39 881-1 56 911-1 73 941-1 
40 882°8 57 912-9 || 74 942-9 
41 884-5 58 914-7 75 944-7 
42 | 886-2 59 9165 76 946-5 
43 888-0 60 918-2 77 948-3 
4h 889°8 61 919-9 78 95071 
45 891°6 62 921°6 | 79 9518 
46 893-4 63 923°4 80 9535 


For any temperature above that given in the table, the 
addition of 1-7 feet for every degree ; and for any tem- 


‘7 feet for every degree, will give the factor required. ~ 
To work out the addition required to ieee to sea- 
level, let T the tabular number ite the 
temperature of the air, z the reading of the meter 
at f feet above the sea-level, and zx the correction re- 
quired ; then 
tf 2 
emp X 3G 
Dr. Drew gives the following practical example :—The 
barometer being 29-500 inches, the temperature being 
the height above sea-level 60 feet, what correc- 
required ? 


-". 29500 + 0-065 = 29°565 inches (the pressure reduced 
; to the sea-level). 


TuerMometer Repuctions.—To find the mean tem- 
perature for the month of December, 1855, from obser- 
vations made at 9 am, and 10 p.m., and from self-regis- 
tering thermometers. 

Sum of all the readings made at 9 a.m, 10915 ; and at 
10 p.xt., 11017. 


31)10915(35 2° mean at 9 a.m. 
93 + 0-9 cor. for diurnal range, 
161 361 approx. mean for month. 
155 
65 
62 


3 


31)11017(35:5° mean at 10 p.m. 
93 -+-0°5 cor. for diurnal range. 


__——_  —— 


ae 360 approx. mean for month. 


——-_ 


167 
155 


12 


1167 
Sum of all the aadinge of a self-registering minimum 
thermometer, 9365 ; an maximum thermometer, 12759. 


31)9365(30°2° mean minimum temp. 
93 -+-0°2 index error. 


65 30-4 corrected for index error. 
62 


31)12759(41-2° mean maximum temp. - 
124 —0-2 index error. 


85 41-0 corrected for index error. 
3 


1 
49 
62 
-13 
30-4°mean minimum corrected. 
41-0 mean maximum corrected. 


2)71-4 sum of the two series, 
35-7 mean of the two series. _ 
0-0 correction of diurnal range. 
35-7 approx. mean from self-registering instruments. 
36-1 approx. mean from hourly observations at 9 a.m. 
36-0 approx. mean from hourly observations at 10 p.m. 


3)107°8 sum of the three series. 


35°9 adopted mean temperature for December, 1855. 


To find the mean temperature of the wet bulb ther- 
mometer, for the month of December, 1855, from daily 
observations made at 9 A.m. and 10 p-M. 

= of all the readings at 9 a.m.,=10509 ; at 10 p.m, 

31)10509( 33-9° mean at 9 A.M. 
93 + 0°6 cor. for diurnal range. 


— 34:5 approximate mean, 


“279 
279 


31)10658( 34°4° mean at 10 p.m. 
93. + 0-2 cor. for diurnal range. 
.135  34°6 approximate mean. 
124 = 


118 
124 


—6 


Approximate mean from observations made 
atQam . . alle ote . A 

Approximate mean from observations made 
at10P.m. . . . . . 


= 345° 


.  2)69°1 


= 345 


Sum of the series . : ° e 


Adopted mean temperature of the wet bulb 


To find the mean temperature of evaporation. 

Adopted mean temperature of the air from 
dry bulb . : : ; . . = 86:0° 
Adopted mean temperature of the wet bulb = 34:5 

» = OL5- 
- = 359 


Difference . . F . F ° 
Adopted mean temperature of air. 
Difference, or mean temperature of evapo- 


ration x . e * ° - S44 
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To find the mean tem ure of the dew-point, the 
mean dry bulb* being 35°8°, and the mean wet bulb 
uD. 


Example 1.—In the hygrometrical table for 35°. 
The dew-point opposite to 34° wet 
is . 824— 32-4 


The dew-point op} ite to 35° wet 
bulb, is . see Le 


Difference on the increase in dew- 
point for an increase of l°in wet 2:6. 
Proportional part of increase for 0, is + 13 


Temperature of the dew-point corre- 


nding to 35° dry, and 34°5° wet, is 33°7 
In the fourth eee, the decrease of 
dew-point for an increase of 1° in 
the dry bulb, is —1:5°; the propur- 

_ tional part for 0°8°,is 6 se 12 

— 


The adopted temperature of the dew- 
point for 35-8° dry, and 34°6° wet, is = 52° 


Example 2.—To find the mean temperature of the dew- 
point for the month of December, 1855, dry bulb being 
360°, and wet bulb 34°5°. 

In the hygrometrical table for 36°, 

The dew-point opposite to 34° wet. 

je A, gees . . 8L0- 310 
The dew-point opposite to 35° wet 

bulb,is . coe” ee 


aemner Toe eee 25 

ional part of the increase 
te Oo", ees PS ee Bed Te 
Mean temperature of dew-point .  . = 32:2 


The same tables, and the same manner of reduction, 
will find *‘the elastic foree of vapour,” “the weight of 
vapour in a cubic foot of air,” “the additional weight 
— to saturate a cubic foot of air,” and the “‘degree 
of humidity.” To render the tables clear, one example 
of- each will be worked out for a temperature of 35°8° 


Ta Sind, the weight <b aspaa 2s Seen amen 
, 4 


In the hygrometrical 
i : Grains. 

The weight of vapour in a enbic 

foot of air, opposite 34° wet 

bulb, is . . . . . 21~ Gwe 
The weight of vapour in a cubic 

foot of air opposite 35° wet 

Dalby ise pth gs 0 
Difference, or the increase in 

weight of vapour for an in- 

crease of 1° in wet,is . . 03 
Proportional part of the increase 

for05").°" . oe ER eee 


Weight of vapour in a cubic foot of air cor- 
responding to 35° dry and 34°5° wet, is 
In the 8th column, the decrease of wei 
of vapour for an increase of 1° in the 
Pete is 0:2; the proportional part for 
6 is |» ot dae stab Plaid 


The adopted weight of vapour for 35°37 
dry, and 345° wet, is - » + -« 


To find the additional weight of vapour required to 


saturate a cubic foot of air. 
In the hygrometrical table for 35°, 


Grains. 


21 


The dry bulb being 35-8°, and the wet bulb 34°5°. 


Additional weight of vapour required 

to saturate a cubic foot of air oppo- Grain. 

site 34° wet bulb, is. . 038- 
Additional weight of vapour required 

to saturate a cubic foot of air oppo- 

site 35° wet bulb,is . . .« 
Difference, or the decrease in amount 

required to saturate a cubic foot of 

air for an increase in 1° in wet bulb, is0°3 
Pronoshiopal part of the decrease for 

5) ae Er} 


Grain. 
» 03 


169] ] 


The elastic force of vapour oppo- 
The elastic force of vapour oppo- 


by the constant 1 
for the whole amount of water in a vertical column of the 
atmosphere, if precipitated on the earth at one time, a 
depth of 2} inches. 


® The hourly readings of the ther 
time as those of the wet bulb, are called the “dry bulb.” 


dry bulb, and 345° wet bulb. 


'o find the elastic force of vapour of the temperature 


of 35°8°, the wet bulb being 34°5°. 
In the hygrometrical table for 35°, 


Inch, 
0-184 


Inch. 


site to 34° wet bulb, is . . 0184-—. 


site to 35° wet bulb, is . « 0°204 


Difference, or the increase for an 


increase of 1° in wet . 0°020 


Proportional part of the increase for 0°5, is +-0°010 


Elastic force of vapour corresponding to 
35° dry, and 35°5° wet,is . -. + 0-194 
In the 6th column, the decrease of the elas- 
tic force of vapour, for an increase of 1° 
in the dry bulb, is —0°010; the propor- 
tional part for 0°8°,is . . +» —0:008 


Mean elastic force of vapour . . » = 0186 


To find the whole amount of water in a vertical column 


of the atmosphere—i. ¢., from the surface of the earth to 
the top 


of the atmosphere. 
This is found by multiplying the elastic force of vapour 
, which would give, in this instance, 


ter, which are made at the same 


Additional weight of vapour required to 
saturate a cubic foot of air corresponding 
to 35° dry and 34°5° wet, is =. . ~=07 

In the 10th column, the increase in the weight 
of vapour required to saturate a cubic foot 
of air for an increase in 1° dry, is + 0°3 ; 
the proportional part for 0 8°, is - «$02 


The adopted additional weight of vapour ro- 


quired to saturate a cubic foot of air for 
358° dry and 3-45° wet,is. . «© «= 03> 


To find the degree of humidity, the temperature being 


35°8° and the wet bulb 34’5°, complete saturation = 100. 


In the hygrometrical table for 35°. 
Degree of humidity opposite 34° wet 
bulb, is. waa : ; 
Degree of humidity opposite 35° wet 
bulbsae eh oe ee 
Difference, or the increase of humi- 


dity for an increase of 1° in wet, is 10 
Proportional part of the increase for 


0 5°, is . . . . . eta? } + 5 
Degree of humidity corresponding to 35° dry 

and 34°5° wet, is . . : . . 95 
In the 12th column, the increase in the degree 

of humidity for an increase of 1° in the dry 

bulb, is 9 ; the proportional part for 08°, is — 7 
Alopted degree of humidity for 358° dry 

and 345° wet, is. ’ . AL ee 


Nes 
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To find the weight of a cubic foot of air, the mean pres- 
sure of the barometer being 29-742 inches dry bulb 35'8°, 
and wet bulb 34°5°, 

In the hy; grometrical table for 35°. 

In column 18, 13, the weight of a cubic foot of 

air (the barometer being 20-0 inches) oppo- Grain. 
site 34° wet, is . ; . 543-4 


In column 14, the decrease of weight for an 

increase of 1° in ary, an aS; e — 
tional part for 0°8°, is -09 
542°5 

Tn column 14, the increase of weight for an 

increase in t' Prec ie the barometer for 


18°7° grains. 
Opposite 7 in the table, under 18-7? in last 


column, is 
Opposite "ot in the table, in right-hand eor- 
ner of the page, is. 


The adopted weight of a cubic foot of airis . 556°3 


To find the mean pressure of dry air, or that due to 
ee eon separated from the water contained in 


Subtract the adopted elastic force of vapour (which is 
the pressure of the water contained in the air) from the 
adopted pressure of the barometer. 


Example. 
If the mean pressure of barometer be = 29-742 inches, 


And the elastic force of vapouris . = 0186 inch, 
Fe es toe eee 
the gases) will be + = 29°556 inches. 
To find the range of temperature, d&c., deduct 
the coldest tem: from the hottest observed during 
the month. us— 
Hottest temperature . -  o Os 
Coldest temperature . ° 120 
Monthly range of temperature . 388 


To find the mean daily range of temperature, deduct 
the mean of all the of the minimum thermo- 
meter, from the mean of all the readings of the maximum 


eter. 
Mean maximum temperature. . 41:0° 
Mean minimum temperature . . 30°4 
Mean daily range of temperature . = 10°6 


To find the amount of terrestrial radiation, deduct the 
= of a minimum thermometer, placed on the grass, 
of a minimum thermometer, placed four feet 
Sots the grass. Thus— 
Greatest cold four feet above the grass 36°5° 
Greatest cold on the grass aay % bddbis 


Amount of terrestrial radiation . . = "87 


To find the amount of solar radiation, deduct the 
reading of a maximum thermometer (with a blackened 
bulb) saat in full sunshine from the greatest heat in 
shade. Thus— 


Greatest heat in sunshine . - = 593° 
Greatest heat in shade . ~= 34:1 
Amount of solar radiation ,. - 252 


To find the greatest heat and test cold of the wet 
bulb thermometer. his is obtained by attaching the 
VoL. I. 


muslin and cotton conductor to self-registering thermo- 
meters, instead of to the ordinary thermometer. Thus— 


Greatest cold of dry bulb. 340° 
Greatest cold of wet bulb . 32°5 
Difference . ‘ és . ‘ 15 
Greatest heat of dry bulb 46°7 
Greatest heat of wet bulb 42°38 
Difference . F F - ‘ 3-9 


To find the range of temperature of the wet bulb ther- 
mometer, pg the greatest heat from the greatest cold 


Thus— 
Greatest heat. > . x - 428° 
Greatest cold . ‘ a « 382% 
Range of wet. - ° 103 

To find the mean amount of cloud. 


This, by practice, is accomplished very accuratel 
estimation, 10 being considered an overcast sky, an 
cloudless sky. It must be remembered, in making the 
estimate, that, with a partially covered sky, the forms 
of the clouds, and the space they cover, are only cor- 
rectly seen in the zenith; the nearer the horizon we 
approach, the more obliquely do we look upon them ; 
and, consequently, near the horizon, the sky will appear 
to be more overcast than it is in reality. e observer's 
ju ent should, therefore, be more especially confined 

upper half of the sky. 

Observations made at 9 a.m. and 10 p.m., December, 


Pies ed sil Gic calisiabon at 9 am., 2158; and at 
10 P.M., 2024. 
31)2158( 6-96° mean at 9 a.m. 
186 — 0°10 cor. for diurnal range, 


“998 6-86 corrected amount, 
279 


190 
186 


4 
31)2024( 6'5° mean at 10 p.m. 
186 ores 0-2 cor. for diurnal range. 


"164 6-7 67 corrected amount. 
155 
9 


Covrsched veiding'at 9am. 6'9° 
Corrected reading at 10 p.m. 6°7 


Sum of the two series 2)13°6 
Adopted mean amount of cloud . 6:3 


Crasses or Croups.—Mr. Luke Howard, the well- 
known meteorologist, was the first to classify the clouds ; 
and these classes have been very conveniently abbreviated 
by Mr. Glaisher. They are— 


Cirrus = ci... . feathery-looking, the most 

lofty cloud. 
Cumulus = cu... . mountainous looking, 

Stratus = st... . the ground-cloud—forms at 
sunset, and disappears at 
sunrise. 

Cirro-cumulus = ci.-cu. . eee masses, or woolly 

tu 


ci.-st. . horizontal masses. 
cu.-st. . an accumulation of cumuli, 
sometimes fungus-shaped, 
rain-cloud, 
broken, flying nimbi. 
7K 


Cirro-stratus = 
Cumulo-stratus = 


Nimbus = ni... 
Scud = sa... 
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The cut at page 1141 gives an idea of the general 
a rance of each kind of cloud just mentioned. : 

Tn recording the class of clouds, the interest is in- 
creased by also recording the direction in which the 
clouds are moving, the colour of the clouds, and their 
height and velocity. The height may be conveniently 
estimated by supposing 6 to represent very _ clouds, 
and 0 those floating along the ground ; the velocity, by 
supposing 6 to represent those moving at the greatest 
speed, and 0 those motionless. 


To find the mean daily amount of rain. Whole 
amount of rain collected during the month of December, 
1855, 0°764 of an inch. 


$1)0°764(0°025 of an inch being the mean daily 
62 amount, 


144 
155 


—ill 


To find the mean daily amount of evaporation for 
December, 1855. Whole amount evaporated, 0°610 


31)0°610(0 0197 
31 
300 
279 
210 
217 
— 7 Therefore, ‘0197, or, in even numbers, 
0-020 inch is the daily amount. 


To find the amount of evaporation in rainy weather. 

Suppose 1°000 inch of water is placed in the evapo- 
rator, and that a rain-gauge, of the same diameter as 
the evaporator, and placed at the same level, has recorded 
0-510 inch of rain since last observation, whilst the 
evaporator is found to contain 1-444 inches, Then 


1-444 inches the amount in evaporator, 
0510 amount of rain. 
— 0-934 difference, 
1-000 amount of water placed in the evaporator. 


0-066 of an inch is the amount due to evaporation. 


To estimate the force of wind. 

Anemometers being expensive, the majority of me- 
teorologists estimate the wind’s force. It is recom- 
mended that 0 represent a calm and 6 a hurricane, for 
this estimate is easily converted into 11b. pressure on 
the square foot ; the square of the estimate will repre- 
sent the lb, pressure on the square foot ; viz.— 


Sam OrDHoS 
Pou en we 
© 


By practice, a near approximation to the truth can be 
obtained. 


Mr. Belville, in his Manual of the Barometer, gives 
the following concise table of factors for deducing the 
temperature of the dew-point, from the temperature of 
the air and that of the temperature of evaporation : this 


| table originally a in the Greenwich Mi ‘ical 
and Meteorological ¢ Dhesroations for 1844, The deve-point, 


deduced in this manner, is a close a; i to that 
obtained by Glaisher’s Reelin <r 


Temperature. Factor, | Temperature, Factor. 
28° to 29° 57 40° to 45° 23 
29 ,, 30 50 45 ,, 50 2-2 
30}, 81 4:6 50 ,, 55 21 
81 ,, 32 36 5D ,, 60 19 
$2. ,, 33 31 60 ,, 70 18 
33 }, 34 28 70 5, 80 17 
84 ,, 35 26 80 ,, 16 
35 ” 40 24 85 ” 90 15 


eer the difference Liss the wet Faw i Mote 
the factor corresponding to the tempera’ 

bulb, and subtract: the uct from the latter, arick 
will give the temperature of the dew-point. Thus, 


let 
the 


T be the tempe W wet bulb, f factor, x 
product, and D the dew-point, then 
«=T—Wxf 
and D=T—zx 
Example.—Temperature of bulb 60°, and wet 

bulb 45°. wd . 

60— 45 = 5 

5x 21= 10% 

50 — 10°%5 = 39°5° the dew-point, 


By Mr. Glaisher’s tables this dew-point is 39°7°. 


RECOMMENDATIONS AND PRECAUTIONS.—Preserve, as 
much as possible, the continuity of the observations. It 
is desirable not to change the positions of the different 
instruments, nor even to alter the method of reading and 
registering. As it is probable, when two persons are.em- 


ployed in taking observations, that each will read slightly 
different, a series of simultaneous readings should be 
made, in order to find the personal error of the observers. 


If, from any cause, the continuity of the pene should 
be broken, on no account attempt to fill the blank so 
caused by estimation. Be punctual to the hours de- 
termined —— for observations, and read off the instru- 
ments in the same way every day ; by doing this, it is 
less likely that an observation of any one instrument 
shall be overlooked. It is convenient to rule and mark 
off the form of observation uponaslate, to be transferred 
to the observatory book, after the whole observations 
have been made, Before calenlating the means, it is 
recommended to examine each column, to ascertain that 
no evident error of entry has been made ;—an inch in the 
reading of the barometer is a common error, The 
maximum reading of the thermometer is also sometimes 
entered in the wrong column, being placed in that of the 
minimum ; and vice versa. Deci arithmetic should 
always be used. 

Before fixing the barometer, it should be ascertained 
that the s above the mercury is free from air. 
Incline the instrument peony Sepa its vertical position ; 
if the mercury, in striking the upper end of the tu 

roduce a pad 8 rap, the vacuum is perfect ; if the 

dull, or not heard, there will be air above the mercury, 
which must be driven into the cistern bi Ar Wk the 
instrument and barat {in — one om observer 
do not succeed in uu is s) report by tappi 
the instrument will settuies the aid of the sake te 
fixing the barometer, adjust the tube vertically by the 
aid of a plumb-line. In reading the instrument, place 
the eye on the exact level of the top of the column of 
mercury, so that each side of the index, and the top of 
the column, shall be in the same horizontal plane. 

The thermometers should be protected from rain ; and 
in a reading, the observer should do it quickly ; 
and whilst doing so, avoid touching, breathing on, or in 
any way warming the thermometer by the near approach 


of hi 

Sir Sonn Herschel recommends that every meteoro- 
logist should take an observation every hour throughout 
the twenty-four, on four stated days in the year; viz., 
March 21, June 21, September 21, and December 21, 
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excepting when one of these days occurred on Sunday, 
then to substitute for this date the 22nd. The observa- 
tions to commence at 6 a.M., and terminate at 6 a.m. 
next morning. 

Thermometers should be frequently compared with a 
standard instrument, in order to ascertain whether the 
freezing-point has remained at the temperature as marked 
off on the scale. It is a well-known fact, that the zero 
point moves ; this has been ascertained from the circum- 
stance that, after a great change in temperature, the glass 
requires a considerable time to enable it to return to its 
normal condition. 


Newman’s Stanparp Barometer form of Rutherford’s 
thermometer differs in the following manner from that 
already described :—A platinum tube is drawn over a 
steel wire, which is said to prevent the index from fixing 
by oxidation. Not having had this instrument at work, 
we are unable to speak of its advantages from practice. 
A good improvement has also been accomplished with 
Negretti and Zambra’s rain-gauge. We conceived it was 
liable to have the water in the canal surrounding it 
emptied into the graduated glass with the rain to be 
measured. At our suggestion this has been altered ; 
the canal is now placed much lower down the gauge, and 
there seems no possibility of an erroneous measurement, 
The gauge may, therefore, be now said to be perfect. 

Of late years two new barometers have appeared—viz., 
the Aneroid and Burdon’s. They are both good indicators 
of atmospheric pressure, but cannot take the place of a 
Standard barometer. In the first place, the metal is 
influenced by temperature ; and in the second, there is a 
chance of the box of the Aneroid and the tube of the 
Bowrdon losing their vacuum. As a household instru- 
ment, when extreme accuracy is not essential, they are 
preferred to the common wheel barometer.* 

At the time of the Great Exhibition of 1851, when the 
jury were examining the meteorological instruments, a 
remark was made t a more perfect maximum and 
minimum thermometer was required, both of which 
should be mercurial ; and on the council medal being 
presented to Messrs. Negrettiand Zambra, their attention 
was called to this suggestion. Not many months had 
elapsed before the patent maximum was produced, and 
within four years the patent minimum. e latter was 
sent for trial toa few meteorologists about that time, and 
one of these instruments came to the Beeston Observa- 

The experiments made with it have been perfect 
successful ; indeed, so much so, as to have astonished ‘all 
who have used it. The ordinary minimum thermometers 
do not work uniformly with this new instrument, owing 
to the alcoholic vapour contained in the upper portion o! 
their tube, and which is more or less developed according 
to the temperature. Two such important improve- 
ments have not taken place since the invention of the 
thermometer ; and it is creditable to them that both 
should have emanated from the same persons who 
invented the enamelling of fine tubes. 

Professor ©. P. op iy: the Astronomer Royal of 
Scotland, has caused the electric telegraph to work in 
meteorology. A wind dial at the one extremity of a 
wire, is made to turn another simultaneously at the other 
extremity, The time will come when all large towns 
will have buildings devoted to these observations, and in 
which dials will be seen in every direction, some labelled 
“Edinburgh,” others “Liverpool,” ‘‘ Dublin,” ‘‘ London,” 
** Paris,” ** York,” &c., and where the public will be en- 
abled to see the direction of the wind at the same instant 
at most remote places, . The benefit to the farmer and the 
navigator will be great from such an a gr sas Were 
such stations to be thickly scattered oughout the 
country, every change of wind, and every shower, could 
be traced and recorded, and a knowledge im: the 
benefit of which could not be sufficiently apprecia‘ 

To be enabled to announce the approach of a thunder- 


| storm, however, at a time when the sky is free from 


clouds, and to ascertain its speed so as to foretel when 
* See Mr. Glaisher’s report in the next chapter. 


it may be expected in any given place, would afford the 
farmer an opportunity of so benefiting by the infor- 
mation, that he would gladly pay a small rate in order to 
take advantage of it. ‘The world is slow in appreciating 
any new invention until its usefulness is experienced : 
let us, however, hope that such invaluable stations may 
speedily be established, and we venture to predict that, 
at no very distant period, every conspicuous eminence 
will have its road station, to impart the information 
collected at the principal establishments, where the 
electric wires are made to record the changes as they 
occur. Of late years considerable progress has been made 
in this direction. Admiral Fitzroy has accomplished much 
by the ‘‘ forecasts” he has daily published ; and has largely 
benefited our seafaring popultion, by ‘‘ warnings” com- 
municated to the various seaports. (See following chapter). 

Tt is a common ia vegg that ae gr be more change- 
able than the weather ; yet that all these changes are 
governed by certain laws, is as certain as that gravitation 
binds the heavenly bodies together. Were there no 
laws to keep the changes within certain limits, we should 
at one period experience cold, and at another heat so 
intense, that existence would be intolerable ; the earth 
would be deluged with rain, and anon parched up with 
drought ; the sky would be cloudy for months, perhaps 
years together, and then cloudless for as long a period ; 
in short, the laws which govern the weather, keep the 
extreme changes within proper bounds. 

As the more complicated machinery of a meteorological 
observatory cannot be expected to be found except in our 
principal establishments, it will be requisite to mention 
what instruments are absolutely necessary for the or- 
dinary observer. These are—A standard barometer; a 
wet and dry bulb thermometer; a maximum and a 
minimum thermometer; a rain-gauge ; an evaporator ; 
a thermometer-stand ; a wind-vane. These would cost 
from £17 to £30, according to which barometer is 
selected. The following additional instruments are also 
desirable (the expense would be £4 or £5):—The solar 
and terrestrial radiation thermometers ; Glaisher’s elec- 
trometer ; an ozonometer ; and an extra rain-gauge. 

Snow-Gavucz.—The gauge used at Beeston obser- 
vatory consists of a thin metal cylinder, eight inches in 
diameter, and twelve inches op upon one 
side to a quarter of an inch. is cylinder will pene- 
trate through the snow, scarcely disturbing it, and the 
depth in inches is atonceseen. By careful manipulation, 
if the cylinder be turned round, all the enclosed snow 
can be lifted from the ground. It is desirable to melt 
it in a wide-mouthed bath, the gauge being previously 
kept corked to prevent evaporation. It frequently 
happens that snow is blown out of the mouth of the 
rain-gauge before it has had time to melt; consequeritly, 
the result of melted snow, as shown by the rain-gauge, 
will be too little in amount. 

Catenpar or Nature.—Every meteorologist should 
endeavour, as much as possible, to record the arrival and 
departure of migratory birds, the dates of trees coming 
into and losing their leaves, the blooming of plants, the 
ripening of fruit and seeds, the building of birds’-nests, 
the first appearance of various insects, diseases amongst 
animals and plants, the appearance of abundance or 
otherwise of crops of fruit, corn, &c. If such registers 
were extensively kept and carefully recorded, the effect 
of the weather upon the animal and vegetable kingdoms 
would be well seen. Itis extremely desirable that every 
precaution should be taken, in order that, year after 
year, the same object should be the special one on which 
the remarks are based, and that one species be not mis- 
taken for another. The following examples will show 
that it is essential to use the utmost care :-— 

First, ‘‘the elm is said to lose its leaves on a certain 
date.” Such an observationis useless. It is requisite to 
mention the particular kind of elm ; thus, the broad-leaf 
elm is the first tree to become leafless, which it frequently 
does in September; the Siberian elm, on the contrary, 
will remain green after all other trees have become 
leafless—sometimes it isin leaf as late as December. It 
will also be found that the same species, in a group 


1172 METEOROLOGY. 


[FrTzRoy’s FORECASTS, ETC. 


whose boughs touch each other, will come into leaf at 
different dates. In no tree is this more strikingly ex- 
hibited than in the beech: two beeches ing close 
together may be seen to vary a couple of weeks in their 
period of coming into leaf. The age of the tree also 
causes a difference to occur. In the different kinds of 
lilacs and laburnums, there will be a range of some days 


in their time of coming into bloom. Amongst herbaceous 
plants, none that have been transplanted should be the 
objects of record. Respecting the observations on the 
ripening of fruits, the straw will serve as an ex- 
ample: the variety called BI Prince will be ripe 
before Kean’s ing ; Kean’s ing before Briti 
Queen ; and British Queen before the Elton Pine, 


such are—Admiral Fitzroy’s Weather- 


Stars and the Aurora; Meteorological influence of 
Registration; Gaseous Radiation ; 


Iv the preceding pages, the student, or general reader, 
will find an ample disquisition on the laws of Meteoro- 
logical Phenomena, and some useful advice and aid, 
should he be desirous of pursuing the subject practically. 
Within the last few years, an idea has prevailed in scien- 
tific circles, that it is possible to predict the probable 
kind of weather which may occur within certain limita- 
tions. Such an object is of the highest importance to us 
as a seafaring nation, losing, as we do, annually, an im- 
mense sum by the wreck of vessels near our coasts. 
The Meteorological Department of the Board of Trade is 
devoted to obtaining observations, and in generalising 
them, with the hope that the laws igen excessive 
re) of the weather may thus discovered. To 
Admiral Fitzroy we are indebted for a great amount of 
untiring exertion and bean 9 ig success. Under his 
direction, telegrams are daily forwarded to all our 
ports, intimating the weather which may be expected 
to occur; and a system of signals has been arranged, by 
which vessels, near our coasts, can be warned of an im- 
pending storm. 

We present our readers with the following epitome of 
the results arrived at by Admiral Fitzroy, and the prin- 
ciple on which he proceeds; and are indebted to the 
pages of the Athencewm for the résumé. The remarks 
are founded on a Report which was furnished by the 
admiral, during the summer of 1862 :— 

“The Report is highly valuable, for it contains the 
first-fruits of the measures taken by government to 
utilise our knowledge of meteorology, with reference 
more particularly to storm telegraphy. The system at 
present in use was organised in 1857; when it was 
arranged that simultaneous observations should be made 
daily at various localities in the British Islands, also in 
and around the Atlantic, and at stations on the Euro- 
pean continental coasts. By combining these observa- 
tions in synchronous charts and otherwise, it was dis- 
covered, that though the weather and wind ap to be 
quite irregular, yet that there was much uniformity and 
similarity of character in successive variations, It was 
further ascertained, that by means of a comparatively 
small number of observations made daily at a few 
selected stations sufficiently far apart, and by the use of 
a self-registering barometer at a central station—to which 
meteorological telegrams are sent from the outlying sta- 
tions—distinct intimation of marked changes of weather, 
and warning of me ema storms, might be communica‘ 
to the centre, and from thence to all other points of any 
telegraphic combination. 

‘Some years were spent in bringing the system to 
working order; and on the 6th of ebruary, 1861, the 
first warnings of portending storms were given. The 
value of this notice was particularly marked by the cir- 
cumstance that a fleet of vessels became disabled or 
wrecked on the 8th or 9th, which were lying off Shields, 
and whose captains disregarded the timely warning. 


[Tats Chapter has been added by the Editor, as in part ee 
afford information on various matters, stones to Meteoro i 

‘orecasts ; Polar and Equatorial CD By seg Rules for predi 
the Weather ; Animal Instincts ; Free Electricity, and its Phenomena ; Mr. Glai 


CHAPTER V. 
WEATHER-FORECASTS—BALLOON OBSERVATIONS—CLIMATOLOGY, Ero. - 


egerr he subjects already treated and also to 
ogy, which have not hitherto been noti : 

's Balloon Ascents ; Shooting- 
e; Ozone; Determination of Heights; Weather 


now-line; Distribution of Heat; Rainfall ; Plants and Animals as affected 
by Climate ; Meteorology and Ethnology ; Endemic and Epidemic Diseases; Tables of Mean Temperature, é&c. ] 


The misfortune was, however, a singularly petices 
example of the truth of the homely proverb, ‘it is 
an ill wind that blows no one ; for since that event, 
Admiral Fitzroy states that, ‘whether from having a 
preciated these storm signals, or from other reasons, the 
fact is, that very few wrecks occurred on our coasts dur- 
ing the notoriously tempestuous weather of February and 
March, 1861; and Pp Beipretg few since.’ 

“Tt is gratifying to find that the aid afforded by the 
government offices is not confined to British ships, and 
that a considerable demand for the publications emanat- 
ing from Admiral Fitzroy’s department, has been made 
by foreign nations. It has been truly o! ed, that one 

the greatest evils of meteorology, hitherto, has been the 
practice of incessantly making observations without any 
very definite objects in view, with the e hope that 
eventually they may become of value. e aim of the 
Government Meteorological pe abe is to correct this 
evil, by not only instituting o tions of a strictly 
scientific nature, made with scientific instruments, but 
also in turning the observations to practical account. 

** Admiral Fitzroy considers that the phenomena ac- 
companying storms are now so readily explicable by the 
light thrown upon them by Dove’s theory of polar and 
equatorial currents, which has been translated and pub- 
lished by the of Trade, and they are so marked by 
barometers, that it is quite inexcusable to undervalue 
their i The principal phenomena connected with 
storms may be thus summed up. Great and im it 
changes of weather and wind are preceded, as as ac- 
companied, by notable alterations in the state of the 
atmosphere ; app ing storms are usually shown by 
falls in the barometer exceeding one inch, and by differ- 
ences of temperature exceeding about fifteen degrees. A 
tenth of an inch an hour, is a fall indicating a storm or 
very heavy rain. The more rapidly such ¢ occur, 
the more risk there is of dangerous atmospheric commo- 
tion, These circumstances show the necessity of fre- 
quently observing the barometer, and the advantages of 
a self-registering instrument, 

** As all barometers often, if not usually, show what 
may be expected a day, or even days, in advance, rather 
than the weather of present or next few hours, and 
as wind or its direction affects them much more than 
rain or snow, due allowance should always be made for 
days as well as for hours to come. Admiral Fitzroy re- 
commends that the following table of ay tempera- 
tures between 8 and 9 o’clock a.m., near Lon should 
be used to assist in foretelling the direction and nature 
of coming wind and weather :— 


a a 
© * ° u . . . 
March . . - 41 |September . . 57 
tg res + 46 | October - . 50 
ris - . 58 |November . . 43 
June , ° - 69 | December . « 39 


ee 
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‘The thermometer (shaded and in open air), when 
much higher between 8 and 9 o’clock a.m. than the 
average, indicates southerly or westerly wind ; but when 
pabsiy he lower, the reverse, or northerly currents of 
air approaching, if not present. It is important to ob- 
serve that the foregoing table of temperatures must be 
corrected for other places. 

*€ Careful observations have now proved, that, although 
England is generally visited by one or more storms 
during the year, each of which is accompanied by terrible 
local di rs, yet all these tempests (be they ever so re- 
markable) are so much alike in character, and have been 
preceded by such similar warnings, as to warrant our 
reasoning inductively from their well-ascertained facts, 
and thence deducing laws. Indeed, all investigations 
into the characteristics of storms show the same results. 
Gales from the south and west are followed by dangerous 
storms from the north and east. Those from the west 
and south come on gradually ; whereas those from the 
north and east begin suddenly, and often with extraor- 
dinary force. The barometer, with these north-eastern 
storms, does not give direct warning upon this coast, be- 
cause it ranges higher than when the wind is in the oppo- 
site quarter. But though the barometer does not give 
much indication of a north-east storm, the thermometer 
does ; and the known average temperature of the locality 
affords the means of knowing, by comparison, whether 
the wind will be northerly or southerly. Besides the 
familiar weather signs, Admiral Fitzroy considers that 
the following special peculiarities, previous to great at- 
mospheric commotions, should observed :—A t 
fall of rain or snow, much lightning, unusual cold, or 
excessive heat, invariably precedes high winds or strong 


es. 
ir Admiral Fitzroy is cautious in advancing any opinion 
respecting the connection between electricity and storms. 
It is certain that, although many eminent men do not 
think that magnetic storms, or even auroras, are directly 
connected with atmospheric currents, or have any special 
relation to storms, many facts on record seem to point 
to a different conclusion. We can only notice one ; but 
this is most im nt. On the evening previous to the 
Royal, Charter storm, a brilliant meteor was seen ; and 
during the previous week, blood-red streamers of aurora 
were very prevalent. 

‘© We need hardly say that Admiral Fitzroy regards 
any faith in change of weather at the moon’s quartering 
as utterly illusory, being based merely on deductions 
from coincidences, and not on any philosophical basis. 
It is, however, most remarkable how this unsound theory 
keeps its place among men even of high education. An 
amusing instance recurs to us. At one of the horticul- 
tural this summer, we met a gentleman who was 
loud in his indignation because, it being a wet day, he 
had ascertained that the Council of the Horticultural 
Society had fixed their shows ess of the moon’s 
quarters ; whereas, as he stoutly maintained, had pro 
attention been paid to the lunar changes, wet weather 
would have been avoided. We apprehend that the in- 
dignant member has ena f this time, that the weather, 
during this summer, at all events, is not influenced by 
the moon. 

** Although the great working instruments of the me- 
teorologist are the barometer and thermometer, which 
should be of the highest order of excellence, we are glad 
to hear that Admiral Fitzroy makes use of an instrument 
called a storm-glass, which was much more common 
formerly than it is now. We have long been acquainted 
with this glass, and can confidently of its value 
in aiding, with the barometer and thermometer, in fore- 
casting weather. Admiral Fitzroy has observed this 
instrument with great closeness, and these are his con- 
clusions ing its indications :—When a storm-glass, 
filled with the proper chemical mixture (camphor, nitrate 
of potass and sal-ammoniac, partly dissolved by alcohol, 
with water and air in an hermetically sealed glass bottle), 
is fixed undisturbed in free air, and not exposed to 
radiation, fire, or sun, the mixture varies in character 
with the direction of the wind. As the atmospheric 


current veers toward, comes from, or is approaching only 
from the polar direction, the mixture grows like fir or 
fern-leaves, hoar-frost, or crystallisations. As it tends 
to the opposite quarter, the lines or spikes—all regular, 
hard, and crisp features—gradually vanish. Before, and in 
a continued southerly wind, the mixture sinks gradually 
downwards in the bottle till it becomes shapeless, like - 
melted sugar. Before or during the continuance of a 
northerly wind the crystallisations are beautiful. The 
glass should be wiped gently occasionally, care being 
taken not to shake the contents. While any hard or 

isp features are visible below, above, or at the top of 
the liquid (where they form for much north wind), there 
is plus electricity in the air; a mixture of polar current 
co-existing in that locality with the opposite or southerly. 
When nothing but soft, melting, sugary substance is 
seen, the atmospheric current is southerly, unmixed with, 
and uninfluenced by the contrary wind. 

“In August, 1861, Admiral Fitzroy commenced pub- 
lishing single ‘forecasts’ of the weather. Eveniy 
weather reports are received each morning, and ten eac 
afternoon, besides five from the continent. Double 
‘forecasts’ (two days in advance) are now published, and 
are sent to the daily papers. As these ‘forecasts’ have 
created considerable interest, Admiral Fitzroy explains 
the principles on which they are made. 

‘*A barometrical height of 29-50, with about 60° of 
temperature, may be considered to indicate (if continued 
a certain time) fresh south-west wind and mild air, pro- 
bably cloudy, perhaps rainy ; about 30-50 inches, with 
50° temperature, py 7 would foretel and accompany 
north-easterly wind, dry weather, and usually a clear 
sky. Again, a high or rising barometer in the north- 
west, with low or falling temperature, while in the south 
and east the pressure is low or diminishing, indicates a 
north-west wind, either extending generally, or checked 
and deflected according to the diminution or increase of 
the temperature in the south-east. 

“ Objection has been taken to such forecasts, because 
they cannot be always exactly correct for all places in 
one district. It is, however, considered that general com- 
prehensive expressions, in aid of local observers, who 
can form independent judgments from the latter, and 
their own instruments respecting their immediate vi- 
cinity, may be very useful as well as se eg ; while, 
to a person unprovided with instruments, an idea of the 
kind of weather thought probable cannot be otherwise 
than acceptable. 

“Certain it is, that although our conclusions may be 
incorrect, and our judgment erroneous, the laws of 
nature and the signs afforded to man are invariably true. 
Accurate interpretation is the real deficiency. There is 
no doubt, that attentive observation to the meteorolo- 
gical laws will enable us to interpret them better, and 
that, with increased knowledge and experience, ‘ forecasts’ 
of the weather will be even more worthy of credence 
than = are now. But it is quite evident that enough 
is already known to enable an attentive observer, with 
good instruments, to acquire a useful foreknowledge of 
the weather during the coming day or two, or even three 
following days; and the utility of Admiral Fitzroy’s 
weather warnings is amply illustrated by the fact, that 
notwithstanding the extremely stormy weather that 
prevailed in the North Sea during the first three months 
of 1862, the coasts of Durham and Northumberland 
have had a fortunate immunity from shipwreck, there 
having been no serious shipping disasters on that line of 
coast since November, 1861.” 

The preceding account of the progress made by the 
Admisil and his staif in 1862, will doubtless prove in- 
teresting to many of our readers : and we shall next call 
attention to the more developed and mature results, 
obtained since that date; detailing, also, more particu- 
larly the laws which are supposed to govern the produc- 
tion of storms, or unusual atmospheric disturbances. 

In a communication with which we were favoured by 
Admiral Fitzroy, he especially draws attention, as the 
basis of his plans, to the following meteorological facts 
and phenomena; viz.—‘‘A limited depth of atmo- 
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s ere,” as the region in which the phenomena occur, 
“not ceasliing Athee miles ; horizontal motion of its 


several superposed or intermixed currents (like streams 
of water) ; their opposition, or, at times, combination ; 
and their perennial progress, bodily (in mass), toward 
the east, in the temperate zone.” These he considers as 
the most useful facts on which inferences may be formed, 
and the discovery of law can be educed, in dealing with 
questions relating to the forecasts and warnings to 
which we have already alluded. 

With respect to the movements of the atmosphere, 
* secumulated facts have induced the conclusion that 
winds move in parallel currents, or circulate around a 
centrical area ;” and that a uniform law of circulation or 
gyration exists, equally on the large scale as in the polar 
and tropical currents, and descending to the slightest 


| a€rial disturbance of any kind, with but rare and limited 


exceptions. The distinction between perennial trade- 
winds and local cyclones, seems to arise simply in the 
very circular direction of wind in the cyclone storm; 
whilst in the ordinary trade and similar winds, the 
direction is of a less curved, and consequently more con- 
stantly direct, character. The direction and force of the 

lar current are, of course, affected by the rotation of 
the earth, it becoming equatorial as that region is arrived 
at. The current, in its return, moves eastward towards 
each pole, and loses its momentum gradually, from 
gravitation and various local causes. It has been proved 
that storms, and all the greater circulations of the air, 
have an eastward motion bodily, while circulating 
around a centrical area, between the tropics and polar 
regions ; whilst, within the tropics, the direction is west- 
ward until the currents recurve. To the circulation of 
these polar and tropical currents, often in parallel direc- 
tions, and the effects of heat, moisture, &c., on the 
atmosphere generally, are assigned the cause of what are 
called ‘‘ atmospheric waves,” which are attended with a 
rise and fall of the mercury in the barometer, under 
certain limitations. 

‘*Such currents, prolonged and excessively broad, are 
always flowing in nearly opposite directions, and always 
moving eastward, at an average rate of about five miles 
an hour, in our latitude.” If near the earth’s surface, 
they may be side by side or parallel ; but if overlapping, 
or entirely superposed, they then cross in various di- 
rections, and more or less impinge on, or intermingle 
with, each other. Hence arise intermingling cyclones, 
which, affecting each other, apparently in opposition, 
but really in accordance with thése laws, have, from our 
previous ignorance, much hindered the progress of our 
deductions, and frequently thrown doubt on the anti- 
cipatory predictions which have been made as to their 
occurrence, 

Without detailing the entire known chain of causes 
which tend to produce the results, and which have, more 
or less, been ateady considered in the previous chapters 
of this section—it may be remarked, with respect to the 
polar current, that “the sensible result on the whole 
system of circulation, must be a continual easterly pro- 
gression in the temperate zones ; a general motion of the 
atmosphere towards the east, over the earth’s surface ; 
while, in the lower latitudes, and dag ee trade- 
winds, its motion is different from that in higher lati- 
tndes, being towards the west. . . . . The normal state 
of our atmosphere appears to be a regular alternation, or 
circulation of currents, between polar and_ tropical 
regions—the polar usually, but not always, advancing 
along the earth’s surface ; the return current (i.e., from 


| the equator) “generally above, at higher elevations.” 


The electrical characteristic of the polar current is 
generally that of positive excitement, with cold, great 
specific gravity, and dryness, except over a warm ocean ; 
whilst the tropical current is generally negatively 
electrical, the positive state being rarely, if ever, ob- 
served. 

These remarks are intended to explain what we may 
term the normal state of our atmosphere. The pheno- 
mena to which we have drawn attention may be con- 
sidered as the natural condition of the gaseous envelope 


of the surface of the earth, undisturbed by local and | 
abnormal influences, When, however, we descend to | | 
regions of comparatively slight elevation above the earth, | 

then we find a yast number of other causes coming into | | 
operation, such as radiation, the physical chanle of | | 
country, as mountains, plains, swamps, seas, &c. ; all of | 

which tend to break-up the main currents of which we | 
have been speaking, and thus to produce that diversity | 
of wind and weather so proverbial in many parts; but 

especially in insular places, like our own country. In | | 
such situations, the study of atmospheric currents be- | | 
comes a question of great complexity; and our readers | | 
may more fully understand its extent, when we remind | | 
them, that it is by no means an uncommon occurrence to | | 
fiud the wind blowing in every possible direction of be | Ny 
compass, at the same moment, in different round | | 
and within our own coasts, It will be easi ar | | 


as we are assured that nomen 4 
follows certain definite, althoug a 
BY 


a | 


ur, which | | 
‘aa 3rdly, on 
As regards the influence of atmos |] 
waves on the rise and fall of the barometer, he is disposed | | 
to consider that their action is chiefly of a soni i 
character. It will hence be seen, that any change of | 
wind and weather, whilst depending on a vast variety 
causes, must always be atten by an increase 
decrease of temperature, and moisture; and, conse- 
uently, accompanied with a variation in the height of 
the mercurial column, The barometer, thermom 
and hygrometer, are, therefore, par excellence, the in- 
struments, taken together, on which the meteorologist 
essentially depends for unravelling the complex character 
of the winds, &e. _ no oe 
A popular illustration of these statements may be | | 
readily presented by referring to the experience of | 
weather-changes in our own country. Witha north-east | | 
wind, which is always dry, of great specific gravity, and 
low temperature, a rise of the mercury occurs, at 
the moment, and shortly preceding the advent of this 
wind. On the other hand, the south-west wind, loaded | 
with moisture, of a comparatively high base ie 
and consequently low specific gravity, is always ushered | 
in, and attended, by a fall of the mercury. Between 
this point and the north-east, as the wind veers 
northerly, the barometric column generally rises; whilst, — 
as the wind travels southerly, from ve: de baro- | | 
metric fall gradually occurs in most cases. ‘These facts | | 
are palpable to the most cursory observer of the | 
barometer ; and those who object to the truth of fore= 
casts, admit them tacitly, and condemn themselyes prac- | | 
tically, whenever they rely on barometric changes to | | 
predict, for a few hours, a change of the weather. The | | 
peiicaopte observer differs from such in arguing on a 
roader basis: he not ne 4 notes the barometric peep || 
tions, but associates with them the antecedent changes of | 
temperature and hygrometric condition, which, by ex- | | 
meen he has found invariably to occur, Thus 
eductions have reason and fact for their basis, | 
the hasty weather-wise simply follow an empiric 
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uncertain method of indication, The use of the tele- 
graph, in assisting weather prognostications, will be 
easily made apparent. Supposing, for instance, at a 
central station in England—say Wolverhampton— 
telegrams are received, respectively, from Bristol and 
Shields, the one noting the existence of a strong 8, W. 
wind, and the other one from the N.E. It is evident, 
that if these currents meet, the hot, moist 8. W. will, on 
coming in contact with the cold dry N.E., be condensed ; 
and, in some places, where the difference of the tem- 
perature and moisture is greatest, their mutual impact 
must cause rain. On either side of this ition the 
winds may modify each other’s character ; the S.W. will 
— with a portion of its moisture to the dry N.E., and 
he latter will, of course, become more hygrometric. 

Under such conditions clonds may be formed, but rain 
may not fall ; and thus the weather may promise a change, 
wixlst none of importance immediately occurs. It will 
uced from causes 
just mentioned, may be surroun with another, in 
which the moisture is not precipitated. By extending 
ode Ase ming for the moe of ae country, se 

ing in possession, telegraphic rep at the 
same moment, of the po ty direction of the winds, their 
temperature and moisture, and remembering that our 
storms are usually of a cyclonic character—it will be plain, 
to the most ened, observer, that forecasts may be 
made with every probability of a successful result, 
provided that the reports furnished afford data of all the 
various circumstances, on which, as we have alread 
shown, the occurrence of the phenomena depend. Wi 
respect to the method of observing barometric and 
thermometric changes, in combination with each other, 
the reader will find a table of temperature averages at a 
previous page, which will guide him for each month in 
the course of the year.* 

Few persons, without carefully reflecting, can gain an 
saee idea of the multitude of minor occurrences, 
which, unheeded in most cases, give warning of im- 
pending atmospheric changes. The indications to which 
we are about to refer, depend mostly on the increase or 
decrease of atmospheric moisture, Thus, the long ribbon 
sea-weed becomes damp as moist weather approaches ; so 
does common salt, to a slight extent: the painted walls 
of our apartments, and the iron rails in the garden, like- 
wise become moist, for precisely the same reason as does 
the wet bulb of the hygrometert—namely, the deposi- 
tion of moisture from the heated air on a cooler surface. 
Stairs creak or are quiet as the hygrometric state of the 
atmosphere varies. With a dry wind, the back of the 
cat affords bright electric sparks when stroked ; but none 
when the air is moist, because the damp conducts away 
the electricity. The are of the 8.W. wind, in 
winter, after a cold N.E. wind, is immediately indicated 
by the paving of our streets, and the tiles and slates of 
our roofs becoming moist ; our window-frames and doors 
** stick” for similar reasons; ropes, loosely stretched, be- 
come tight, owing to the absorption of moisture, and the 
consequent contraction of their fibres: hence, the fre- 
quent annoyance to the housewife from the sudden 
break-down of the posts, between which clothes have 
been hung out to dry, The steam from the locomotive 
blast-pipe seems abundant in the moist air on a damp 
day ; whilst in fine dry weather it is scarcely visible, 
being rapidly absorbed by the surrounding air; and, for 
similar reasons, any wet article hung out in damp weather, 
dries but slowly, because the air 'y surcharged with 
moisture can absorb no more. Our space does not 
permit us to enlarge on these interesting subjects ; and 
we have only suggested the above as instances of which 
almost every one has some knowledge, and frequently use, 
who have bon pretension to the name of what is com- 
monly termed a weather-prophet. 

In concluding these remarks on the laws of storms, 
&e., we cannot do better than transfer to our pages the 
“resulting impressions” which Admiral Fitzroy affords. 
They are as follows :— 

1. The gyratory movements of wind, usually called 

* See ante, p. 1172, + See ante, p, 3146, 


cyclones, are consequences of the meeting of great air- 
currents. 

2. When so caused, in any part of the world, they 
rotate, as eddies, during a certain time—more or less 
limited ; not exceeding four complete days and nights 
wiben interruption, but usually for a much shorter 


ri 

3. That cyclones originate on one side of the Atlantic, 
and traverse to the other, is a fallacy, which has arisen 
from an insufficiency of facts, and consequent erroneous 
combination of the details of various successive gyrations, 
since proved to be frequent. 

4, en such an atmospheric combination happens, it 
is not usually an isolated occurrence, but one of many 
such, similar in nature and origin, though unequal in 
extent, duration, and force ; not ing place at exactly 
the same time, necessarily, but prevalent in a certain 
zone or region of the world during a few days or weeks, 
or @ season. 

5. The conflicting action of two currents, opposed in 
much peculiarity as well as in direction (a feature con- 
nected with electricity ?), not only originateg a cyclone, 
but tends to continue its striking qualities, of a wet 
warm side and a dry cold one, owing to the continued 
access and addition of air from each of the currents 
(between which it is the eddy), as place is made by 
immense precipitation of vapour in rain, hail, or snow, 
supplied from the vaporous side as s ily as precipi- 
tated, or absorbed by the chilling and drying influence 
of the antagonistic current from a polar direction. . 

6. These cyclones, originating in opposition of currents 
otherwise caused, are different from local whirlwinds, 
occasioned by rarefaction or by electrical action, as in the 
sand-columns of the desert, and water-spouts. 

7. When opposing currents meet, their masses must 
continue in motion a certain time, either rotating 
or ascending, or going onward horizontally, in combi- 
nation. 

8. Masses of air, either of polar or tropical origin (so 
to speak), returning, when driven back by stronger 
opposition, at first, and for a certain time, retain the 
characteristics of their peculiar and very different 
natures. 

9. During the prevalence of northerly (polar) currents 
of air, electricity, positive or plus, is more active or 
developed. On the contrary, with a southerly (tropical) 
current there is no such action, no electricity in excess, 
no positive or plus, and but little, if any, of negative or 
minus free electricity. 

This résumé of the, at present ascertained, laws on 
which the system of forecasts is founded, will enable the 
student to arrive at some general idea of the insight 
which we now — into those previously hidden laws 
by which, so far as we can now judge, so many atmo- 
spheric phenomena are governed. It must be admitted 
that our knowledge is still extremely limited, chiefly 
because our means of observation are confined to within 
so short a distance from the surface of the earth, Ina 
subsequent portion of this chapter, we shall give an 
account of many interesting particulars which have been 
arrived at by means of balloon ascents, undertaken at 
the instance and expense of the British Association, by 
Mr. Glaisher. Perhaps, to a certain extent, the pre- 
ceding remarks and deduced laws may be modified by 
the results that Mr. Glaisher has obtained, and which 
certainly do not encourage, at first sight, that assumption 
of regular current forces to which we have so frequently 
alluded. It must be borne in mind, however, that at 
the utmost height which has been attained by the 
balloon, the observers have barely been beyond the 
sphere of action of purely local causes. Hence, the 
results necessarily cannot be relied on as bases on which 
to build a safe theoretical superstructure. Repeated 
observations, under constantly varying circumstances, 
will be needful, before we can safely trust ourselves to 
an unreserved acknowledgment of the truth of many 
deductions hitherto made. In every branch of philoso- 
phical investigations, dependent on experiment, it is 
safer to doubt than hastily to credit ; but in meteorology, 
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hesitation, if we would not commit ourselves to crude | squalls from N.W., N., or N.E. ; after which, a gradual 


seers and, possibly, to positively dangerous in- 
erences, 

To the general inquiry, ‘‘On what meteorologic con- 
ditions or changes are the forecasts based?’ Admiral 
Fitzroy replies in the following terms :*—*‘ They depend 
on considering the atmosphere as a lighter ocean, having 
currents ; elastic ex ibility ; equilibrium ; momentum 
or inertia ; Cavanieal alterations, and extreme sensibility 
to heat or cold, its chief motors; and on knowing the 
statical condition of the air, in the oceanic envelope at 
many places simultaneously ; likewise, again similarly 
after certain intervals of time, by which inter-com- 
parisons are made, showing the relative conditions and 
causations, whence dynamic effects originate. These 
dynamic motions are proportional to disturbances of 
level, like those caused by a head of water ; to inequalities 
of temperature, and consequent chemical with 
more or less electric action. They are our winds, and 
may be soft or tle, or as heavily boisterous as ina 
tempest ; of which differences, through all te A 
strumental means and telegraphy now give available 
information. To utilise their indications adequately, a 
central office should know the natural and general 
atmospheric movements, with their disturbing causes, 
even as a pilot knows the varieties of streams and eddies 
in a wide estuary. 

‘**The whole map of a region (say the British Islands) 
should be outlined in the mind, as the estuary, with its 
shoals, is mentally visible to the pilot. The normal 
tendency of the whole atmosphere Ga our latitudes) to 
move eastward, while crossed or variously interfered with 
by polar or tropical currents, that in course of seasons 
cause every variety of wind and weather, should be 
always considered ; and then, with due allowances made 
for gradual advances from westw for effects of land 
and differences of temperature, forecasts may be 
generally drawn.” 

Hitherto we have referred solely to the principles on 
which the meteorologist should be guided ; but we shall 
now afford anumber of practical instructions, for the use 
of those who desire to undertake weather-forecasting. 
The following rules are chiefly selected from the Baro- 
meter Manual, published by the Board of Trade; 
a work which, whilst of trifling cost, will be found an 
admirable compendium, and a guide for making ob- 
servations and registering results, It is highly possible 
that some who peruse these pages, reside in localities 
where the observations of an intelligent person may be of 
great use to those whose livelihood is obtained at sea, 
&e. ; and a careful attendance to the following suggestions, 
with the possession of a good barometer and thermo- 
meter, may be of essential service. Care must be taken 
to correct the results obtained, for elevation above the 
sea-level, temperature, &c., if they are to be compared 
with those of other observers. Rules for these cor- 
et have been already given in the preceding 
chapter, : 


RULES FOR PREDICTING CHANGES IN THE 
WEATHER. 


1. If the mercury, standing at 30 inches, rise uall 
whilst the thermometer falls, and haat bee ireecre 
less, N.W., N., or N.E. wind; less wind; or less rain 
and snow may be expected. 

_ 2. If a fall take place, with a rising thermometer, and 
increasing dampness, wind and rain may be expected 
from §.E., 8., or 8.W.: a fall in winter, with a low 
thermometer, foretels snow. 

3. An impending N. wind, before which the barometer 
often rises, may be accompanied with rain, hail, or snow, 
and so forms an i pwn exception to the above rules, 
for the barometer always rises with a north wind. 

4, The barometer being at 29} inches, a rise foretels 


* See of the Meteorologic Office, 1863, 
4 Seo ante, p. 1175. ” 


rise, with falling thermometer, indicates impro 
weather ; with a steady or risi f Sanoadee he 
8. W. wind will follow, especially if the rise of the baro- 
meter has been sudden. 

5. A rapid barometric rise indicates unsettled, and a 
rapid fall, stormy weather, with rain or snow; whilst 
a steady barometer, with dryness, indicates continued 
fine weather. 

6. The greatest barometric depressions indicate 
from the S.E., S., or S.W.; the greatest ele 
foretel wind from N.W., N., or N.E., or calm 
weather. - 

7. A sudden fall of the barometer, with a westerly 
wind, is sometimes followed with a violent storm from 
the N.W., N., or N.E. 

8. If the wind veer to the S., during a gale from E. to 
§8.E., the barometer will continue to fall until the wind 
is near a marked change, when a lull may occur. The 
gale may afterwards be renewed, perhaps suddenly and 
violently ; and if the wind then veer to the N.W., 
rh .E., the barometer will rise, and the thermometer 

9. The maximum height of the barometer occurs 
oe N.E. wind, and the minimum during one from 
the 8. W. ; hence these points may be considered as the 

les of the wind. The between these two heights 

epends on the direction of the wind, which causes, on 
pretence hee of half an inch ; con 2 chen 
the air, which produces, in extreme cases, a 
half an inch ; and on the stren: of the wind, which 
may influence the barometer to the extent of two inches. 
These causes, separately or conjointly with the tem- 
perature, produce either steady or rapid barometric 
variations, according to their force, 

Allowances should invariably be made for the state of 
the barometer and thermometer, for some days as well as 
some howrs previously to forecasting, because sudden 
changes are always indicated antecedently to their 
occurrence. The longer and steadier a change is in 
coming, the longer the expected weather, either wet or 
fine, will last. 

Sometimes severe weather from the 8., not lasting 
long, may cause no great fall, because followed by a 
duration of N. winds ; and, occasionally, the barometer 
may fall during N. winds and fine weather, because a 
continuance of S, wind is about to follow. 

The table of average tempera corrected for the 
place of observation, but given for wich at 
1172, is to form the stan of comparison with 
actual temperature at the time of observation, in con- 
nection with the barometrical indications. If, at 8 or 9 
A.M., the thermometer is much higher than the corrected 


average of the om a southerly or westerly wind (tro- 
pical current) may expected ; if perneer t lower, 
then a northerly wind 


changes 
be taken collaterally, because they will tly 
serve as interpreters of obscure indications given by the 
barometer, ce. In connection with the following, our 
remarks on well-known phenomena, depending on the 
moisture of the atmosphere,+ may also be read ; and the 
general observer can employ both, when the ordinary 
meteorological instruments are not accessible. It will be 
seen that the objects are . xin nat and that the 
effects noticed really depend on certain influences, which, 
affording the phenomena as signs, are also their pro- 
ducing causes. 


Croups.—The following appearances depend chiefly on 
the refractive power of vapour, either of the cl or 
suspended invisibly in the air,t and, i ly, on its 


comparative or nearly entire absence. 
A rosy sky, at sunset, presages fine weather; an 


+ The student may with this, the articles on Refraction and Colour, 
in the Section on Light. pp. 45, 49, et seg. 
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Indian-red tint, rain; a red sky in the morning, bad 
weather, or much wind or rain; but a grey. sky, fine 
weather; a dawn high in the sky, wind ; if low, fair 
weather ; soft or delicate-looking clouds indicate coming 
fine weather ; hard-edged, oily-looking clouds, wind ; a 
dark, gloomy, blue sky, wind; a bright blue, fine 
weather. The softer-looking the clouds, the less wind 
may be expected; the harder, more rolled, tufted or 

the stronger the coming wind. Inky-looking 
clouds foretel rain; light scud clouds, driving across 
heavy masses, foretel wind and rain ; but if alone, wind 
only. High upper clouds, crossing the apparent face of 
the sun, moon, or stars, in a different direction to that of 
the lower clouds, or the wind felt below at the moment, 
foretel a change of wind toward their direction; 
streaks, curls, wisps, &c., of cloud, in a clear sky, 
increasing into gendral cloudiness, indicate coming rain 
or wind—perhaps both. The higher and more distant 
such clouds may be, the more gradual, but general and 
lasting, will be the coming change. Fine weather is 
usually accompanied with undefined clouds (if any), of 
delicate, quiet tints or colours; whilst hard, defined 
clouds, with gaudy or unusual colours, foretel rain, and 
probably strong wind. Misty clouds, forming or hanging 
on heights (commonly seen about bushes on the tops of 
hills, &c.), show wind and rain coming, if they remain, 
increase, or descend, If oo or disperse, fine 
weather may be expected. w and fog generally 
indicate fine weather ; whilst remarkable clearness of the 
air, unusual twinkling of the stars, indistinctness of the 
moon’s horn, haloes, the rainbow, &c., are, more or 
less, significant of increasing wind, and possibly of rain, 
either with or without wind. 

It often surprises persons accustomed to reside in 
towns, how accurately those living in an open but 
especially hilly country, can predict the weather. In 
numerous instances, however, certain local phenomena 
interfere with regular predictions, of which we have met 
with several instances in various parts of England and 
Scotland. In journeying, for instance, northward from 
London, for about 100 miles, a great breadth of land 
extends between the German Ocean on the east and the 
Trish Sea on the west : proceeding still further northward, 
the breadth of coast rapidly narrows, until the width 
across Cumberland and Durham is little more than 
80 miles. In the former case, the currents of air, 
arising from the surrounding seas, spread over a greater 
area of land, and more gradually part with their 
moisture in the form of rain; whilst in the north, the 
warm westerly and cold easterly winds ‘speedily meet, 
and give rise to frequent and rapid showers or storms of 
rain. In the mountainous tracts of Scotland, &c., 
sudden storms of wind and rain are of constant occur- 
rence ; and, owing to the rapid eddies or small cyclones, 
and the narrowness of the land, the traveller may soon 
find his knowledge, acquired in other districts, of no 
practical value whatever. On the west of Scotland the 
Gulf-stream impinges ; and we speak from an experience 
of some years, in remarking, that whilst staying, during 
the winter, at Rothesay, in Buteshire, we have never 
seen snow on the ground, at nearly the sea-level, more 
than an inch in depth, and no ice ; whilst in London, the 
winter was, at the same moment, and had been for some 
time previously, most severe, with ice from eight to ten 
inches in thickness. From Hull, in Yorkshire, to Wick, 
in the north of Scotland, the winter is generally far 
more severe than between the same points on the western 
coasts, owing, doubtless, to the mee of the warm 
water of the Gulf-stream, and consequently of the heated 
superincumbent air region a rg it. Instances of this 
kind might be greatly multiplied ; but we mention these 
only as cautions for persons who, living at Boron 
similarly circumstanced, may attempt, without modifica- 
von to avail themselves of the rules we have laid down 
in the preceding pages. 

‘Amtek Iysttyors.—That animals are by some means 
made acquainted with coming changes of the weather, is 
a fact supported by universal experience. The annual 
migration of birds alone is sufficient proof ; but those 
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creatures who are domesticated with us, afford more 
constant and evident signs of possessing a certain amount 
of weather-wisdom ; and we may profitably instance a 
few facts respecting them, as indications to be used 
collaterally with those already mentioned. There can 
be little doubt that temperature, moisture, barometric 
variations, and electrical influences, may be taken, 
collectively, as the causes of uneasiness frequently ex- 

ienced by ourselves, as well as by the lower creatures ; 
for the similarity of the animal constitution, functions, 
and organism, can point out no other solution of the 
question. 

Without trenching on the subject of physiology, we 
may shortly investigate the relation subsisting between 
animal sensation and meteorological phenomena; and, 
for this purpose, we must avail ourselves of the effects 
noticed on our own bodies, to explain the indications 
which the habits and instincts of animals afford us. 
Commencing with the lungs, it is evident that a decrease 
of atmospheric pressure must be attended with a di- 
minished supply of the oxygen taken in at each inspira~ 
tion, because the {volume of air is inversely as the 
pressure. A diminished supply of oxygen immediately 
influences ‘the process of digestion, by diminishing the 
rapidity with which the carbon and hydrogen of our 
food are converted, by combination with atmospheric 
oxygen, into carbonic acid and water. The blood con- 
sequently becomes, to a certain extent, vitiated, and 
the various humours suffer simultaneously. The common 
complaint of ‘‘ dullness,” experienced during wet weather 
with a southerly direction of wind, is thus readily 
accounted for; whilst precisely the opposite feeling, 
experienced during northerly winds and dry weather, is 
explained as the result of an increased atmospheric 
pressure, a quicker and larger supply of oxygen, and a 
more rapid oxygenation of the blood. With a southerly 
warm and moist wind the appetite decreases, to be 
renewed with full vigour when the brisk breezes of the 
northerly currents set in. Again, the fluids permeate all 
parts of the body, which is pressed on, on every side, by 
the weight of the atmosphere, amounting to some tons 
in the case of a man of ordinary size. If the barometric 
column diminish, the pressure is diminished on these 
fluids also, and hence the sense of ‘‘ fulness” experienced 
under such circumstances, and the reverse when the 
atmospheric pressure again isincreased. The skin of the 
body is alike sensitive to the effects of variable tempera- 
ture and moisture ; extending with an increase of them, 
and contracting with a decrease ; and thus influencing our 
sensations to an extraordinary extent, as is well known 
by ng a our feelings experienced respectively durin 
winds blowing from the 8.W. and N.E. Electr 
action, although more obscure in its effect, is not less 
decisive ; and those who thin fine hair, may 
readily perceive a decided action on the organs of sight, 
and the nerves of the face, when positive electricity is 
present or absent: in the latter case, dimness of sight 
and neuralgia become exceedingly prevalent. 

Now, whatever changes we experience, we can readily 
provide for, in various ways; for extra clothing, fires, 
&c., may, to a large extent, modify the ill effects to 
which we have alluded. But the lower class of ani 
deficient, or perhaps destitute, of what we call ‘ reason,” 
can make no such provision ; and hence, although feeli 
all the inconveniences we experience, they are compell 
to bear with them until a favourable change occurs. 
Unprovided with external clothing, except that of 
Nature’s affording, and which itself is part of their 
bodies, they are very sensitive of atmospheric changes, 
and therefore sooner feel them. They thus become indi- 
cations to us of the coming bad weather, and their 
uneasiness continues until, again perceiving, sooner than 
ourselves, a coming but more favourable change, they 
equally foretel its advent. Besides, the hair, wool, and 
feathers of Poppa ga and birds, rapidly radiate heat 
and electricity, and thus accelerate the prevision (if we 
may so call it) which we have just named. What we 
here reason upon is a matter of blind experi to per- 
sons of limited education, but necessarily ~ extended 
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observing powers; and thus shepherds, farm labourers, 
seamen, and others, often depend on the instinct of the 
lower animals for what is, generally, indubitable evidence 
of an approaching change In the weather. 

It would be Teron our limits to enumerate the 
various methods by which birds and animals indicate 
a sense of atmospheric change. Sea-birds, such as gulls, 
invariably fly inland in search of food on the approach 
of stormy weather; and some years ago, during a very 
severe winter, they were seen flying between London 
and Blackfriars bridges. Wild water-birds, of the geese 
and duck kind, forsake their marsh haunts, and approach 
nearer to towns, under similar circumstances. Swallows 
and rooks fly low, and keep near home, both preceding 
and during bad weather ; and the petrel is always asso- 
ciated with the idea of its predicting coming storms, 
by its presence. Frogs are unusually noisy before 
rain ; worms and leeches generally ap at the surface 
of the ground; moles throw up much earth; and ants 
close up their nests, to preserve their larva. The four- 
footed animals all exhibit considerable restlessness before 
rain; sheep and cattle huddle together, near bushes 
and trees; whilst horses and asses uently assume a 
ludicrously thoughtful or meditative aspect. We need 
not, however, further extend these illustrations, as the 
experience of many of our readers will readily furnish 
them with additional instances; but the observance of 
the habits of animals, under such circumstances, is well 
worthy of the student’s attention. 

Many indications of coming change for wet or stormy 
weather have been already noticed; but there is one 
which we have repeatedly observed, and have long re- 
garded as an infallible sign. It is that peculiar blue tint 
which distant objects in the landscape gradually assume ; 

rhaps more perceptible to some \rateioad than others. 
ft is 3a remarkable, that better photographs can often 
be taken, in such circumstances, than when the air is 
clear—possibly owing to the presence of this “‘ blueness.” 
We have already noticed the vast variety of colours 
observable in clouds ; and it may be safely presumed, that 
some peculiarity of action of the invisible aqueous 
vapour on the rays of light, may be the cause of the 
predominance of this colour: possibly it may arise from 
a species of epipolic dispersion.* At times, the gradual 
approach of the blue tint may be distinctly noticed, 
especially in a change from frosty weather to damp or 
thaw; and, on the contrary, as the weather improves, a 

yish colour, succeeded by a brownish tint in the 
istance, is equally observable. As a last instance. 
drawn from inanimate nature, we may mention, that still 
water in ponds, &c., generally becomes muddy as wet 
weather approaches, owing to the diminished atmospheric 
pressure permitting the escape of gas, which, in ascend- 
ing, carries up a portion of the fine dirt with each bubble 
from the bottom. 

Execrric Paenomena.—Before to examine 
the interesting results which Mr. Glaisher afforded 
by the balloon ascents made in different parts of England, 
for meteorological purposes, we may call attention to 
some curious facts in reference to free electricity, occa- 
sionally present in great excess, under certain circum- 
stances. It will have been noticed, that Admiral 
Fitzroy has been extremely cautious about admitting 
the electric action into any share in producing ordinary 
atmospheric phenomena, There is much prudence in 
such a course, because we know so little on the subject ; 
and what information we do possess has been almost 
entirely derived from, and confined to, the extraordinary 
case of thunder-storms. It has, however, been already 
stated, that a northerly, or polar current, with cold and 
dryness, is generally associated with the presence of 
free positive reg ge This is by no means a matter 
of surprise to the electrician, for he at once will re- 
member that such circumstances are exactly those which 
would fayour the gy rng of free electricity. Whilst 
experimenting with the hydro-electric machine (described 
at page 172, in the Section on Electricity), we have been 
frequently put to extreme inconvenience by the large 

* See ante, p. 54. + Bee ante, p. 1174, 


amount of free force paveine the surrounding atmo- 
sphere during a dry N.E. wind. Occasionally, the hair 
and whiskers of our audience, seated at a di of 


thirty or forty feet from the machine, have been acted 
on to an extraordinary extent by electric reper 
Under just such circumstances—only on a mu r 
scale—the following curious effects of redundant free 
electricity were noticed by several persons whilst visiting 
the J pret in 1863. 

Mr. Watson, who headed the ny gives the following 
amen api a Wareak bs y, I visited the baer la 
ungfra’ m the -horn, in com with m, 
wife, noe Messrs. John Sowerby and W. G. Adams, of 
Marlborough College. We had with us, as guides, J. 
M. Claret, of Chamouni, and a young man from the 
hotel. The early morning was bright, and gave promise 


of a fine day; but, as we approached the Col, clouds 


settled down upon it ; and, on reaching it, we encountered 
so severe a storm of wind, snow, and hail, that we were 
unable to stay more than a few minutes. As we de- 
scended, the snow continued to fall so densely that we 
lost our way, and for some time we were wandering up 
the Létsch Sattel. We had hardly discovered our 
mistake, when a loud peal of thunder was heard; and 
shortly after, I observed that a strange singing tt 
like that of a kettle” [the usual noise of a | songs 
electric Sar a point], ‘was issuin, m our 
alpen-stocks. e halted, and finding that all the axes 
and stocks emitted the same sound, stuck them into the 
snow. ‘The guide from the hotel now pulled off his cap, 
shouting that his head burned ; and his hair was seen to 
have a similar appearance to that which it would have 
presented had he been on an insulated stool, in connection 
with a powerful electrical machine.t We all of us 
experienced the sensation of pricking or a in 
some part of the body, more especially on the head and 
face ; my hair, also, standing on an end, in an uncom- 
fortable, but most amusing, manner. The snow gave out 
a hissing, as though a heavy shower of hail were falling ; 
the veil on the ‘wide-awake’ of one of the party stood 
upright in the air; and, on waving our hands, the 
singing sound issued loudly from the fingers. Whenever 
a peal of thunder was heard, the phenomena ceased, to 
be resumed before the echoes had died away, At these 
times we felt shocks, more or less violent, in those 
portions of the body which were most affected. By one 
of these my right arm was Laie tp so completely, that 
I could neither use nor raise it for several minutes, nor, 
indeed, until it had been severely rubbed by Claret ; an 
I suffered much pain in it, at the shoulder-joint, for 
several hours. At half-past twelve the clouds began to 
ass away, and the phenomena finally ceased, having 
ted twenty-five minutes. We saw no lightning; 
and were puzzled, at first, as to whether we should 
afraid or amused. The young guide was very much 
alarmed ; but Claret, who is devoid of fear, and who had 
twice before heard the singing noise (though without 
any of the other Oh ae aughed so heartily, that 
we joined him. No evil effects were felt afterwards, 
beyond the inconvenience arising from the burning of 
our faces, which, though we no sun, were almost 
livid in hue when we arrived at the isch-horn.” 

The above narrative, whilst excee ingly interesting, 
is of much importance in a meteorologi ena of view, 
as sho’ an instance in which free tricity was 
observed, in a surprising quantity, at a great elevation, 
with all the usual characteristics of its presence. Inno 
balloon ascent, to a similar height (10,000 to 12,000 feet), 
have such phenomena been noticed; but this may readily 
be explained on account of the non-connection of the 
machine with any conducting body. It, in fact, would 
be isolated in the midst of such a development ; whilst 
the travellers on the mountain would act as conductors, 
by means of their bodies standing on the ground. The 

eat shower of hail and snow is another very noticeable 

eature; and should such observations be eated, 

under similar circumstances, it is probable that some 

confirmation would be given to the which ascribes 
1 See ante, p. 175. 
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electricity as the cause of those phenomena. It is, how- 
ever, just as possible that snow and hail may be the 
cause of the electrical development ; for we may satisfac- 
torily and independently account for them as arising 
from the loss of heat and moisture which damp air 
would sustain in such elevated regions, where the capa- 
city of the atmosphere for heat is so much greater than 
near the sea-level. The moisture would be suddenl, 
frozen into hail or snow ; and the rapid transition, an 
loss of heat, thereby occasioned, — be supposed to be 
attended with a disturbance of the electric equilibrium, 
as can be readily demonstrated to occur by experiments 
on the small conducted on similar principles. 

Numerous attempts have been made to collect free at- 
mospheric electricity, developed during storms, &c.; and 

haps the most successful have been those of Mr. 
to which we have alluded in the Section on Elec- 
tricity.* On the small scale, this is constantly done by the 
electrometer used at observatories, but the amount thus 
collected is insignificant, and not more than sufficient to 
affect pith-balls or gold leaves. An electric kite+ may be 
employed : it has, however, the disadvan of incon- 
of flight, and may be productive of danger to, if 
not the cause of the death of, the operator. We have 
often purposed to employ a small silken balloon, well var- 
niahed, and attached to a hempen string, enclosing a thin 
metallic wire to act as a conductor. This string should 
run through the balloon, and terminate at the top with 
a bunch of metallic ——— Such an apparatus, if filled 
with hydrogen,t and properly ballasted, so as to ascend 
verti ly, might be arranged, for the purpose of observa- 
tion, in a similar manner to that we have suggested for the 
electric kite, and almost any degree of elevation might 
be attained; whilst the operator could —_ bis experi- 
ments safely on the electricity as conducted to him by 
the metallic thread. We but suggest such an arrange- 
ment, having never tried it ; yet we believe, with a little 
precaution, it might be usefully employed. Of course, 
there would be no chance of the hy igniting, and 
thus putting an end to the a use the con- 
ducting wire would pass in unbroken continuity through 
the balloon, to the apparatus below : the only annoyance 
would be that of strong winds blowing away the balloon ; 
this, however, might easily be provided against, Such an 
experiment should be conducted in a large field, free 
from trees, and the balloon should be left aloft until 
every sign of dangerous cloud, mist, &c., had disap 
For experiments on the presence of electricity, when ex- 
pected in but small quantities at moderate elevations, a 
fine wire, or string with a fine copper wire inclosed in it, 
may be attached to an arrow, whilst the other end is in 
contact with an ra If the arrow be then shot 
from a bow, as it ascends, the gold leaves or pith-balls will 
diverge, more or less rapidly, in proportion to the amount 
of free electricity present. A metallic ball, if connected 
with the string, and thrown upwards by the hand, may 
be used instead of the arrow, and is often a convenient 
arrangement. 

With respect to the cause of free atmospheric elec- 
tricity, many theories have been proposed ; but the ques- 
tion is still involved in much obscurity. The air is, 
perhaps, never absolutely destitute of its presence ; hence 
this constant evidence of its existence must be connected 
with a chain of causes, equally constant in their action. 
If we inquire into these, we must depend chiefly for ex- 
planation on the variable quantities of atmospheric 
moisture, change of temperature, and friction of masses 
of air in motion. There seem, however, no exact.indica- 
tions afforded as to when we may per a redundant or 
deficient state of electrical action. us, in winter time, 
it is well known that free positive electricity is most 
abundantly noticed, cipeelally”" during cold, dry, N.E. 
winds ; and yet, during the moist and hot periods of 
summer, we observe the most extraordinary instances of 
electrical disturbance—as in the thunder-storms, which 
attain their maximum effects in the hot regions of our 
globe. These facts, at first sight, present many difficul- 
ties, It must be remem’ however, that although 

* See ante, p. 183. + Ibid. 4 See ante, p. 320, 


the surface of our earth may be heated and moist, as in 
summer, there is always over us, at certain elevations, 
strata of air, of a temperature far below freezing point— 
perfectly dry, and, therefore, most probably surcharged 
with free electricity. As we progress from summer to 
winter, or from low to high latitudes, the intervening 
stratum of hot and moist air gets thinner and thinner, 
until the region of perpetual snow and free electricity 
becomes on a level equal to that of the sea. Now, in 
summer time, the earth, hot air, and superincumbent 
cold air, present an analogous case to that of the Leyden 
jar, which we have already explained ;§ whilst in winter, 
the intervening hot air is absent, and the conditions just 
named are also wanting. From these facts we may thus 
see how it is that thunder-storms are most prevalent in 
hot weather ; and, at the same time, why free electricity 
may be more readily noticed in winter than in summer ; 
the former (or winter) involving a question of conduction, 
and the latter of induction, in respect to the laws of elec- 
trical science. 

In assigning any probable cause of the constant pre- 
sence of free electricity, we are in the predicament of not 
being able to reproduce on the small scale, in our labora- 
tories, the same circumstances as transpire on the large 
seale in nature. Nothing is easier than to afford free 
electricity by the friction of glass, or other solid bodies ; 
but to perform the same operation on either dry or 
moist air, so as to be able to draw intelligible and deci- 
sive inferences, has yet to be accomplished. By analogy, 
we may suppose that two currents of air passing parallel, 
either horizontally or vertically, and in opposite direc- 
tions or together, at unequal velocities, may, by their 
friction, like that of silk and glass,|| develop free electri- 
city: or again, that the difference of heat between two 
currents, in impact or parallel contact, may produce it 
in a manner similar to that of the Thermo-electric bat- 
tery.§| Separately, or conjointly, both these causes may 
be called into operation ; for we frequently notice, during 
a thunder-storm, that the clouds move in contrary direc- 
tions, indicating the existence of opposed air-currents, 
whilst, at the same time, we find that extremes of tem- 
perature simultaneously exist, as shown by the hail- 
shower in the midst of the hottest summer day. 

As meteorological science becomes better known, and 
more extensively cultivated, we may hope for the 
establishment of observatories, where the electrical state 
of the atmosphere at different heights, at the same time 
and place, may be observed and registered, after the 
manner that is now adopted with the barometer and 
thermometer. We shall then have another and most 
a element added, in enabling us to study atmo- 
spheric conditions now involved in obscurity ; and perhaps 
may succeed in unravelling the connection which subsists 
between them. 


MR. GLAISHER’S BALLOON ASCENTS, Ero. 


If our atmosphere were ever at rest, and unaffected by 
heat, moisture, &c.; or, in other words, were it merely 
a mixture of the two gases, oxygen and nitrogen, and 
solely acted on by the laws of gravitation, then its den- 
sity would gradually diminish upwards, its capacity for 
heat \would increase, and the sensible temperature fall. 
To ascertain how far these laws are disturbed by the 
abnormal conditions into which the lower mass of our 
atmosphere is thrown, becomes, therefore, a matter of 
deep scievitific interest. 

Some time ago, the British Association voted a sum 
for the purpose of defraying the expense of balloon 
ascents, by which meteorological observations, at various 
heights above the surface of the earth, might be carried 
on. We need scarcely remind our readers that no other 
mode exists of carrying out such observations, en 
that of ascending high mountains ; and, in this way, the 
difficulties met with, and the inconvenience to which the 
observer is subjected, are almost insuperable. No such 
objection can arise when balloons are employed. In the 
course of a few minutes after leaving the earth, the 

2 See ante, p. 183, _—|j See ante, p. 170, 1 See ante, p, 241, 
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observer can reach any altitude he may desire; he can 

ond and d d as he pleases; his attention need be 
diverted by no object; and he is put to no personal 
inconvenience. Several ascents have been made ; and we 
select the following account (furnished by Mr. Glaisher, 
of the Royal Observatory, Greenwich) of one made on 
July 30, 1862. Ed! sa 

“ Mr. Coxwell having planned an ascent with his 
balloon, from the Crystal Palace, I availed myself of the 
offer of a seat in the car, for the purpose of taking a 
series of observations upon the variations of temperature, 
and the several hygrometrical states of the atmosphere at 
moderate elevations, and which I had failed to do in my 
recent ascent from Wolverhampton. 

“The instruments necessary for these investigations 
were in the hands of Messrs. Negretti and Zambra, and 
were those which were broken and injured in my recent 
ascent with the same balloon, and confided to them for 
renewal and repair, and which they had executed in a very 
satisfactory manner, these gentlemen having, at all times, 
expressed an earnest desire to promote the experiments 
required by the British Association. All the other in- 
struments are at Wolverhampton, ready for the next high 
ascent. The instruments used on this occasion were two 
aneroid barometers, dry and wet bulb thermometers, and 
a Daniell’s dew-point hygrometer. As it is of essential 
importance that the thermometers should be so sensitive 
that they readily acquire the temperature of the sur- 
rounding air, they were of necessity very delicate. 

“The air was in very gentle motion, which enabled 
Messrs. Negretti and Zambra carefully to fix the instru- 
ments before starting, so that I at once began to observe, 
which in my former ascent I was unable to do until I 
was the greater part of a mile high. 

“The balloon left the earth at 4h. 40m., laden with 
thirteen gentlemen, and a large amount of sand for 
ballast, and, under the influence of a moderate breeze, 


bore away slowly nearly 8.E., passing successively 
Eltham, ord, to the village of Singlewell, near 
Gravesend. 


“The heights of the balloon, successively, were as 
follows :—At 4h. 43m. it had attained the elevation of 
1,340 feet above the level of the sea; at 4h. 49m. that 
of 3,700 feet, increasing slowly, till, at 5h. 17m., it was 
about 5,300 feet. It then, by 5h. 20m., fell 200 feet. 
On throwing out sand it rose to 5,500 feet by 5h. 24m. ; 
and to 6,600 feet by 5h. 43m. Some gas was let out, and 
it sank to 5,700 feet by 5h. 47m. Some sand was 
then thrown out, and it rose to 7,350—the highest point 
reached—at 6h. lm. At 6h. 6m. it fell to 6,700. Some 
sand was thrown out, and it rose to 7,100 feet by Gh. 
12m. At twenty minutes past six it descended to 5,300 
feet, and slowly to 2,100 feet at 6h. 25m., and to the 
earth a little after half-past six o’clock, 

‘Between 4h. 46m. and 5h. 1m., the altitude and 
azimuth of the balloon were observed at the Royal 
Observatory, Greenwich, by E. J. Stone, Esq., M.A. 
If any similar observations have been taken at another 
rao I should be glad to be favoured with them, as 
urnishing the means of an independent determination 
of the elevations of the balloon, and thus checking those 
made by means of the variations of temperature and 
barometric pressure. 

“The temperature of the air was 68° at the Crystal 
Palace. At 1,000 feet high it was 62°; at 3,700 feet it 
was 51°; it continued at this reading nearly till the height 
of 4,500 feet was reached. At 5h. 4m. it varied between 
48° and 60°, till the height of 5,700; it decreased from 
48° to 434° between 5h. 31m. and 5h. 38m.; the height at 
the latter time being 6,100 feet. At the height of 7,350 
feet the temperature was 41°, being 27° lower than on 
the surface of the earth, After this the temperature 
rose gradually as the balloon descended, and was 47° 
at Gh. 20m., 50° at Gh. 24m., and 68° on reaching the 


ground. 
‘The temperature of the dew-point, or that tempera- 
ture at which the moisture in the air, in the invisible 


po Be vapour, is deposited as water, upon the objects 
cooled down to this temperature, were successively as 


follows :—In the gardens of the Crystal Palace this 
deposit of water took place when the temperature of 
the bulk of the hygrometer was reduced, by the action of 
ether, to 50°; at the height of 1,300 feet the bulb was 
bedewed at 43°; between 3,000 and 4,500 feet, at 40°; 
then up to 6,000 feet, at temperatures aces decreas- 
ing ; at about 7,300 feet, at a little below 32°; and it 
afterwards increased to 47° on reaching the surface of 
the earth, When the air is saturated with moisture, as 
in a wetting fog, the temperature both of the air and 
dew-points is the same. On this occasion, on the earth, 
the latter temperature was 18° below the former, and at 
the highest elevation was 9°, so that the air was nowhere 
saturated. From a knowledge of the temperature of 
the dew-point, we know the amount of water then pre- 
sent in a certain mass of air; this amounted, in the 
perm of the Crystal Palace, to 4 grains in a cubic 
oot ; at 1,300 feet high, to 3 grains ; at 5,000 feet, but 
24 grains ; and at 7,300 feet, there were about 2 grains 
in a cubic foot of air. 

** As the amount of aqueous vapour in the air neces- 
sarily decreases with the tempera’ the c! of the 
hygrometric condition of the air, at different elevations, 
may be better understood in = of the relative 
humidity of the atmosphere, by considering air as 
saturated with moisture represented by 100, and air 
without moisture by 0. 

‘The humidity of the air thus expressed was, on the 
surface of the ground, 50°, showing an unusual degree of 
dryness. It increased as we left the earth to 63° at 3,000 
feet, to 66° at 4,000, and to 70° at 7,300 ; and the air 
gradually became less humid on approaching the earth. 
At no point, therefore, was complete saturation met 
with, as before noticed. The weight of a cubic foot of 
air varied from 526 grains on the ground, to 429 grains at 
the greatest height reached. 

** Similar and simultaneous observations were taken 
at the Royal Observatory, Greenwich, from which we 
learn that the temperature of the air, on the surface of 
the ground, varied from 67° to 68°; that of the dew- 
point from 49° to 51°; that there were about 4 grains of 
water in a cubic foot of air; the degree of humidity 
was about 50; and the weight of a cubic foot of air was 
526 grains: therefore the differences at the highest 
oe from these values, are due to the elevation 

one. 

**Test ozone papers were not coloured at all; and no 
ozone was noticed in the ascent from Wolverhampton.* 
We were never in the clouds, although rocky cumuli— 
which, it will be remembered, are the fine massive clouds 
of day—were at a lower elevation all round, and cumulo- 
strati at a higher elevation than ourselves. The sky was 
free from clouds in the zenith, and of a deeper blue than 
as seen from the surface of the earth. At times there 
was a great mist, and, generally, the horizon was 
and obscure; the shadow of the balloon was seen bot 
on the ground, as well as on the surface of the 
clouds, ‘ 

“A horizontal magnet occupied a somewhat longer 
time to perform a certain number of vibrations, both in 
this as well as in the previous ascent, than it did on the 
surface of the earth. This is contrary to the result 
obtained by Guy Lussac in 1804. 

** At Dh, 24m. a gun was heard with a s! sound ; 
at 5h. 25m. a drum was heard; at 5h. 26m. a band was 
heard ; at 5h. 38m. a gun was heard ; and at 6h. 10m. 
a dog barking was heard; and the working of the 
engines on the Dover and Chatham Railway was dis- 
tinctly heard. 

““T have to thank W. F. Ingelow, Esq., for kindly 
reading one barometer for me, and for rendering con- 
siderable assistance in noticing the first appearance of 
dew on the black bulb of Daniell’s hygrometer, enabling 
me thereby greatly to increase the number of my own 
observations. The gas furnished must have been of 
good quality to have raised so great a weight to such an 
elevation.” . 


* Mr. Glaisher sta’ th 
Fal, r. wie y, that this was owing to the paper- 
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nae someon 
scription of his aérial v: afford our readers a general 
idea of the scope and objects which the British Associa- 
tion had in view when they first ocd perpen beet or 
for the investigation of meteorological phenomena. 
Before stating the results which Mr. Glaisher has ob- 
tained, we may properly call attention to the variety of 
subjects which might be elucidated by observations 
carried on at a considerable height from the surface of 
the earth, and under circumstances in which numerous 
locally interfering causes would be absent. 

In astronomical observations, it is of the highest im- 

that the proper refraction for any altitude of a 
star should be ascertained. The nearer the horizon, the 
greater is the = a —— Soren oi on bee 
apparent. position a heavei y: — , the 
amount of refraction depends not ae on the altitude of 
the body, but also on the varying density of the atmo- 
sphere, its humidity, temperature, &c. Some of the 
effects of these accidents on terrestrial objects, have been 
— described in connection with the phenomena of 
the Mirage, &c. ;* and the consideration of them will 
point out how essential an accurate estimation of their 
nature and amount is to the practical astronomer. 

In estimating the force of gravity at any point on the 
surface of the earth, the pendulum is uni y em- 
oe and according to the number of its vibrations, 

a given time, so the intensity of gravitating force is 
indicated for the place. In a similar manner, the vibra- 
tions of the magnetic needle may be made a measure of 
the increase or of magnetic force, at any two 
altitudes when compared together. This subject is of 
extreme im in connection with the philosophy of 
the Undulatory Forces, and one to which we have ly 
directed attention in the Section on Magnetism. Our 
roomie of _ force of gravitation, may alg tele, 

considering the attracting power, or perturbing forces, 
which each and all of the planeta —— 
whilst with respect to agnetic forces, our investiga- 
tions are necessarily limited to the phenomena exhibited, 
on, a little beneath, or a short distance above, the surface 


of our 
The theoretical constitution of our a’ ere has been 
determined with comparative precision; but its actual 


composition, at various altitu must necessarily de- 
pend on local disturbing causes. It is but reasonable to 
suppose, that the neighbourhood of large towns would 
a aay atmosphere tainted with ey re ge 2 
yy manufacturing operations, furnaces, a 
crowded oe eerae) The fact of the air, in such locali- 
ties, being deteriorated, has long been familiarly known ; 
but the amount of impurity dissolved in the air, under 
such circumstances, and at varying heights, has not been 
even approximately measured until recently. The pre- 
sence or absence o’ affords us a means of testing 
the respirable qualities of the air, as has been already 
pointed out at a previous page. t 
In the article on Photography, we explained the pecu- 
oy ae see pre rays of light on salts of mit) 
ft Now ily experience of every operator teac 
him, that considerable difference in the power of the 
actinic rays is constantly occurring. A c! of atmo- 
spheric humidity, amount of cloud, &c., is instantly 
on _ neta phon eerie Si 
an nee varying time required to take a _ 
photograph, ccpocially in lanidenene effects. We also find, 
that within the tropics, at the level of the sea, it is diffi- 
cult to get a ouimiuees on the sensitive plate in 
the camera, alt: h, in the same region, excellent views 
are uced at considerable altitudes. 
us, in connection with i etism, 
Chemistry, and Photography, we must perceive, that 
pride rere carried on in the upper strata of our 
atmosphere, can but result in an accession to our know- 
ledge ; for, at a height of a few thousand f 
a large extent, removed from i 
disturbing causes, the presence of which vitiate accurate 
i and successful experiments in any of the 
© See ante, pp. 1147, 1148. + See ante, p. 1122, ¢ See also ante, p. 57+ 


we are, to 
accidental 


extracts, from Mr. Glaisher’s de- 


branches of science to which we have referred. It will 
be unn to urge similar considerations on those 
who have read the previous pages in this section, in con- 
nection with meteorological phenomena, which are almost 
invariably produced at heights above 1,000 feet from the 
surface of the earth. Clouds, hail, snow, rain, lightning, 
meteors or aérolites, dc., all owe their origin to atmo- 
heric disturbances, occurring, in many cases, far above 
the reach of man, if unaided by the balloon. Science has 
vided us, in this machine, with a means by which, 
Dadalus-like, we may fly in the air, and, at our leisure, 
note phenomena of the utmost importance to the exist- 
ence of our race. The cui-bono inquiry usually enter- 
tained in reference to most investigations of a purely 
scientific nature, may be readily answered, in the case of 
balloon ascents, by remarking, that if, through our 
present limited knowledge, obtained by observations on 
the surface of the earth, we have been enabled to fore- 
warn the mariner of a coming storm, and save him and 
his vessel from shipwreck,§ how much more successful 
may we hope to me, if we venture into those 
winds, clouds, and storms which he dreads, and investi- 
gate their causes, connection, &c., in their own regions, 
under circumstances so essentially fitted for our 


P 

"Haang thus pointed out the value of balloon ascents, 
in a scientific and practical point of view, we proceed to 
give an analysis of the results which Mr, Glaisher has 
obtained. 

The chief objects which were sought after in the 

ascents of 1862, were as follows :— 

1. The ratio of increase or decrease of the temperature, 
and the amount of aqueous vapour in the air, at heights 
within five miles (26,400 feet) above the sea-level, in 
this country. 

2. To compare the readings of aneroid and mercurial 
barometers. 


3. To ascertain the electrical state of the atmosphere 
at various elevations. 

- me discover = amount of ox ozone. j 

. To register the number of vibrations of a netic 
needle at increasing heights. "hi 

6. To find the relation of the temperature of the air 
and that of the dew-point, at heights corresponding with 
those of high lands in India, and other places ; and to 
compare the indications of the dry and wet bulb-ther- 
mometers with those of Daniell’s and Regnault’s hy- 
grometers. 

7. To collect air at different elevations. 

8. To note the height, kind, thickness, density, &c., 
of various strata of clouds. : 

9. To ascertain the rate and direction of atmospheric 
currents. 

a To make observations on the intensity, &c., of 
sound. 

Besides the above particulars, it was intended to note 
any phenomena which might casually present them- 
selves during the progress of the observations indicated 
above. The u kind of meteorological instruments 
were employed—each, however, having been specially 
prepared for the purpose. Owing to occasional accidents, 
many of them were broken pogtia descents, 

Eight ascents, in all, were e in 1862; viz., three 
from Wolverhampton, which was chosen as a central 
position, and because it afforded a good breadth of land, 
without the danger of a voyage over the sea; four from 
the Crystal Palace at Sydenham ; and one from Hendon, 
which was, in fact, a re-ascent from the spot at which 
the voyagers had alighted on the previous evening. The 
dates of the ascents were all in the summer months, 
being from July 17 to September 8, inclusive. , 

The greatest height attained was on September 5, 
in an ascent from Wolverhampton. This was estimated 
to be at least 36,000 feet ; but as Mr. Glaisher became 
unconscious, owing to the high degree of atmospheric 
rarefaction, the precise elevation was undetermined. 
In the ascent of July 17, a height of 26,177 feet was 
attained ; and ‘‘in the descent, a mass of vapour, 8,000 

4 See ante, p. 1173, 
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fect thick, was passed through. This was so dense that 
| the balloon was not visible from the car.” ‘ 
Mr. Glaisher prepared the following table, which 


above the level of the sea, on the dates named, selecting 
those in which the highest ascents were made, 


Mean Temperature of the Air. i u 
3 
. a 
Height “— ot é Po F oat m4 
the Sea. a z H i 5 
=| & : & 
" 4 4 3 
Feet. Deg. | Deg. | Deg. | Deg. | Deg. | Deg. 
0 61-2 | 69°6 | 62-0 | 62°2 A, 
5,000 39-7 | 48°0 | 43°3 | 41-4 | 43-1 | 20-7 
10,000 28-0 | 40-7 | 32°0 | 31°0 | 832°9 | 10:2 
15,000 81-0 | 31:1 | 19°0 | 21:0 | 2567 | 72 
19,500 42°2 RY, a ba arn Li 
20,000 83-0 | 25-9 = 106 | 23:2 | 25 
25,000 16-0 | 23°9 ies 00 1/133 | 99 
30,000 ‘ -5'3 “4 
Peaturefocante| 440 | 457 |... | 62-2 | B06 |... 
crease of Height 
of 25,000 feet. 


On these facts Mr. Glaisher remarks—“ The results of 
July 17 are perfectly anomalous, Up to 10,000 feet the 
decrease accords sig the rg days obs zesaacwesig 
but from 10,000 feet, the results are surprisin; 

Feo ly surprising, 


tha 


that the average decrease 
5,000 feet, exceeds 20°, 
little more than 10°. The numbers, in the lowest line of 
the table, show that the average decrease of temperature 
for 25, feet, is 51° nearly. From these numbers, it 
seems that two-fifths of whole decrease of tem- 
perature, in five miles, takes place in the first mile; 
and, therefore, that the decrement is not uniform with 
the increment of elevation.” 


25,000 feet, they are again accordant. If we suppose 

upto 40,00, and gun wt 35,000 fet the roma 
are not abnormal, by continuing the curve joining these 
| shows the mean temperature of the air at each 5,000 feet | and then reading, 


two po h we should have the 
following ings ; viz.— 
At 0 feet, mean temperature = 61°-2 
” 5,000 ” ” ” = 39°°7 
» 10,000 ,, ‘ s = 27°'5 
» 15,000 ” ” = 22°-7 
” 19,500 ” ” ” -= 20°°0 
» 20,000 5 ” ” = 195 
25,000 ,, " = 16°3 
. «Then the measure of disturbance would beas follows : 
vii 
‘At 10,000 feet . . . « = 0° in excess. 
” 15,000 ” ee taijes & 8°:3 ” 
” 19,500 ” ote o = 22°-2 ” 
” 20,000 a? Jn et es | = ot ” 
” ec adaa. & 5 
‘*The numbers, in the last column of the table, 


of te 
and, in the next 5,000 feet, is 


given for each 1,000 feet of elevation, between the earth 
and 5,000 above it, for each ascent made during the 
summer of 1862. It will be seen that the temperature 
decreases 21° in the 5,000 feet, and that th 


e rate is not 


and continue so up to more than eet. Above | uniform. (See also Tables at pp. 1215 and 1216). 

Height. July 17. | July 30. | August 18, | August 20.| August 21.] Sept.1. | Sept.5. | Sept.8. | Mean. Py 
Feet. Degrees. | Degrees. | Degrees. | Degrees. | Degrees. | Degrees. | Degrees. | Degrees. | Degrees. | Degrees. 

0 61:2 70-0 696 668 62-0 67:0 62:2 69°7 66 ans 

1,000 57°0 63°0 62-0 62-0 58-0 59°8 57°8 65°0 ek) 

2,000 52°6 568 565 57-0 54:0 53:2 53°0 60°4 55-4 5-2 

3,000 48:3 522 | 533 52°7 50°3 49°2 48°7 55°7 51:3 41 

4,000 44-0 49°8 50°4 49°0 46°9 477 45:0 515 33 

5,000 39°7 47-0 48°0 45-0 43:3 46:0 41-4 48:4 3:2 

; 7 
ar peng 21°5 23°0 216 21°8 187 21'0 20°8 21:3 21:3 see 


With to other objects of inquiry, it was found, 
that the eloctsacxty of the air was generally positive, 
diminishing in amount as the elevation increased; that 
ozone was present in large quantities ; that the vibration 
of the et was longer at high elevations than on the 
earth ; and that sounds-varied, in the distance at which 
they could be heard—the barking of a dog being noticed 
at a height of two miles, whilst the shouting of a multi- 
tude was not heard at one mile high. 

The general results deduced were— 

1. That the temperature of the air does not decrease 
uniformly with an increasing elevation above the surface 
of the earth ; a fact bearing strongly on the refractive 
powers of the atmosphere, in relation to astronomical 
observations, 


to one, and probably to two, places of decimals, when 
indicating a pressure equal to five inches of mercury in 
the barometer. (See Table at page 1214.) 

3. That the atmospheric humidity decreases rapidly 
Ds, “ai of five miles, where its amount is extremely 


of a settled west or north-west was not confirmed. 
5. That the opinion of the clouds assuming a counter- 


Lees 


2, That an aneroid barometer may be correctly read |. 


4. Teed reactly scoopted theory, aato the prevalence all 
wind, 


of the earth’s surface, and that rise and fall 
ike hills and dales, was merge town ninte on 


of 
ance of the clouds, as observed on the date named, 


following interesting description of the serene 


warm, dull, cloudy, 


rising far above, 
ravines of 


quoted from the Atheneum, to which periodical we 


height of 5,000 feet; the light rapidly increased, and 
gradually the balloon em 
in surrounded by immense black mountains of cloud, 


hortly afterwards there were d 


unnsitsiat 
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Tose more rapidly, each instant opening to us ravines of 
wonderful extent, and presenting elsewhere a mighty sea 
of cloud. Here there were shi masses in mountain 


chains, some rising ndicularly from the plains, dark 
on one side, and silvery and bright on the other, with 
summits of dazzling whiteness: some there were of a 


idal form ; a large portion andulatory ; and, in the 
eee Assos ‘ranges bounded the view. A height of 
nearly three miles was reached.” ; 

In reference to the ascent of September 1, Mr. Glaisher 
remarks—‘‘ When at the height of three-quarters of a 
mile over London, the whole course of the river Thames 
was visible from its mouth; and el to it, and 
bounded by its banks, a cloud or fog-bank extended the 
whole distance, following all its sinuosities. For half-an- 
hour before its descent, near Woking, in Surrey, the 
balloon was under one stratum of cloud, and above 
another : the upper surface of the latter was remarked 
as bluish white; the middle portion the pure white of the 
cumulus; and the lower surface a blackish white, and 
from it, rain was ing on the earth. The balloon 
descended to a height of 1,300 feet, but was still above 
the clouds. It was learnt that rain had been 
falling from these clouds all the afternoon.” 

In the following year (1863), Mr. Glaisher made 
fifteen ascents ; and the results obtained agree, in the 
main, with those already detailed. The weather, during 
the summer, was calm, and comparatively little 
rain fell for some months. It will be unn for us 
to present, in a tabular form, the results obtained ; but 

shall conclude our notice of the ascents by giving 
some of the most interesting particulars of the last, whic 
was made on September 28. The object in this one was 
chiefly to observe the effect due to the influence (if any) 


BEEES 
B E 
a 

E 

é 

& 

5 


§ 
; 
| 


The temperature of the air at 7 o'clock was 
48° when the balloon left the ground 
; at 1,000 feet elevation it was 45°; at 3,000 


2 
& 
Mi 


y 
16° at a height a little above 
heght a mile pcan ko creased to 35° at 5,000 

ight i ually in 5° at 5, 
tar “hr atS000 eet ; 53° at 1,000 feet ; and the same 
amount was noticed on reaching the ground. 

The temperature of the dew-point* was 44° on the 
ground ; 35° at 2,000 feet high ; 25° at 5,200 feet ; 20° 
at 13,000 feet; ranging, at this level, between 20° and 
12° ; sometimes being at the same temperature as that of 


the air, and, therefore, aioe complete saturation in 
some places. Above this level, dew-point decreased 
to 10° below zero, approaching more nearly to saturation 
than had been notjced, at that height, in previous 
ascents. On descending, the dew-point rose till it at- 
tained 46°, which was the temperature at which it was 
produced at the time of ing the earth. On the 
the air contained 3} grains of aqueous vapour in 
the cubic foot; at 2,000 elevation there were 2 
ins; at 5,200 feet, 14 grain; and at the height o 
7,000 feet, there was less than half a grain in a cubic 
foot. Presuming the greatest amount of moisture which 
could be present at the then temperature of the air, to be 
divided into Phys: it would have been, on the ground, 
and up toa height of 1,000 feet, equal to 90 parts ; at 
5,200 feet, 72 ; and varied, between 70 and 100, up to the 
ighest point reached. 


comparing the decrements of temperature during 
® See ante, p. 1146, 


the ascent, and the increments as the descent was 
effected, it will be evident that no regularity could be 
noticed. If the results, again, are compared with those 
iven at page 1182, the discrepancy is still more apparent. 
ut this might have been expected, from the circum- 
stances under which the observations were made. The 
und was below the ordinary temperature at the early 

ur of starting; for, immediately the sun rose, the 
temperature was also raised. Of course, during the 
ascent, every stratum of air passed through would be 
similarly affected by the absorption-of the heating 
solar rays; and hence any observations would be 
incomparable, in a practical point of view, with others 
preceding’ or following them. Instead, therefore, of 
the temperature decreasing, in a regular ratio, as a 
greater elevation was attained, the solar influence quite 
prevented such a result; and, in the descent, similar 
ities would be met with. Comparing the 
observations up to one mile elevation, we have a tem- 


perature at— 


Ascent. Descent. 

0 feet . of . 41° of’. .58° 
TOON se es ee ae 
DO vb ce Be ee SO ne ey ae 
34° 35° 


'y ” oo 5 oS ey ea 
Whence it would appear that the influence of local 
causes, such as terrestrial radiation, convection of heat 
upward from the surface of the earth, &c., greatly 
ected all the observations made up to a height of 
about one mile—a result similar to that mentioned at 


e 1182. 

Piiegh: for purely scientific purposes, these ob- 
servations afford 3 certuin data, we may yet gather 
valuable hints from them in a sanitary point of view. 
It is plainly evident that our atmosphere will be con- 
sidered ly and unequally affected at times, with respect to 
its purity, if it be so in regard to its temperature ; because 
a no) atmosphere, acted on by the a physical 
laws of pressure and ex ion alone, would certainly 
decrease in its sensible heat in definite ratios depending 
on the altitude. But, from actual observations in “this 
island, we find that there exists an extensive stra’ 
just lect J the earth’s surface, which cannot be prov 
to obey this law in an equable manner; and this seeming 
exception arises solely use the effects are masked by 
accidental, and, therefore, local causes. Mr. Glaisher 
has, more than once, noticed the smoke, &c., from large 
towns iy ayn London), to reach a mile in height; 
just, in fact, the elevation beneath which the law of 
the temperature, being in the inverse ratio of the altitude, 
pL som to be stopped in its action. From the numerous 
observations made, it has also been shown, that the 
stratum of air, within a mile over the earth, is that most 
readily affected by storms—a result which we should 
fully ex: from the abnormal state into which it is 
thrown by the variety of disturbing causes to which its 
lower mass is subject. 

Let us, for a moment, direct attention to the various 
affections to which the atmosphere existing over large 
towns.is liable, Thousands of fires in private dwellings ; 
furnaces in the various manufactories; heat from the 
bodies of the inhabitants; radiation of previously 
absorbed solar heat, from the materials of the houses, 
paved roads, &c., dc. ;—all tend to cause an enormous 
up-draught of heated air, which rises as if produced from 
an immense furnace, A spectator, situated at a short 
distance from any of our large towns (especially London), 
if on an elevated position, and in the absence of all 
wind, will observe an immense body of smoke, &c., 
rising vertically, and spreading itself, like a canopy of 
darkness, over the under-] ing city. This smoke, or 
vapour, embodies every volatile impurity produced by 
all possible causes ; and so long as it has a higher tem- 
perature than the atmosphere, if remains suspended 
over-head. If a purely normal atmosphere, uninfluenced 
by external disturbing causes, were Depry sur- 
rounding such a district, every gas, and particle, of 
greater specific gravity than itself, would, on gaining the 
temperature of the air; be precipitated on to the place 
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whence it had arisen—a very common occurrence, 
indeed, as is seen in the little ** blacks” that so abun- 
dantly fall during heavy weather, in large towns, and 
which result from the aggregation of the carbon, &c., 
in the smoke. Hence, the inhabitants of such a place 
would live in an atmosphere completely stagnant, and 
daily becoming more impure; the culminating effect of 
which would be disease and death. Locally, on the 
small scale, this is constantly occurring in narrow streets, 
alleys, and crowded dwellings ; and, generally, whenever 
the air has become still, and unaffected by moving 
causes. 

But the very irregularity in the physical constitution 
of an atmosphere such as ours, is productive of the 
most beneficial results. Never at rest in itself—which it 
would be if in its normal condition—it is ever susceptible 
of external influences ; hence the refreshing breezes that 
course down our streets, or the boisterous March and 
November winds, which, scavenger-like, cleanse our 
fever-stricken courts and alleys. ‘The very characteristic 
which seems to prove it an exception to that regularity 
of law prevalent in nature, is that which forms one of its 
most valued qualities, making it life-giving in its energy, 
whilst its stability of position would be synonymous with 
death. 

Reverting, after this brief digression, to the results 
obtained by Mr. Glaisher, we may notice the actinic 
observations made during the ascent. By Herschel’s 
actinometer, the force of the sun’s rays was shown, at 
11 a.m. (at the Wrottesley Observatory), by 48 divisions 
in one minute; and at 5 p.m., by 25 divisions, the sun 
being then low. At 9h 8m., during the ascent, the 
increase was, with a bright sun, 5 divisions in one 
minute ; at the height of 13,000 feet (at 9h, 29m.), it was 
7 divisions ; at 16,000 feet, the increase was about 7 
or 8 divisions; at 10h. 7m., or 8,000 feet elevation, it 
was 20 divisions ; at 10h. 19m., and at a height of a little 
over 1,000 feet, it was 25 divisions ; and on the ground, 
at 10h. 45m., the number was 48, With respect to 
solar radiation, a delicate blackened-bulb thermometer, 
at heights varying from 13,500 to 1,000 feet, in the 
descent, showed a variation not exceeding 4° to 8° 
beyond that of the shaded thermometers: at the height 
of three miles, although the sun shone brightly, the 
blackened bulb showed an excess of but 2° to 4°; whilst, on 
the ground, that became 30°. The observations, during 

revious ascents, had proved that a_ self-registering 
fieckensd tat thermometer, in vacuo, with its bulb 
always in the beams of the sun, never read so high as 
before leaving the earth ; and on being re-set, indicated 
a reading but little beyond that of the shaded thermo- 
meters. This result very possibly arose from the great 
capacity that rarefied air has for heat, which would cause 
the immediate loss, by radiation, of nearly all the caloric 
absorbed by the bulb during its exposure. 

A sky spectrum, with the lines visible from B to G,* 
was observed, from 7h. 58m. to 9h. 4m., at heights 
varying from 3,000 to 13,000 feet ; from 9h. 22m. to 9h. 
43m., and at —— between 15,000 and 18,000 feet, the 
spectrum extended from A to H, at which latter point it 
became extremely dark, whilst the lines in the violet 
end were very numerous. . We have already remarked 
that the actinic rays were most active at high elevations ; 
and Professor Piazzi Smith, during the British Associa- 
tion Meeting of 1863, furnished some very interesting 
facts, which we may conveniently give, as verifying the 
observations of Mr. Glaisher, He stated that, in 1856, 
the chief object of astronomical experiments made on the 
Peak of Teneriffe, which has a height of 12,000 feet, was 
to ascertain the degree of improvement in definition, 
obtained whilst using the telescope at great elevations. 
It was found—the air being so dry and clear—that stars, 
when viewed by powerful instruments, always gave clear 
and well-defined discs, surrounded with regularly formed 
rings, even when a high magnifying power was used. 
He liad recently magnified some of the hikagnarte taken 
on Teneriffe, in 1856, at various elevations, and found 
that their clearness and definition depended on the eleva- 

* See ante p, 56, 


tion, and that they remarkably confirmed the results of 
telescopic observation. Near the sea-level a photograph 
could never be taken which would show clearl the 
detail on the side of a distant hill, however brightly the 
rocks or cliffs were illuminated by strong sun-light ; the 
microscope only brought out a broad, faint, and nearly 
uniform tint. On the other hand, photographs taken at 
high elevations, exhibited clearly, and well-defined, the 
most minute detail; even bushes on a hill-side, distant 
four-and-a-half miles, were distinctly marked. 

With respect to the amount of ozone, which was 
observed in the last ascent of Mr. Glaisher, it fo peae 
that none was shown by papers freely distributed about 
the car; but ozone powders, made of wheat-starch and 
iodide of potassium, were slightly tinged when first 
exposed; were unchan at a height of one mile; 
but when noticed at 9h. 57m., at a height of about 
13,500 feet, they indicated an amount of pm ne equal to 
four, when compared with a scale whose maximun 
is ten, ee 

We have thus put our readers in possession of the 
leading facts obtained during the scientific balloon 
ascents of late years. Whilst they have largely added to 
our knowledge of meteorological conditions, with re: 
to the temperature, moisture, quantity of ozone, actinism, 
&c., of the atmosphere immediately over the earth, they 
have entirely dispelled the illusive theory which was long 
indulged in—that the decrement of temperature was in 
inverse ratio of the altitude. In a purely theoretical 
point of view, such can only be the case in an atmosphere 
entirely unaffected by solar radiation and the convection 
of heat, and in the absence of ok local disturbing 
causes. These conditions cannot be present in our at- 
mosphere, within any elevation approachable by 
above the surface of the earth. Boyond a distance 
five or six miles, it is impossible that the observer could 
exist : indeed, in one of the ascents, this elevation was 
attained, and nearly proved fatal both to Mr. Glaisher and 
Mr. Coxwell; the former entirely losing all conscious- 
ness, whilst Mr, C.’ lost the control of muscular action, 
and was all but a ive observer of the nearly inevit- 
able destruction of himself and companion. 

There could scarcely have been chosen any situation 
in Europe in which so many disturbing causes to nor- 
mal atmospheric conditions are presented. Surrounded 
by the sea; of narrow breadth ; situated between the 
warm Gulf-stream on the west, and the cold polar cur- 
rents on the north and east—our island presents almost 
a uniqueness of condition in respect to meteorological 
phenomena. If circumstances permitted, ascents made 
in regions less liable to such extraordinary interfering 
causes, might give some interesting results; and many 
parts of continental Europe afford such opportunities. 
At present, the proper mode of managing the balloon is 
but little known, and confined to but a few individuals, 
who possess sufficient practical skill. On frequent occa- 
sions, the lives of both the aeronauts were in imminent 
danger ; and it is a matter of great surprise, that so 
many valuable observations could have been made under 
circumstances in which the majority of persons would 
have only exerted themselves for their own safety, and 
regardless of the interests of science. There can be little 
doubt that a constant repetition of these experiments will 
afford a much larger quota of results ; for as, on each 
ascent, the external conditions of our ever-changeable 
atmosphere may be expected to vary, new phenomena 
will present themselves, whilst previously acquired ex- 
perience will be prepared to seize on each novelty, and 
assign to it a proper place in the departments of meteor- 
ological science, : 

Luminous Mertrors, AnD tHE Avrora Borratis.— 
During the last few y considerable attention has 
been devoted to the study of meteors, the appearance of 
which has become more frequent, or, perhaps, more no- 
ticed. In 1862 and 1863, several large luminous bodies 
were seen; and, amongst them, one was observed, simul- 
taneously, in the middle and southern districts of Eng- 
land, and in the north and centre of France—an evidence 
that it must have travelled at a considerable height 
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above the surface of the earth. In the early part of 
t, 1863, the usual annual meteoric display was ex- 
pose ea great, attaining the maximum on or about the 
11th of the month, when as many as 200 ‘‘shooting 
stars” were noticed in about three hours. In the con- 
stellation of Cassiopeia, we perceived, at 9 P.M., an 
incessant discharge ward, lasting for above an 
hour, none of the balls having a great size, and the dis- 
tance travelled by each being from three to five degrees : 
the elevation = the tac of the certh a to bad 
great, judging from the comparatively small veloci 
and apparent magnitude of each meteor. Most observers 
remarked, that the paths of the meteors, about that date, 
chiefly lay from north-east to south-west. We ob- 
served but few instances in which any tail was shown, 
although the evenings were generally favourable for 


ion. 
The extremely rapid course of these bodies renders it 
very difficult either to calculate their elevation, or to use 
means of testing the nature of the light they emit, as 
can be done with the sun, &c., by spectrum analysis. * 
Two observers at distant stations, may, by chance, simul- 
taneously observe one; but such an occurrence seldom 
presents itself; hence the varying estimates which are 
made respecting their height. There can be little doub 
from their periodicity, that they are solid bodies, an 
not of electric origin, as was formerly supposed—on, per- 
haps, the slightest possible grounds. The different 
theories which have been s to account for these 
meteoric phenomena, have been already alluded to in an 
earlier portion of this section ; and we regret that, at pre- 
Pay nothing of a more definite nature has been arrived 


t 

With respect to the Aurora Borealis, which has also 
been ; of, be can gerd be a see sodhep to its 
origin. Its great altitude, fleeting nature, and general 
appearance, all bes an electric origin. Few persons 

idi pr aap Scotland can have any idea of 
the beauty of this phenomenon, which may be seen in 
great perfection, even in our own isles, during the 
winter season. In the western and northern districts of 
that country, we have often observed the entire heavens 
illuminated ; the north, north-western, and north-easterly 
parts shining, of course, with the greatest brilliancy. Oc- 
casionally the coruscations from those quar- 
ters ex ing far beyond the zenith, in a southerly 
direction, so that the whole sphere overhead is brilliant! 
lit up. At other times, but more rarely, the zenit 
itself seems to be the centre of action, and, ray-like, 
thousands of broad sheets of flame, of many colours, dart 
on all sides. Generally speaking, when an Aurora is 
thus developed, the flames assume a lambent or phos- 
phorescent are comparatively ill-defined, and 
rarely more dense in one place than another. At times 
we have seen a lake, five miles long, and four broad, illu- 
minated from the northern side 


sea; our places of observation ranging between the 
west coast of Scotland, on a line extending 


admission, only made the 

spark of a tint. If, however, the nl of bi- 

sulphide of carbon were passed in, in exceedingly minute 
* See ante, p. 168. + See ante, p, 1150. 

# See the Seotion on Magnetism, p. 256, Exp. 15, se 2 Ante, p. 26, 


quantities, a sudden flash of delicately whitish-yellow 
light was produced, exactly resembling that of the dif- 
fused Aurora we have shortly before alluded to. With- 
out describing a great variety of experiments, we may 
remark, that every tint of the Aurora may thus be pro- 
duced by choosing proper vapours (chiefly of ethers), 
and simultaneously regulating the vacuum, which should 
vary, in the air-pump, from about 27 to 29 inches, the 
external air having a barometric height of not less than 
29°30. 

Now a repetition of such experiments cannot fail to 
suggest, to any one who has seen the Auroral phenomena 
we Lave just described, their great similarity, or, to us, 
identity of appearance. If electricity be assumed as the 
cause of Aurore, precisely such circumstances may occur, 
in the elevated regions of the atmosphere, as we refer to 
in the above remarks—namely, a minute quantity of solid 
colouring matter, diffused in a highly attenuated atmo- 
sphere. Rapid chemical combination would constantly 
occur, attended with the production of flame, between 
the solid matter and the oxygen of the atmosphere ; and 
if it be objected that the quantity of oxygen present 
would be excessively small, we reply, that the results ob- 
tained in the air-pump receiver, are produced under 
exactly similar conditions ; for the vacuum very nearly 
approaches that existing in the regions in which the 
Aurora is supposed to exist, assuming that to lie within 
the limits of our atmosphere. 

Whilst offering this as an explanation of certain 
Auroral appearances, we do so under the conviction that 
it can be but a suggestion, the value of which is depend- 
ent on analogy alone. It is by no means certain that the 
Aurora is at all caused by electric action ; indeed, such is 
only inferred from the disturbance of the magnetic needle 
geuceally attending the displays of Aurore ; and, again, 

he relation of this fact to electrical science is also one 

of inference, depending on the knowledge we possess of 
the mutual production of the electric and magnetic 
forces, so far as our experimental determinations have 
garried us, 

Tue Merzoronocicat Inrivence or DratnacE.— 
We have incidentally spoken of the various local causes 
which influence the meteorological character of some 
districts, and we shall devote a short space to the con- 
sideration of that subject; more especially in reference 
to the great advances which have been made in the 
drainage, &c., of some parts of this country, and to the 
permanent improvement of extensive tracts of land, in 
a meteorological, agricultural, and sanitary point of 
view. 

It is familiar, in the experience of every one, that a 
low, flat, and marshy tract of land is generally a region 
of fog, and often of rain. In England, for example, 
the land between the Thames and Boston Wash—a length 
of about 100 miles, and of variable width—is chiefly of 
this kind. The superincumbent air is loaded with 
moisture, and, as far as our experience has gone, there 
is a greater frequency of ecotires. and, for the 
moment, heavier showers of rain, than in the districts 
flanking it. The same remarks are equally applicable to 
extensive tracts in France, Holland, Russia, India; 
Africa, as at Sierra Leone ; Florida, Georgia, and various 
places in North and South America ; with many others 
too numerous to mention here. The meteorological 
characteristics we have just referred to, of course vary, 
according to the annual average temperature ; being in 
excess in low latitudes and about the equator, and 
gradually diminishing as we approach the pole, where the 
moisture of the air arrives atits minimum. If these local 
peculiarities were due solely to the presence of water, 
then the ocean should be equally liable to them ; but that 
such is not the case is well known ; and the cause of the 
difference is easily explained. 
Pe the Section on ape - cues attention to the 
ifferent radiating powers whic ies possess ; pointing 
out that remap rough nature radiate quiektes. whilst 
polished surfaces are poor radiators.§ Now just such a 
difference subsists between the surface of the ocean, or 
any extensive sheet of water, and that of ag saturated 
M 
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with moisture; the constituent particles of the latter 
radiating heat rapidly, whilst the former does so but very 
slightly. Generally speaking, good radiators greatly pro- 
mote rapid evaporation, just as we find in the case of the 
ordinary porous wine-coolers, from the surface of which 
moisture is quickly carried off. In precisely a similar 
manner, the extensive surface of sodden earth, in swampy 
and marshy lands, absorbs beat during the daytime, and 
as readily radiates it at night. Evaporation is quickly 
carried on; but being attended with a cooling effect, the 
moisture conveyed into the air becomes partly con- 
densed, and hence the mists and fogs, so common in the 
damp and fenny portions of Essex, Cambridgeshire, 
Lincolnshire, and other parts of our own country. For 
similar reasons, and arising from the same causes, we 
may often, in summer time, notice a deep haze coating a 
valley beneath us, as soon as the sun sets, if we are 
standing on some moderate elevation. The depth of the 
haze or mist will depend on the amount of moisture 
which has been evaporated during the day, and the fall of 
temperature at night—presuming, of course, that the air 
is perfectly still, and that various circumstances, to which 
we need not here allude, are favourable to radiation.* 
Such, therefore, being the causes of the superabundant 
moisture, haze, fog, &c., of damp grounds, we may 
proceed to notice their general effect on animal and vege- 
table life ; and here we may observe, that the natural 


| constitution of the subject will materially influence the 


| effect, prejudicially or beneficially. Many plants can 


only vegetate in an exceedingly hot and moist air; and 


| their healthy existence, in any place, is highly indicative 


| is sure to suffer from. 


of the surrounding climate. Even human beings can be 
so inured toa particular region, as to live, without serious 
inconvenience, in places where others would find an 
untimely grave, Many parts of the coasts of Africa, 
North and South America, &c., illustrate this; and even 
our own fenny districts, in which ague is so prevalent, 
are inhabited by individuals whose families have long 
resided there, and being acclimatised, are comparatively 
free from diseases which a casual or temporary visitor 
It is not only, however, in the 
districts themselves, in which such meteorological pheno- 


| Mena are common, that danger to health may arise ; the 
| surrounding country is equally liable to be affected : and 
| hence every method should be adopted which may 


| possibly remedy the evil. 


The usual effect of too moist a 
climate, is that of a general depression of the nervous 
system, and, consequently, a liability to impression of 
diseases, especially those of the low febrile class, as the 
typhoid, &c, Most endemics partake of this character; 
but they are frequently accompanied with others, in 
which diarrhea is usually a characteristic. In some 
cases, a peculiar fever becomes endemical : as an instance 


| of which we may cite New Orleans, where yellow-fever 


| is a regular an 


periodical visitant. It is stated, how- 
ever, that the rate of mortality is not above the average, 


| for those born and brought up in the city ; and that the 


fever is chiefly fatal to visitors. This most likely arises 


| from want of precaution on the part of the latter, who 


are likely to expose themselves to the dangerous influence 
of = climate, which the regular inhabitants prudently 
avoi 

In most marshy places, but especially in warm or 


| hot climates, vegetable growth and decay proceed rapidly, 


—— 


being stimulated by the heat and moisture together. 
This is remarkably the case on the west coast of Africa, 
and in many parts of Italy, of which the Pontine 
Marshes are a well-known example. In such districts 
pestilence is always to be found, arising from the abun- 
dant miasmatic vapours which are generated. The 
Niger is too well known as a most dangerous locality for 
Europeans ; and its pestilential effects are readily traced 
to the presence, in immense quantities, of poisonous 
gases, which are given off from the rich tropical vegeta- 
tion as it undergoes decomposition, caused, and rapidly 
promoted, by the hot and moist air, 


* See our remarks on radiation, the formation of dew, &e., at p, 26, in 


the Section on Heat. 
+ Bee ante, p. 1146, 3 See ante, p. 1143, 


Of late these facts have received the earnest 
attention of all classes, and the principles of meteoro 
have been studied in reference to best method of 
detecting, avoiding, or ameliorating such conditions,” 
The hygrometer has been of great use for the examina- 
tion of the atmosphere in suspected localities; because, 
as the dew-point is formed at a temperature which 
differs from that of the air, just in proportion to the 
dryness of the latter,t it follows, that the lower the 
dew-point average is in any place, the drier, and therefore 
the more salubrious, is the country for a permanent 
residence, One of the objects which Mr. Glaisher carried 
out in his balloon ascents, was that of acquiring informa- 
tion on this matter, which might subsequently be of 
service in directing the choice of stations for our troops 
in India and other tropical countries. 

In attempting to improve the climate of marshy places, 
of —_ i ect sn had recourse * satt and as the 
practi rt of this belongs more especially to engi- 
neering Ph seine it will not fall within our scope to discuss 
it in its mechanical details. Not only does the with- 
drawal of the surface-water of swamps, marshes, &c., 
lessen, and, if complete, expel standing fogs aud mists, 
but it also diminishes the rain-fall, on the average, 
throughout the year. The reason of this is twofold: 
first, there occurs a diminution of superincumbent 
moisture, which, in part, causes the rain ; and, secondly, 
through that, the addition to rain falling from high 
regions (due to the presence of moisture at a lower level), 
is avoided ; for, as we have already seen, more rain 
in any spot, as we approach the surface of the earth, 
because of the drops gathering additional moisture from 
the air they pass through.t The application of a good 
drainage system has, therefore, the effect of removing 
the moisture itself, and, simultaneously also, the cause 
of its continued production. Occasionally, even the 
geological character of a country may be judged of by its 
meteorological characteristics. Thus we generally find 
that clayey soils, which will not allow the water on their 
surface to drain away, are covered with mists; and tlie 
temperature is usually lower than that of a surrounding 
but better drained country. Such soils are generally 
termed “cold” by the farmer, who, apart from any 
scientific theories, has discovered, by long experience, 
that their temperature, superabundant moisture, &c., 
unfit them for producing TE kinds of crops. A few 
a ago, such places were left in their natural state, 

ut that enterprise which commenced in our manu- 
facturing districts, has infused itself gradually amongst 
the agricultural portion of the community ; and many 
thousand acres, considered by our forefathers as irre- 
claimable wastes, now teem with excellent crops; 
aud also have become places fit for residence, where 
formerly they were litle better than sources of 
pestilence. 

It has been discovered, that where land is in course of 
being well drained, and cleared of timber and brush- 
wood, the annual fall of rain soon diminishes in amount. 
Of all other countries, America has furnished the most 
striking examples of this fact. There nature has done 
everything on the large scale; immense forests spread 
over surfaces exceeding in area some of the larger states 
of the old world: but as civilisation has gradually 
spread, the necessities of the colonists have encroached 
on the domains of forest-land; trees have been felled 
over extensive areas; and it has been found that, 
gradually, the amount of precipitated moisture is 
lessened. This result proceeds from the removal of 
those objects which radiated the heat of the earth, &c., 
and tended to produce rapid evaporation and aes 
condensation ; for the branches and twigs of trees have 
an astonishing effect in precipitating rain, and of holding 
passing mists. We have often watched such flying over 
an extent of plain country, a parting with but little, if 
any, of their moisture. The moment, however, they 
came in contact with a plantation of trees, they were 
stopped in their course, and the previously suspended 
moisture fell in copious showers, owing to the radiating 
and cooling action of the trees amongst which the mists 
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had been caught. This singular and interesting pheno- 
menon may be frequently noticed in Derbyshire, York- 
shire, and in some of the southern counties, where plains 
or downs, and moderate elevations, covered with trees, 
alternate on the face of the country. A familiar instance 
of this action on suspended moisture is seen in our 

rdens, during a November mist, when each twig is 

ipping with water: this may also be noticed on the 
edges of the hair and whiskers of any one hastily walking 
in the open air, under similar circumstances. So uni- 
versal is the action of the radiating power of plants, 
that we may consider the moss, lichens, heather, grass, 
brushwood, shrubs, and trees, as specially adapted to 
rob the air of its suspended vapour, and thus to become 
the chief means by which our rills, lakes, and rivers are 
constantly fed. e may add, that the blades of grass, 
straw, and similar objects, have been found to rank 
amongst the best radiators of heat and electricity. Perhaps 
from some partial knowledge of this fact, has arisen the 
idea, prevalent in many country places, that a straw- 
wisp is an excellent ‘‘lightning conductor ;” and it is 
often employed by farmers at the gable ends of thatched 
cottages, and on wheat and haystacks, for that purpose ; 
whilst ag rae it is, perhaps, merely added as a finish- 
ing tou 


fore concluding these remarks on the influence of 
drainage on meteorological conditions, we must distinctly 
state that they have referred solely to local influences. 
We need scarcely observe, that fogs may be so general 
and extensive as to cover vast areas both of land and 
ocean surface: indeed, the major part of these islands 
may frequently be enveloped in one general mist, which 
even yet falls far short of those that are seen near the 
island of Newfoundland, and in many other parts of the 
Northern Atlantic ocean. Such proceed from entirely 
different causes, and are due to the intermixture of cur- 
rents of hot-moist, and cold air, which, immediately on 
impact, cause a condensation of aqueous vapour, on a 
commensurate with their extent of area. In a 
paper read by Dr. Gladstone, before the British Associa- 
tion in 1862, it was stated, that there was greater uni- 
formity of distribution of fogs over the surface of the 
sea, than on the land around the British Isles; and 
that certain years were decidedly more foggy than others, 
in nearly all localities. These facts, however, do not 
affect the truth of the observations which we have 
made in reference to the production of local fogs and 
mists. 

Ozone, &c.—It is but recently that the presence of 
ozone in the atmosphere has been made a subject of 
registration, in connection with wind and weather 

rts: in fact, so little is known of this element (if 
such it be), that it has rarely attracted the attention 
which its importance as a chemical agent demands. Of 
late years, many investigations have been made into its 

eral characters and relations; and we may here add a 
ew facts to those already given oe yg it.* 

The action of oxygen on many bodies is a matter of con- 
stant experience, as in the case of combustion, breathing, 
— &c. Now the results of these processes are con- 
sid to arise simply from the chemical union of the 
oxygen with such bases as carbon and hydrogen, in the 
two former instances, and with metals in that of metallic 
oxidation. But ozone is evidently so far connected with 
| oxygen, that they are only simultaneously developed ; 
| the former having never been de separately, From 
oxygen in any way whatever. The artificial generation 
| of ozone we have already mentioned at the pages pre- 
| viously referred to ; and we have also found that its effects 

generally resemble, or are just such as those we should, 

| from our previous knowledge of the properties of ox: gen, 
| expect to arise when that element enters into combina- 
| tion. But ozone, also, somewhat supplements these ; 
| thus, putrefaction goes on more rapidly when free ozone 
en; it acts as an irritant on the 


| is present with ox 
animal tissues, which oxygen does not; and, moreover, 


* See ante, Section on Chemistry, p. 315; and Meteorology, p. 1122, 
+ See ante, p. 276. See ai » 1178, 
4 Sce ante, pp. 1180 and 1184. 7 ni P 


it seems to have an affinity to free electricity, which is 
singularly indicative of its character. This is amply 
illustrated during the decomposition of water by voltaic 
electricity ; the excitation of electricity by friction, as 
with the ordinary electrical machine, &c. To these we 
may add another and singular instance, which we noticed 
during a violent thunder-storm that visited the neigh- 
bourhood of London in the early part of September, 
1863. Whilst watching the storm, and noting the 
interval between the lightning and the claps of thunder, 
a brilliant flash occurred, apparently just over the spot 
of observation, and accompanied with a loud peal of 
thunder. Less than half a second of time intervened 
between the two; hence the locality of the discharge could 
not have been more than 600 feet, if so much, in 
distance.t Almost immediately afterwards, the air smelt 
so strongly of ozone as to produce pain in the nostrils, 
showin t a large amount must have been set free, 
evidently by electrical action. Precisely the same result 
was noticed during the storm described at page 184, in 
the Section on Electricity: in that case, however, the 
entire body of air in the house which was ‘‘ struck,” was 
affected. These are, certainly, extraordinary instances 
of the development of free ozone ; but others frequently 
occur, and may be especially noticed in large towns, 
where the smell of ozone is easily recognised, in contrast 
with the smoke usually so prevalent in such places, 
For instance, at certain periods of the year, we have 
noticed, in the centre of some of the largest squares in 
the metropolis (Russell Square, Lincoln’s Inn, &c.), a 
strong smell of ozone, baer exe with a temporary 
cool and refreshing air, which unscientific companions 
have denominated, at the moment, a rich “country 
smell.” Such instances, doubtless, arise from sudden 
down-draughts of cooler air, which open spaces fre- 
quently permit, even in crowded neighbourhoods. These 
facts would indicate that ozone is present continuously 
in the higher regions of the atmosphere, when positive 
electricity is redundant—a circumstance of frequent 
occurrence, as we have already pointed out.t We looked 
with great interest for the results of Mr. Glaisher’s 
observations on the presence of ozone in the higher regions 
of the atmosphere; but, generally speaking, whilst they 
noted an increased amount of this agent at great eleva- 
tions, the indications have been so varied and uncertain, 
as to have added but little to our knowledge of the 
subject. § 
the causes and presence of free ozone are matters of 
extreme interest in a sanitary point of view. It is re- 
marked, that its redundancy in a free state in the air, * 
occurs chiefly with cool northerly breezes, and is attended, 
in some respects, with a more salubrious state of the 
atmosphere, But, whilst it evidently has the tendency 
of purifying the air, by, perhaps, removing the animal 
aad other noxious gaseous impurities, and thus of im- 
proving the general health of the community in respect 
to diseases of a zymotic character—such as the typhoid, 
&c.—yet a large amount of ozone may prove extremely 
harmful to those who suffer from irritation of the bron- 
chial tubes, affections of the lungs, and other complaints 
of that nature. We are, indeed, almost tempted to 
suggest, whether the increased mortality, which fre- 
quently accompanies north-easterly winds (so prejudicial 
to the health of persons suffering from diseases of the 
organs of ey we a may not in some degree be due 
to this canse. We offer this as a suggestion only, recom- 
mending it as worthy of close observation to those 
whom circumstances may place in situations for carefully 
acquiring information on the subject. 
the detection of ozone by prepared papers and 
owders, containing the iodide of potassium and starch, 
foia been already described. But for those who may wish 
to become accustomed to its smell, we may also suggest, 
that if a few sticks of phosphorus be placed ina bottle 
containing water, so that the phosphorus may be only in 
part covered with the liquid, and the bottle be corked, 
the smell of ozone ig 2 recognised on removing the 
cork after a few minutes have elapsed ; and an occasional 
smelling of it, as produced after this method, will enable 
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any one to detect it, even in minute quantities, when it 
occurs in the atmosphere in a free state. 

We have alluded, at Page 315, to the presence or 
absence of ozone in crowded localities, as a test of their 
sanitary state; and we may urge on our readers the 
great advan which will arise from an extension of 
experiments of that kind. We there stated, that ozone 
tests were variously affected, according to the proximity, or 
otherwise, of crowded dwellings. The presence of animal 
matter in the atmosphere seems to entirely prevent any 
action on the test-papers ; and this would confirm the 
idea that a chemical relationship, or affinity, subsists 
between ozone and the carbon, hydrogen, or nitrogen 
which gases, emitted from the animal body, contain. For 
such purposes, the salts of manganese* are more delicate 
as ozone tests, and are, therefore, to be preferred, in 
many cases, to the iodide of potassium and starch papers. 
In observing the effect of ozone on such tests, the depth 
of colour produced, as compared with a standard, is to be 
noticed : it is, therefore, desirable that ae papers 
should first be procured ; and they are sold at most of the 
instrument-makers, Any quantity of the test-paper may 
afterwards be easily made, by following the directions 
given at page 1164; and in using them, the direction of 
the wind, whether it may have blown over a town before 
being tested, or arrived in an unchanged and non-vitiated 
state, with all other circumstances which vn! modify 
the action of the free ozone, should be carefully noticed, 
otherwise the observations would be worse than useless, 
and be only calculated to mislead. We have no doubt 
that many curious particulars might be gathered by the 
medical profession, in relation to endemic and epidemic 

i if this interesting subject were more fully 
understood. Such persons would have a ieee oppor- 
tunities, both in the localities and the sick room they 
visit, of making valuable additions to the facts we already 


Barometric Determination oF Hercuts.—Rules for 
determining the heights of mountains, &c., by the baro- 
meter, have been y given ;+ which, for some com- 
parative results, will suffice: we may, however, here 
mention certain points which require careful attention, if 
extreme accuracy be required. 

After a perusal of the devoted to a description 
of the ascents of Mr. Glaisher, the reader will perceive 
that the ordinary rule, of an equal decrement of tempe- 
rature occurring at equally increased elevations, does not 
always hold good; and therefore, that heights, *deter- 
mined on the assumption of the correctness of that rule, 
must necessarily be erroneous. There are also other 
causes of error, which must be taken into account, 
and which were ably pointed out by Mr. Ball, in a paper 
read before the Physical Section of the British Associa- 
tion, in 1862. e shall avail ourselves of the report 

iven in the Atheneum, for the purpose of laying the 
eae facts before our readers. 

The author remarked, that serious errors are involved 
in the ordi process of reducing barometric observa- 
tions, for hypsometrical purposes. This process involved 
two assumptions ; first, that the volume of a column of 
air, unequally heated, is nearly the same as that of an 
egual ‘hg oa of air of the same mean temperature ; 
secondly, that the mean temperature of the column or 
stratum of air, between the stations of observation, cor- 
responds to the mean of the readings of thermometers 
standing in the shade, at each station. The error in- 
volved in the first assumption is not very considerable ; 
that arising from the second, is, on the contrary, highly 
important. M. Bravais was the first to propose a prac- 
tical plan for applying a correction to the assumed 
mean temperatures of the air, depending upon the hour 
of the day, and the season of the year, at which observa- 
tions are made ; but it is to M. Plantamour, the distin- 

ished astronomer of Geneva, that we owe the fullest 
investigation of this important subject. Having ascer- 
tained, by careful levelling, the true height of the Great 

* See ante, p. 384. 


+ See ante, . 171; 9nd Meteoro 1 
Hera ios, p. 771; logy, pp. 1123, 1124, 


St. Bernard above Geneva, M. Plantamour finds that 
the mean of all the barometric observations made during 
eighteen — deviates by fourteen feet, English, from 
the true height; and he attributes this iation, with 
great apparent probability, to an abnormal depression of 
the mean temperature of Geneva, owing to the neigh- 
bourhood of the lake. The readings of the barometer 
and thermometer, at the observatories of Geneva and the 
St. Bernard, are taken daily at nine hours or M. 
Plantamour assumes that, on an average of a period 
of years, the mean of the observations taken at any one 
epoch in the twenty-four hours, should give the true dif- 
ference of height between the two stations, with an error 
due to the difference between the mean of the i 
of the thermometer, at both stations, at the same e 
and the true mean temperature of the air in the inter- 
vening stratum. C; ting, then, the height of the St. 
Bernard by the elements corresponding to each ge of 
the day, during the four summer months, from June to 
September, he obtains a series of measures differing from 
the true height ; those corresponding to the hottest hours 
being in excess, and those appertaining to the coldest, 
in defect of the true height. He then ascertains the 
amount of correction, which being applied to the mean 
sum of the readings of the thermometer, at each epoch 
in each of those months, would bring out the true 
height. In this manner he obtains a table, showing 
what he calls the normal correction for each of the epochs 
of the day, during the four summer months. 
There is good reason to believe, that in reducing baro- 
metric observations, which are to be compared with those 
of Geneva and the St. Bernard, the application of the 
normal correction, ascertained in the manner above 
stated, will, in general, give truer results than those 
where it is not applied; but as it is obvious that the 
conditions of temperature, at the moment when a given 
observation is made, are constantly varying from the 
mean of the corresponding day and hour—it follows 
that a further supplemental correction should be made 
on this account. To apply this further correction is a 
matter of no small difficulty ; but the method employed 
by M. Plantamour is as follows :—He obtains from the 
observations at Geneva and the St, Bernard, by inter- 
polation. when necessary, the elements corresponding to 
the day and hour of the observation which is sought to be 
reduced ; and from these he calculates the height of the 
St. Bernard. The height so obtained, when compared 
with the measure, which is derived from the mean of the 
readings of the same day and hour (as shown in his table 
of normal corrections), furnishes a criterion by which to 
judge of the conditions, with respect to temperature, of the 
moment when the observations to be reduced were made. 
M. Plantamour thinks it not difficult to infer, from the 
observations themselves, and from the general state of 
the weather of the time, whether the moment was one 
of atmospheric equilibrium, or the reverse. In the 
latter case, the observation is treated as one of inferior 
utility, to which a lower value should be assigned in the 
final calculation, Supposing, on the contrary, the ob- 
servations not to betray a disturbance of equilibrium 
between the two stations, the deviation of the height, 
as calculated for that particular moment, from the 
height derived from the corresponding means, is the 
measure of the amount, and sign of the supplemental 
correction corresponding to the moment of observation. 
These facts acquaint us with a peculiar and local cause 
of error, which adds another difficulty to the method of 
measuring heights by means of the barometer. To some 
extent the sources of error are analogous to those we 
have already pointed out, when speaking of the variety 
of causes which affect a normal atmosphere in the 
neighbourhood of, or immediately over, towns ; but 
they differ, in being more constant, and therefore more 
easily determinable in their character. y of our 
readers may imagine that the method of finding the 
elevation of accessible heights by the rules of 
nometry,{ would be sufficient for all purposes, and render 
us independent of the barometrical method; but the 
trigonometrical plan is not at all times possible; for, 
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uently, the highest point of a mountain is so 
peewee hidden by surrounding but lower pals) that 
an observation for taking the pe angles is not 
possible, It also often happens that the summit of a 
mountain is almost constantly covered with mist—or, ata 
portion of its height, such may be constant—which equally 
revent the necessary trigonometrical observations. In- 
ndently of these considerations, the barometer 
ateda a check on, and sometimes a verification of, 
results obtained by other methods. At the present time, 
our estimates of the height of many of the most extensive 
ranges of mountains, in various parts of the world, 
depend upon barometrical observations ; and, perhaps, 
many of them require considerable modification before a 
correct altitude can be obtained. Much difficulty arises 
in the use of the ordinary mercurial instrument, owing 
to its want of ility, and the necessity of the cor- 
rections which have been pointed out : accordingly, some 
of our leading instrument-makers have turned their 
attention to the perfecting of the aneroid. One of these 


instruments, manufactured by Messrs. Negretti and 
Zambra, has been used by Mr. Glaisher in his balloon 
ascents ; and he considered that it might be depended on 
at a pressure equal to one indicated by five inches of 
mercury. As our highest mountains have an elevation 
at which a much taller mercurial column is supported, it 
is probable that such instruments may be of great service 
for the purpose, as substitutes for the barometer. 

The following table will be of < utility, both for 
the purpose of measuring heights by the barometer, and 
for adjusting the level between two places where baro- 
metrical observations are being carried on. The barome- 
tric column is sup) to stand at a height of 31 inches, 
at the sea-level. For any other barometric height at the 
sea-level, at the moment of observation, an allowance 
for the difference above or below 31 inches must be 
made; which is, of course, readily done by the rules 
of common proportion. The table is copied (but cor- 
rected) from the Barometer Manual of the Board of 


Dirrerence Table ror ELEvations, 


i 
Raves Baro- Baro- Baro- Baro- Baro~ eight 
Boe | Tee's) se | same | | pets | mes [mae | mee | mye | eee | ge 

310 0 28°9 1844 26°38 3829 24:7 5976 22°6 8317 20°5 | 10889 
309 85 28°38 1935 26°7 3927 24°6 6083 22:5 8434 20°4 11018 
30°8 170 28-7 2027 26°6 4025 24°5 6190 22-4 8551 20°3 11148 
30-7 255 23-6 2119 26°5 4124 24°4 6297 22°3 20°2 11278 
30°6 341 28°5 2211 26-4 4223 24:3 6405 22:2 8787 20:1 11409 
30°5 427 28-4 2303 26°3 4323 24:2 6514 22°1 8906 20°0 11541 
30-4 613 28°3 2396 262 4423 24:1 6623 22°0 9025 199 11673 
30°3 600 28°2 2489 261 4524 24-0 6733 21:9 9145 19°8 11805 
30-2 687 23-1 2582 26°0 4625 23°9 6843 21°8 9266 19-7 11939 
30-1 774 23-0 2675 25°9 4726 23°8 6953 217 9388 19°6 12074 
30°0 862 279 2769 25°38 4828 23°7 7064 21°6 9510 19°5 12210 
299 950 27°38 2864 25°7 4930 23°6 7175 215 9632 19-4 12346 
298 | 1038 27-7 | 2959 25°6 | 5033 23°5 | 7287 21:4 9755 19:3 | 12483 
29 1126 27°6 | 3054 25° | 5136 23°4 | 7399 213 9878 19:2 | 12620 
29°6 1215 275 3149 25°4 5240 23°3 7512 21:2 10002 191 12757 
29°5 1304 27-4 3245 253 5344 23°2 7625 21-1 10127 19-0 12894 
29°4 1393 27°3 3341 25'2 5448 23'1 7739 21-0 10253 18-9 13032 
29:3 1482 27-2 3438 25:1 5553 230 7854 20°9 10379 188 13170 
29-2 1572 2771 3535 25°0 5658 22°9 7969 20°8 10506 18°7 13309 
29°1 1662 27°0 3633 249 5763 22°8 8085 20°7 10633 18°6 13448 
290 | 1753 26°9 | 3731 24:3 | 5869 22°77 | 8201 206 | 10760 185 | 13588 


Cuarts ror WeatHer Reotstratron.—Instructions, 
of a very detailed character, have already been given in 
Chapter IV., as to the method of making observations 


the meter and thermometer ; the precautions whic 
must be taken ; corrections to be e, &c, Many of 
be disposed not only to register 


our readers, however, ma: 
their observations in a for subsequent reference, 
but also feel desirous of adopting some plan by which 
they may possess a general and combined view of the 
barometric and thermometric changes that occur monthly ; 
so that, by mere inspection, they may be able to trace 
the variations which have occurred. One of the best 
plans which we have yet seen, is that recommended and 
used by the Meteorological Department of the Board of 
Trade, and of which a specimen is given in the folio 
plate. By aningenious contrivance, both the barometric 
and thermometric ranges are marked down on one 


he sheet is divided by vertical and horizontal lines, 
between which the daily ranges are to be marked with 
dots and lines. On the left hand, a scale ascends, which 
is divided so as to indicate the height of the barometer 
from 28 to 31 inches. This is sub-divided into tenths; 
and these, again, may be easily reduced to halves, &c., 
in marking the height. On the right, the thermometric 
range is denoted, running from 20°, or 12° below freezing 
point of Fahrenheit’s scale, to 80°. The horizontal lines 
are crossed by vertical dark lines, with an intermediate 


lighter one—each entire division being intended to denote 
aday. Thirty-one and a-half are provided ; so that the 
first three half divisions may be used for the last day and 
a-half of the previous month—a method which is useful 
for ‘‘ forecasting,” for reasons mentioned at a previous 
page-® It will be seen that two observations, at least, 
th of the barometer and the thermometer, may thus be 
marked on the lines daily ; and by dividing the inter- 
mediate spaces, even more may be mapped down. 

The method of using the diagram is as follows :—Sup- 
posing that the barometer stands at 29°50, on the first 
day of the month. Look to the left hand scale, and 
trace, by the eye, the horizontal line from 29°5 to the 
vertical dark line running downwards from the figure 1, 
at the top of the scale. ke a dot at the point where 
they intersect—the height of the barometer will thus be 
indicated at the time the observation is made, which 
should be at 8 a.m., that affording the best daily average, 
If another observation be made at 8 p.m.—that is, at an 
interval of twelve hours—proceed in the same way, for 
any height, and mark a dot where the horizontal line 
intersects with the light vertical line, which will be half- 
way between 1 and 2, as marked on the top of the scale. 
Draw a straight line, connecting the dot of the mornin 
and that of the evening observations—thus the dots wi 
indicate the actual heights, whilst the line will show the 
course of variation in twelve hours. On the 2nd of 

* See ante, p. 1176, 


1190 


METEOROLOGY, 


(TEsTiWG BAROMWETERS. 


the month, at 8 a.m, make a dot, ding to the 
barometric height, on the dark vertical line, as on the 

revious day, and then draw a line to it from the dot of 
the previous evening or morning observation, according 
as to whether a single or double one has been e, 
Proceeding in this manner, a line will daily ap to 
progress from the left to the right of the scale, indicating 
the changes which have occurred throughout the month. 
The barometric line should be made both dark and cee 
to Fag rp it from the thermometric line, which shoul 
be fine, for the same reason, 

The indications of the thermometer are to be similarly 
marked. Supposing, for instance, that on the Ist of the 
month the thermometer stood at 62°—look on the right 
hand of the diagram for 60°, and, at two lines above it, 
will be found the division corresponding to 62°. By the 
eye, trace this line until it comes under figure 1 of the 
vertical scale, and there make a dot. Continue in the 
same manner as directed for the barometer, only making 
a jine line between the morning and evening, or morning 
and morning, divisions from day to day. Thus, the indita- 
tions are to be traced by lines throughout the month, as 
is done with the barometer, and the two scales will be 
simultaneously marked for each day, or each twelve 
hours, as the observations are made and registered. 

The first division and a-half, on the left hand of the 
diagram, are intended to indicate the respective heights 
of both instruments for the preceding 36 hours; that is, 
an entire division is given for the last day of the pre- 
ceding month, and half a one for the day previous. _ 
lines are to be connected with those of the current month, 
in the manner already described, and thus the observa- 
tions of the two months will run on consecutively ; and, 
from an inspection of the di the probable weather 
for the commencement of the month may be predic’ 
without further reference to the plan of the past one, 
The place, month, and year of observation should be 
filled up at the top of the diagram; and space may be 
left at the bottom, to receive notes of any special 
meteorological occurrences. 

To still further illustrate this method of registering, 
we may trace a portion of the folio plate. The indica- 
tions have been brought from the previous month, and 
on the Ist of the current one, we notice that the height 
of the barometer (dark line) stands at 30-30; it then 
passes to. 30°17, on the 2nd; the line then progresses 
to 30-05, and so on. Similarly, the thermomeétric fine 
line indicates 65° on the Ist of the month; on the 
2nd, 59°, &e.; the heights of each instrument being 
simultaneously marked, and their variations clearly 
seen by the relative position of the dots and connecting 
lines on the diagram. 

This 1307 is remarkable for its simplicity, and the ease 
with which any one may map out the observations 
made daily. For forecasting it has great advantages ; 
for instead of appealing solely to the mind for the 
calculation of numerical differences, the eye is at once 
instructed, and, at a ce, the observer can see whether 
the barometer and thermometer are rising and falling 
together, or oppositely ; whilst the rules for predicting 
weather, given at 1176, may be immediately 
applied in connection with the observations on the 
direction of the wind blowing at the moment, or 
previously, 

Although a full description has been given, in our 
previous pages, of the qualities which should characterise 
a good barometer, it may be useful here to mention some 
particulars in reference to the Standard Barometer, as 
supplied to the Navy by the Board of Trade; and the 
care which is shown in their construction, and subsequent 
verification, will be best understood by the following 
account of the mode of testing them, as described in the 
Barometer Manual. Our readers may thus learn some 
valnable lessons in respect to the purchase of instruments 
for their own use, 

The barometers to be tested, are placed, together with 

* One that has been already fully tested, in every respect, at the Kew 


Observatory. 
+ This contraction of the marine barometer-tube prevents what is 


a Standard,* in an air-tight chamber, to which an air- 
pump is applied, so that by ially exhausting the 
air, the Standard can be read much lower than 
the lowest pressure to which marine barometers are likely 
pias Mate ected Be Mh as gern 8 air, the mer- 
ar ar also be read higher than it ever stands at 
the level of the sea. The tube of the Standard is 
contracted similarly to that of the marine barometer,+ 
but a provision is made for adjusting the mercury in the 
cistern to the a Glass windows are inserted in 
the uppe; part of the iron air-chamber, through which the 
scales of the barometers may be seen ; but as the verniers 
cannot be moved, in the usual way, from the outside of 
the chamber, another method is ad for reading the 
exact height of the mercury, independently of the 
verniers attached to the scales of the respective baro- 
meters. At the distance of some five or six feet from the 
air-tight chamber, a vertical scale is fixed; and the 
divisions on this scale correspond exactly with those on 
the tube of the Standard meter. A vernier and 
telescope are made to slide on the scale, by means of a 
rack and pinion. ‘The telescope has two horizontal wires— 
one fixed, and the other movable by a micrometer screw ; 
so that the difference between the height of the column 
of mercury, and the nearest division on the scale of the 
Standard, and also of all the other barometers placed by 
the side of it for comparison, can be measured either 


this way various other descriptions of barometers 
have been tested ; and some errors were found to be so 
large, that a few instruments read half an inch and 
upwards too high, while others read as much too low.t 
In some cases, those which were correct in one part of 
the scale, were found to be from half an inch to an inch 
wrong in other parts. In some the mercury would not 
descend lower than about 29 inches, owing to a fault 
very general in the construction of many common 
barometers—till lately, in frequent use—namely, the 
cistern was not large enough to hold the 
which descended from the tube during a low siaiapaels 


pressure, 
In the Government Marine Barometers, the diameter of 


the cistern is about an inch and a quarter, and that of 
the tube about a quarter of an inch, The scale, instead 
of being divided into inches, in the usual way, is 
shortened, in the proportion of about 0°04 of an inch for 
every inch. The object of this is to avoid the necessity 
of applying a correction for the difference of pen 4 
between the cistern and the tube. The ion wi 
which this is done may be judged of from the fact, that 
of the first twelve barometers tested at the Li 
Observatory, with an apparatus exactly similar to that 
used at Kew (whence these instruments were sent by 
railway, after being tested and certified), the index cor- 
rections, in the pressures from 28 to 31 inches, of three 
of them, were the same; two differed 0°001 of an inch ; 
and, for the remainder, the differences ranged from 0-002 
to 0-006 of an inch. e corrections for capacity were 
therefore considered Aigner and, with one unimportant 
exception, agreed with those given at Kew. 

From the above account, it will be seen how frequently 
common barometers may lead the observer astray—an 
occurrence which, whilst of comparatively slight impor- 
tance on land, might cause the destruction of wih 
and serious loss of life, if such indications of an imperf 
instrument were relied on at sea. The peculiar nature 
and sudden adyent of cyclonic storms, ich are always 
accompanied by a barometric fall, er it of the utmost 
importance that the barometer on board of a vessel should 
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be sensitive, and in good order; yet we have just seen 
that some instruments are sold, and doubtless ‘* war- 
ranted,” which would be incapable of showing a great 
mercurial depression, generally the only sign of the 
coming storm that could warn the mariner of im- 

nding danger. There is no difliculty whatever in 

ving a good barometer properly tested; and as our 
knowledge of the science of storms is now so extensive, 
the commander of a vessel would be guilty of an equally 
great neglect of his duties and interests, if proceeding to 
sea without a good and certified instrument, as he would 
be were he to do so without either a compass or chrono- 
meter on board. 

Whilst referring to methods of registering observa- 
tions, we may observe that the Board of Trade lend 
barometers, &., on certain conditions, to properly 
qualified commanders in the merchant service. They 
are expected to make continuous observations, and to 
report them at head-quarters as occasion will permit ; 
honorary rewards being distributed when the instruc- 
tions are fully carried out, or when special diligence has 
been shown. This plan will prove highly beneficial to 
the interests of science ; for, by it, an immense amount of 
data will be gathered from all parts of the world, and 
thus our means of induction will be proportionately 
increased. Besides the registration of the heights 
of the barometer, &c., the observers are desi to 
notice all concomitant occurrences, so as to increase our 
knowledge of matters which, although apparently of 
minor importance, are really efficient aids to the more 
exact processes of scientific investigations.* It may not 
be unreasonable to hope, that, in the course of time, 
simultaneous observations will be undertaken through- 
out the world, on a plan similar to that adopted at our 
observatories in this and other countries. e labour of 
reducing them would, of course, be enormous ; but the 
information obtained would be invaluable. Carried on 
during a number of years, we might, eventually, be able to 
form from them so complete a weather-chart for each 
ocean and coast, as would result in a general diminution 
of shipwrecks, which now cause, annually, some millions 
sterling of loss. To many, such a work would seem 
Utopian, and utterly beyond human power ; but, after 
all, it would scarcely equal the labours of astronomers, 
who have mapped out the place of each star, and who, 
from data similarly se here can assign its place, even 
for years hence, within an error of but a few seconds of 
time. In this labour we are encouraged by knowing 
that no event in nature depends on chance, and that 
every phenomenon is the result of some law which has 
been impressed by the Creator. In its operation, it may 
be so intricate as to baffle, for years, and even ages, the 
deepest penetration on our part; but still it stands 
before the eye of the philosopher, presented as a great 
eg for his grasp—the only condition imposed on him 

or success being, an intelligent, persevering, and discreet 
use of each fact as it arises, and of correct induction as 
ight bursts on his mental vision. For some thousands 
years, ingenuity was puzzled to account for the motions 
of the solar system; the most intricate schemes were 
brought forth to — them ; but when human pride 
failed , nature’s simplicity conquered ; and one broad com- 
prehensive law—that of gravitation—was at last under- 
stood and completely established ; -a result which ade- 
quately rewarded years of unremitting and patient toil. 

Gasgous Rapiation AND ABsorPTion or Heat, AND 
THEIR Evrects on Curmmatre.—In the Section on Heat, 
we have called attention to a variety of phenomena 
resulting from the radiation and absorption of caloric ; 
and in the Addenda to that section, some interesting 
experiments and results, obtained by Professor Tyndall, 
are briefly noticed. We shall here extend this subject, 
so as to point out its bearings on the science of meteor- 
ology, in connection with climatic differences, and may 
find that many phenomena, otherwise almost inexplicable, 
receive a happy solution through the inductions which 
p tes Joa ly made from the that will be brought 


* Bee ante, p. 1177, 


Casting a glance at a map, from the poles to the 
equator, the intelligent student will not fail to remember 
how various is the climate of the different countries 
delineated on it; and, consequently, how greatly the 
natural productions vary. Whilst experience teaches us 
that certain forms of both animal and vegetable 
existence are confined within definite-regions or zones ; 
that, in some places, rain, snow, frost, and hail are 
unknown ; whilst in others they are characteristic of the 
country ; and, in some, that there is experienced, during 
the day, a tropical heat, followed by an almost Arctic 
coptnes 4 of climate as soon as the night sets in—we 
na ly seek for some general law, which may embrace 
a broad and definite exposition of the causes operating in 
each instance ; not being content with an approximative 
or probable solution of our inquiries. 

What an almost infinite variety exists of the evidences 
of vitality in different portions of our globe. Com- 
mencing at the polar regions, we find vegetation—the 
immediate characteristic of climate—in its lowest forms ; 
the lichens being predominantinallrespects, Gradually 
approaching the equator, we first see hardy plants and 
a as the willow, birch, alder, dc. ; and grass 
also mes common. Flowers of various kinds, with 
cereal crops, next appear as we arrive in countries such 
as our own; thus the luxuriance of vegetable nature, 
and its profusion, develop, until we arrive at tropical 
regions, where the heat and moisture combine to produce 
the richest and most gorgeous of floral beauties, and 
sugar, coffee, spices, fruits, &c., which can only flourish 
in such countries. Animal life equally sympathises with 
the peculiarities of climate, if we confine ourselves to 
those forms’ that are below the human species, to 
which alone is accorded the power of accommodating 
itself to every climate, no matter how severe or sudden 
the transition. 

The general laws which influence this climatic variety 
have been already inquired into in the previous pages ; 
and, in numerous instances, the particular or local 
disturbing causes have also been pointed out. There 
are, however, other influences of both kinds, to which 
we shall now direct attention, and which have been, till 
lately, almost unknown, or scarcely allowed for, to the 
extent which their importance demands. 

We may first notice the effect of the obliquity of the 
sun’s rays, as incident at various parts of the world, 
being well aware, that where the sun is vertical, those 
regions, as at the equator, are the hottest of any on the 
globe. At the outer limits of the atmosphere, it is 
considered that the area bounded north and south of the 
equator, by the parallels of latitude of 23° 45’, receives 
as much solar heat and light as does all the rest of the 
surface of the earth. ~ Whilst an obliquity of 25°, in the 
incidence of a solar ray, causes a loss of one-half of its 
intensity at that angle before reaching the earth; an 
inclination of only 5° permits only sth of the maximum 
to be transmitted to us. It hence follows, that the 
remaining portion of our globe must, on areas equal to any 
given one at the equator, receive an exceedingly 
small proportion of the total calorific rays emanating 
from the sun. 

From this we may plainly see, that the great breadth 
of land extending between the eastern and western 
limits of Africa, and the parallels of 23° 45’ north and 
south of the equator, must act as an enormous absorber 
of solar heat; which it afterwards radiates, and from 
which, by convection, the remaining portion of the earth 
receives a great accession beyond what would be its 
normal temperature. The upward current of hot air 
rising from this surface, spreads itself northward and 
southward, and its place is supplied by returning currents 
of cold air, which, by this compensating action, and 
influenced by the rotation of the earth, are productive 
of the trade winds, as already pointed out in our previous 


es. T 
Pout it is evident, that unless some special provision had 
been made for the retention of the heat thus absorbed 
about the equatorial regions, and subsequently carried, 
+ Sce ante, Section on Heat, p. 30; and in this Section, p, 1184. 
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by convection, to the various parts of the globe, a =e 

Locktinn would be again radiated into space, and 
ost, so far as our earth is concerned. This provision is 
twofold : namely, that of the absorption effected by the 
solid crust of the earth, and that by the aqueous vapour 
which floats over its surface. It is particularly the latter 
provision that we wish here to relbags 

In our article on the Refraction of Heat, we pointed 
out that certain bodies have a property by virtue of 
which they either absorb or transmit that force; and 
that they vary much in the amount of this power: in 
fact, just as we noticed, that, with respect to light, some 
bodies are transparent, translucent, and opaque; 80, 
similarly, some bodies have a precisely identical, or, at 
all events, oe effect on radiant heat.* The 
general law of absorption was fully pings oy in 
the article on that subject, a re-perusal of which will 
be useful to the student in connection with these 
remarks. t 

It must be borne in mind, that considerable difference 
subsists between these two classes of absorbers. Those 
which refract heat have a general relation to certain 
similar properties in respect to light. Thus, rock-salt 
and alum will transmit and refract light; yet, whilst the 
former permits the passage of heat-rays with the test 
facility (exceeding that of plate-glass), a plate of alum 
transparent to light, entirely obstructs the passage o' 
non-luminous heat-rays, Similarly, we find that solid, 
good absorbers, such as lamp-black, &c., have a mutual 
relation to heat and light ; but in this case they agree, 
for they absorb equally the luminous and calorific rays 
impinging on them, 

Now, in nature, these two classes of absorbers and 
radiators are met with on the scale. Every tract 
of Jand more or less absorbs the rays of heat, and also 
radiates them again into space. But above this solid 
matter is the atmosphere, which, by its heterogeneous 
nature, exercises a most important action on the heat 
reflected and radiated from the surface of the earth. 
Referring to the account of Dr. Tyndall’s experiments 
(given at page 38, in the Section on Heat), we find that 

e mixture—not a chemical compound—forming our 
atmosphere, the carbonic acid generally found in it, and 
the aqueous vapour (also usually present), have each a 
definite and greatly varying relationship to, and action 
on, the rays of heat incident on, and transmitted by 
them. Here, again, we notice that certain qualities of 
bodies, such as transparency and translucency, are in 
connection alike with the forces of both light and heat ; 
and the law of diathermancy seems to comprise a par- 
ticular condition in regard to caloric, equivalent to 
transparency in relation to light.t 

Aqueous vapour pomeeeset a wonderful power of 
absorbing the rays of heat, and thus preventing their 

m the earth into space, e have already 
noticed this when speaking of dew ;§ as we then stated 
that a cloudy night entirely prevented its deposition ; 
the clouds, of course, being composed of aqueous vapour 
in a partially condensed state, but still in minute 
divisions. But, in this case, the comparative opacity of 
the clouds would naturally suggest a certain amount of 
interference ; and a supposition might be encouraged 
that they must act as a screen between the radiating 
surface of the earth and the open space beyond the 
limits of the atmosphere, 

It is not, however, in the form of clouds alone, or even 
specially, that aqueous vapour becomes a retainer of 
terrestrial heat. Suspended invisibly, as in the clear air 
of a hot summer’s day, it acts powerfully in absorbing the 
heat transmitted from the sun, and reflected or radiated 
from the earth, and that to an extent enormously beyond 
the similar power of our atmosphere when in a normal 
state ; that is, considered as a mixture of oxygen and 
nitrogen gases “oa 6 The moisture constantly present 
in the atmosphere has thus a most important influence 
on the temperature of most climates; indeed, all 


© See Section on Heat, p. 29. 
+ Ibid., p. 26. ‘ 


t t . p. 28. Ibid., p. 26. 
§ See ante, pp. 1180, and 1182, 1183, 


, 
% See ante, p. 1184. 


in which aqueous vapour is generally prevalent in the 
atmosphere. 

This will be readily noticed if we compare the higher 
and lower latitudes of the earth, or even its mountain 
elevations, The nearer the poles, or the higher the ele- 
vation above the surface of the earth, the less the moisture 
that is constantly present in the superincumbent atmo- 
sphere ;|| and on the other hand, the nearer we approach 

equator, the greater becomes the constituent moist- 
ure: as a general and consequent law, therefore, the 
temperature is directly as the moisture in the air, under 
certain circumstances, In our own country, the con- 
trast between the dry, cold, north-east wind, and that 
from the south-west, which is of a warm and genial tem- 
perature, and flowing from the Gulf-stream, is constantly 
i pit Sarentine take’ Souneion Seka 
countries, whilst ascending mountains, which, 
their base, have a climate of a high temperature, that we 
experience increasing cold until we arrive at a regi 
where every particle of moisture is always congealed into 
the solid state, which will be at a point situated near 
what is called the snow-line. The folio plates give a 
general view of the chief elevations in the eastern and 
western i and are accompanied with a scale, 
indicating the heights of mountain ranges, &c. There are 
also marked certain altitudes attained by Mr. Glaisher, 
Gay Lussac, and Humboldt, whose observations verify 
the remarks just made. A little above and below the 
snow-line, the annual variation of temperature either 
melts the congealed water in summer, or freezes it as 
winter comes on. The former process, together with the 
precipitation of moisture (as rain), gives rise to rivers, the 
chief of which are also noted, with a scale of their lengths, 
in the plates just referred to. 

Thus we find, that when the atmosphere is destitute 
of suspended moisture, intense prevails, chiefly 
owing to the immediate radiation of the heat received 
with the luminous solar rays. On this principle yt 
further explained the fact noticed by Mr. Glaisher, that, 
as he ascended in the air, a blackened-bulb thermometer 
ceased to show an increased heat, when ex to the 
full rays of the sun, beyond that indicated by those kept in 
the ae tebe ae Merry. anticipa’ "" peare in 
spects, the solution of this at a previous page ;] but may 
tex add, that a blackeued-bullt theron cmetars similarl 
exposed at the sea-level, will occasionally rise even 
to 60° above the temperature shown by a thermometer 
shaded from the rays of the sun at the same time and 
place. In the latter case, the absorbed heat wi 
according to the researches of Dr, Tyndall, be preven 
from immediate radiation by the moisture resident in the 
surrounding hot atmosphere. 

The average altitude of the snow-line does not depend 
entirely on latitude, but is greatly affected by the amount 
of moisture, &c., in the atmosphere. Thus, some por- 
tions of the Himalayas have the snow-line at 1,500 feet 
greater elevation than that common at the equator: and 
comparing, again, Sierra Nevada in Spain, in 35° north 
latitude, with some of the Himalayan mountains in 
Thibet, in the same latitude, we find that the snow-line 
of the Spanish mountain is at 9,500 feet, whilst that of 
the Himalayan ranges from 15,000 to 20;000 feet, above 
the sea-level—varying, in a distance of sixty miles, to the 
extent of 5,000 feet. This is chiefly due to the absence 
of moisture—a circumstance that prevents the formation 
of the snow, simply because there is literally nothing of 
watery matter to freeze. For similar reasons, the 
altitude of the snow-range on these mountains rises 
uniformly, in proceeding northward from India, and 
consequently from the equator, = to a north latitude of 
35°. The rapid radiation of heat, and consequent 

ually rapid evaporation even of snow, in some parts 
of the Himalayan range, is the chief cause of this in- 
creased average altitude of the snow-line, which is fre- 
quently ter on the north than on the south side. 

The following table gives its height above the sea-level, 
for many latitudes, both north south of the equator, 
and will form a kind of supplement to the illustrations 
afforded in the folio plates. It will be noticed, that, 
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nerally speaking, as the sea is approached, the snow- 

vel falls; but still numerous other local interfering 
causes must also be taken into account; and such may 
easily be studied by reference to an ordinary map, in 
conjunction with the latitudes given in the table. 
Another instance of curious variation of the snow-level, 
in respect of the latitude, is furnished by the Carpathian 


range, the highest of which, exceeding 9,500 feet, and in 
north latitude 49°, is still below the snow-line, although 
the Alps, in 45°, have it at an elevation of about 8,500 
feet. e increased altitude in respect to the Carpathian 
range, is due to the great convection of heat from the 
plains below, which, of course, are powerful radiators and 
absorbers, 


ELevation of rue SNow-Ine apove THE Levet or THE Sra. 


Country or Range. Situation. ight in Foetal | Latitude, Longitude, Season. 
yp seco oan the Coast 0 62° 8: 52° to 64° W. Annual average. 
Andes, South America, 

near Cape Horn... }| Near the Sea 3,500 55° 8. 67° W . 
Andes, Chilian ... Inland 8,300 40° 8. 72 W. c 
; ee ae 12.780 33° S, 70° W. : 
és piapo... fe 13,800 27° 8. 68° W. és 
* Cochamba Range vd 17,000 17° 8. 0° W. * 
Cuzco ... ” 20,009 14°5§. 71° W. 4 
At the Equator ... — 15,500 0° oa b 
Himalayas, Asia, near }) Far Inland 16,000 28° N. 88° E. “ 
Himalayas, Tibetan ... meer 15,000 to 20,000 | 35°N. | 75° to 78° E. - 
Mount Ararat ... ... ” ” 14,080 393° N. 44}° “ 
Alps, Europe ... ... Near Lakes 8,000 to 8,500 | 45° N. T° to 8° E. = 
Carpathians, Europe... Inland 10,000 49° N, 20° to 27° E. > 
Norway, Europe ie F600 60° N. Sto 8° E. J 
pe eB ote We ann 3700 6e°N. | 12° to 15°. . 
tal teh on Inland 3800 70° N. 20° to 22° E, Ns 
North Cape, Europe... Coast 7 71° N. 25° E. wince 
itzbergen ved inter. 
% ” é oe Eo 300 80° N. 10° to 20° E. Summer, 


We have frequently remarked that extreme dryness 
is characteristic of certain regions ; and Thibet furnishes 
an instance of it, and also of excessive temperature ; for 
the climate is exceedingly cold and dry, owing to the 

t elevation of the plateau on which it is situated 
10,000 to 15,000 feet) ; yet, although its latitude is from 

© to 38° north of the equator, the snow-line (20,000 
feet) is higher by nearly 5,000 feet. So deficient is the 
moisture, that few vegetables of any kind can be culti- 
vated ; and in most parts, trees and herbage are entirely 
absent. The radiation from the earth is enormous; for 
whilst, during the day, the thermometer will frequently 
indicate a temperature of 150°, at night it falls below 
freezing point. This affords us another proof of the 
truth of Dr. Tyndall’s deduction—that to the power 

by suspended aqueous vapour of retaining heat 
absorption, is due the warmth and genial temperature 
of such climates as our own. 

The causes of excessive climates, and excessive changes 
occurring in comparatively uniform climates, may be 
readily traced, in many cases, to arise from rapid radia- 
tion of heat into space, uninterfered with by strata of 
superincumbent aqueous vapour suspended in the atmo- 
Shere: Amongst the excessive class, we have already 
instanced Thibet ; but we may add another illustration 
in that of the the great desert of northern 
Africa. It is comprised between latitudes 16° and 33° 
N., and longitudes 17° W. and 23° E., and chiefly con- 
sists of table-lands, varying in height from 1,000 to 
2,000 feet above the sea-level, with occasional mountain 

ups attaining an elevation of from 3,000 to 6,000 
feet. The temperature varies from 50° to 130°, during 
the day ; whilst, at night, water freezes when exposed to 
the wind. In some parts no dew falls, and snow is 
unknown, owing to the entire absence of aqueous vapour. 
Rain falls only, in quantity, at intervals of some years ; 
for during nine mouths, annually, easterly winds prevail, 

VoL. I. 


varied, for three months only, by those from the west, 
or the regions bordering on the Atlantic. Generally, no 
eran except an occasional palm, is met with, which 
lerives its nourishment from springs resting beneath the 
surface ; the only variation from a perpetual death-like 
aspect being the oases so sparsely scattered, and situated 
in depressions below the ordinary level of the country. 
The simoom here spreads its destructive effects with the . 
fullest energy, loaded, as it is, with fine sand, and 
sessing an intense and suffocating heat, which is destruc- 
oF of both Seraph 9 ene life. = 
great portion of the Russian empire, in Europe and 

Asia, has a climate of the read t Situated 
remote from extensive ocean tracts, the entire area 
experiences only winds which have been robbed of their 
moisture before arriving in most parts of the country. 
Again, the cold, dry, Arctic winds freely course over the 
surface, from the Frozen Ocean to the southern limits of 
the empire, unchecked by any mountain ranges of 
sufficient height to afford due protection to the interior. 
Hence, so far north as St. Petersburg, the heat in 
summer is + ;* whilst in the Crimea, which has the 
same latitude (45°) as the south of France and the north 
of Italy, snow lies often for five months on the ground ; 
and the Sea of Azov, the northern parts of the Black 
Sea, and the adjacent rivers, are all frozen. The 
sufferi of our troops during the Russian war 
(1854—56), in this region, afforded a painful illustration 
of the severity of the climate in that country. Located 
on the same parallel as Bordeaux, Milan, Venice, &c., 
where a genial warmth is rarely disturbed by great 
variations of temperature, our armies were decimated, 
near Sebastopol, by a winter scarcely inferior to an 
Arctic one in its rigour. At Odessa, one of the chief 
Crimean ports on the Black Sea, the thermometer 


* The annual range of the thermometer, at St. Potersburg, is between 
22° and 90° Fah, , 7 
N 
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frequently falls so low as — 24° Fah. in the winter ; the 
heat in summer being exceedingly intense. 

In our own country we sometimes experience severe 
changes in the weather during the winter season ; and, 
occasionally, the thermometer ranges very high in the 
height of summer. An extraordinary instance of the 
former kind occurred in 1860, when the mean daily 
average, for some days, fell surprisingly below the 
monthly average. In mber of that year, the mean 
temperature of the 24th was 22°°4; on the 25th it fell 
so low as 20°°2. In many parts of the country the 


mercury fell far below zero; indeed, we noticed it, at 


about four miles north of London, at 2° below zero, or 
34° below freezing point, early in the morning of the 
25th; and at 44.m. of that day, on leaving a hot 
room and passing into the open air, the entire dress 
was instantly coated with fine particles like snow, arising 
from the congelation of the moisture which had per- 
meated the clothing as perspiration. In some parts, a 
temperature so low as — 14°, or 46° below freezing point, 
was registered. Amongst other instances of the extreme 
severity of the weather, the breaking of the tires of 
railway carriage-wheels, owing to the contraction 
produced by the cold, was one of the most noticeable 
and common. 

Disrrisotion or Heat.—The distribution of heat 
over the globe, in respect to latitudes and climates, is a 
subject of deep interest in many respects; and it has 
frequently, although perhaps incidentally, been noticed 
in the preceding pages. We shall devote a short 
space to its consideration, as being a question inti- 
mately connected with that which we have just been 
discussing. 

It has been already remarked, that the regions near 
the equator may be considered as the chief heating surface 
on the globe. To the absorption of an immense amount 
of caloric by that portion of the continent of Africa, and 
its subsequent radiation, the genial temperature of 
Western Europe is due. On comparing the climate of 
temperate climes, in the latter continent, with those of 
others, we find fewer instances of excessive temperature ; 
the heat and cold, at no season of the year, being intense, 
except under extraordinary and very rare occasions. 
Taking the area, including Britain, Denmark, Holland, 
France, Spain, and Portugal, we fiud climates 
in which every necessity of man, with respect to food, 
clothing, comfort, and luxury, can be produced; and to 
this cause, and also to the absence of positive noxious 
influences, Europe is chiefly indebted for its power as 
the centre of commerce, arts, manufactures, &c. This 
area is included between 35° and 60°, north of the 
equator ; and if we refer to a map on Mercator’s projec- 
tion, bearing in mind the remarks already made on the 
climate of other countries, as Russia, Thibet, Tartary, 
&c., which are also included within the same parallels, 
we shall at once be impressed with a sense of the 
advantages that such portions of our continent 


One of the most accurate indications of the climate of 
any country is obtained from the monthly average of its 
temperature ; and if this be noted, for each political or 
natural division, a series of lines may be drawn, which 
will intersect, on the map, places having an equal annual 
temperature. These have been called isothermal lines, 
and are generally drawn for each month of the year, 
besides that of the year itself. From the immense 
variety of local interfering causes, such lines are not 
coincident with the latitude of any two or more places. 
It is impossible, indeed, that they could be, unless the 
globe were entirely covered with water; for, as we have 
already seen, elevation, proximity to the sea, radiation, 
&c., all tend to produce an unceasing diversity of 
climatic characteristics, where land of even a moderate 
extent of area is found. 

It was formerly considered that a mean between the 
average yearly temperatures, for a number of years, 
would indicate what we may term the climatic average. 
But that such would not be the true average will be 
plainly seen, if we consider the variety of temperatures 


which are observed in our own country, for example, 
| monthly, in following years. Thus it is by no means a 
| rare occurrence for us to experience, in succession, cold 
and damp springs and summers, which, for the years in 
| which they occur, would seriously diminish the annual 
| average. If, however, the same months are compared 
| with each other, in successive years, and a mean struck 
between; and if the monthly average be taken, as indi- 
cative of the proper mean for our climate, we shall 
obtain a much more accurate idea of the mean which 
governs the year. This, therefore, is the method which 
is now universally adopted by meteorologists; and, at 
page 1172, the monthly means for Greenwich is given, 
which will illustrate these remarks. 

To give some idea of the inflection of an isothermal 
line from any parallel of latitude, we may take that of 
the freezin point, or 32° Fahr. In January, com- 
mencing at ‘bihlade phia in the United States, it crosses 
the. banks of Newfoundland, touches the south of 
Iceland, and, descending to Holland, is extended by the 
Balkan to the Corea in T » passing as far as tho 
Aleutian Islands, in the North Pacific Ocean ; the north 
latitudes being respectively, in round numbers, and 
commencing at Philadelphia—40°, 48°, 64°, 52°, 42°, 40°, 
52°, for each of the positions we have named. Con- 
necting this range of temperature with the north-easterly 
progress of the Gulf-stream,* we shall notice an immense 
wave of heat proceeding so far north as 64°, and pro- 
ducing a temperature as high as that found in a latitude 
of 40° (Philadelphia), which, although so much further 
south, has not the advantage of the heating effect arising 
from the Gulf-stream, The western shores of Eu: 
therefore, are situated under isothermal lines which have 
a great northerly inflection ; and these contrast greatly, 
in direction, with those passing over extensive ranges of 
land. Thus we find, from the Balkan, where the Gulf- 
stream has no influence, to the Corea, that the isothermal 
line is nearly parallel with the latitude (42° to 40°) for a 
distance of several thousand miles; whilst between 
Philadelphia and Holland, a distance of 75° of longitude, 
there is a northerly inflection of 24°—a surprising 
instance of the influence which extensive surfaces of 
land and water possess in modifying climatic indications ; 
the latter, in this instance, having an action in raising 
the temperature to an extent which has no parallel in 
any other portion of the globe, The warmer portion of 
this heat-ocean lies within 45° west of the meridian of 
Greenwich ; whilst for 120° to the east, the monthly 
mean in the same latitude is much lower, and the 
isothermal inflection curves proportionally nearer to the 
equator. 

Hitherto we have confined our remarks to latitudes 
north of the equator; but on the south of that line we 
find an entirely different condition to subsist. To 40° 
south, the average temperature is colder than up to the 
same el north of the equator ; and South Shetland, 
Georgia, &c., although situated in a latitude as far south, 
as Scotland, in our island, is north of the equinoctial, 
have a climate in which the snow-line is level with the sea 
for the whole year, and they are destitute of all signs of 
vitality, except in the lowest forms of vegetable pro- 
ductions, as mosses, lichens, &c, 

FALL.—We need here only glance at another 
subject, which has already been repeatedly under review 
in this section—viz., the annual fall of rain in different 
regions. In our climate, where excessive ran of 
temperature are rare, the amount of rain, although 
greater in some months than others, is pretty equally 
distributed throughout the year; whilst in tropical 
climates, in which the air is loaded with moisture at 
certain seasons, the fall of rain is chiefly confined to de- 
finite periods—a circumstance which has given rise to the 
terms ‘‘dry” and ‘‘rainy” season. In some such districts 
the amount of rainfall is pote Thus, in French 
Guiana, about 130 inches fall erro = A in Sen bia, 
190; and at Paramaibo, 230 inches fall during the same 
period. At Cayenne, 21 inches have been measured 
in one day—an amount about equal to the annual 


* See ante, p. 1156. 
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rainfall at Paris, or of Essex in our own country.* At 
the equator, the entire fall for the year is produced 
during 80 days ; whilst, in this country, from 150 to 200 
wet days give the period during which the quantity for 
the year is afforded. 

A great variety of circumstances must be taken into 
account in connection with the differences which various 
parts of the earth exhibit in respect to rainfall ; and it 
will be exceedingly difficult to predicate, according to 
any known law, the amount which is due at any par- 
ticular place. As in the case of the average annual 
temperature, and for similar reasons, the moisture, 
elevation, and isothermal characteristics are combined as 
influencing causes. In Europe, for instance, we may 
notice two extremes ; one presented by the west coast, 
extending from Bergen, in Norway, to Gibraltar, in 
Spain, on the whole of which a mild temperature, con- 
siderable rainfall, and a large number of rainy days, are 
indicative of the yearly average of climate; whilst from 
the North Cape, through St. Petersburg, to Hungary 
and Turkey, the annual rainfall is only from one-third 
to a-half of that common to the range of country just 
referred to. The former region flanks the ocean and the 
Gulf-stream, whilst the interior of Russia is entirely 
protected from moist air. In Norway, in, we find 
that whilst, at the coast (Bergen, see following table), no 
less than 77 inches fall, yet, in the same latitude, but 
about 150 miles more inland, the annual average is not 
more than 21 inches—diminishing still more, until, at 
St. Petersburg, it arrives at a minimum. 

The average annual direction of the wind has a great 
influence on the climate of all places. In the north of 
Africa, across the Sahara, easterly winds prevail for 
about nine months out of the year, and, together with the 
great heat, parch every object of either animal or vege- 
table life. Throughout the western part of the Old 
World, an easterly wind produces precisely such effects on 
a smaller scale ; for it diminishes the rainfall, lessens the 
suspended moisture, and, in certain years, affects the 
climate most seriously, and interferes, harmfully, with 
pow 4 mericueeres pursuits. In the West Indies, the 
north of South America, and Hindostan, we find an 
Opposite extreme. Situated in the tropics, surrounded by 
the ocean, traversed by large rivers, and crossed by moun- 
tain-chains whose summits are crowned with tual 
snow, the air, in those regions, at the sea-level, is loaded 
with aqueous vapour, maintained ata high temperature 
by the excessive tropical heat. A sudden down-draught 
of cold air, caused by periodical disturbances in the upper 
regions, and the return of both polar currents, causes a 
heavy fall of rain within a short period; and thus the 
thirsty earth is suddenly compensated for the constant 
loss it had sustained by rapid evaporation. The transition 
from an arid desert into a luxuriant verdure of vegeta- 
tion is almost as sudden; whilst the rivers, swollen by 
the enormous and sudden accession of water, overflow 
their banks, and, as with the Nile, which traverses an 
almost rainless district, spread fertility on all sides, 
even to a great extent beyond their natural boundaries. 

Our antipodes, in Southern Australia, New Zealand, 
&c., have a greater fall of rain, on an average, annually, 
than we experience, north of the equator, in the same 
latitude, This is chiefly owing to their insular position, 
and their being situated in the midst of oceans extending 
for thousands of miles in all directions, Yet the interior 
of Australia, far removed from such ocean influences, is 
in a condition very similar to that of Africa, being 
sarang a dry sandy desert; and many places, as 

ydney, c&c., are visited at certain seasons by the hot 
winds arising from the north-west. These, occasionally, 
indicate a temperature so high as 120° to 130° in the 


‘shade, and destroy every vestige of vegetable life: in a 


moment the wheat-fields and fruit trees are blasted, and 
the human subject suffers acutely from the suffocating 
atmosphere. These winds are the analogues of the 


* Excessive rainfalls are sometimes, and in certain places, noticed in 
England. Thus, on Spinkling-fell (height 948 feet), near Borrowdale, 
Cumberland, the mean of four years gave no less than 163 inches, and it 
has been nearly 200 in some years; w the total annual fall does not 
exceed, on an average, 31 for the whole country. _ 


sirocco of the Sahara and northern districts of Africa ; 
and, like it, are loaded with fine sand or dust, which is 
deposited in prodigious quantities. In either casé the 
causes are precisely the same—viz., the drying of a large 
body of air by its passing over extensive sandy regions; 
an increase of its temperature, owing to the radiation of 
the solar heat from the underlying ground; and the 
absence of mountain-ranges which usually protect the 
adjacent country, and cool the hot air passing over their 
snow-covered peaks. 

Some portions of the earth are almost entirely un- 
visited by rain: amongst which may be named the _— 

rt of Thibet and Tartary; many parts of Central 

ndia; Arabia; Egypt; Central Africa; part of Chili, 
&c. ; and, in each case, absence of ocean influences is the 
cause, As might be expected, both animal and vegetable 
life suffer accordingly ; but, in numerous instances, abun- 
dant dews compensate for this deficiency of rainfall ; or 
the overflow of rivers fed from distant mountains, peri- 
odically supplies the place of rain—as in the case of the 
Nile, eae named ; the Amazon, Mississippi, Ganges, 
Indus, the Australian rivers, &c. Some parts of our 
colonies in South Australia and Victoria, suffer seriously 
in the absence of such periodical inundations, most of 
the rivers in that country becoming little better than 
pools in the dry season; the lakes even being almost 
desiccated in summer. Before the setting-in of the 
rainy season in many countries, the atmosphere, which 
had, perhaps for weeks or months, been clear and quite 
free from clouds, &c., gives an indication of the coming 
change. The wind attains a settled direction, which is 
invariable in each year for that season ; hurricanes and 
fearful thunder-storms suddenly come on, andare followed 
by rains, during which as much as one inch per hour 
falls at some places. It is a most providential circeum- 
stance that the advent of the rainy season is thus fore- 
warned, and its periodicity so regular; as the torrents of 
water, soon generated, would speedily wash away the 
pes of a year’s growth. In some parts of the West 

ndies the heavy rains fall in October, November, and 
December ; but, during August, the islands are generally 
visited by fearful hurricanes, some of which have almost 
ruined the colonists, by the universal havoc which has 
been occasioned. These storms, occasionally, spread 
over the two following months, as at Jamaica, which has 
a wet season from May to August, and in October and 
November; August, September, and October being the 
hurricane season. 

Although in several d of more southerly latitude, 
China eee 8 in a climate resembling, respectively, 
those of England, France, and Northern Italy ; and the 
productions of that interesting country are also in many 
cases similar, It is to some extent affected by the 
Pacific Ocean washing it on the east coast, as Europe is, 
on the west, by the Atlantic; the circumstances bei 
similar in many respects—the direction of the wind, 
however, being varied. Shanghae, in 31° N. lat., possesses 
one of the finest climates in the world; and although 
extremes of temperature are met with throughout the 
country, still the air is generally salubrious, and ex- 
tremely healthy even for Europeans. At Canton the 
heat of summer is very great, and the yearly average is 
high, being 70°; yet whilst in a latitude of 23° N., or 
nearly 30° further south than London, fires are required 
in the houses during winter, and snow and frost are 
occasionally seen in the streets. 

North America presents some curious peculiarities of 
climate, which are rarely paralleled in any other part of 
the globe. Generally s ing, the annual average is 
about 10° or 15° lower, for the same latitudes, than in 
Europe, and the ranges of temperature are very excessive. 
In Canada the thermometer stands frequently at 20° 
below zero in winter, or 52° below freezing-point ; whilst 
in summer, a heat of 100°, or 105°, is commonly ex- 
perienced. Quebeo, in lat. 47° N., has an average mean, 
in winter, of 14°, and in summer, of 68°—showing a very 
excessive type of climate; whilst so far south as rgia 
i. 82° N.), the extreme ranges are from 13° to 100°. 

mpared with these, we may observe, that in lat. 32°8., 
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at Perth, in Western Australia, the range is from 55° of 
winter, to75° of summer mean ; and in the same latitude, 
north, in Egypt, at the delta of the Nile, the range 
is from 50° to 60° in winter, and from 80° to 90° in 
summer, 

A great variety of circumstances combine to produce 
the low mean temperature of the northern portion of the 
American continent, a brief investigation of which ma 
prove instructive. So far as is at present ascertained, 
one almost unbroken tract of frozen land or water extends 
between 60° N. lat. and the North Pole, a considerable 

rtion being at a great elevation above the sea-level. 
The atmosphere over the whole of this region is, of 
course, cold, and free from aqueous vapour, and rarely, if 
ever, intermixes with warm currents of air from the 
south, to an extent suflicient to ‘peacerryre § modify its 
average temperature. Hence, whenever a N., N.W., or 
N.E. wind sets in, the greater portion of North America 
is exposed to a most inclement and chilling blast ; and the 
immense quantities of icebergs floating southward from 
the Frozen Ocean, at certain seasons of the year, conduce 
most powerfully to increase this condition. The north- 
western portion of the continent is hedged in by a long 
range of hills—the ‘‘ Rocky Mountains”—which extend 
from 70° to about 35° north latitude, with scarcely a 
break, and are continued to the extremity of tlie southern 

rtion of the continent at Cape Horn, in latitude 55° S. 
he greater part of North America, comprised within the 
parallels of 35° and 70° N., is, therefore, completely shut 
out from the influence of the warm Pacific Ocean, the 
hill ranges being too high to permit of the passage of 
warm aérial currents over their generally frozen summits. 
On the east, the Gulf-stream, instead of impinging on its 
shores, passes over the Atlantic in a north-easterly 
direction, to Europe ; and on the south, the high table- 
land of Mexico partly prevents the access of the hot 
tropical currents. About California, however, on the 
west coast, aud beyond the Rocky Mountains, a more 
equable and mild climate subsists, because there the 
interfering causes, above described, are absent, and 
the genial air and moisture, arriving from the Pacific, 
exert their full influence in tempering the climate of that 
country. 

Not only is the climate of North America of a very 
excessive type, but the range of temperature undergoes 
most remarkably sudden variations. In some parts of 
Canada, for instance, the thermometer will fall as much 
as 60° in 36 hours; and a variation of 30° or 40°, in the 
course of 24 hours, is by no means an uncommon 
occurrence during the winter season. The effect of such 
sudden changes—which, ina moist climate, would be 
positively injurious to animal life—is, to a great extent, 
moderated by the extreme dryness which prevails ; the 
intense cold, of course, freeing the atmosphere from 
every vestige of suspended aqueous vapour, To such an 
extent does this occur, that, in the Arctic regions, the 
breath, as driven from the lungs, has its moisture instantly 
converted into minute particles of snow. The me- 
chanical power of this extreme frost is often sufficient to 
rend trees and rocks, by the expansion of the ice, as if 
they had been blasted with gunpowder; metals, if 
touched by the hand, &c., blister the skin equally as 
when red-hot ; and even hydrophobia is common amongst 
dogs, at Quebec, in December and January, just as 
would be, with more likelihood, expected during the hot 
months of summer, 

The southern part of Mexico, between 15° and 20° 
north latitude, owing to the varying elevation of the 
land, presents some singular peculiarities of cl! mate. 
On the low-lying coast the heat is very great, the mean 
annual temperature reaching an average of 76°. On the 
elevated table-land the mean is reduced to 64°. The 
climates range hot, beneath a height of 900 feet from the 
sea-level ; temperate, at an elevation of from 4,000 to 
a feet ; and become positively cold, at above 7,000 

‘ee 

In a similar manner, and arising from like causes, the 
climate of Central America, extending between Mexico 
and the Isthmus of Panama, or between latitudes 18° 


Hf 
and 8° N., varies considerably, On both sides the | 
shores are washed by the ocean; the western by the [ 
Pacific, and the eastern by the Caribbean sea; and the | 
temperature of the winter of each reaches nearly a mean | | 
The temperature of the low-lying districts | 
varies between 60° and 80° ; but a range of mountains of | | 


of 80°: 


considerable height (12,000 to 15,000 feet). being an- 


intermediate link joining the Andes of South America, | | 
and the Rocky chain of the northern portion of the | 


[THE CLIMATE OF AMERICA, 1] 


continent, must tend to modify considerably the heat, | | 


which would otherwise be very great. 


The rains that | | 
fall from May to October temper the climate on the | | 


Pacifie coast; whilst those on the east side, falling | | 


between October and May, have there a similar effect, 


and render the country as healthy as any in the same bl) 


latitude; fostering, at the same time, the 
luxuriance and profusion amongst the vegetable pro- 
ductions of the country. . 


In South America every extreme of climate is found, | 


this portion of the continent comprising all possible | | 


variety of elevation, &c, Inthe north, near the a i 


and on the east coast, the level is low, the air moist 


of a high temperature, and the rainfall, consequently, in q | 


some seasons, enormous, always exceeding in Guiana — 
100 inches annually, and occasionally reaching to more 
than double that quantity at places between 8° N. and 2° 
S. of the equator. On the west coast, the Andes, at an 


average distance of about 100 miles inland, rob the air | 
of its moisture, as brought by the N.E. and S.E. trade- | 


winds ; and northwards, between the hills and the sho: 
from lat. 30° S. to 10° S., the chief parts of Peru and 
Chili present an almost rainless tract. 


narrower than in the northern part ; and the prevalent 
winds are from the west, bringing with them moisture from 
the Pacific. The country, in fact, gradually assumes a 


condition, southward, resembling that of an island, so | 


far as climate is concerned, extending thus as far as the 
south of Patagonia, in latitude 55°S. The Andes shut 
off the westerly breeze between 30° 8. and 55° S., justas, 
above the parallel of 30° S. to 10°S., they exclude the 
easterly winds from the western coast ; and thus another 
rainless tract is formed in the interior, occupying most 
of the southern portion of South America. The east 
and south-east coasts of that continent have the constant 
trade-winds from either the N.E. or 8.E. ; and the level 
plains of the interior, from 30° S. to the 
thus generally well watered: large rivers, including the 
mighty Amazon, flow through them, and a hot-moist 
climate tends to produce an unequalled profusion of 
most forms of animal and vegetable life. In theso 
regions nature revels in her wildest and richest luxu- 
riance; and on no other part of the globe are the 
mineral, vegetable, and animal kingdoms so fully de- 
veloped: yet this tract is, at present, almost entirely 
unexplored, and its treasures jealously locked up by a 
narrow and selfish policy, that can only be paralleled in 
the darkest pages of the history of civilisation. It 
requires but little prophetic inspiration to foretel, that 
when the resources of the country become expanded, 
Brazil must hold a place in the world’s history, which its 
extraordinary natural advantages will possibly make the 
most brilliant of any epoch. It may, perhaps, be now 
kept in reserve, to take, at some future time, the status 
of present flourishing kingdoms, when their power and 


riches have dwindled away, owing to the exhaustion of | ' | 4 


those natural capabilities they at this time possess—a 
result which is suggested by the present condition of 
many parts of Asia Minor and India. 

e have thus passed in review the leading particulars 
which have reference to the rainfall, mean and excessive 
temperatures, &c., of the chief divisions of the earth; 
and it now only remains to notice a few facts in connection 
with the ocean-tracts, lakes, &c., which cover the rest of 
itssurface. It has been explained, in previous how 
much the climate of any place depends on a proximity 
to, or distance from, the sea. t 
the Pacific, Indian, and Atlantic oceans are the cause of 


the moist climates of tropical countries ; whilst, on the © | 


To the south of | | 
30° the air becomes more humid, the land being much | — 


Me pete are 


In the equatorial eee ; 
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other hand, the Arctic and Antarctic oceans tend to 
diminish the temperature of the land, not only in their 
immediate neighbourhood, but even for many degrees 
beyond their limits. Siberia, in North Asia; Lapland, 
Russia, and Norway in Europe; Greenland, and British 
and Russian America, are, to a great extent, frozen and 
inhospitable climes, owing to the extreme cold induced 
by the Frozen Ocean of the Arctic zone. From the 
Antarctic circle, northwards, to Patagonia, Tasmania, 
and New Zealand, the Southern Ocean reduces the mean 
temperature to an even greater extent than does the 
northern one in corresponding latitudes, owing, chiefly, 
to the greater area which is unoccupied by land, and 
hence not under the influence of the surface-absorption 
of the solar rays of heat. The difference of temperature 
between the two oceans is very remarkable ; for we find, 
that whilst the Arctic has a heat of 40°, in lat. 70° N., 
the Antarctic, in lat. 684° S., has one of but 30°°8 ; the 
difference for corresponding latitudes, within certain 
limits, being generally about 10°. 

The area of inland seas and lakes is small, when 
compared with that of the oceans; but being mostly 
found in regions far removed from the sea, it must 
have a decided local effect on the country surrounding 
their shores. In Europe; the Baltic, Black, and Medi- 
terranean seas; the Russian and Swiss lakes, &c.—in 
Asia ; the Caspian, Aral, Baikal, and Black seas, &c.— 
in Africa ; the Red Sea, Lakes Tchad, Nyassa, &c.—and, 
in America, the extensive system of lakes intersecting 
Canada, the United States, &c—all have a direct 
influence on the adjacent country, either in reducing or 
raising its average temperature.* That areas of enclosed 
water should have these two opposite effects, in the 
same localities, at different seasons, may at first sight 
appear anomalous ; but it can be easily explained. In 
the case of any lake or nearly enclosed. sea—the Caspian 
being of the former, and the Black Sea of the latter 
type—it is plain that, during summer, the surrounding 
lands, owing to the werey to of solar heat, will be 
of a higher temperature the waters of the lake, 
which reflect, but barely absorb, heat. On the contrary, 
during the winter, the water will be warmer than the 
land, because whilst the latter radiates, and therefore 
loses its heat acquired during summer, the lake radiates 
very slowly, and therefore as slowly loses its acquired 
temperature. Inland seas and lakes thus tend to 
ee the amount of heat, and, like the fly-wheel in 

echanics, whilst they add no force, they regulate its 
distribution. As winter, however, passes away, the 
surface of such as are frozen will tend to maintain a low 
temperature in the surrounding atmosphere, just as we 
find in the great area of the North Atlantic, the icebergs, 
floating southwards, lower the temperature of the atmo- 
sphere ; and coming into contact with the warmer air, 
in part produce fogs, so common about the banks of 
Newfoundland.+ 

The islands, spread throughont the oceans and seas, 
must have an effect analogous to that which we have 
described in respect to the lakes ; and for the reasons 
already assigned, so far as the absorbing and radiating 
power of dry land is concerned. It is true that, indi- 
vidually, like the lakes, &c., they are extremely small, 
when compared with continents ; but their great number, 
especially in the Pacific, compensates for their trifling 
area. They form so many surfaces from which currents 
of hot air are continually ascending, that are replaced 
by constant in-draughts of the cool sea-air. ence 
islands generally possess those delightful land and sea- 
breezes, which, beneath the tropics, are often the only 
modifying 4 rer: that would permit many such places to 
be inhabited. In the Section on Heat this subject has 
been fully discussed, and some interesting observations, 
by Captain Maury, are also qu fully illustrating the 
ors of be age water aérial currents. 

n some islands the opposite coasts Lg an entirel 
different climate—a circumstance which is genecally 


‘ See, im remarks on the temperature near the Lake of Genevs.; 
ante, p. be 
+ The folio plates, at page 1192, give the extent of the chief lakes in 


attributable to extensive mountain ranges, having a 
considerable height above the sea-level ; or to the setting- 
in of atmospheric currents from the ocean. Iceland 

mts a remarkable instance of this kind, owing to 
the different temperatures of the water by which it 
is surrounded. On the south side the Gulf-stream 
impinges, and has so great a heating effect, that the 
average annual temperature is 40°—an amount equal to 
that of Philadelphia, which is in a latitude of nearly 25° 
nearer the equator. But on the north side, where no 
such warming influences prevail, and at a distance of 
from 100 to 200 miles from the south coast, a region of 
perpetual snow and ice is found, which, when a north 
wind blows, often blasts, by its chilling influences, the 
remainder of the island, and even drives away the fish 
that otherwise abound in the surrounding ocean. 
England, Scotland, Denmark, and Norway, are similarly 
affected from the same cause; for on the west coast of 
each the climate is generally moist and mild; but the 
eastern side of each country, being exposed to the dry cold 
winds arriving from the interior of Russia, is generally 
bleak, and, in the northern districts, very cold and dry.t 
The Canaries afford a remarkable instance of this kind. 
Situated off the west coast of the African continent, and 
a little to the north of a line passing through the Sahara 
desert, they experience, at most times, a healthy climate ; 
are refreshed by the sea-breezes, and possess a highly 
fertile and productive soil. When, however, an easterly 
or south-easterly wind a es. the hot and dry winds 
from the desert reach the islands, accompanied at times 
with swarms of locusts; and from these causes, in con- 
joined operation, every vestige of vegetation is destroyed, 
the earth is parched up, and a desert, arid waste replaces 
the former luxuriant verdure. Ceylon presents instances 
of a similar kind; but in that island the variations are 
chiefly due to the differences of elevation of its various 
parts; and the mountain chain running through the 
island, has a remarkable effect on the climate of the east 
and west sides. When the S.W. monsoon sets in, the 
west side will receive copious rains, and be covered with 
a luxuriant os ore growth ; whilst, on the east side, a 
great scarcity of water will be felt, and even an almost 
complete suspension of vegetable growth occurs, because 
the suspended aqueous moisture, arriving with the mon- 
soon, is arrested in its course by the hills, and confined 
entirely to the opposite side of the island. We believe 
that similar circumstances affect the climate of Mada- 
gascar ; but its interior is but little known, and, therefore, 
no accurate data have been obtained. Borneo has an 
almost south-European climate on its north side ; whilst, 
on the south, that of a tropical character subsists. In 
the Mediterranean, Sicily presents another illustration ; 
the mean annual temperature of Palermo, on the north, 
being 6° less than that of Catania on the south-east, the 
difference of latitude being only about one degree. In 
the West Indies, Guadeloupe has a low and hot west 
coast ; whilst the east, which is elevated, is much more 
temperate ; yet they are but a few miles apart. The 
same observations may also be applied to Jamaica, and 
many of the adjacent islands ; and, generally speaking, 
each possesses a mountain range or tract, which, as we 
have already remarked, has so powerful an influence 
in tempering the excessive heat common to all tropical 
countries. 

We have thus pointed out the chief causes, both of a 
general and special nature, which often affect the climate 
of continents, oceans, &c.; and our remarks will serve 
as an introduction to a table,§ in which we have included 
a variety of facts, carefully selected from various sources, 
and relating to subjects which have been discussed in 
the last few pages. The names of the chief countries, 
cities, &c., in each division of the world, are given in the 
first column ; and, when important, several parts of the 
same country are named, so as to show the results of 
local disturbing causes, Wherever possible, and when 
the results could be relied on, the annual average 


each hemisphere, and of the islands in the oceans; from which an idea of 
their influence, with respect to climate, may be gathered. 
+ See ante, pp. 1177 and 1193, 4 See end of this Section. 
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fall of rain, running over several years, is marked down 
| in the second column. In the succeeding one, the | 
| average mean temperature, taken from the monthly | 

mean in most cases, is afforded ;* but occasionally two | 
) “means” are given, because either an uncertainty 
| existed, or the climate is subject to extraordinary vari- 
| ations in certain years—a by no means uncommon case 
with that of our own country. In the fourth column, 
either the extreme range of temperature, occurring in 
the year (i.¢., the greatest heat and cold), the mean of 
winter and summer, or the entire range is afforded. 
In attempting to give these particulars as accurately as 
possible, we can but remark, that the accounts of various 
observers differ so greatly, as to make it a matter of 
much difficulty to obtain information that can be relied 
on; and it is far more than likely, that the thermometers 
employed for this purpose have been often incorrect, 
for reasons already assigned at an earlier page.t 
Observations of this kind, if carelessly made, or with 
improper instruments, are worse than useless; we 
believe, however, that the figures in the following table 
will be found as nearly accurate as possible, because no 
one set of observations has been adopted, but rather 
independent data, so that they might act as a check on 
each other. If not otherwise stated, the temperatures 
are those of nearly the sea-level, or that distance above 
it on which the majority of towns are situated ; which 
is generally not of any elevation worthy of notice, or 
likely to interfere, comparatively, with ordinary observa- 
tions. For the sake of saving space, the letter E has 
been employed to indicate the extreme points between 
which the thermometer ranges; W shows the mean 
winter, and S the mean summer, average tempera- 
ture ; and R indicates the total range in d which 
ocours between the highest and lowest ings in the 
course of the year. 

In the column*devoted to “moisture,” of course 
every remark is but comparative or suggestive. The 
use of the hygrometer has been but recently adopted 
beyond the precincts of our observatories, and hence, the 
character of a climate in this respect, must be, at present, 
often a matter of guess-work, or represented in some- 
what ideal expressions. The reader, however, must bear 
in mind the remarks which have been frequently made 
respecting temperature and moisture ; and wherever the 
annual mean of the former is high, with the rainfall 
large, and the thermometric range not very ex- 
cessive, an atmosphere containing much suspended 
aqueous vapour may be expected. This is illustrated 
in the case of the Guianas, Senegambia, Ceylon, &c. On 
the other hand, an excessive range, little rainfall, and a 
comparatively high or low annual mean temperature, 
indicate a dry climate, as those of Canada, Thibet, the 
Sahara, Russia, &c. The last two columns give the 
latitudes and longitudes ; in some cases, nearly—that is, 
within a few miles, for the purpose of including a small 
district surrounding the place of observation, 

The table, as thus arranged, may be employed for the 
purpose of marking down, on a map, isothermal lines for 
any mean annual temperature which may be taken from 
column 3. The latitude corresponding to it will be 
found in column 6, and the longitudes in column 
7. Thus, choosing from column 3, the average of 62°, 
and commencing in Ireland, we pass to the middle of 
England ; through a part of France, to the north of Paris; 
Prussia; the north of Turkey, or south of Russia (possibly 
the N. of the Black Sea) ; the north of India, or perhaps 
some part of Thibet; the north of China ; and thence to 
| New Zealand and Tasmania. All these countries have, in 

some part, the mean annual average of 52°; and, accord- 
ingly, the isothermal yearly line will be included in them. 

If we next turn to column 4, it will be seen that the 

yearly average is struck from very varying monthly or 

sia-monthly means, for the ranges of temperature are 
| greatly different in each country. Thus, England has a 
total annual range of 85°; Prussia has an average mean, 
, between winter and summer, of about 38°; whilst, in the 


| # See reasons for this, mentioned ante, p. 1194. 
| 4 See ante, remarks on the facture of th 
2 See ante, p. 1194, 
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north of China, the similar range ef winter and r 
means is 53°; and in New Zealand and Tasmania, itis 
only about 20°, By taking six winter and six summer | 
months, respectively, according to the table of Gr i 
wich average monthly temperatures (given at page 1172), 

we shall obtain a mean range, between winter and 


of about 15° (which is, pti small) ; pat pe | 


country named above, although having same 
annual temperature, yo a remarkably different mont 
mean, from which that annual average has been deduce 
The reader will therefore perceive why two sets of iso- 
thermal lines are needed—one for the year, and anoth 


for the month—as we have already ponies out ata ‘ 


previous page.t By such a plan on 
ave climatic mean be obtained, w. 
rectly compared with that of any other 

The remarks which have been made al 
the excessive type, will receive aren 


» can a 


e student will be ab! 


longitude, and from its origin, till it is lost in the North | 


Polar seas. It will also observed how much 
remote the extremes of the annual range of tempera 
become as land-surfaces diminish in breadth, and t 
towards an insular nature, except under extraordi 
local circumstances (as in Iceland, &c.); and the in- 
fluence of ocean currents, 
may thus be completely and sati ly 
connection with latitudes on either side of the equa 
and compared with the effect P agrocsic by extensive 
land-surfaces in other regions. temperature of 

ocean in different latitudes has been given, and will 
found useful in many inquiries affecting climate, &c. 


hatever theories may be perce 
respect to the races or varieties 0: 
Py beens animals ; in botany, as 
inferences we may draw, geol 


ng 
gly interest- 
° 
importance in a commercial point of view, as it is now 
alpaca, salmon, poultry, Le rears basi have thus been 


ments, and pols 4 


or ocean static conditions, | 


traced, in | 


ae 


uctions of ea | 


arF | | 


and to those so engaged, the following table will 
less prove of great assistance, We may, however, 
here some additional hints, by pointing out 
ductions which characterise the separate zones, bo 
latitude and elevation, 
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The varieties of climate may, as we have already seen, 
arise from either of two causes—latitude and elevation— 
or from their conjoint influence. Thus, at the equator, 
on the sea-level, we find an annual mean temperature of 
about 80°; but, ascending to a height of about 16,000 
feet, we pass to a line of perpetual snow, equivalent to 
the condition of the polar regions. Now between these 
two extremes, it is found that, at every 2,000 rite Me zone 
is obtained as we ascend, nearly corresponding in 

uctions with other zones, given by dividing the 
interval between the equator and the poles into eight 
en proceeding north or south from the equator. 

e latitudinal zones can only be limited approxi- 
mately, because of the irregular inflections of the 
isothermal lines,* which rise towards the poles, or fall 
nearer the equator, according to various local affecting 
causes. The succeeding table, however, affords both the 
latitudes and longitudes of the various places, having the 
same yearly isothermal ; and any map may thus be used 
in connection with the following observations, the line 
being temporarily traced by the pencil, from place to 


place, as required. To be explicit, we remark, 
that elevation and latitude may be considered as con- 
istribution of living and 


vertible terms, in roe Be 
extinct creatures of both kingdoms. 

The following are the names of the zones, and 
their approximate range in latitude, north or south 
of the equator—subject to the modification of local 
causes. 


1, Equatorial . . extending from 0° to 15° lat. 


2. Tropical... . 9 » 15°:to. 24° 5, 
3. Sub-Tropical . » 24° to Se? » 
4. Warm-Temperate ve » 8£t045° 4 
5. Cool-Temperate » yw 45° to. 58° 45 
6. Sub-Arctic - ” ” 58° to 67° ” 
Y Arctic Mae ” ” 67° to 75° ” 
8, BOlabid wise . ” » 75° to 90° ” (2) 


1. Commencing with the equatorial regions, we find 
a climate exceedingly hot and moist, an just that in 
which vegetation has every circumstance favourable for 
its full development. There grow in perfection, palms, 
bananas, ginger spices, gums, the beautiful water-lily 
called the Victoria ia, ia, the sugar-cane, 
coffee, dye-woods, cabinet woods, cotton, &c. 

2, At about 15° north or south of the equator the 
tropical zone commences, and it extends to about 24° of 
latitude. Tree-ferns, convolvuli, pepper, tropical fruits 
of many kinds, the cocoa-nut, rice, coffee, sugar, dye- 


| woods, cabinet woods, indigo, spices, gums, tobacco, and 


cotton, are extensively grown. 

3. From 24° to 34°, which includes India, North 
Africa, the West Indies, &c., is the sub-tropical zone, 
the productions of which much resemble the former ; 
but there may be added opium and tea, up to 31° N. 
This zone embraces the chief cotton-growing countries, 
both in India and the United States, and also of tobacco 
and sugar. The characteristic p are the m 
tribe, olias, large forest-trees, rich flowering plants, 
luscious fruits, date-palms, &c. 
Ra ge eee 
neluding Portugal, , Greece, e south 
France, &c. The vine, and the mul A for the silk- 
worm, are characteristic. The trees are the cork-tree, 
oak, chesnut, beech, &c. ; the myrtle, heaths, &c. The 
cereals flourish ; rice is grown in some ; amongst 
fruits are oranges, lemons, nuts of many kinds, in 
great abundance for wine-making, or to be sold dried as 
raisins ; currants for drying, grown in Greece ; peach 
&c, ;—such taking the place of sub-tropical fruits, which 
here disappear. 

5. From 45° to 58° constitutes the cool-temperate 
zone ; and the productions of our own country may, to 
some extent, be taken as the type. Amongst trees are 
the oak, elm, beech, ash, birch, &c.; cereals grow 
abundantly in the lower and middle latitudes ; grasses 
also abound for pasture ; flax and hemp are cultivated ; 
apples, pears, plums, cherries, &c., are the fruits ; the 
* See ante, p. 1194. 


grape not ripening so as to be fit for producing wine, 
except in the lower division, where it is extensively pro- 
duced. Great Britain, Ireland, Mid-France, Switzerland, 
Prussia, Austria, &c,, are in this zone; and thus some of 
the most civilised portions of the world are comprised 
within its limits. In our country wheat will scarcely 
grow in the extreme north ; hence oats and barley replace 
it to a large extent in Scotland, and also in Norway, 
Sweden, &c. The hop, ivy, honey-suckle, &c., are 
amongst the creeping plants, the two latter being common 
in the forests. Most of the colonised portions of Australia, 
Tasmania, and New Zealand are within this zone, in south 
latitude ; and hence their vegetable products resemble 
those of the countries in Europe, similarly situated in 
north latitude; but are varied by the presence of trees 

liar to the Australian continent, such as the 
Seusalyti: or gum-tree, a kind of acacia, numerous 
forest evergreens, tree-nettles, &c. 

6. In the sub-Arctic zone, from 58° to 67°, the Conifere 
appear, and flourish well ; hence the large pine-forests in 

orway, and parts of North America which, however, 
from being so much cooler than in the same latitudes in 
Europe, have this kind of tree much nearer the equator. 
There are also the birch, willow, alder, grasses ; rarely 
wheat ; but oats, rye, and barley, lichens, and mosses. 

7&8. The Arctic zone, extending from 67° to 75°, 
gradually loses all trace of trees, which are replaced by 
shrubs of rhododendra, bog-myrtle, lichens, and mosses ; 
and, in the Polar zone, reaching hence to the poles, 
saxifrage, ranunculi, cochlearie, and abundance of 
lichens, mark the extreme limits of vegetative power. 

So far we have observed the distribution of plants, in 
respect to latitude, north or south of the equator— 
taken certainly on an extremely broad and general scale ; 
for some portions of the earth’s surface must be entirely 
omitted from any of the limits thus pointed out. Thibet, 
for example, whilst nominally in the sub-tropical zone, 
has really a climate almost, at times, resembling an 
Arctic one ; but this is owing to its great elevation, of 
which we shall presently have to Kk more fully. The 
Sahara desert, Arabia, much of Central Africa and 
South America, equally afford exceptions, the nature of 
which has been explained previously. t 

With respect to zones of altitude, similar allowances 
have to be made, and for the same reasons. Commencing 
at the sea-level at the equator, we shall have, of course, a 
climate of the equatorial type, in which, up to a height 
of 2,000 feet, ms, bananas, ginger, &c., flourish. 
From 2,000 to 4,000 feet, the tree-ferns, ke., exist; from 
4,000 to 6,000 feet, myrtles, laurels, magnolias, heaths, 
&c. ; from 6,000 to 8,000 feet, evergreens, olives, &c. ; 
from 8,000 to 10,000 fect, oaks, beeches, &c.; from 
10,000 to 12,000 feet, firs, &c. (on Etna, so low as 7,000 
feet, and in the Pyrenees, 5,500 feet); from 12,000 to 
14,000 feet, rhododendra, and Alpine plants ; and from 
14,000 to 16,000 feet, Arctic plants of various kinds, 
mosses, and lichens in abundance—the latter, as in high 
latitudes, being the last form of vegetation that is 
met with. 

It would be beyond the scope of our present object if 
we were to enquire minutely into the specific differences 
which subsist between the plants of the various zones, 
and the relation which they have with the climate in 
which any of them best flourish, This is a subject 
which would require considerable botanical knowledge 
on the part of our readers, and we should therefore have 
to presume on an acquaintance with that science, which 
has to be treated in detail in the succeeding volume. 
We may observe generally, however, that the existence 
ofa pot depends more essentially on the temperature of 
any locality, than on the complete suitability of its food, 
This, of some kind, it can generally find anywhere, to an 
extent sufficient for bare existence, if not for luxuriant 
growth ; but if the climate be too cold or hot, then many 

lants will not even grow ; or, if they do, they never bear 

+ which will ripen. This is a matter of constant 

experience, sapectall | ake the cereals, on which the food 

of man so greatly depends, and the growth of which is 
+ See ante, p. 1193. 
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confined within the parallels of about 30° to 58° of 
latitude, or a correspondin elevation in respect to zones, 
above the equatorial sea-level. The same holds good 
with grapes, their limits, however, being somewhat more 
Kemet | 

The distribution of plants is a matter of great impor- 
tance, not ohly for the vegetable food of man, but as also 
affecting those animals on which he depends for suste- 
nance, carriage, farm-labour, &c,; and hence every 
civilised country has certain features, both porte and 
social, which more or less distinguish it from others. 
It is true that the extensive application of steam in rail- 
ways, vessels, machinery, &c., is fast obliterating these 
distinctive characteristics in many places; but the pro- 
gress of such improvements is slow, compared with the 
extent over which they must spread, before the revolution 
they have to effect is completed. In our country such 

rogress is rapid, as also in many others in Europe and 
North America ; but most of the colonies still] have to 
depend on brute force for the saving of human labour, 

n the Perot case of cattle, sheep, and horses, We 
have an illustration of this. These animals depend en- 
tirely for sustenance on the grasses or inferior cereals ; 
and where such can be obtained of good quality, and in 
sufficient abundance, the breed of each is not only su 

rted in quantity, but the quality is simultaneously 
improved. In ap apes oceans 3 attention has been 
paid to this; and the have been so improved, that 
the horses, cattle, and wool of this country equal any 
other, and, in many cases, exceed in quality those of the 
very countries from which the original stock was first 
imported. This has arisen chiefly from our climate 
being peculiarly suitable for such pw aided by 
judicious training, and careful attention to the require- 
ments of each animal. 

Turning to Lapland, we find that cattle and horses are 
there replaced by an entirely different animal, the Rein- 
deer. An almost total absence of grass is compensated 
for by an abundance of lichen, which is the favourite 
food of that useful creature ; and thus the exigencies of 
the climate are completely met by a peculiar adaptation 
of the vegetable to the animal kingdom, brought about 
even by its extreme severity ; whilst the human being 
has, in one animal, a source of food and clothing, and a 
beast of draught. The camel in Africa and Arabia, the 
elephant in India, the llama in Peru and Chili, &c., are 
instances of a similar kind—all tending to show how 
climatic variety is compensated for, in a manner as 
complete as the circumstances of the case require. 

The subjects of food, temperature, and clothing, must, 
be simultaneously considered in connection with the dis- 
tribution of animals ; for these three points are those on 
which their existence depends; the skin and its covering 
being an additional and most important matter in the eco- 
nomy of animal life. In the vegetable kingdom, the organs 
of iration and digestion are of so simple a character 
as to be more easily adapted to varieties of change, and 
the food is usually present. On the other hand, the ani- 
mal has nothing but its instincts to guide it in the search 
for food: and from this arise all the circumstances which 
affect its longevity, productive powers, &c.; the acci- 
dents of its life being induced by its cravings for suste- 
nance, and, in fact, struggles for existence. 

Commencing with one of the lower forms of animal life, 
as the Mollusca, we find them pretty equally distributed 
throughout the waters of the ocean; but always in re- 
spect to the peculiarities of each climate; for certain 
kinds are found only within well-defined limits of lati- 
tude, beyond which they rarely exist. Amongst the 
lowest class of creatures, the coral Polypi are almost 
exclusively confined to certain parts of the Pacific Ocean, 
where, for ages past, they have been slowly but surely 
rearing islands, now rapidly becoming the centres of 
civilisation, Amongst Fish, again, we find that some are 
confined to certain zones, beyond which they are rarely 
seen; instances of this are found in the salmon tribe, 
which is Jimited to the cool, temperate, or sub-arctic 
zones. But many of the tribes, apparently indigenous 
to our northern seas and rivers, have their representa- 


tives or sees in those of low — the i 
corresponding, except in some physilogiea adaptation 
required by altered circumstances of istence ; tho type 
mm Spgs. whilst the exact identity is somew 
ec 
Amongst the Reptilia, as the lizards, or saurian 
cas | the Loricata, &c—of which our common field- 
li is typical, and the rage of the crocodiles and 
alligators of the Nile, India, and America—the develop- 
ment proceeds rapidly as to size and strength, as 
lower latitudes are The variety of these classes 
is very extensive about the nin tg wr and tropical re- 
ions, where they abound on land and in water, 
ually, amongst Birds, also, the same climatic law is 
influential ; the eagle of Scotland and Norway has its 
family represented in the Himalayas, and by the condor 
in the Andes; and we may o e the same fact 
throughout the whole class. In some pring ech 
exceptions exist, as in the aj and the dinornis of 
New Zealand, the emeu of Australia, the dodo of 
Madagascar, &c. ; but still, comparative anatomists can 
find connecting links for this apparently broken 


With respect to Mammalia, the distinction of climate 
is very remarkable. The Quadrwmana (monkeys, &c.) 
= Gernieen’ ithe one te of riggs: cones as are 

e Carnivora (the lion, tiger, &c.), with comparativ 
few exceptions, The Pachydermata (elephant, etd 
noceros, hippopotamus, &c.) are nearly limited to those 
regions. ‘The Rodentia (beavers, rats, — &c.) are 
more extensively distributed, for their f is more 
generally diff in its growth. A similar remark appli 
to the Insectivora, The Edentata are almost exclasivel. 
confined to tropical countries, especially on the sou 
of the equator: they include the ant-eater, pangolin, 
sloth, &c. The Ruminantia, in which our domestic 
animals (of which we have already spoken) are comprised, 
embrace a vast variety, as the camel, llama, deer, giraffe, 
goat, bison, buffalo, &c. Amongst the horse tribe, or 
Solidungula, we may notice how much the ass is de- 
generated in our climate, compared with his appearance, 
temper, &c., in regions more southerly, as in Arabia, 
Asia Minor, &c,, where he appears to great advantage ; 
and, indeed, there some species are of great Bk and 
even swiftness, as is seen in the djiggetai of Central Asia. 
Eas the zebra may also be alhed to it, for it par- 
takes of many of its characteristics. The Sirenia, as the 
manatees and dugongs, resemble, in man ening our 
Cetacea (whales) and Pinnipedia peli whilst the 

the opossum of 


( 
Marsupiala (kangaroos) are allied to 
America. 

We have specially remarked on the clothing of ani- 
mals, as being peculiarly related to the climate in which 
any species is indigenous. Several remarkable instances 
of this may be cited. The Arctic bear, Zhalassarctos 
maritimus of naturalists, exclusively a native of the 
polar regions, is clothed with a profusion of hair, the 
texture and colour’ of which prevents the rapid con- 
duction and radiation of heat from its body.* Even 
the feet are covered with hair, which is supposed to give 
it a firm hold when walking over the snow and ice. The 
Arctic fox, Vulpes lagopus, is similarly clothed with 
abundant fur; but what is remarkable, the hair, which 
is of a dark-brown colour in summer, becomes quite white 
in winter, increasing rapidly in length and thickness, 
just as the exigency of the severe climate necessitates 
such a protection, Some species of the hare, as the 
Lepus variabilis, and of the weasels, as the ermine (Mus- 
tela erminea), which are confined to the colder climates, 
have the colour of the fur changed similarly, as winter 
approaches: this may frequently be noticed in both 
animals in the northern of our own country. 
Amongst the dog tribe, or Canide, as the Newfoundland 
and St. Bernard breed, we find a similar provision 
— the extreme cold, contrasting strongly with the 
clothing of the stom’ &c., which are in i to 
milder climates. Numerous instances of this kind 
might be adduced; but the above will be sufficient to 

* See ante, Section on Heat, pp. 22 and 26, 
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show how much the natural clothing, &c., of the animal 
becomes self-adaptable to climatic extremes, and ex- 
cessive ranges in the temperature of the seasons. 

Considerable analogy subsists, in general, between the 
external and protecting coat of trees and animals. The 
exogenous kind of plants, such as all the trees of this and 
other cool countries, are furnished with a thick bark, 
which affords a most essential protection to the tree 
during its growth, and the removal of which would cause 
its destruction. In endogenous* plants, as the palms, 
bamboo, sugar-cane, &c., which are confined to tropical 
countries, this cuticle, or bark, if any exist (which has 
been disputed), is of the most elementary kind; and, 
after a certain period, not only does it not increase, but 
seems to prevent the stem also from increasing in 
width; hence the endogens are almost invariably tall 
and tapering plants, bearing flowers and fruits only at 
their upper extremities. It has been considered, indeed, 
that the ‘‘bark” of the endogens is nothing more than 
the hardened external cells of the stem ; whilst that of 
the exogens is a true and complete sheath, regularly 
produced during the growth of the tree, and essentially 
connected with its vitality. 

With respect to the growth of food specially adapted to 
certain species of animals, and which we have already 
noticed in respect to cattle, horses, sheep, &c., we may 
add a few more instances that are well worthy of notice, 
as indicative of the climate of many regions, The deer 
tribe are very fond of certain kinds of lichens, and both 
the plants and animals begin to be simultaneously de- 
veloped as the climate becomes suitable for each. In the 
north of Scotland, for example, wild deer are scattered 
sparsely, and so is their lichen-food ; but as we proceed 
further north, as in Lapland, Iceland, and Greenland, 
both the animal and vegetable—which are, comparatively 
8 ing, a curiosity in our country—become essential to 

existence of the inhabitants; the lichen islandicus, or 
Iceland moss, for example, being an abundant and 
characteristic production of that country. 

Taking an extreme case of a similar nature, let us 
transfer our observations to a climate of an entirely 
opposite character—namely, that of the parched deserts 
of Northern Africa and Arabia. The herbage produced 
is at once scanty and coarse, and utterly unfit to support 
horses; but the camel feeds well on it, and is also 
enabled, by its peculiar constitution, even to accumulate 
a kind of stock of food, in the shape of the fat which forms 
its humps, and which are gradually assimilated into the 
system whenever its ordinary food cannot be obtained. 
Its stomach is so arranged in deep cells, as to enable it 
to retain a store of water when necessary, the cells being 
expanded or contracted by the voluntary or instinctive 
action of the quadruped. If taken far northward, it is 
removed from its natural sphere, and will die, in places 
where the horse tribe are produced in the greatest 
numbers, and in the best condition; yet the lama, 
which is the camel of South America, is impatient of 
heat, and, being a native of the Andes, frequently 
retreats, in warm weather, to the snow-line—gene- 
rally living in flocks, at a great altitude above the sea- 
level... In Peru and Chili, the llama is employed as a 
beast of draught; as is the camel in Arabia and Africa ; 
and, like it, affords food and clothing to the natives of 
those rocky and mountainous countries, Singularly 
enough, it varies from the camel (whose feet are adapted 
for walking on sand) in having completely divided toes, 
which are thus so suitable for climbing the rocks ; and 
also in the absence of humps, which its more abundant, 
or perhaps extensively diffused, food renders unnecessary. 
Its clothing is a woolly hair, remarkable for its puiceila, 
and it effectually protects the animal from the sudden 
changes of climate that occur in travelling from the plains 
to the mountains, so universal near the western coasts of 
South America. ¢ 

It will have been gathered from the preceding remarks, 


* The terms “exogenous” and “exogens” are applied to such trees 
as the oak, elm, apple, &c., which increase in bulk by a growth outwardly ; 
whilst “ endog and “endog * are referred to such as grow 
inwardly, a8 the palm-tree, common wheat, grass, &c, The former 

voL, L 


that certain species of animals are only found in 
definite tracts or zones. Such localities have been 
termed specific centres ; and it is from these that animals 
of certain species have been spread, accidentally or 
otherwise, in countries to which they do not naturally 
belong—in a like manner, indeed, to the transplantation 
of objects of vegetable growth into climates similar to 
those in which they grow naturally. In judging of the 
original place of any species, it must be borne in mind, 
that influences besides those of climate are constantly 
active in effecting changes; and none, perhaps, more so 
than the progress of civilisation. Man has driven before 
him many animals from their ancient haunts; as, in our 
own country, the wolf, bear, hyena, beaver, &c., have 
long been extinct. In geology, we are often able to 
judge of the climate which must have existed ages ago, in 
many places, by finding fossils of certain animals, 
comparing them with existing species, and inferring, 
from the habits of such, what must have been those of 
their ancient families. An instance of this kind is 
presented by the fossil elk of Ireland, which has un- 
donbtedly existed since the creation of mane It is, 
therefore, highly essential that the exact specific centre 
of any recent and existing species should be carefull 
ascertained, as otherwise, in the comparison of them with 
fossil remains, serious errors may arise. Occasionally we 
meet with animals whose specific centres are so exactly 
shown, as to leave no reasonable doubt of their being 
confined to one region. Of this kind are the Ornitho- 
rhyncide and Echidnide, natives exclusively of Australia 
and Tasmania. These two families resemble each other 
in some ag et the ornithorhynchus, however, is dis- 
tinguished by having the jaws precisely like the bill of 
the duck, with a y resembling that of the ordinary 
q ped ; many of the organs, &c., presenting analogies 
to that of the birds. In the echidna, the snout is 
produced into a long cylindrical organ, the body being 
thick and short, and covered with hairs. These two 
families are certainly paradoxes in natural history, and 
afford remarkable instances of the restriction of animals 
within certain specific centres. t 

Perhaps we may be indebted for the discovery of these 
singular creatures (and entertain the hope of many more 
in the Australian continent), to the fact, that man has, 
as yet, done little there in “‘improving” its immense 
extent of uncultivated, and, indeed, unexplored territory. 
Not only does civilisation wage war with the brute 
creation—but even our own species, when found as 
aborigines in any country, soon undergo a similar fate, 
as may be witnessed in nearly the whole of the northern 
portion of the American continent, but especially in that 
called the United States. In many parts, wholesale 
extermination, or extradition, has been resorted to, 
especially in the southern districts ; and the destruction 
of the aborigines by the Spaniards, in other parts of the 
continent, are too fresh in the minds of our readers to 
require recital here. In most instances, the original 
inhabitants, where undisturbed and completely accli- 
matised, live happily and healthily in regions which are 
almost surely the grave of the intruding white man. 
The coasts of South America, Western Africa, &c., 
afford illustrations of this fact, and astonishingly declare, 
even in the case of the almost ever-accommodating con- 
stitution of our species, that we are subject to the law of 
specific centres, the removal from which may be pro- 
ductive of danger, or extinction in some cases—only, 
under aliy circumstances, to be provided against by 
an intelligence of which the lower Kinds of animals are 
entirely destitute. 

But although quadrupeds seem unable to exist in 
other than climates similar to that in which they are 
native, except under special circumstances—as when 
under the care of man—and, further, cannot shift from 
_ to place, in cases of sudden changes of temperature, 
or any great distance; we find amongst the birds a 


increase constantly both in width and height; but the latter, after a 
Certain period, grow in height alone, 

+ See ante, p. 1196, 

t See pp. 412, 413—Vol. IL 
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powerful instinct, by which they remove themselves 
from one country to another at certain seasons, and so 
escape the inconveniences or death which they would 
otherwise have to suffer. In some birds, as the swallow, 
this migratory instinct is most strongly manifested, even so 
far as to cause them-to forget their progeny, if it have 
been hatched late in the summer season, and but just 
previously to the usual time of their autumnal flight for 
other regions. This instinct is not confined solely to 
one order of birds, nor to any particular climate, at 
least within the limits of the temperate and arctic zones, 
but is almost universal. Amongst the Natatores, some 
of the auks, which are arctic birds, leave their native 
regions, and visit our coasts—going, as winter advances, 
even so far south as Italy and Sicily ; so do the puffins, 
terns, teals, widgeons, pochards, wild swans and geese, 
flamingoes, &e, Of the Grallatores, the crakes, snipes, 
tatlers, spoonbills, storks, herons, cranes, &c., similarly 
migrate; some of this order spending the winter in 
Africa and South Asia, returning to the far north \to 


| breed in spring. The Cursores, ostriches, &c.; possessing 


wings ofsbut a rudimentary nature, are, like the quad- 
rupeds, confined to one region throughout their lives ; 
and their physical characters accord with this law of their 
existence. Amongst the Rasores, some are migratory, 
as the quails, &c.; but, generally speaking, they remain in 
their native country, having but little powers of flight. It 


| is from this order that man has selected, out of the class of 
| birds, those which are now domesticated ; amongst them 


being the fowl tribe, pheasants, partridges, the peacock, 
&e. The Columba, or doves, in this, as in most respects, 
resemble the Rasores : some, however, as the turtle-dove, 
Columba turtur, are migratory. In this order is included 
the extinct dodo, The Scansores, comprising the cuckoos, 
woodpeckers, parrots, and toucans, have at least the 
first-named bird migratory, as is well known by its wel- 
come visit to this country in early spring. Amongst the 
Passeres—one of the largest orders of birds, including our 
chief songsters—the nightingale is another welcome 
visitor to England, extending its e to Sweden, 
Denmark, and Russia, but rarely going so far north with 
us as even the south of Scotland: the migration of the 
swallow tribe is familiar to all. The Raptores, or birds 
of prey, comprising the owls, eagles, falcons, &c., like 
the Carnivora amongst the mammalia, confine them- 
selves to their own specific centres, having a ready supply 
of food generally at their command, and their clothing 
being abundantly provided in the thick covering of fea- 
thers which protect them in all seasons. 

We thus find, throughout each department of the vege- 
table and animal creations, from the lowest lichen to 
man himself, that the nature of climate is an essential 
element of existence, being at all times either permissive 
or exclusive in its operation. This arises, primarily, 
from the fact, that on the atmosphere depends the ex- 
istence of all animate creation. Its chemical constitu- 
tion is such, that plants and animals must equally breathe 
it, availing themselves.of one (oxygen), or perhaps the 
other also. (nitrogen), of its essential constituents. Its 
apparently accidental addition (carbonic acid), however, 
whilst deleterious to the animal, is of the utmost im- 
portance to the vegetable; for as that breathes, it 
assimilates to its organisation the carbon, and thus 
c The purely phy- 
sical qualities of the atmosphere are of equal importance, 
aud have as complete an influence on vitality ; for a 
certain density, temperature, moisture, &c., must be 
maintained, to carry on vegetable and animal growth; 
and the extent of this, with respect to the maturity of 
each individual, depends conjointly on a proper adapta- 
tion of both the chemical and physical qualities of the 


_ air to that purpose. Even descending from animated 


existence to the mineral kingdom, we notice that mete- 
pa peg phenomena act precisely as essential a part ; 
and this is really prevenient to, and therefore prepara- 
tory for, the subsequent processes of vegetation and 
animalisation. The bare and unfruitful roc is exposed 
year after year, to the disintegrating power of air and 
moisture ; its surface slowly crumbles into dust, and its 


| chemical constituents are gradually eliminated; a spore 
of moss falls on to that surface, vegetates, and decays, 
and a small amount of ‘‘ mould” is thus formed ; a stray 
seed, dropped perhaps by a bird in its flight, alights 
thereon, germinates, and produces seeds, ew § falli 
| on the rock, bring forth more, and, gradually, the nake: 
| surface becomes coated with verdure ; birds and animals 
feed on this produce ; and, lastly, man claims the ground 
as his heritage. Such a sketch is no flight of scientific 
romance—it is simply a history of every part of the 
globe that now bears a vital appearance. Indeed, by 
such means alone, have nearly the whole of the islands 
of the Pacific been con from coral beds to abodes 
of civilised humanity; their surface, now teeming with 
a a - = rome “a mee pening oes been a 
are rock, ¢ » in the lapse of ages, by operations 
which have just been so incompletely described. In 
many une of our own country this -process’ may be 
wate from year to year; and in the experience of 
most of -us, there may be remembered spots which, once 
hard and unfruitful, now reward the labours of the 
husbandman with abundant, and frequently overflowing 
harvests. 

Mereoro.ocy, AnD ITs Eranotocic Retatrions.—In 
the preceding article we have incidentally referred to 
the influence of climate. on» mankind, in anaes to the 
varieties of our species; and without entering deeply into 
Ethnology (which will form the subject of a separate 
section in the second volume), we shall here draw atten- 
tion to a few circumstances well worthy of notice; and 
that may, in part, serve as an introduction to the section 
referred to, 

A little reflection reminds us that our world is 
ee with a vast variety of human beings, whose 

ifferences are at once physical, mental, and moral. 
These three qualities of our race almost always vary 
simultaneously ; in fact, there is evidently an established 
law. which governs moral and mental development, in 
connection with that of the body. In the same tribes 
of any nation, the difference of the sexes is due, not so 
much to an original mental and moral cast, as to the 
difference of physical organisation. It hence follows, 
that whatever influence acts on the body, reacts on the 
sentient principle ; and, by a repetition of action, a per- 
manent habit is created, which at last becomes a distinctive 
feature of the individual of the tribe, and, consequently, 
of that variety of the human species to which it belongs. 
With the broad causes, and their specific: effects, we 
cannot here deal, but must confine ourselves entirely to 
such as arise from the action of climate, as of heat, 
moisture, &c., and the ordinary food that the climate 
in which the individual resides, affords for his sus- 
tenance, 

Commencing with the northern regions, we find the 
Esquimaux one aster — —— scale —— 
zones, gene’ speaking, to be-of exceedingly sm 
stature, and ordinarily deticient of mental and moral cul- 
ture. They mostly lead a travelling life, obtaining their 
food by the chase ; some of it, as the seal, &c., being of 
the coarsest kind: the habitations, with the Esquimaux 
are generally snow-burrows. For a lengthened peri 
of the year they live in darkness, owing to the long night 
which the absence of the sun occasions during winter ; 
and hence their climate cuts them off from most asso- 
ciations of the beautiful in nature, which, to more 
favoured people in the south, are sources of education, 
and refinement of mind and taste. The entire duties of 
their existence seem, in fact, to be comprised in two 
branches—one, of seeking their food ; and the other, of 
eating it, Frequently, owing to the depth of snow, sup- 
ply fails them, and thus another misfortune is added to 
the peculiarities of their condition, by the nature of 
the climate in which they constantly live. 

To those dwelling in the temperate zones, it may 
seem impossible to picture a more forlorn state than that 
Promina by such people. Yet they seem to find an 
existence not only tolerable, but even have enjoyments, 
which are certainly peculiar to themselves. Habit and 
nature have so far acclimatised them, that they rarely, 
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if ever, stray iuto more southerly climes; the reindeer, 
dogs, fish, seals, &c., which are, like them, indigenous to 
the country, provide them in food, with clothing, and 
the means of moving from place to place ; and the oil of 
the whale, with such drift-wood as is cast on the shores of 
the lakes and seas, atfords fuel and artificial light. In 
fact, they are as much adapted to what we must call the 
"specific centre” of their existence, as are any of the 
lower forms of creation to which we have previously 
devoted our enquiries. In person, both Esquimaux and 
Laplander, although of short stature, are strong, active, 
and hardy: they are dirty in their habits, addicted to 
the use of ardent spirits whan they can obtain them, and 
the Esquimaux are extravagantly fond of oil as an 
eiiidtiat article of food. : 

The latter particulars are, however, explicable on 
chemical and physiological principles. ‘The intense cold 
of the climate requires a constant supply of carbonaceous 
matter in the food, which, by slow combustion, during 
the process of respiration, may educe animal heat. That 
the craving for fatty matter is not confined to them, 
under abt circtumstances, has been proved by the 
acpi of all’ arctic navigators; and we were 
| informed, as an instance of the kind, by an eminent 

commander of one of the expeditions in those 
regions, that tallow candles were often eaten by 
our own seamen whilst they were journeying with 
sledges over the snow—so powerful does our instinct 
lead us to its gratification, even in objects which, under 
other circumstances, would be turned from with extreme 
dis, With respect to the use of ardent spirits in 
cold climates, we may notice that, in Sweden, eight 

ons are consumed by each individual, on an average 

or the whole population, annually ; and in the northern 

parts of Great Britain, it is well known that stimulants 

may be drunk, with impunity, to an extent which would 

be exceedingly injurious, if not fatal, in warmer 
climates. 


Although anticipating subsequent observations, we 
must here contrast the necessities of the inhabitants, 
their tastes, and the natural productions of the cou ney, 
with those of regions of a different climate, for the 
seed of impressing on the minds of our readers the 
act, that each zone is, in every respect, peculiarly 
adapted for the wants of the individuals whose ‘ specific 
centre” of existence is found withinit. Turning, for this 

urpose, to Spain, Portugal, South-France, Italy, and 

reece, we notice that the characteristic vegetable pro- 
ductions (the only sure indications of climate) are just 
such as the exigencies of those climates demand. The 
fruits, &c.—as the grape, melon, orange—the salads, 
leguminous products, &c., are chiefly composed of 
water, which has an exactly opposite alimentary effect on 
the animal system to that of the carbonaceous food, so 
abundantly provided in the northern regions. In the 
former countries, the external temperature leaves little 
to be required in the way of heat-giving food ; whereas 
in the arctic climes such is absolutely essential. Even 
the natural starch-food of hot countries has but little 
heating power, as is seen in the ricé of Egypt, India, 
America, &c. oy 

The remarks which we have made respecting the 
Esquimaux, may be, within certain limitations, applied 
to all tribes living northward of the parallel of 68° to 70° 
north latitude, in both hemispheres. They have, so far 
as is yet known, no analogues in the southern or 
Antarctic circle, a3 the inhabited land in those regions 
does not extend northward beyond about 60° S. ; or, 

erhaps, Tierra del Fuego, in lat. 55° §., is the extreme 
inhabitable limit. 

We must now take a broad zone—say from 65° to 40° 
| of north latitude, between which are comprised what are 
| called the temperate regions. With but comparatively 
| trifling exceptions, in respect to number, the whole of 
| the civilised world may be considered to be comprised 

within these limits, excluding, of course, the Chinese 
empire. Nearly the whole of inhabited Europe, and 

North America, containing together about 350 millions of 
people, is embraced between these parallels ; and here art, 


science, literature, commerce, &c., have their origin and 
home. Without being too minute in our enquiries, it is 
impossible not to notice the peculiarities impressed on 
each variety. of the human species living within these 
limits, by the circumstances of climate, which, in many 
cases, corresponds in its boundary to the political and 
social divisions. Moisture and dryness as distinctly 
mark their traces, both physically and mentally, on each 
people, as they do on the productions of the earth, 
amongst the vegetable kingdom. Contrast, for instance, 
the Phlaghaatis Ditshindn with the volatile and vivacious 
Frenchman ; or the plodding and steady-going Briton, 
even with himself, when transplanted into the drier 
climate of the Canadas and the United States. The 
latter country, although peopled by immigrants from 
every civilised nation in Europe, has, during the last 
seventy years, produced a variety of humanity, as dis- 
tinctly marked in physical, mental, and social pecu- 
liarities, and, as contrasted with the original stock, as are 
the changes which have ever been produced by the 
acclimatisation of any plant. Indeed, it will come within 
the experience of any thoughtful person, that’ removal 
from a moist to a dry climate, produces, in the course of 
years, a great effect on any individual, which is typical 
of the change of species-characteristics, to which we have 
just called attention. Generally speaking, the percep- 
tion becomes keener ; the interval between volition and 
action shorter; and hence, boldness of enterprise 
whether political or commercial, arises as a natura 
result; the adage, ‘*Calum, non animan mutant,” 
&c., of the Latin poet, might’ have held good’ when only 
the narrowest sea had to be crossed, but loses its force 
in our time, when oceans are less thought of than were 
lakes in former days. 

The Chinese empire presents as marked a peculiarity 
in human history, as the paradoxical Australian animal* 
—to which reference has already been made—does in 
natural history ; the specific centre, in either case, being’as 
decidedly marked. Secluded, until within recent years, 
almost Ges yg from the rest of the world by a 
national policy, the Chinese have preserved for ages the 
individual peculiarities which denote their physical, 
mental, and moral condition. Their language—oral and 
written—habits, customs, dress, religion, &c., all seem 
sui-generis, and afford a most interesting study to the 
ethnologist. The greater portion of their country is 
comprised between the parallels of 20° and 40° of north 
latitude, and hence they are nearer the equator by several 
degrees than is any portion of Europe. But, as we have 
pointed out at a previous page,t the climate does not 
— differ from that of the south of France, Spain, 

ee &c., owing to causes already explained ; and, 
coincident with that fact, we notice that, in many respects, 
the productions of the earth resemble such as are found 
in the countries just named. The Chinese territories, 
therefore, although situated, geographically, in the sub- 
tropical zone, really belong, climatically, to that of the 
warm and cool-temperate; and it is remarkable how 
many of the mental characteristics and acquirements of 
the people correspond to those possesséd by nations 
similarly situated in Europe. Their ingenuity is sur- 
prising ; the arts and sciences have made great progress ; 
and, in many respects, they excel Europeans. All the 
appliances of agriculture and commerce are of a very 
advanced character; and in works both of utility and 
ornament, they are frequently copied or ffhitated b 
western rivals. The Japanese, whom we in@nde wit 
the Chinese, have shown astonishing skill in imitatin, 
articles of European mantfacture; and some optical 
instruments, as telescopes, c., which they have pro- 
duced, have astonished us by their excellency of con- 
struction. Although but a few years liave elapsed since 
a steam-vessel was first seen by them, they have been 
able to produce engines, boilers, &c., so complete, as to 
run vessels of their own construction on their waters. 
They contrast wonderfully with the nomadic tribes in 
Central Asia, who, within the same parallels of latitude, 


* See remarks on the ornithorhynchus, &c., at page 1201. 
+ See ante, p. 1195, 
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but living at a great elevation, and in a severe climate,* 
are still in a semi-savage state, devoid of all the a 
and chiefly exist to gratify the instincts of ani 
nature. 

With certain modifications, these remarks might be 
extended to Hindostan, Persia, Mexico, Brazil, &c, ; 
but we shall refrain from further illustrations of the 
kind, referring our readers to the Section on Ethnology 
for fuller details. ’ 

Africa, owing to the intense heat, and the unhealthi- 
ness of its climate, has been, with but trifling exceptions, 
little explored. Around its coasts various settlements 
have been established by many nations, since the fall of 
the Egyptian and Carthaginian empires, up to the present 
day ; but every glimpse into its interior has revealed 
human nature in its darkest forms, both literally and 
metaphorically. The Africans of the interior are com- 
pletely isolated, both by the climate and difficulties of 
access ; and seem to be split up into so many varieties, 
that scarcely anything but the physical characteristic has 
been arrived at, respecting them, with any degree of 
certainty. The negroes are distinguished from every 
other variety of the human race by the darkness of the 
skin, the woolliness or cotton-like character of the hair, 
protruding and thick lips, a yellow sclerotica of the eye,t 
&c. They contrast greatly with the more in nt 
tribes inhabiting Nubia and Abyssinia, of which we s' 
presently s Dr. Latham remarks—‘‘ A negro is an 
wntertropical African, in a humid, alluvian locality. 
. . . « In respect to descent, the negro of Sennaar has 
his closest relations, in the ay of language, manners, 
and blood, with the African of Nubia, Abyssinia, and the 
parts about his own country. Not so, however, his 

hysical conformation. This is with the Africans of 
negambia and Guinea—a fact brought about by the 
common conditions of heat, moisture, and a low sea-level.” 
This quotation of the opinion of one of our most intel- 
ligent ethnologists, gives a strong confirmation to the 
statements we have already advanced respecting the 
influence of climate on the characteristics of the varieties 
of our race. The same author observes, respecting the 
Hottentot—‘‘ The Hottentot stock has a better claim to 
be considered as forming a second species of the genus 
homo than any other section of mankind. ... . Stature 
low, with slight limbs; colour, more brown or yellow 
than black (that of new-born children said to be nearly 
white) ; cheek-bones prominent ; nasal profile depressed ; 
hair in tuft, rather than equally distributed over the 
head.” In contrast with these we may describe the 
Nubians, who, although dwelling between latitudes 13° 
and 24° north, are yet situated in a climate strikingly 
different from that of the negro and Hottentot country— 
that of the Nubians being from 3,000 to 4,000 feet of ele- 
cation above the sea-level. Riippell thus speaks of 
them :—‘‘ A long oval countenance ; beautifully curved 
nose, somewhat rounded towards the top ; proportionally 
thick lips, but not protruding excessively ; a retreating 
chin ; scanty beard ; he eyes ; strongly frizzled, but 
never woolly, hair ; remarkably beautiful figures, gene- 
rally of middle size; and a bronze colour.” Of the 
inhabitants in the neighbourhood of Lake Tshad, it may 
be remarked, that they are perhaps the lowest specimens 
of humanity, and the most complete savages, in every 
a ae that the world can afford. 
have described threo varieties of Africans, suffi- 
ciently to show how much human characteristics may 
vary with the circumstances of latitude, elevation, tem- 
perature, moisture, &c.; and, therefore, how much 
physical, mental, and moral development are dependent 
on the same. It is no part of our business to enter into 
the delicate question, of how far the degraded portion of 
our race may be elevated by removal into more genial 
climes, and by association with ameliorated conditions ? 
— the apnoea pe of the kind are too numerous 

) require specifying. e recently established colony of 
Liberia has given wonderful Sastinieey to the pie of 
such influences in Africa itself; and our own and other 


* See remarks on Thi &e., at 1193, ant. 
¢ Sen ants, pe ah, Betek ne "el sete ts 


countries will afford thousands of examples in which the 
neglected sons of Africa have shown a mental and moral 
aptitude, which places them in no way inferior to the 
rest of mankind. 

In North and South America, situated between 70° of 
north and 55° of south latitude, great variety subsists. 
The Esquimaux we have y described ;t 
between their country and Mexico, numerous tribes 
Indians roam, which are now Be yd becoming extinct, 
In Mexico, between 15° and 30° of north latitude—yet, 
generally speaking, at about 6,000 or 8,000 feet of eleva- 
tion above the sea-level, and therefore, although situated, 
geographically, in the tropics, climatically nearly in the 
temperate zone—civilisation formerly existed to an 
astonishing extent. The pyramids, temples, Fi pry 
aqueducts, bridges, and other ruins, attest the of the 
former inhabitants, not only in architecture, but also in 
sculpture, emotes. 4 &c. Passing to the Carib 
islands, we meet with the analogues of the African; 
whilst in Pa‘ ia, between and 55° of south 
latitude, we notice a fine, tall, robust, active, and warlike 
race, terminating, in a cool climate, the last vestige of 
humanity to the south of the equator. 

In this rapid, and, therefore, exceedingly incomplete 
notice of some of the leading varieties of the human 
np we have been desirous of directing attention to 
the general influence which latitude or elevation,§ tem- 
perature, moisture, &c., exercise on physical, mental, 
and moral development : and that the student may more 
distinctly understand the tendency of our observations, 
we recommend a re-perusal of the description of the 
climatic characteristics, given, for each country, at page 
1195, and the pages succeeding it. By reading the two 
articles, in their mutual connection, he will be able to 
comprehend the relationship and importance of the 
subjects. We must, however, guard our readers against 
accounting, solely on climatic grounds, for the great dif- 
ferences which subsist between the physical, intellectual, 
and moral condition of varieties of the human race. 
Such would be pushing the argument too far, and would 
a4! in itself its own refutation. The object we have 

eld in view, has been to show the important and ever 
active accessory influence of climate, and not to place it 
beyond other and far more powerful causes—to which we 
cannot here even allude, as being beyond the scope of 
our present enquiry. It would be ridiculous to argue, 
because any tribe is placed in a climate either excessively 
hot or cold, tropic or arctic, high or low in respect to 
the sea-level, moist or dry, &c., that it must necessarily 
be distinguished by depressed or elevated qualities in 
body and mind. The influencing tendency is alone to be 
regarded, and allowed for ; and comparison is only to be 
made between two tribes similar in e respect, with 
the exception of climate, if we would gain an absolute 
knowledge of its effects. No condition of this kind can 
be found existing on the face of our ity : our enquiries 
and conclusions are, therefore, solely of a generally 
relative character, and afford an aid for arriving at a 
correct judgment, rather than being pronunciatory of the 
judgment itself. If possible, extensive tracts of land 
should be chosen, because islands frequently, if not 
invariably, are subject to many causes pagers t 
uncertainty of climate. A bold contrast is affo: ed, for 
instance, by the great Sahara in Africa, and the plains of 
North America ; some pon of Thibet, in Asia, and the 
north-eastern parts of South America; the interior of 
Africa and Australia generally, and their coasts, do. ; 
in each of which distinctions of all kinds are so decidedly 
marked. 

MereoroLogy In its Connection with EnpEmic 
AnD Eprpemic Diseases.—That certain peculiarities or 
changes of climate are connected with endemic and. epi- 
demic diseases, is a matter of no doubt whatever ; 
instances of which, in the yellow fever of the West 
Indies, the direful cholera of India, the plague of the 
East, &c., are familiar to all; but the chain of causation 
is by no means satisfactorily understood. If, in each 

t See ante, p. 1202. 

¢ See remarks respecting these being convertible terms, at page 1199. 
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case, a series of identical and progressive changes in the 
atmosphere of an infected place could be determined as 
invariably preceding the outbreak of the disease, the 
difficulties of this interesting subject would be lessened, 
if not entirely removed. But no such direct connection 
has yet been established ; which may be partly owing to 
the deficient method of observation adopted until within 
late years, and also to the great obscurity of the causes 
which always precede, but often escape our notice, 
despite of every endeavour to discover them. These 
difficulties have already been named by Dr. Scoffern at a 
previous page ;* and we only re-enter on the subject for 
the purpose of pointing out, more definitely, the facts of 
the case, which have hitherto been but incidentally men- 
tioned, and to supplement, in some particulars, the 
remarks which have been offered. 

Wherever an endemic or epidemic prevails, it will be 
generally found that the temperature and moisture of 
the district have much to do with it, and that they are 
either in excess or deficiency, according tu the nature of 
the complaint. Such diseases are generally of two 
kinds; namely, those attacking either the organs of 
respiration or digestion. Amongst the former may be 
instanced influenza, bronchitis, and diseases of the lungs 
in general ; and, of the latter kind, are diarrhoea, cholera, 
&c. ; another class, that of the purely febrile type, has 
specific characters of its own. 

In a hot and moist atmosphere, the entire human 
system generally suffers from debility ; but a dry air, if 
either very hot or cold, and not long continued in, produces, 
comparatively speaking, but little inconvenience. Thus 
it is no uncommon occurrence for the temperature in 
Canada to fall to 20° or 30°, and, in the Arctic regions, 
to 60° or 70° below zero, where, so long as the air is still, 
no harm ensues ; on the other hand, a temperature of 
200° and 300°, with dry air, is quite harmless to the 
human body exposed to it. In India, Africa, and the 
West Indies, where, however, great moisture generally, but 
not always, accompanies a high temperature, the utmost 
danger exists to Europeans ; the liver, orgaris of digestion, 
&c., becoming affected ; and hence a predisposition to 
diseases of kinds is generated; the y, in fact, 
enters, in respect to nearly all its organs and func- 
tions, into abnormal conditions, and disease is, generally 
speaking, the universal consequent. 

In our own country, the sudden changes of tempera- 
ture, with a comparatively moist atmosphere, are 
frequently productive of serious consequences, although 
those changes are slight in comparison with such as con- 
stantly take place, even within a few hours, in the Canadas. 
Bat with us, as in some parts of India and other coun- 
tries, the conducting power of the moisture is the cause 
of injury; hence a hot summer in England is more 
intolerable to a West Indian, and a cold winter to a 
Russian, than such seasons are in their own countries ; 
because there, on the average, the air is much drier, and 
therefore conducts heat, both to and from the body, 
much more slowly. The most healthy climates are, 
generally speaking—all other things being equal—those 
that are the driest: hence, in some parts of Chili, on the 

lains in the Andes, where the air is very dry and 
loads an age of about 100 years is by no means 
uncommon in individuals ; and even that is very often 
greatly exceeded. 

In numerous cases, therefore, we may partly account 
for the prevalence of disease in districts, or at certain 
seasons, by a rapid change in the conditions of tempe- 
rature and moisture. In some parts of the tropical and 
sub-tropical zones, the duration of the rainy and hot 
seasons, and their changes, afford just such circum- 
stances as are oar to produce disease in the 
human subject; for the skin, ever casting off, by its 
millions of pores, the watery humours and effete matter 
from the system, is often suddenly checked, or unduly 
stimulated in its action; and hence febrile symptoms, 
and inflammation of the organs of respiration and 
digestion, are immediately induced, and dysentery, in 
its worst forms, becomes prevalent and fatal, 

* See ante, p, 1154. 


In the remarks which we have already made on the 
meteorological influence of drainage, at page 1186, we 
have pointed out some of the evils arising from a moist 
climate, either when hot or cold, and also from local con- 
ditions of the same kind; several countries are also 
named in which these conditions are always present. 
In such places, the increase or check of perspiration so 
commonly occurring, is quite suflicient to account for the 
various diseases endemic in them. But, in many places, 
there can be no doubt that the outbreak of either an 
endemic or epidemic, may be due, directly, to the 
preseuce in the air of poisonous exhalations, which 
have an immediate action of their own on the human 
system, or may act conjointly with changes of tempe- 
rature and moisture. The visitations of cholera in thi 
country, during the last thirty years, have been highly 
instructive to the scientific observer, in respect to such 
causes ; and perhaps, incidentally, have done more to 
improve the general health of the nation, than would 
have resulted not their fatal effect stimulated us to 
adopt universal sanitary measures. 

A careful observation of meteorological conditions 
which prevail preceding to, and during an outbreak of 
cholera, generally records a comparatively high tem- 
perature, and a moist and stagnant atmosphere, Diseases 
of the diarrhoea kind are rarely, if ever, prevalent 
during periods of high wind; and, on the other hand, 
they are always most virulent and fatal in places where 
a constant change of the atmosphere of the locality does 
not take place. During the last visitation of cholera in 
London, Lambeth and Southwark—a great portion of 
which districts is below the level of the Thames at high 
water, and constantly very damp—suffered most seriously 
and fatally from the disease; and, generally speaking, 
those districts which, like the above, were badly drained, 
and not exposed to the natural ventilation produced by 
free access of natural aérial currents, were plainly marked 
as infected and dangerous localities. 

Another and important quality of moist air, to 
which but little attention has been directed, is the power 
of aqueous vapour, in a suspended state, of holding in 
solution gases, &c,, and of thus carrying with it exha- 
lations of all kinds, in a form y for assimilation 
with the human lag Dry air may be mixed with 
other which, in most cases, will readily diffuse 
themselves through it ; but moist air, by reason of the 
water it contains, becomes a much more effective poison- 
carrier, Hence arises the peculiar smell of marsh lands 
in autumn; of water in which “greens” have been 
boiled, &c, : and, in each of these instances, the gases 
evolved during the chemical decomposition of the vege- 
table substances, are carried off in a volatile form, and 
are thus frequently detected by the sense of smell. 
With respect to the nature of these volatile poisons 
thus evolved, little or nothing is known.—We have 
already referred to this subject in the Section on Che- 
mistry ;+ stating that it has hitherto been impossible to 
detect the active poison thus floating in the air, with the 
exception of the sulphuretted hydrogen, to which some 
have attributed, together with a carburetted hydrogen, 
the chief influence of miasmatic effluvia. The great 
attention which has lately been paid to detecting the 
presence of free ozone in the air,{ may eventually be 
rewarded by a further insight into this interesting but 
obscure subject; at least, it is in that direction alone 
that any hope for a solution of our difficulties can be at 
present cherished. 

In tropical countries, where a hot-moist air always 
prevails, the climate at the mouths of rivers, which gen- 
erally enter the sea by a ‘‘delta” consisting of low-lying 
marsh lands, is almost invariably unhealthy, and some- 
times uninhabitable. The periodical overflow of the 
rivers during the rainy season, inundates the land, often 
over a very extensive area, Vegetation progresses 
rapidly when the stream subsides ; and, eventually, the 
decomposition of the plants produces malaria of an ex- 
coiinay, fatal character. The atmosphere is sometimes 
poisoned even far into the interior, by the sea-breeze 

+ See ante, pp. 428, 429, ¢ See ante, pp. 1187, 1188, 
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carrying the miasmatic air; and thus the baleful in- 
fluence is largely spread over the adjacent country.* 
The mouths of the Mississippi, Amazon, Ganges, &c., 
afford instances of this kind. 

So far, we have suggested some of the causes which 
induce certain endemic and epidemic diseases; that chiefly 
attack the liver, stomach, &c. ; but in our own country 
we have a constant and fearful source of disease and 
death, arising from affections of the lungs, including 
consumption, and complaints of a phthisical character in 
general. A very considerable proportion of the mortal- 
ity (about one-sixth) arises from this cause; and after 
making due allowance for unhealthy manufactures, 
sedentary occupations, &c., still much is left, as the cause 
of that elass of disease, to our variable, cold; and damp 
climate. There is, no doubt, much to be said for thé pre- 
valenéé of phthisis amongst us on the ground of here- 
ditary tendency; but this frequently disappears in the 
course of successive descendants ; whilst the mortality, 
in general, is not lessened, but rather has an ‘annual 
increase. ‘ ; 

We shall learn much respecting the influence of*mete- 
orological conditions on tliis ‘disease,-by comparing the 
indications afforded by different localities and seasons. 
In Holland, for example—which, of all other European 
éountries, is the most damp ; where a continual exhala- 
tion of moisture rises from the land, on which an almost 
constant fog settles at many periods of the year; a 
country, in fact, which is nothing better than at 
immense reclaimed sea-marsh—we find that phthisis is 
Not only -does a moist -climate 
thus ptedispose to the disease, but a low elevation is 
equally as dangerous—perhaps on account of want of 
drainage, and consequent dampness. All these con- 
ditions meet in Holland, and their results are accordingly 
fatal to an extraordinary extent. 

But, turning to drier climes, we find the opposite 
conditions to obtain. ~In “Northerh» Russia; where thé 
range Of temperature is excessive, but the air exceedingly 
dry, consumptive diseases are very rare. Even within 
the tropics, where the influence of excessive heat induces 
debility—a constant source of the disease—yet the dry- 
ness of the air in some places prevents its occurrence. 
But we find, that if the inhabitants of those countries, 
or even the animals common in them, are removed to 
our climate, the diseases most commonly fatal to both 
are those of the phthisital type. Elevation’ above the sea- 
level, and, consequently, above a stagriant and moist 
atmosphere, is equally prevehtive of the disease ; and to 


| patients in the early, or even late stages, the removal to 


| a dry and equable climate is the only chance left for pos- 


sible restoration to health. 
Having noticed the localities which most favour phthi- 


| sis, we may remark on the influence of the seasons of 


| checks perspiration ; 


the year. Winter and spring are generally the most 
predisposing and fatal; and in this fact we introduce 
another element, besides that of moisturé—namely, 
the falling temperature of the atmosphere. As autumn 
approaches, the suspended moisture of the’ air, held 
invisible during the heat of summer, becomes condensed 
by the loss of calorie which the earth sustains, or rather, 
perhaps, by the failing supply, owing to the’ gradually 
increasing obliquity of the rays of the sun.t The 
atmosphere then holds the water in the form of minute 
vesicles, which, as we have seen, may have gases in 
solution, and prove a source of irritation to the organs 
of respiration. The increased sensible moisture rapidly 
conducts away the normal heat of the body; often 
roduces catarrhal affections, or 

constant irritation of the mucous membrane ; debilitates 
the system; and thus gradually induces those conditions in 
which tuberculous or scrofulous affections are sure to make 
rapid progress. Sudden changes of temperature, to- 
| soied with the dampness of the air, ensue ; and thus the 
isease, already planted, is fostered and matured. 
Possibly, as we have already hinted, the prevalence of 
free ozone, with a northerly or easterly wind, also accele- 
rates the irritation of the bronchial tubes. The effects 

* Seo ante, p. 1186. + Sco ante, p. 1191, $ See ante, p. 1187. 


|of the advancing winter season are similarly developed, 
and constantly-recurring atmospheric changes prevail, 
| until the cold winds of early spring complete the work 
| of destruction. Such isan outline of the various causes 
os produce and ae a core that ae off 
about one person in every five or six of our tion ; 
and of which, perhaps, scarcely a nuielicld ti car land 
has not had ful experiénee. ~ 

Our remarks havé hitherto been directed to general cli- 
matic causes, as inducive of phthisical complaints ; and 
we can here only mention, that impure air, formed in close 
apartments, factories, workshops, &c., especially amongst 
millinery and such trades, is another and fatal cause, ta 
reasons similar to those already assigned. The organs of 
respiration are kept, under such circumstances, for hours 
breathing air of a high temperature, and loaded with 
moisture; and various impurities. The ‘individual, on 
passing into thé open air, instantly encounters a lower 
temperature, varying with the changes of the season, &c.; 
and, gradually, this chain of influences acts precisely in 
the manner alvendy described, and similar dangerous and 
fatal results follow. == * ® pth: 

Our space, and the limits of our subject, forbid us dis- 
cussing the effects of climate in producing diseases of a 
scrofulous character, which are edely” allfedl to, if not 
identical with those we have been mentioning. Such 
are often the direct consequences of exposure to cold, 
moisture, &c.: and, in every case, a’ predisposition to 
those affections is almost certain to become developed in 
climates of a moist and variable nature ; hence their pre- 
valence in this country. 

Having glanced at those diseases of the organs of 
respiration and digestion which result from climatic in- 
fluences, we may, lastly, make a few observations on 
some of the most fatal of all endemics or epidemics— 
namely, fevers of the typhoid class. “It is familiarly 
known of these,’ that they are most common in places 
| where impure air and want of cleanliness are found; 

overty, filth, intemperance, and vice, being their hot- 

s. Yet climate has a most marked influence on these 
diseases, both with regard to the countries and seasons 
of their appearance. Typhus is completely unknown in 
the tropical regions, where a profuse and continued 
rspiration quickly carries off the effete matters of the 
dy ; and it is invariably prevalent in countries which 
have a cold and moist climate—becoming, in fact, an 
endemic in them? This’may arise in a twofold manner ; 
namely, in part, from the nature of the climate, by its 
sudden changes checking the perspiration, and induci 
internal inflammatory symptoms, with duteclorasion “oF 
the blood ; and also because the moisture of the atmo- 
sphere always assists in the spread of a disease, for 
reasons already given. But another and’ universal 
cause is found in the depressing influences’ on the ani- 
mal system that such climates exercise ; ‘and ‘typhus, 
of all others, is that which is most attendant on a 
debilitated state of the functions. Again, in moist 
weather, the skin often has a greater absorbing power ; 
and hence a re-entry of excreted humours into’ the 
blood, or of infective and contagious matter, is more 
likely to take place. It is also noticed, that diseases of 
the typhoid class are always more prevalent during cold 
and‘rainy weather; than in that of ‘a dry and’ bracing 
nature, in any locality, whether it be endemitally or 
epidemically affected. “Sipe te ns 3 

The report on the health of the navy, for 1860, 
contains some valuable statistics, showing the influence 
which climate has on the outbreak and prevalence of 

i * and the following summary of the accounts 
from the East Indian, China, and Australian stations, 
affords ample verification of the statements we have ad- 
vanced in the preceding pages. pa 

The average ratio of sickness differed very considerably 
in the different vessels of the squadron: but the variety 
of employment to which they were subjected, prevents 
a fair comparison between them. The crews of those 
vessels most at sea, were much healthier than those 
employed inthe rivers or harbours, or on the coast, for 


the obvious reason that they were not exposed, in the 
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same degree, to the various diseases which are always 
produced by free communication with the shore. The 
total force was 8,540 men, of whom 615 were invalided ; 
and the number of deaths was 244 ;, making, together, a 
total loss to the service of about 10 percent. Of the 244 
deaths,.no less than 116 were caused by dysentery*—the 
intractable disease of the Chinese coast. perience has 
shown, that fever and dysentery follow the seasons in the 
order of their origin and decline; that they almost 
entirely disappear, during the winter months ; reappear 
in spring ; and increase rapidly, in virulence and fatality, 
throughout the warm months of summer and-autumn, 
until the cold of the approaching winter again puts them 
out of existence. i> 8 ; i 

The returns show, that dysenteric attacks were twice as 
numerous during the warm, as they were during the cold 
season ; and it appears that the greater portion of them 
were consequent upon exposure,«in boats and-on the 
shore, during August and ep terre when the force was 
employed in the Gulf of-Pechili, but more especially 
when off the estuary of the Pehtang and Peiho rivers, or 
in about latitude 39° N.. The experience of the last few 
years has shown, that the causes which give rise to fever 
and dysentery on the main-land of China, south of 32° 
latitude, are either altogether inoperative on the coast of 
Japan, or exist in a far less potent form. This suge¢ 
the obvious necessity of running northward, out-of the 
dysenteric latitudes, immediately on the appearance of 

is fatal disease amongst. the men. This, however, 
could not. be done, owing to the military and naval 
ues which, in 1860, confined the squadron to the 

e-named waters. 

The health of the Australian squadron contrasts most 
favourably.with the above, The total number of the 
force was about 940 men ; and of these, 22 were invalided, 
and,13. died; making a total loss of less than 4 
cent., or under one-half of that ing on the 
India and China station, The loss to service, by 
invaliding, was..greatest .on the last-named station 
where their ratio rose; to 72 per 1,000 men; and 
least on the Australian, where it amounted to 24 per 
1,000 men. The.deaths by diseases were greatest on the 
North American and West India station, where their 
ratio was 38°7 1,000 men ; and least on the. Pacific 
station, where it amounted only to 3:7 per 1,000. men. 
The high number of deaths on the first-named station is 
attributable to the outbreak of yellow fever. 

Yellow fever and dysen were the chief instru- 
ments of death, and dysentery and pulmonary complaints, 
of invaliding. They are all preventible, and essentially 
climatic ; but, generally speaking, pulmonary complaints 
were found to’ increase: di y as attention to proper 
ventilation was neglected ; for, in the St. Jean d’ Acre, 
where there was no ventilation, there were 285 of such 
cases, out of a crew of 815 ; whilst in the Marlborough, 
under circumstances otherwise identical, out of an 
average complement of 1,145 men, and where i 
attention was paid to the ventilation of the decks where 
the crew slept, there were only seven cases. 

The general result gathered from the is, that 
even, in the case of yellow fever, dysentery, and other 
fatal diseases, ep attention and care, if exercised 
duly, will, on the, most unhealthy stations—as on the 
west coast of Africa—secure a comparative immunity 
from disease; whilst on a healthy station, like the 
Mediterranean, their neglect is sure to be followed 
by invaliding, and numerous fatal cases. We thus 
see, that despite the malevolent influences of climate, 
still we have left in our hands a means of prevention in 
nearly every case, 

It is no part of our province to point out the different 
characteristics of the diseases already referred to, or to 
descend into particulars respecting the ptoms at- 
tending the various forms or stages of It has 
been solely our object to give a general view of the 
connection which subsists ween them and the me- 
teorological conditions of our atmosphere ; and in doing 
so, we have confined ourselves to matters familiarly 

* See ante, p. 1205, 


known to most of ourreaders. We might have instanced 
a vast variety of affections to which the human subject is 
liable, arising from sudden changes of temperature, or 
its excessive range ; but we should have trenched con- 
siderably on the domains of medical science, atid perhaps 
lessened the force of the arguments and proofs already 
adduced. * We may add generally, however, that almost 
‘every disease of the organs of respiration and digestion 
maybe identified with climatic considerations, directly 
orremotely ; and, therefore, the study of meteorology, in 
its pathological aspects, is one of the highest importance, 
aud deserving of the deepest attention from the general 
and professional observer. 

Whilst science points out, and explains, the causes, 
progress, &c.,.of such diseases, it is also its office to 
suggest such remedies as may tend to prevent them ; 
but, ‘as we have’remarked in reference to our knowledge 
of the causes, so we must’ own, in ‘respect to its applica- 
tion, that both are limited, owing to the paucity and 
obscurity of the facts which we possess. It is only of 
late years that the science of meteorology has been 
brought to bear on sanitary questions, and hence a proper 
estimate of the extent of their connection has yet-to 
be made. In previous pagest we have’ mentioned the 
influence which a thorough system of drainage has in im- 
proving the'climatic and sanitary conditions of low-lying 
and marshy places. In most of our large cities and towns, 
great attention is now paid to local sanitary matters ; 
surface-water, which is so fertile a source of disease, is 
now quickly removed ; drains are applied to each house ; 
sewage-matter is carried to a distance from its places of 
production; and various other details, which we need 
not enumerate, are effected—all tending to render more 
pure, dry, and therefore healthy, the atmosphere of even 
the worst localities. By such means an immense 
amount of good has been effected, the mortality has 
been decreased, and the public health greatly benefited ; 
although we have not yet attained, by a great length, 
to the maximum of improvement p within our 
power by engineering and chemical science, 

Despite every advance, however, there must still be 
certain localities which, on account of the peculiarities 
of their position will always remain far below the 
standard at which others have arrived. We need but 
instance-Hull, Liverpool, Bristol, &c., which, from their 
low elevation above, and proximity to, the sea, must 
necessarily have a moist and variable climate. In each 
case the drainage mixes with the sea-water running 
close to them ; and as the sewage-matter comes in contact 
= eae a Boe of — ocean, fee oe set 

e3 Pp. e evolution of poisonous gases is the 
result. It is to be hoped, however, that the great 
ae scheme, inaugurated by the metropolis, will 
dually spread sin the provinces, and that the refuse 

m private houses, factories, &c., will in time be 
ev here removed far from its sources—a result than 
which nothing can be more essential for the health of the 
inhabitants. Then the moist superincumbent atmo- 
sphere will at least have less addition to its harmful 
qualities, arising from the suspension and solution of 
gases—to which we have frequently alluded, and which 
constant experience has’ proved to*be'so active a cause of 
disease ; and the average moisture will also be itself 
diminished in many cases. 

Our possessions in India have ever been a source of 
enormous expense, in connection with the civil and 
military departments, owing to the excessive mortality 
which constantly occurs. Of late years, the extraordinary 
fatality which has happened there, even to the highest in 
— intelligence, means, and position would 
ead them to the use of every art to prolong life—shows, 
that however much other causes may operate preju- 
dicially to the health of Europeans, still to the climatic 
a its existence must be chiefly due. The subject 

as received the earnest attention of many scientific 
men ; and experience has shown, that the only remedy, ’ 
or rather relief, which can be obtained at present, is that of 
frequentremoval up to the elevated plains in the interior— 
+ See ante, pp. 1183 and 1186, : 
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as at Simla. This station is about 8,000 feet above 
the sea-level—a height that, according to the laws we 
explained at a previous »* should afford a climate of 
the temperate character. It has now become a place of 
general resort for most Europeans resident in India; 
and its cool bracing air soon restores the sufferer, if he be 
not already too far debilitated. Referring to the follow- 
| ing table of mean temperatures, &c., we find that the 
annual mean of Calcutta, Bombay, and Madras, is nearly 
83°; whilst, at an elevation of 7,000 feet, it does not 
exceed 57°; hence, by simply ascending to a compara- 
tively moderate elevation, the cool climate is readil 
reached. There are numerous other stations of this kind, 
in various parts of the peninsula, equally adapted for 
the alleviation of the effects of a climate almost intoler- 
able, at times, to all but the natives. 

A very ingenious method of purifying the air of any 
P ly calculated for India, for the hospitals of 
which it was first proposed by Dr. Fagbes Watson—has 
been already described in the Section on Chemistry.t 
Charcoal broken into pieces of the size of a pea, or a little 
larger, is distributed on trays enclosed in an air-tight 
case. The whole supply of air required in the establish- 
ment, is driven or drawn through the charcoal by 
suitable mechanical power. The moisture of the air is 
removed by caustic lime, which is substituted for this 
purpose, in another case, for charcoal; but the two 
arrangements can be employed, side by side, in combined 
operation. This method we have repeatedly and con- 
tinuedly tested, and have found it exceedingly effective, 
the air licen both purified and dried to any extent that 
may be desired. Arrangements of this kind would 
doubtless be of essential service in every tropical climate, 
where excessive moisture and miasmatic exhalations are 
usually so prevalent. We refer our readers to the 
extracts, from the descriptive pamphlet published by the 
inventors (given at the page be named) for a description 
of the us operandi, and the benefits derived from 
this method. Of course such plans are limited in their 
operation, and can only be used in buildings, &c.: but 
in a city like Caleutta—which, from its situation 
amongst lagunes and eee of standing water, can 
scarcely be made more unhealthy than it is—a contrivance 
of this kind, or a similar adaptation of charcoal and lime, 
so applied, cannot but prove of great benefit as a pre- 
ventive of disease generally. 

Although the connection of meteorology with questions 
of health and sanitary measures, is one of great interest 
aud importance, we cannot, for want of space, pursue it 
further. The various matters urged y for the 
consideration of our readers, have been selected with a 
view of calling attention to palpable instances; and 
others, of less evident character, but of almost equal 
consequence, we are compelled to leave untouched. It 
would be almost impossible, in fact, to state the limits 
of the oe te seeing, as we have, that so much of 
the physical, intellectual, and even moral character of a 
community, is so intimately connected with the con- 
dition of the atmosphere, and meteorological phenomena 
in general. It must be a matter of astonishment to 
many reflecting persons, that so common and well-known 
objects as air and moisture, should have such an 
astounding influence on our individual and social wel- 
fare ; but to one thoroughly acquainted with the ordi- 
nary laws of nature, that cause of surprise at once loses 
its singularity; for it is but one out of thousands of 
instances in which a comparatively simple agent is pro- 
ductive of numerous and all-important results. 

Conciupinc Remarks.—Perhaps it may not be out of 
place to make a few remarks in reference to the desirability 
of extending meteorological observations. Our readers 
will have gathered from the earlier Bw of the section, 
by Dr. Scoffern, a general knowledge of the science, 
immediately followed by practical instructions from Mr. 
Lowe, so well known by his ability as a scientific 
observer. In this chapter, it has been our endeavour to 
supplement the teachings of those gentlemen, by au 
account of all the new discoveries in the science, together 

* Soe ante, p. 1199, + See ante, p. 427, 


| with results, which a somewhat lengthened personal 
| experience enabled us to gather; so that, taken 
_ together, the reader will obtain full instructions, and an 
adequate knowl of the science as it exists at the 
present day. We have enlarged on the popular branch 
of the subject, in the hope of inducing many of our 
readers to commence Regt ot g observations; and have 
shown how much each individual has a personal interest 
in it, both in respect to his own health and comfort, and 
of the welfare of the community at large. Towards 
the close of the year 1863, perhaps the most terrific 
storm igre visited ee islands ~ Baer this 
century, 5) its ravages on land and water, 
and many valuable lives were sacrificed. It was 
one of the peculiar cyclone class,t in which no skill 
of our seamen seemed to be of avail: but, disastrous as 
have been its effects, they are trifling to what would 
have occurred, had not an almost universal deference 
been paid at our ports to the warnings given by 
Admiral Fitzroy, some time ing its commence- 
ment; and by which many fleets of vessels were conse- 
quently detained in our harbours. Now, so valuable a 
result is simply the consequence of careful deductions, 
from an extended series of individual observations of 
meteorological phenomena, carried on, as yet, for a few 
years only. The more numerous these become, and the 
more widely-spread the observers, the nearer shall we 
arrive at a proper estimate of the changes in the 
weather, so incessant in our variable climate; because 
all correct deductions must be drawn, not from any one 
set of observations, but must depend, rather, on the 
check against error, which a multiplicity of them alone 
can ensure, a4 

It hence follows, that all who possess a di of 
intelligence and education beyond many of their fellows, 
have morally imposed on them a duty, which, from its 
nature, they can share, but never justly resign exclusively 
to others, provided they have the means and knowledge 
sufficient for its performance. The amount of know- 
ledge required has been pointed out in the various parts 
of this section; and, from the other portions of this 
volume, it is believed that such may be easily acquired. 
In the Section on Heat, for example, the laws of con- 
duction, radiation, absorption, temperature, &c., are 
fully explained: in that of Light, refraction, &c., may 
be studied: the nature and causes of natural electric 
phenomena may be examined in the Section on Elec- 
tricity: of magnetic disturbances, in that on Magnetism: 
and the conduction, &c., of sound, in the Section on 
Acoustics, In the Section on Chemistry, the chemical 
a of air and water, ozone, the various gases 

ound in the atmosphere, derived from all sources, &c., 

are discussed: and the chapter on the sanitary applica- 
tions of the science, will be found to have a connection 
with many of the subjects treated of in the present 
section. oe the Mathematical Section, decimal no- 
tation, &c., may be studied, as required in setting 
down meteorological facts. In the Mechanical Sections, 
Statics and Pneumatics will be found to have an 
intimate connection with the science of meteorology; 
and in the Section on Astronomy, some facts as to the 
places of the constellations will be highly useful, in 
watching and noting the direction of meteoric bodies, the 
Aurora Thoreali &e. 

Thus the intelligent reader may readily gain sufficient 
information from this volume, to enable him to become 
fully competent to undertake a series of meteorological 
observations, in all their different branches. The instru- 
ments he will at first require, are the barometer, ther- 
mometer, and hygrometer ; others of minor importance 
can be afterwards added. Instructions for the p 
and management of, and for making observations by 
them, are plentifully supplied in this section, together 
with hints as to gathering various collateral indications, 
afforded constantly around us. The best form of 
tration for the eter and thermometer, is 
| described and illustrated at page 1189 ; but a ruled book 

should also be kept, in which the figures obtained at 
+ See ante, p. 1175. 
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each observation are to be duly entered, with any other 
particulars which may deserve remembrance, Various 
minutie are fully explained by Mr. Lowe, in the fourth 
chapter of the section, which will serve as a guide in all 
departments of practical meteorology ; so that, altogether, 
even the most inexperienced need no further help than 
is thus afforded. : 

After such observations have been taken with due care, 
and properly registered, copies should be sent either to 
the Meteorological Society of London, or to the Meteoro- 
logical Department of the Board of Trade. 

The following pages afford tables of average rainfall, 
mean temperature, &c., to which reference has been 
made in this chapter. We have also cf gem at 
foot, an account of a winter ascent, m by Mr. 
Glaisher on January 12, 1864; the results of which our 
readers may compare with others already described at 

1180, et seq. 

To Mr. Glaisher, for whose labours science is indebted 
for the reduction and generalisation of the observations, 
recorded and published by the Meteorological Society (of 
which he is the esteemed Honorary Secretary) since its 
foundation in 1850; and to Admiral Fitzroy, at the 
head of the Meteorological Department of the Board of 
Trade, we are under a debt of the greatest obligation, 
on account of the kind assistance they have afforded us 
by supplying the fullest particulars in their possession. 
Of these we have made great use in the preceding 
pages of this chapter; and have much pleasure in 
thus acknowledging the sources of our information. 
—Epiror } 

Mr. Guatsuer’s Winter Ascent, on January 12, 
1864.—The balloon left the Royal Arsenal, Woolwich, 
at seven minutes after two, with nearly a south wind, 
an over the river Thames; but, when at the 
height of 400 feet, the wind changed to a point with a 

¢ deal of west in it, and we found ourselves passing 
en the centre of the river. At 2h. 9m., at the height 
of 550 feet, we fell into a strong S.W. current; we 
crossed Tilbury Railway at 2h. 14m. ; Hainault Forest 
was west at 2h. 21m., and our course was N.E., or 
almost directly towards the Blackwater River. Under 
these circumstances, we did not dare to rise as we in- 
tended. At 2h. 28m. we were 3,700 feet high ; the direction 
of the wind changing to S. nearly. At 2h. 43m. we saw 
a large town east of us, which we thought was Chelms- 
ford, and inferred our course to be nearly N. At 
2h. 54m. we saw Maldon, the Blackwater River, and 
the sea-coast, which we estimated at a distance of fifteen 
to twenty miles east; we were then about 7,500 feet 
high. The wind continuing S. nearly, we determined to 

above the clouds, At 3h. 8m. we were 8,500 feet 
igh, and the wind veered to 8.8.W. At 3h. 16m. we 
were 9,500 feet high, and the wind changed to 8.S.E., 
and continued in this direction, we believed, to our 
highest ogee. which was 13,000 feet at 3h. 31m. There 
the earth was quite obscured, and we had nothing what- 
ever to guide us as to our rate of motion, or of our 
locality. As the sun would set in little more than half- 
an-hour, we gave up the hope of reaching five miles, 
resolving to pass downwards through the clouds, and 
ascertain our position. At 3h. 37m. we were 10,500 feet 
high ; in five minutes we descended to 8,500 feet, and 
beneath the clouds, being still 6,500 feet from the earth, 
which looked barren; and, as there was no place that 
any of us knew, we could not determine our locality at all. 
At four o’clock we saw a forest of pines. We still de- 
scended slowly to 1,250 feet, by 7m. We saw a 
village; and after passing this the earth looked barren— 
there were no villages, and scarcely any habitations. The 
mist was so thick we could not see two miles ahead, but 
we came to the ground at 4h. 15m., near Brandon. 

On the ground the temperature was 42°; decreased to 
38}° by 2h. 10m. ; but it increased to 45° by 2h. 25m., and 
the sensation was then one of great warmth: at 
2h. 28m. it decreased to 414°; was 38° at 2h. 30m., and 
31° at 2h. 35m. at 6,200 feet high; it was then nearly 
constant about 20° till 3h., when our height was 7,500 
feet ; it then decreased to 20° by 3h. 16m. at the height 

vou. L : 


| of 9,500 feet, and continued to decrease, and was 11° 


at 3h. 3lm., at the height of 13,000 feet ; it increased 
to 16° in six minutes on descending to 10,000 feet, and 
constantly increased with decrease of elevation to 40° 
at the height of 1,000 feet, and to 42° on the ground. 
Although it was probable that warm currents of air 
might be met with, it was quite unexpected to encounter 
such within 1,000 feet of the earth, and extending to 
nearly 4,000 feet high ; the thickness of this warm 8S. W. 
wind being fully 3,000 feet. At the height of half a 
mile the temperature was nearly 4° warmer than on the 
ground; at this height, hitherto, we have always found 
the temperature from 12° to 16° colder. 

Dew was deposited at the temperature of 35° before 
starting ; at 36° between the heights of 1,500 and 3,000 
feet ; at 26° at 4,000 feet, decreasing to zero at 9,500 
feet ; and the dew-point was 4°, 5°, and 6° below zero at 
heights exceeding 10,000 feet : on passing below 10,000 
feet the dew-point was the same as the temperature 
of the air, and therefore the air was saturated with 
moisture, and continued so till we very nearly reached 
the earth. 

On leaving, the earth was dull, and the air very misty. 
When afterwards viewed, its appearance was very dif- 
ferent from that in summer: all looked barren, bleak, 
and ice-bound ; every sheet of water was covered with 
ice ; and Mr. Coxwell,notwithstanding his 502 ascents, 
said he never before had seen sheets of water in their fro- 
zen aspect with those peculiar white-fringed edges which 
attracted our special attention. At 2h. 45m., at the height 
of 7,000 feet, we heard a railway train, and then the tick- 
tick of a threshing machine; and afterwards, at the 
height of 7,200 feet, we heard people’s voices ; and these 
were the only sounds we caught. At 3h. 29m., on looking 
down, we saw snow falling upon a fine cloud, the surface 
of which was unbroken and even, being free from irregu- 
larities, and with boundary lines very sharply defined. 
At this time dense clouds were far above us, and the air 
seemed to be full of snow. At 3h. 3lm. we were about 
13,000 feet high; and as we are quite ignorant of all mete- 
orological conditions in the higher atmosphere at this 
time of the year, it was with great regret that I heard 
Mr. Coxwell’s decision to descend ; we were in fine but 
thick snow; we had lost “fa of the earth, with, we be- 
lieved, no great length of land before us, and even that 
being towards the sea. Had we ascended another mile, 
our descent must have been very close to the coast; and 
considering that the sun was setting, with large sheets of 
Me 7053 obscuring the view, I felt that Mr. Coxwell’s 
judgment was again wisely exercised, and I abstained 
from influencing him in any way whatever. 

From 3h. 32m. fine granular snow covered my note- 
book, and continued till 3h. 47m., when we were about 
entering a cloud in descending, having a thickness of 
about 600 feet, through which space we passed in two 
minutes. The balloon must have been laden witb snow. 
The cloud was saturated with moisture, as was the air 
below the clond till within 1,000 feet of the earth. At 
3h. 39m. Mr Coxwell was darker than usual; Mr. Norris 
was reddish-bluish ; and I was redder than usual, with 
both eyes much suffused. At 4h. 9m. it became so dark 
that it was with difficulty I could read the instrumeuts. 
The sun had set, a dense mist was in all divections, and 
we could not see far ahead. Mr. Coxwell then began 
the descent. The place was quite barren, and, to all 


-appearances, uninhabited; the grapnel passed through 


light sand for some little time, but the descent was man- 
aged so admirably that we came down without causing 
injury to a single instrument. 

Ozone papers were somewhat coloured, but those ex- 
posed at the Royal Observatory, Greenwich, remained 
colourless, The anemometer at the Royal Observatory, 
Greenwich, registered six miles as the horizontal move- 
ment of the air during the time the balloon passed more 
than 100 miles. The sun was never seen, and there was 
no opportunity of using the actinometer, the spectroscope, 
or the polariscope. 

It will be seen that the above results widely differ 
from those afforded during ascents in the summer season, 

72 


[ 
| 
i 


METEOROLOGY. 


asroapr | x frp ox ‘| Sshorm ty | 99409 —— : si 
HOLM ESL | fer oyN  SeIOpo } | § 31% Mo 09 03 9¢ — ——- pen) 
SSeS | Saree : $ 04.0% M OF $9 04 $9 se * 8 + oy) Apexy 
utermaG | xfosax ty | — 8 £97 M OF ty =| SB OR OG - oO = © grea 
a fgt xieo | — S79} A Ie oy i — + + "(opeg) * 
27ZH49 eg ON OG SNOLIY A, 8 04% M Ze oo f & 04.06 - *  * — ({eseuep) essary 
© 6% x sig. STL MA OF fog oyLIOPOPL *  —*  gjdouryuvysu0p—Aoyany, 
F9%TOG | SONS | snoreA OL POT 94 8a 9 — vig Sel oe od S'S ee 
a fer | 0g § 99 0F AA 2B Lp Poe Sos eee, = 
© 0g 03 F XN 0G 0} N op A $ 02% MA ST oF epee og uvyeysy 
a ig x fag aq $79 MA SL OF 051.08 ig “moosop =“ 
ss wag HN OF a | 9 03 OF age Pe syed Teajyuey «“S 
208 X 09 Bene | — [ 4 @mqsij9g 38) oP O9uUT =“ 
— N gg jo. . — , OF SE ‘8 8 epngyey *y .g¢—erssnqy 
a fe X9¢ — $ HSL M 0g E19. 08 °F ez = Pie Ces * qeyerqrg “ 
ATO x — 8 04 04 A £29: ray — “_ £2 5 zipep, ** 
a! x Aig S$ 940% M Sh ge on3vT es pupyy 
a ig 03 1G X PP OF N OF SUOLIE A HOOL%FE | 29 9¢ °F SE ‘ * + uredg 
a 6 x fgg. oyeIOpopL $08 97 MA fo 29 %F 19 Apyoorsd sore, ~ woqs'T—[esnz10g 
ato x top orquire a, § {99.94 A FS ¥eg = : * CACTO_)—PUVPIOZHIAG 
; 8¢ ACN OF 7 FS : @rrm “ 
ating | Nigoxigp | opqrue, | 06.10 0g 07.0 Z9 94 09 $B ; (ygnog) 
0g ba (y}a0yT) couvay 
ote 8h 9g * = ony 8 
eformate | xfecox tre |) wom 4]. en = - a ee 
| puepsugy uvyg sopra, —_ 9¢ “—  * «s  ” puspesy 
Ag “N69 $s 8 FF Ad Hoe oF om - showyr oq,“ 
: i): SR S 19 04 AX 86 8F TPT A "  @eqmeg) 
AQAA EL | N ig¢oy x He Aig © SL 40 lp 9% 94 ZB * — * @seq) 

SIOVE H&L 4 OF 6F °} SP GP 04 GE * —™ se4q) puEpzoog 
ateoatr | x feooy xog oyeIO poy 8 0 $2 04 0G TS (qe1euep) puv[sug 
saaiSoqy “sovadaqy “sooadoqy ‘sosoq “soul, “aaoung 

PI hsb des 3 
sopny duo’ “OPAL Pan see stu Ay WHE Fe Eon “ena sory ‘Sayumog ‘uopstar 
‘yey “eanzesoduray, 


"a0 


1g ‘SNVHOO ‘SHIMINOOO SNOIUVA JO ‘OG ‘DONVU OFMLANONUGHL WUALVAadWNaL TVONNV NVM “TIVANIVY AHL AO 


aTaVoi V 


1211 


METEOROLOGY. 


RAINFALL, TEMPERATURE, ETO.] 


A. OLT 97 4 09 
269 
@ SOT 97.9 FL 


AL 09 OF AL OF 
A TE OF A OG 
As £OT 03 4 TOT 


noortty 


AZT aL 
a ST 


fg 
« for 


TOL GS 


. © ter 
2 OT 


4 OG 0} 4 OT 


920} X Lp 
NPE 


© 11+ %8¢— 
@ OIT + 9 01 — 


"SOTT “d 908 S egumyo oat 


OL OOT 20 06 9} M FS 
T 06 7 ¥% % OT 
8 18 °F M 9G 


* (9903 008'9) SIMS 
se * geyeutoouLty, 


(RAINFALL, TEMPERATURE, ETO. 


METEOROLOGY. 


1212 


a Fug $1¢ | oqure, 06 % 19 Lh — wt Ne ‘ uwoqmog Jo 91s] 
xppoate | Nog oy x ter — H 98 04-99 — << 4 OS PAY ON} Jo $1077 Ay 
= €¢ XN 9G 0} NO OTT 9} 26 04 2103.09 TF SSOTMTVYT os preqoyy, “ 
a1 x 08 Lig OOT 94.06 94 $9 07. 84 BL Surpray, ies he omg 
ho NGS 06 94.08 93 09 03 08 — TeUOIsEI00 nu? ty “0 vig weg: 
a FS 07.9 OS X BE OF N FG OL OTT % 2g ae ssojurwr Ayerouexy | * * * * *% & + + 4d 4Sqr 
= x {9 0X 3g nis = ¥8 4 28 into | x19 098 Ro yey ar ontp 
TT => as —> ZS % SL —= ; atti is Ems TvI0G) a4} JO omyesodiney, 
Ti v= <= — 8-61 "6 : 0 ~* yp caiagegn 
@ 9% 0 A LT N $¢ 0} 8 OT Arp £104 | Sep ost 7 WS 0g 07 7g — ssorurey aa o> eae pose wivyyg 
& Fer x fg SOT a Aree OT zs OTS 94 06T : ouoeT VLIOIg 
a For x fot { 1st 7 omy —- 09 94 0¢ * [ria “ 
Moroo ML | NETO} NOT } rom APA} | exodunoy ! you, Ajoatssooxs] — 681 + qvwop} eaqmefoneg 
41g % 2 6g $08 03.8 16 aq § 9494 AA 99 29 91quroprsuoy, igh. ** TN 
a ST StS §$ 91 A 8¢ $9 4 19 Cae UMOy, e 
@ 1g 044 LT 8 OF 07 8 8g Arp 404 | TOT 94'§ 94 0F.-W 89 89 £% ({ei9uep, ag ei 
*voIuay 
= #99 308 == <n { Harp an } ee * UWvo0g oMoIeZUY oy} Jo omnyesodwoy, 
As TOT 0} 8 COT X ZG 0} N OT 06 % 09 _— —_ *  S9]S8] Yormpag 
4 rar $96 a ae oe | $01 A 09 09 z * — purppny a 
2 2PLL 8 tir S 79 M PP ag 63 * wozSut[[oy—puepeaz yy 
a E21 8 ¢F ‘Bieta ; S £9 °F MA SF aq OF * UMOT PUqoH—viuvMsYy, 
2911 828 $640 M oo 99 (i) oF ied —seneny eM 
* $861 8 96 Ag S$ £1.99 A 99 29 9% % LT * Sprvepy—eyensny wnog 
4 OFT 8 tle S01 M FS a 0g * euimoqy—wiojr, = 
@ 1ST 8 $99 9 M Le 0¢ + foupig—soreat yynog ao 
@ PST} 4 SIT 8 6§ 94 8 UT Arp S104 yynos oj ur eyerodurey <qpow oy} ur [wordoay, vyeysny 
a Xx 0} — Suvueg 
oor fg antics T 06 % OL 0s : 
4 COT 93 1 96 N ZZ OV NF @® £8 OT ARIE A mvig 
a F194 @ pp X OF OF N 9% 4iq M SSL { OATsso0xo opvurTO f WMOTY 97941] yng vreiag 
*s0i8aqy “svoaSaq “saaudoq *sooidoqy | *saqouy ‘pmmjuog —visy 
OIMISTOW -g = aomung wow ‘yva ‘ornqered “Treyueyy 
rapnyzucy opnipey aaryemduiog caval aft a Saal | “way, [unuuy uvazy yeauuy jo saqouy *ow ‘Arxquno ‘uopstay 
“qeq “ainyesodmay, 
Gadel ‘sunooy) ‘sorugunog ry “op biti! OMpomouoy.7 ‘oungoiodmay ponuup uvepy ‘yofuy oy? fo aTaV], V 


A PL OF M89 


M TS 07 A 89 
A Cg OF A GG 
M Fg OF MTG 
A T9 07 AA 1G 


1213 


M19 
a 19 


& FIg 07 A og 
M19 
ts 
M £69 
& $19 
A Ql, 0} -M OL 
AN 09 
M $6 0} A 8g 
M ZG OF M $8 
M08 
& $96 
AA COT 07 Ad 96 


METEOROLOGY. 


MTL 
A FL 0} MA $9 
AM G8 07 MA FL 


AA 99T 0} M FQ 


RAINFALL, TEMPERATURE, ETC. ] 


a Top 
a 29 


8 Fep 07.8 fez 


8 §1z 8 fg 
§ OF 048 1g 
NQOUNG 
N64XT 


x fot 
x §0L 
8 9g 0}. N Fgt 


x for 

XN 9T 

x zg 

NLT 

N §gt 04.8 $21 
X&I 

X LT 04.8 PT 
N1ZNQ 


err 
orquese A, { 
4 ears 


_— 
| 3 

E 

—_—, 


J9[000 puv prany Og Jo 8 ynq ‘ Arp pwe yoy st 4t OF JON 
‘op ‘deyovreyo snourezunoUr s}I wor ‘syoodser [Te Ut Iepnderr]7 


28 93 09 
H 06 °+ OF 


a 26 93:09 
HW 18 9} LL 


— 


S ZL °F M 89 


06 10 eg 07 OL 
OH OST 19 66 93 OL 


$3 RRELS 


HT 706 +9 — 


— 


04 94 $9 


0g 
» Qo 


| a2 


¢ 
£323 
RB 


| -| es] || sade 


3 
= 
> 
iC] 
> 


s3/[ 8s [&|| | 


-—_ 


ae | 2| 


ssopurex 41vgq 
8zI 
£01 


> 
~ 
$e 


sill 11 dalle 2 lial $13 


odorng Ut SopngryT] OMTUS TLYZ 10700 ,CT 0} OT Wor 


1 SOT 97 6L 
© 96 97 OL 


&I 
- OF 


if 


° TO 
+ neg 
‘ * softy soueng 
BR ar ae 
* wsozoS100H—(qsyLIg) uM 


wifeny wT 
+ suoowlepj—vjenzoue A 


(qqnog) vorumry 
. TUL. « 
. siaonston “ 


upnuiieg =) 
ensyquy af 


TONCASTO 4095 OOF. « “« 


(uozsSury) voreurer in 
+ + sgopuqivg—serpuy 480A, 
“ 


vremoyengy “* 


PUs[panoymeNy 
qiog uvtemoddryg 
“ “ 
. oaqen: “a 
. Qseq. “ 
* (98044) epeaeD 


(qo) Voruay 


I 


1214 


METEOROLOGY. 


(RAINFALL, TewpERatoRe, etc. | 


, &e., of various Countries, Oceans, dc.—(Continued. ) 


Tans of the Rainfall, Mean Annual Temperature, Thermometric 
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Tazts of Comparison of the Readings of Mercurial and Aneroid Barometers, in the Ascents on July 17, and August 18, 1862. (See p. 1182.) 
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TABLE—Showing the Decrease of Temperature in every 1,000 feet of elevation up to 29,000 feet, during Mr. Glaisher’s Balloon Ascents in 1862.—(See, also, p. 1182). 
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[RESULTS OF BALLOON ASCENTS, 


Taste, showing the adopted Reading of the Barometer, reduced to 32° Fah. ; calculated Height above the Sea; 
Temperature of the Air ; and Dew-point, during Mr. Glaisher's Ascent on August 18th, 1862. (See, also, p. 1182.) 
Time—r.x. | Barometer. | Height. | Tepe f | emp. ot || Time—rar. | Barometer. | Height. | Temp of | Temp. of 
hm «5. Inches. Feet. Degrees. Degrees, h. m, 6. Inches, Feet. Degrees. Degrees. 
056 0 29°34 490 67°8 546 220 0] 19°60 11,748 —— 21°2 
1650 28 84 1,130 625 ~ 625 21 0; 1911 12,364 39-2 25°6 
6 0 28°55 1,419 60-0 _—— 22 0 — (12,595) 33°5 — 
6 20 28-25 1,713 58-2 53°1 22 30 18°86 12,7 — —_— 
6 30 —- (1,795) 57-2 — 23 0/ 18-71 12,942 38-0 — 
7 0 27-90 2,042 55°5 505 24 0/ 18-11 13,852 34-1 ss 
8 0 26°67 3,347 — — 25 20} 1761 14,434 — 23-1 
8 20 —— (3,466) 52° —_— 29 0 16°41 16, 27°8 60 
9 0 2627 3,705 500 49°6 31 0); — (16,885) — a 
10-0 25°86 4,138 49°9 —— 32 0 15°93 17, — -_—— 
10 25 oo (4,440) 49°8 44:2 3210} —— (17,240) — |+ 50 
11 0 30 4,767 48°8 42-2 32 20] 15°84 17,321 28-1 -—— 
11 30 = (5,140) 48°6 _ 34 0) — 17,770) 30° | 5:0 no dew. 
12 0 24: 5,509 48:2 — 34 20 — ’ —— | 35 no dew, 
12 30 24°60 5,510 478 388 35 (0 —_— 18,039 315 12 
13.40. |. ‘Geo (6,155) | 48-0 37-7 ie Be 18,445) | 275 |— 50 
14 0 23°64 6,585 465 —— 36 30} 15-03 18,560 a =—<oe 
15 0 22-69 7,706 45:7 —_— 36 40 —_— 18,605) 248 |— 20 
17 0 | 21-69 8,935 | 440 320 36 50| — 18,650) | 25% Pa 
18 45 20°90 9,954 43°0 29°6 37 55 — (18,935) —— =e 
18 55 — (10,129) 405 28°6 38 10} 14°87 9,000 a ise 
20 0 19-90 11,267 385 —-- 38 30 a (19,200) — |— 50 
20 5 a (11,285) |- 37-2 24:9 39 0/| 14°62 19,461 = a 
20 35 19-80 11,399 36°0 24:8 3910; —— 19,604) — ans 
2 0 19°75 11,470 39°5 22:2 39 20 —_— 19,800 26-1 nent 
22 0 20°30 10,840 418 25°2 42 0 —- 20° 300) — |— 8d 
24 0 20-90 9,884 45°0 269 4210] 1412 20,359 25-1 ae. 
24 15 20-90 9,884 mo — 40); — 20, 665, — |— 50 
2450 | 21°38 9,120 | 462 320 SS ee nese) 235 ane 
2 0 — 9,040) 45°8 — 49 0 13°62 21,111 —- mice 
25 10 —- 8,960 47:2 33-1 4950; —— (21,200) 25-4 | —100 
26 0 — 8,575 a 28-2 569 0] 12°83 23,164 — |-—120 
26 30 22-21 8,342 noe 30°5 5910] 12-71 23,215 24-2 een 
27 .0 22°62 7,836 510 37°9 59 20 | 12-61 23,377 — |— 80 
32 0 22°80 7,650 49°2 37:0 59 40 | 12-93 22,705 240 |—100 
33 0 22°80 7,650 53°8 36-6 3 0 0} 1313 22,295 —— ae 
34 0 — (7,265) — 36-0 320|) 13:13 22,295 245 |— 90 
37 30 | 24-25 aos | —— > —— — | — | (2295) | 28 |—100 
38 0 24-46 5,820 53°8 37°8 430] 13:13 22,295 240 |— 90 
41 0 25°08 5,028 53°5 a 5 0 12°93 22,705 24-1 —ss 
4130 | 25°56 4530 | —- | 43% 530/ —— | (22,705) | —— |—100 
43 0 25-58 4,480 — 46-0 7 0} 12-93 705 240 |— 80 
46 0 26°56 3,438 oS 475 12 30 | 12-93 22,705 240 ewer! 
48 0 26°76 3,219 56°0 — 13 0 — (22,160) — |— 90 
52 0 25°79 4,233 55-0 -—-— 1313} 1363 977 24°0 Lae 
5230 | 2559 44S. eee |] ae 13 20| —— | (22,000) | —— |—100 
53 0 _—— (4,562) 52:2 40-0 _ 1340] 13°58 008 24-0 — 
55 0 25°08 5,019 510 420 18 30 | 13°45 22,107 24°0 — 
56 0 — Can “= 39°5 1920); —— (21,757) — |—100 ° 
57 40 — 5,69) 500 409 |) 1930) —— 21,685 24-0 — 
58 0 | 2439 6700 | — | — 19 40| -—— | (21610) | 248 ars 
58 30 _ 45,913 548 —_— 32 0 — (16,405 ay 0-0 
5840 | —— (5,958) | —— 401 33 0] 1678 15,994. |.—- | — 
200 23°93 6,313 a -_— 34 0/ 1753 13,320 32°8 144. 
10 23°78 6,491 —— —- 36 0) 18-63 12,453 38-0 133 
1 30 — (6,580) 54°0 417 39 0} 20-02 10,624 40-7 144 
9 0 22-58 7,886 506 38°6 40 0| 20-72 10,224 45°5 14-4 
10.0 — (8,342) | —— 37 °5 41 30 | 21-62 8,764 — — 
10 30 22°18 8,571 51-0 39°8 43 0 22-77 8,144 —— —_ 
ll 0 —— (8,660) 510 38-4 4310| —— (7,910) 505 36-7 
11 40 21°88 8,771 510 376 43 30 | 22-74 7,438 —_ — 
12 20 — (8,771) — 39°5 4 0; — 6,943 —_ 38°6 
13 0 21°88 8,771 -o — 47 0; — 38 —_— 40-0 
13 40 —_— (9,3: 50°5 - = 49 0} 24:28 5,621 500 —_ 
13 50 — (9,715 — 34-9 50 20 | 25-08 4,821 52:1 43-9 
15 0 2114 9, 50°65 34:1 51 0 25°36 4,521 615 44:8 
15 30 —— (9,987) 48:1 nae 63 0); — (3,900) | 51-0 48°90 
17 0 20°24 10,864 — 29°3 45 0!) -—— Jonthegrouna| 67°0 — 


END OF VOL. IL, 
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Ansorpers and radiators of heat, 26. 
Absorbing power of Lace 26. 


Absorption of heat, 26 


Alum, effects of, on heat, 29. 
Analogies between light and heat, 40. 
Animal products of, 33. 
Arctic regions, cold of the, 30. 
Arsenic in gas, 32. 
Atmosphere, constitution of the, 33. 
Atmosphere, impurities of the, 33. 
ae pressure affects the boiling- 
point, 20. 
Atomic weights and specific heat, 26. 
Atoms, 13. 


Barrery, thermo-electric, 29. 


Caxorie, 13. 
Carbonic acid, fatal effects of, as produced 
from stoves, 32. 


Central forces, heat, &c., intensity of, 26. 
Chauffer, danger of the, "32. 
Chemical action produces heat, 15, 


_ Churches, ventilation of, 34, 


Climate and heat, 27. 
ae radiating and absorbing power of, 


Clothing, conducting power of, 22. 
Coal as fuel, 31. 


Condensation of vapour, 21. 


Conducting power, tables of, 37. 
Conduction by metals, 21. 
Conduction by solid bodies, 21. 


Congelation, continual on mountain-ranges, 


Convection of heat, 22, 
Cooking and heating, 31. 
Corpuscular So of heat, 13, 
Cryophorus, the, 2 

Camas, air, and vide, 30. 


Denmark, temperature of, 30. 
Densities of hot and cold air, 32. 
Dew, owing to radiation of heat heat by the 


Dew prevented eer eee ee 
Dew, production of, 26. 
Diathermancy, 28," 


VOL, I, 


SECTION I.—HEAT. 


Earth, radiation of the, 26, 27. 
Earths, radiating of, 28, 
Effects of heat, tables of, 37. 
Effects of expansion by heat, 16. 
— of vapour, tables of, 37. 
Electricity produces heat, 15. 
Ericsson’s air-engine, 18. 
Esquimaux snow-hut, 31. 


Fertitiry of soils, caused by heat, 31. 
Fevers, causes of, 33. 

ie ei, badly constructed and waste- 
Fire-proof safes, 22 

Force of heat, intensity of the, 26. 
Freezing-mixtures, 24. 
Freezing-mixtures, tables of, 37. 
Freezing water in a red-hot crucible, 23. 
Freezing water by the air-pump, 24. 
Friction produces heat, 14. 

Fuel, combustion of, 31: 


Gatvanometenr, the, 29. 
products of the combustion of, 32. 


Heat, conduction of, 21, 

Heat, convection of, 22, 

Heat, effects of, 15. 

Heat, focalisation of, 27. 

| Heat, introduction to, 13, 

Heat, latent, 24. 

Heat, polarisation of, 29. 

Heat produced by chemical action, 15, 


Heat produced by friction, 14. 

Heat produced by percussion, 15. 
Heat, production of, 14. 

Heat, quantities of, 26. 

Heat, radiant, addenda on, 38. 

Heat, radiation of, 26. 

Heat, reflection of, 26, 

Heat, refraction of, 28. 

Heat, sensible, measured by electricity, 29. 


Heat, transmission of, 29. 
Heating by hot air, 34. 
Heating by steam and hot water, 34. 
Heating-surface, proportion of, for warm~ 
purposes, 36. 
Heig — by the boiling-point of 
’ 


H rae wi, 21. 

Hot and cold air, their whens a aoe 
ot-water apparatus, ordi: . 

Hot-water a) eae ” Perkins’, 35. 

House ventilation, 33 

Houses of Parliament, ventilation of, 34. 


Ice, latent heat of, 24. 

Iceland spar, refractive powers of, 28. 
Internal heat of the earth, 30, 
Inter-polar currents, 30, 


Kirer’s ventilator, 34. 


Lamp-BiAck, radiating power of, 26. 
Land-breezes, cause of, 27, 

Latent heat, 24. 
Latent heat in ice, 24. 
Latent heat, loss of, 25. 
Latent heat of air, 24. 
Latent heat of steam, 24. 
Latent heat of vapours, 24, 
Latent heat, tables of, 37. 
Light, polarised, 29. 

Light, refraction of, 28. 
Liquefaction by heat, 18. 
Liquids, specific heat of, 26. 


McKrwnetv’s ventilator, 34. 
Melloni’s nts, 29. 
Melting-points of bodies, 18. 

Metals, power of, 22. 
Mexico, heat of the Gulf of, 30. 
Monsoons, typhoons, &c., cause of, 30. 


Nature of heat, 13. 


Oven, American, 28. . 
Over-crowding of houses, 33. 


Percussion produces heat, 15. 

Physical geography, a 

Polarisation of heat, 2' 

Pressure, pleases 59g 35. 

Pressure of steam, 35. 

Production of cold by the air-pump, 24, - 

Production of heat, 14. 

Pure air essential to life, 33. 

Pyrometers, Daniel saad Wedgwood 19, 
‘ 8 


Quantity of heat, 26. States of matter cnused by heat, 15. Thermal changes measured by electricity, 
Steam and its applications, 35. 
Raptraney of gases, 39. Steam-boilers, covered with felt, 22. Thermo-electric battery, 29. 
Radiant heat, addenda on, 38. Steam-boiler explosions, 23: » 29. 
Radiant heat, Dr. Tyndall on, 38. Steam, boiling by, 36. Thermometers, 17. 
Radiating power of bodies, 26, Steam, cause of, 21. Thermometer, air, 27. 
Radiating power, table of, 37. Steam, drying by, 36. Thermometer, differential, 27. 
Radiation and reflection, as affecting | Steanr employed for heating purposes, 36. |.Thermo-multiplier, 29. 
climate, 31. Steam-engines, combined, 36, \ y Bbe 
Radiation of heat, 26. Steam-engine, condenser of the, 36. Thermotics, 13, 
Radiation, terrestrial, produces dew, 26. | Steam-engine, condensing, 25, 36. Trade-winds, cause of, 30 
Radiators and absorbers of heat, 26. Steam-engine, low-pressure, 36, through bodies, 29. 
Radiators, good, 28. Steam-engine, the, 36. Tropics, heat of the, 30. 
Reflecting power, table of, 37. Steam-engine, the } tive, 36. 
Reflection of heat, 26. Steam, high-pressure, 35. Unpvutation of ether, 14. 
Reflectors, metallic, 27. Steam, latent heat of, 24. Undalatory forces, 13. 
Reflectors, parabolic, 27. Steam-pipes, coated with felt, 22. Unequal expansion of bodies, 16. 


Refraction, double, 28. 
Refraction of heat, 23. 

Refraction of light, 28. 
Refraction produced by water, 28, 
Repulsion, 15. 

Rock-salt, effect of, on heat, 29. 


Scor.anp, temperature of, 30, 
Sea-breezes, cause of, 26, 

Sensible heat, 24. 

Snow, bad eonducting power of, 3I- 
Soil, absorption by, 31. 

Soil, reflecting power of, 31, - 
Spheroidal state of water, 23. 
Specific heat, 25. 

Specific heat and atomic weights, 26. 
Specific heat, estimation of, 25. 
Specific heat of bodies, 25. 

Specific heat of gases and vapours, 26. 
Specific heat of liquids, 26. 

Specific heat of metals, 25, 

Specific heat of water, 25. 

Specific heat, skeleton table of, 25, 
Specific heat, table of, 37. 

Spectrum, heat, 29. 

Spontaneous combustion, 15, 


Steam-pipes, radiation of, 36, 
Steam, pressure of, 35. 

Steam, temperature of, 35. 

Steam, uses of, in manufactures, 36- 
Stoves, 32. ' 

Stoves, gas, 32. 

Stoves injurious to health, 32. 
Stream, Gulf, cause of the, 30: 
Sulphur, &c., in gas, 32. 


Taste of boiling-points, 38. 


| Table of conducting power, 37. 


Table of elasticity of vapour of water, 37. 
Table of expansion of solids, 37. 

Table of freezing-mixtures, 37. 

Table of latent heat, 37. 

Table of melting-points, 38. 

Table of radiating power, 37. 

Table of reflecting power, 37 

Table of specific heat, 37. 

Tables of the effects of heat, 37, ef seq. 
Temperature of the earth, internal, 30. 
Temperature, range of, 31. 
Temperature—(See Thermometers). 
Terrestrial heat, 30. 

Theories of heat, 13. 


Ventilation, principles of, 23, 32, 
Ventilators, various, 33, 34. 
Vital heat, 15.” 


Volcanoes, 30. 
WaAtkxinc on red-hot iron, 23. 


Welding, 19. 

Wind and storms produced by heat, 27. 
Windows, cooling effect of, 34. 
Wine-coolers, 24, 
Wi ‘ power of, 22, 


ApeRration, chromatic, 53. 
Aberration, spherical, 44. 
Absorption of light, 42. 

Achromatic lenses, 53, 54. 
Achromatic microscopes, 65, 
Achromatic telescopes, 72. 
Achromatism, 53. 

Actinic rays, 57. 

Actinism, 57. 

Air-plates, colours of thin, 5I. 
Analyser, the, 81. 

Analysis, spectrum, 55, 166, et seq. 
Animals, eyes of, 49. 

Artificial and solar light, 54. 
Artificial illumination (see separate Index), 


86. 

Astronomical telescopes, 73. 

Atmospheric refraction, 45. 

Axes, negative, 79. 

Axes, optic, of double refracting bodies, 
79 


Axes, positive, 79. 
Axis of lenses, 47. 


Bas for gas, 62. 

Bestall's pola , BI, 

Biaxial crystals, 79. 

Biot’s polarising apparatus, 82 

Birds, eyes of, oe 

oxy-hydrogen, 62, 

Bunsen’s and Kirchkoff’s discoveries, 


Burning-glasses, 76. 
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Caxontric rays, 49, 57. 

Camera-lucida, the, 60. 

Camera-obscura, the, 59. 

Camera, the, 59. * 

Cassegranjan telescope, the, 74, 

Catoptrics, 42. 

Chemical decomposition produced by 
light, 59, 

Chemical rays, 49, 50, 57. 

Choroid of the eye, 48. 

Chromatic aberration, 53. 

Chromatropes, 64. 

Circular polarisation, 84. 

Clouds, cause of the colour of, 56. 

Coddington lens, the, 65. 

Colour, cause of, 50. 

Colour, phenomena of, 49, 

Colour produced Lid dese igr ep 8I, 83. 

Coloured light produced by the prism, 
41, 49. 

Coloured light, waves of, 41, 

Colours, complementary, 51, 52. 

ne cootant at 52. oa 
olours, occular defects respecting, 59. 

Colours of thin plates of air, &c., 51, 

Colours, primary, 41. 

Complementary colours, 51, 52, 

Compound microscopes, 65. 

Concave lenses—(See Lenses). 

Concave mirrors, 43, et seg., 74. 

Construction of lenses, 46, ef seg. 

Contrast of colours, 52. 

Convergence, 43, 


Convex Ienses—(See Lenses). 
Convex mirrors, 74, 

Cornea, the, 48. 
Crystalline Iens of the eye, 48. 
Curved reflectors, 43, 74. 


Datronism, 59. 

Debusscope, the, 77. 

Decomposition of light, 4T. 

Dia relation of, to light, 85. 


| Diffraction of light, 52. 


Dioptries, 45. 

Dispersion, epipolic, 54. 
Dispersion of light, 49; 53. 
Dissolving views, 63, ef seg. 
Divergence, 43. 

Double refraction, 79. 


Errects of light on organised bodies, 


56, et seq. 
Electric light— (See Index to * Artificial 
Illumination’). 


the, 166, et seq. 
Electricity and light, 85. 
Elliptic reflectors, 45. 
Epipolic dispersion, 54. 
Extraordinary ray, 79. 

Eye, lenses of the, 48, 

Eye, the structure of the, 47. 
Eye-glasses, 65, 72. 

Eyes of animals, 49. 

Eyes of birds, 49. 


* Sce, aleo, following Indexes to “ Artificial Illumination” and “ Photography. 


ticut. J 
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Eyes of fishes, 49. 


Fisues, eyes of, 49. 
Fluorescence, 78, 

Focal point, 43, 

Focus, 43. 

Fraunhoffer’s lines, 55, et seg. 


GaLILEAN telescope, the, 72. 


‘Gas-bags, 62. 
Gas-holders, 63. 


Hears, influence of light on, 58. 
Herschel’s telescope, 74. 
Hydrogen gas, to prepare, 62. 


IceLAnD refractive of, 79. 
Incidence Paw of, 42, iar 

Index of refraction, 46. 

Instruments, optical, 59. 

Interference of light, 52. 

Interference of sound, 52. 

Iris, the, of the eye, 48, 


Kaverwoscorg, the, 77. 


, the, 77. 


Lanterns for dissolving views, &c., 
61, et seg. 

Length of waves of light, 41. 

Lens, the 65. 


Light, artificial (see * Artificial Illumi- 
nation’), 


Light, 

Light, double refraction of, 79. 

a aoe of, on orgunised bodies, 
et 


Light, length of the waves of, 41. 
Light, lime, 62, 


Light, refraction of, 45. 
Light, speed of, 42, 51, 168. 
Light, vital action of, 58. 
ero 62. 
eH SE also, Index to “ Arti- 
llumination’’), 
Lines, Fraunhoffer’s, $5, et seq. 
Luminous rays, 49—57. 


MAGIc-LanTeRN, the, 61. 
Magnetism, relation of to light, 85. 
tla ore 

it of magic-lanterns, &e., 63, 
rer ite the—(See Lenses). 
Mica, colour of, by polarised light, 81. 
Mica, optic axis of, 
Microscope, lenses : ees 


Microscope, the oxy-hydrogen, 67. 
the Coddington, 65. 


Wiancmeeh photographs, 68. 
Milk and polarised light, 85. 
Mirrors, 42, 43, et seg. 


Mirrors, concave, 74. 


light, 54. 


| Mono-chromatic 
Maultiplying-glass, the, 60. 


Neoarive axes, 79 

Newtonian telesoope the, 74. 
Newton’s 

Nicol’s prism, ay "6h. 

Nitre, optic axis of, 79, 84. 


peda ag 65, 72. 
Objects for the microscope, 66, 68, 69. 
Objects, to mount, 66, 68, 69. 
Occular defects with respect to colour, 59. 
Oil of turpentine, and polarised light, 85. 
Opacity, 42. 
Optic axes of double refracting bodies, 79. 
Optic axis of mica, 84, 
Optic axis of nitre, 84. 

tical 


Optical ts, miscellaneous, 74 
Optic nerve, 48, 

Optics, 41. pe 

eer is "Bodies, effects of light on, 


Oxygen 

Ocrare 

scp ey er light, 62 "(See also, Index 
“ Artificial [llamination”’). 

Ony-liparapa microscope, 67. 


Parapotic reflector, 45, 


42. 
Plano-concave pane, ip oa Lenses). 
Plano-convex lenses—( Taos 
ere ge of light on the growth 


Plate, polarising, 80. 

Plates of air, colours of thin, 51. 
Polarisation, angle of, 80. 
Polarisation, circular, 84. 
Polarisation, left-handed, 85. 
Polarisation, plane, 80. 

Polarisation, Gober nigra 85. 
Polariscope, ’s, 81. 
Polariscopes, 81. 

Polarised light, phenomena of, 82, ef seg. 
Positive axes, 79. 

Power of telescopes, 72. 

Primary colours, 41, 49. 

Prism, pes 41, 49. 

Prism, made of various materials, 49. 
Prismatic rum, 4}. 


Prussiate o. colours of, 81, 
Pupil, the, of the eye, 48.” 


Raptat forces, 42, 
Rainbow, cause of the, 50. 
Rainbow, colours of, 50. 
Ray, extraordinary, 79. 


Ray, ordinary, 79. 

Ray, polarised, 80, 

Rays, actinic, 57. 

Rays, calorific, 49, 57. 

Rays, chemical, 49, 50, 57. 

Rays, luminous, 49—57. 
Reflecting telescopes, 73. 
Reflection, angle ef, 42, ef seg. 
Reflection, curved, 43. 
Reflection, laws of, 42. 

Reflection of light, 42. 

Reflection, plane, 42. 

Reflector, elliptic, 45. 

Reflector, parabolic, 45. 
Reflector, spherical, 44. 
Refraction, atmospheric, 45. 
Refraction, double, 79. 
Refraction, double, cause of, 79. 
Refraction, index of, 46, 
Refraction of light, 45, 
Refraction, table of indices of, 46. 
Refractive power of bodies varies, 46, 
Roeck- and polarised light, 84. 
Rose’s kalotrope, 77. 

Rosse's, Lord, telescope, 74. 


Screrortca, the, 48. 

Screens for magic-lanterns, &c., 63. 

Selenite, coleur of, under polarised light, 
83. 


Short-sightedness, 49. 

Sight, defective, 49. 

Sight, organ of, 48. 

Single refraction, 45. 

Skin, effects of light on the human, 58. 
Soap-bubble, colours of the, 51. 

Solar and artificial light, 54, 168, 
Solar light, 43, 168. 


5c shoes prismatic, 41, 49. 
5 f li righ “a i 
S of light, 41, 51, 1 
srt dherratiog'4 44, 
Spherical reflectors, 44. 
Squinting, 49. 

Stanhope lens, the, 65. 


Sugar and polarised light, 85. 


Tevescops, astronomical, 73. 
Telescope, Galilean, 72. 
Telescope, Gregorian, 74. 
Telescope, Herschel’s, 74. 
Telescope, Lord Rosse’s, 74. 
Telescope, simple, 72. 
Telescope, the Cassegranian, 74, 
Telescope, the Newtonian, 74, 
Telescopes, 71. 

Telescopes, achromatic, 72, 73. 
Telescopes, lenses of, 72, 
Telescopes, ordinary, 73. 
Telescopes, power of, 72. 
Telescopes, reflecting, 73. 
Telescopes, refracting, 72. 
Telescopes, speculum of, 73. 
Thaumatrope, the, 77. 

Thin plates of air, colours of, 51. 
Tourmaline, polarising properties of the, | 


UNANNEALED glass, effects of polarised 
light on, 84. 

Undulations, length of, 41, 51. 

Undalations, number of, 41, 51, 

Uniaxial bodies, 79. 


Vexociry of light, 42, 51, 168, 
Views, dissolving, 63, et seg- 
Vital action of light, 58. 


Waves of light, length, &e., of, 41, 51. 
White light, decomposition of, 41, 51. 
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ARTIFICIAL ILLUMINATION, 
Actos, fatty, 95, ef seg. Electric light, optical effects of the, in | Gas, purifying of, 117 


Acids, stearic, &c., 95, ef seg. 

Action of heat on organic matter, 116. 

Air of rooms, vitiation of by gas, &c., 
134, 

Almond off, 104, 

Ammonia, 116. 

Analysis of gas, 120. 

rerbeg lamps, 87, 108. 

Aniline, 118. 

Animal oils, 103. 

Aquafortis, action of, on fats, 102. 

Argand’s invention, 87, 110, 129, 

Artificial ilemination, 86. 

Atmospheric air, and light, 88. 


Bewzotre, 107. 

Billow’s burner, 90. 

Bisul of carbon in gas, 116, 119. 

Bleaching of wax, 98. 

Bowditch’s apparatus for supplying air 
to lamps, 92. 

Bude light, 112, 

Bunsen’s photometer, 93. 

Burners—(See Gas-burners), 


Cametine oil, 105. 
Camphine lamps, 112. 
Camphine, or oil of turpentine, 106. 


water, 139, 
Electric light, Pearce’s method, 137. . 
Electric light, Staite’s method, 137, 
Epie oil, 95. 
Eremacausis, or slow-burning, 89, 
Explosions of gas, 132. 


Fauors of Paris, 87. 

Fatty acids, 95. 

Fatty acids, by hot and cold pressure, 97, 

Fatty acids, decomposition of, by sulphuric 
acid, 96, 

Fatty acids, distillation of by steam, 96. 

Fatty acids, Frémy’s process, 96, 

Fatty acids, how obtained, 95. 

Fatty acids, Milly’s process, 97. 

Fatty acids, saponification process, 96. 

Fatty acids, sulpheric acid process, 96. 

Fish oils, 104. 

Fitzmaurice light, the, 139. 

Flame, burning at high temperatures, 90, 

Flame, cause of light in, 89. ~ 

Flame, colour and heat of, 90, 91. 

Flame, effects of cold on, 91. 

Flame, nature and causes of, 89. 

Flame, quantity and intensity of, 90. 

Fuasel oil, 107, 


, Composite, 97, | Gata butter, 95. 
Candles, dip, 94. _ Gas, ammoniacal, 116, 
Candles, materialsemployed in the making Gas, analysis of, 120. 
of, 93. | Gas, application of governors to, 131. 


Candles, palm and cocoa-nut oil, 95. 
, Stearine, 97. 
Candles, varieties and manufacture of, 93. 
Candles, wax, 98. 
Candles, wicks of, 93. 
Carbonic acid gas from combustion, 91. 
Carbonic yee 1 $0 
Caropa or crab-o'], 95. 
Castor oil, 101, 
Cetine, 97. 
lic acid, 97. 
Cc ul's discovery, and its application, 
95. 
Coal-gas, its composition, 91, 117, 
Coal naphtha, 107. 
Coals, relative value of, 117, 
Cocoa-nut oil, 95, 105. 
Cocum oil, 95. 
Cod-liver oil, 104. 
Colouring effects of nitric and sulphuric 
acids, 101. 
Colour of flame, 90. 
Combustibles, relative value of, 91. 
Combustion, laws of, 88. 
Combustion, manner of, 89. 
Combustion, products of, 91. 
bustion, t » causes of, 100, 
Combustion, theories of, 88. 
Commercial value of gas as tested by 
the photometer, 120, 
Composite candles, 97. 
Cotton-seed oil, 105. 


Davy’s (Sir Humphry) investigations, 91. 
Davy’s safety-lamp, 92. 

Dip candles, 94. 

Dodder or cameline oil, 105. 

Drummond light, 90, 134, 139. 


Ecrainace av Gaz for lamps, 106. 
Effects of cold on flame, 91. 

Electric light, 134, et seg. 

Electric light, batteries used for the, 135. 
Electric light, cost of producing the, 139, 
Electric light, Holmes’, 139, 

Electric light, intensity of the, 138. 
Electric light, lamps for the, 136. 
Electric light, Lemolt’s method, 137, 
Electric light, mode of obtuining the, 135, 


Gas-burners, 128, 


Gas-burners, bat’s-wing and simple jet, 128. 


Gas-burners, cockspur, 128. 
Gas-burners, fish-tail, 128, 

Gas-burners, Gardner’s, 128. 
Gas-burners, Gaumont’s, 129. 
Gas-burners, Leslie’s Argand, 130. 
Gas-burners, outside, 133. 

Gas-burners, relative economy of, 130. 
Gas-burners, self-regulating, 131. 
Gas-burners, sun, 129. 

Gas-burners, the Boccius, 129. 
Gas-burners, the pinnacle, 130. 
Gas-burners, various Argand, 129. 

Gas, carbonic acid, from combustion, 91. 
Gas, carbonic oxide, 116. 

Gas-coal, materials used for, 117, 

Gas, chlorine and bromine tests, 120. 
Gas, commercial value of, 120. 

Gas, early history of, 114. 

Gas, explosive force of, 132. 

Gas, first employed in public streets, 115. 
Gas from coal-tar, 126, 

Gas from wine-lees and grape-skins, 126, 
Gas, general remarks on, 114. 

Gas, generation of water, 124, 
Gas-governors, 131. 

Gas, hydrocarbon, 123, 

Gas, hydrogen, 116. 

Gas, illuminating power of water, 124. 
Gas, impurities of, 116, 118. 

Gas, innocuous illuminating agents, 134. 
Gas, introduction of, 88. 

Gas, light-giving, 116. 

Gas, light-giving, relative value of, 122. 
Gas, management of, 132. 

Gas, manufacture of, 116. 

Gas-meter, 126. 

Gas-meter, dry, 127. 

Gas-meters, general management of, 132. 
Gas-meter, principle of the, 126, 
Gas-meter, wet, 126, 

Gas, oil, 122, 

Gas, olefiant, 116. 

Gas, peat, 125. 

Gas, poisonous properties of coal, 133. 
Gas, portable, 123. 

Gas, pressure of, 130, 

Gas, Prussian blue from, 119, 


G 
elgg? 13}, 
Gas, resin, 123. 


Gas, specific gra of, 121. 

Gas, statistics sets, 

Gas, sulpburic acid and explosive tests, 121. 

Gas-tar, products of, 118. 

Gas, tests of impurities in, 119. 

Gas, value of refuse matter of, 118. 

Gas, value of water, 125. 

Gas-ventilation, 133. 

Gas, vitiating effects of different lights, 
119, 133. 

Gas, wood, 125, 

Ghea or Shea butter, 95. 

Glover’s self-regulating burner, 133. 

Governors, gas, 131. 


Hear, action of, on organic matter, 116, 

Heat of flame, 91. 

Hemp-seed oil, 105, 

History of artificial light, 86. 

Holmes’ electric light, 139. 

Hydrocarbon gas, 123. 

Hydrocarbon gas, illuminating power of, 
124, ; 

Hydrocarbon gas, its generation, 124. 

Hydrocarbon gas, value of, 125. 

Hydrogen gas, 116. 


ar igri agents, vitiating effects of, 
133. 


Illuminating power of different oils, 102. 
Illuminating power of solid bodies, 89, 90. 
Illumination, artificial, 86. 
Illumination, history of artificial, 86. 
Illuminations, street, 88. 

Ilpa oil, 95. 

Impurities of gas, 116, 118. 

Instruments for measuring light, 92, 
Intensity of flame, 92. 


KuarzuM-burter, 95. 


Lamp oils, 99, 

Lamps, ancient, 87. 

Lamps, Argand, 110. 

Lamps, Argand, discovery of, 109, 
Lamps, camphine, 113. 

Lamps, fountain and carcel, 112, 
Lamps, management of, 109. 
Lamps, naphtha, 113. 

Lamps of the ancients, 108. 
Lamps, oil, 109, 

Lamps, sinumbra, 111. 

Lamps, solar, 112. 

Lamps, solar, principle of, 112. 
Lamps, spirits for, 106, 

Lamps, vapour, 113. 

Lamps, varieties of, 109. 

Lamps with glass, first used, 88. 
Lamps with oxydator, 110. 
Lanterns of horn, 88. 

Lard oil, 104, 

Lavoisier’s theory of combustion, 88. 
Laws of light, 92, 

Laws of combustion and flame, 88, 
Leslie’s photometer, 92. 

Light, depression of, 92. 

Light, electric, 134, e¢ mF. 

Light, Fitzmaurice, the, 139. 

Light in flame, cause of, 90. 

Light, instruments for measuring, 92. 
Light, intensity of, 92. 

Light, oxy-hydrogen, 90, 134, 139. 
Light (radiant) and heat, laws of, 92. 
Li oil, 105. 

Luminous burning, 89. 


Manacement of gas, 132. 
Management of oil-lamps, 109. 
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Margarine, 95. Palmer’s candles, 95. Street illumination, 88. 
Meters, gas, wet and dry, 126. Palmitine, 95. Sulphuretted hydrogen in gas, 116, 119. 
Mould candles, 93, 94, Paraffine, 98. Sulphuric acid, action of, on oils, 101. 
Mustard-seed oil, 105. Paraffine, Brown’s , 98. Sulphuric acid, injurious to books, &e., 


Napuraa, 107. 

Naphtha lamps, 113. 

Nature of flame, 89, 

Neat’s-foot oil, 102. 

Neem oil, 95. 

Nitric acid, action of, on oils, 102. 
Nitrous acid test of oils, 102. 

Nut oil, 105. 


On, caropa or crab, 95, 
Oil, "coal-naphtha, 107. 
oi cocum, 95. 


Oil gas, 122. 


Oil gas, specific gravity of, 122. 
Oil, ilpa, 95. 


95. 
Oil of fermented liquor, 107. 
Oil, olive, 104. 
, Sessamum, 105. 
Oil, spa, 95. 
Oils, extracting and refining of, 99. 
Oils, fish and seal, 104. 


Oils, vegetable, 104, 

Oils, volatile, 106. 

ya algae ar | camaa 103. 
it a 

Oleic acid in oil, 104. 


Olive oil, ae tea 
Oxy-hydrogen light, 90, 184, 159, 


Pax» oil, 94, 


process 
Paraffine, manufacture, &c., of, 98. 


Photometry, or ysl light, 92, 120. 
tallow, 95. 


Poisonous properties of coal-gas, 133. 
oils, 105. 

Portable gas, 123. 

rand bps am oils, 102 


Preeapcid ian ny most economical, 130. 


Principles of wha. 109, ef seg. 
Products of combustion, 91. 


Taltve cer cine vali aoe 117. 
Relative gas-making power of coals, 122. 
Resin gas, 123. 

eevee apparatus for measuring light, 
Rumford’s method of measuring light, 92. 


Spermaceti 
Spirits for iamps, 106. 
Spontaneous combustion, 100. 


Stearine, 95. 
Stearine candles, 97. 
Stearine, processes for obtaining, &c., 96, 


et seq. 
Steel mill of the miner, 139. 


119. 
Sulphuric acid produced during combus- 
tion of gas, 119. 


Ta.ttow, 94. 

Tallow candles, 94, 

Tallow, piney, 95. 

Tar, gas from, 126. 

Tar, products of, 118. 

Test for impurities in gas, 119. 
Test of gas by bromine, 120. 

Test of gas by chlorine, 120, 

Test of gas by durability, 121. 
Test of gas by explosion, 121. 
Test of gas by specific gravity, 121. 
Test of gas by sulphuric acid, 121. 
Test of pure oils, 101, 

Theories of combustion, 88. 
Turpentine, 106. 


Vatve of the refuse of gas-works, 118. 

Vegetable fats, 95. 

Vegetable oils, 99, 104. 

Vegetable wax, 97. 

Ventilation and gas explosions, 133, 

Vitiating effects of different illuminating 
agents, 119, 133. 

Vitiation of air in rooms by gas, &c., 133, 
134. 

Volatile oils, 106. 


Watrvs oil, 104. 

Water-gas, 125, 

Wax, bleaching of, 98. 

Wax, its varieties and characteristics, 97. 

Wax of commerce, the melting-point of, 
98. 

Whale oil, 103. 

Wheatstone’s photometer, 92. 

Wicks of candles, 93. 

Wood gas, 125. 


Youne’s paraffine oil lamp, 139. 


Barus, silver, 148, 149, 151. 
Bromide of silver, 145. 
Bromine, 144, 


Carotyee 158. 

Camera, adjustment of the, 147. 
Camera, choice of a, 143. 
Camera, construction of the, 143, 
Camera, different kinds of, 143. 
Camera, oe the, 143. 


PHOTOGRAPHY. 


Collodion, 145, 
Collodion; coating the plate with, 148. 
Collodion, aif 25 Sars 
‘or 51. 

Collodion negatives, 151. 
vost positives, general remarks, 150, 
Collodion, positive legs 5 146, et 
Collodion, precautions in coating a = pee 
Collodion process, the, 146. 
Collodion, to make, 145. = 
Colouring photographs, 1 
pe os Homey the, 144, 154, 

Copying from negatives, 154. 


Cyanide of potassium, 146. 

Dacvuenreoryre plates, eg * of, 
iodising, mercurialising, and fixing, 
156, ef seq 


toning process for, 158. 
Derk roca Wht ie bead ints, 148. 


Dark room, requisites for the, 148. 
Dark pee the, 148. pis 
Developing, precautions 150. 
Developing process, 149. re 
Developing solutions for negatives, 152. 
Developing solutions for positives, 150, 
Dipping-bath, the, 144, 149, 


Young’s paraffine process 43 


Distilled water, 141. 
Dry collodion process, 160. 


Exementary photography, directions for 
pursuing, 140, ef seg. 

Engraving, photographic, 161. 

Exposing the sensitive plate, 149. 

Exposure, time of, in camera, 149, 


Frxtve collodion pictures, 150. 
Fix pes, 157. 
Fixing process, 141, 

Fixing solutions for positives, 150. 
Focussing the lenses, 147. 
Fothergill process, the, 160. 


Gatute acid, 146, 

Gelatine paper, 153. 

Glass plate easily abraded, 147. 

Glass plate, to clean the, ‘146. 

Glass plate, to coat with "collodion, 147. 
Gun-cotton, 145. : 


Hatr-pvernG materials, 142, 
Hyposulphite of sodium, 141. 


Ioprpe of silver, 145. 

Todides used in photography, 145, 
Iodine, 144. 

Iodising Daguerreotypes, 156. 


Lieut, its effects on animals, 140, 


Marxino-rk, 142. 

Mercurialising Daguerreotypes, 157. 
Microscopic photography, 163. 
Necativs and 


ore pictures, distinc. 
tion between, 


Negative collodion pictures, 151. 
Negative developing solutions, 152. 
Negative fixing solutions, 152. 
Negative pictures, 141. 

Negatives, printing from, 152. 
Negative, silver bath for, 151. 
Negatives, varnishes for, 152. 
Nitrate of silver, 145. 

Nitric acid, 146. 


Orcanic matter and salts of silver, 140. 


Paper positives (see Printing from Nega 
tives), 153, et seq. 

Paper (see Printing also), 153. 
Photographers, early, 140. 
Photographic apparatus, 143. 

hic chemistry, 144. 
Photographic engraving, 161. 
Photographic registration, 163. 
Photographs, to colour, 163. 


sa kde introductory experiments in 


Photegiaphy microscopic, 163. 

Pho phy, stereoscopic, 162. 

Portrait, taking a, 147, et seq. 

Positive collodion pictures, 146, e¢ seg. 

Positive pictures, 14]. 

Potassium, cyanide of, 146. 

Pretesh’s engraving process, 162. 

ae albumenisation of paper for, 
153. 

Printing, choice of paper for, 153. 

Printing, fixing the paper for positive, 154. 

Printing from negatives, 152. 


— of paper positives, finishing the, 
155. 


Printing, preparation of paper for, 153. 

Printing, salting and sensitising the paper 
for, 141, 153, 154. 

Printing, the copying process from nega- 
tives, 154. 

Printing, the toning process, 154. 

Process, Pretcsh’s engraving, 162. 

ea Sir Henry James’ engraving, 

1. 

Process, the albumen, 159. 

Process, the calotype, 158. 

Process, the chromotype, 158. 

Process, the collodion, 146. 
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Iron, proto-nitrate, 146, Photography, 140. Process, the collodio-albumen, 160, 
Iron, proto-sulphate of, 146. Photography by artificial light, 163. Process, the. 156. 

Photography, celestial, 164, 165. Process, the dry collodion, 160. 
James’, Sir Henry, engraving process, | Photography, cleanliness required in the | Process, the Fi 160. 
161. pursuit of, 140. Process, the wax , 159. 
Juices of flowers, photogenic nature of | Photography, concluding remarks on, | Processes, phic, 146, et seg. 
the, 140. 165. Proto-nitrate of iron, 146. 
Photography, early history of, 140. Proto. of iron, 146, 


ReGistration, photographic, 163. 


Satine , 141. 
Salts of silver, 145, 
Sensi the collodion plate, 148, 


Sensitive 141, 154. 
Silver baths baths, 148,” 
ver baths, preparation of, 148, 149, 151, 
Silver, chloride of, rd 
Silver, nitrate of, 145. 


7 
Silver salts, 145. i 
Silver salts, changeable by light, 140, > 
** Sitting for a portrait,’’ 147, : 


Rosina hyposulphite, 141, 146. 


photography 162. 
Stil, usclal form ob Lai 
Supports for sitters, 147. 


TAKING a directions for, 147. 
Toning baths, 155, 


Toning Daguerreotypes, 158, 
Toning processes, 155. 


Varnisues for negatives, 152. 
Varnishes for positives, 150. 


Wax-PAPER process, the, 159. 


ALKattes, decomposition of, 195. 
Animal electric currents, 197. 
Animal electricity, 185. 

Anode, the, 194, 

Atmospheric electricity, 183. 
Attraction and repulsion, 175. 
Aurora Borealis, 174. 


ees voltaic, 186—(See also names 
of eac! 

Battery, Telieks 179. 

Blasting by the voltaic battery, 192, 193. 

Boiling water by voltaic electricity, 192. 

Breaking glass plates, 182. 

Brush, the electric, 174. 

Bunsen’s battery, 189. 

a battery, experiment with a series 


Banting glass tube, 182. 


Catvan’s battery, 190, y 

Calorific effects of electricity, 181, 192. 

Carbon batteries, 189. 

Cathode, the, 194. 

Sd | a jar and battery, 179. 
Chemical action in voltaic batteries, 186. 

Chemical effects of a voltaic battery, 193. 

Chemical theory, 186, 187, 

Combustion of metals, 191. 

Conducting power of liquids, 187. 

Conducting power of moisture, 177. 

Conducting-wires, &c., 187, 

Conduction, electric, 176 

Conductors, 177, 184. 

Contact theory, 186, 187. 

Crosse’s electrical experiments, 195. 

eee "s electro-chemical experiments, 

5. 
Cylinder electrical machine, 170, 


Dantevu’s battery, 188, 


SECTION 


rg battery, experiment with a series 

of, 190. 

Davy, Sir Humphry, experiments, 195. 

Death by lightning, 184. 

Decomposition of alkalies, 195, 

Decomposition of water, 194. 

Discharging a jar, 179. 

Disruption discharge, experiments on, 
191, 192. 

Double electrical theory, 178. 


Evecrric brush, the, 174. 
Electric conduction, 176. 
Electric light, the, 191. 
Electric spark, the, 173. 
Electric windmill, 175. 
Electrical bells, 176. 
Electrical induction, 178. 
Electrical kite, 183. 
Electrical machines, 170, et seg. 
Electrical repulsion, 170. 
Electrical shock, the, 184. 
Electrical theories, 177. 
Electricity a radiating force, 176. 
Electricity, atmospheric, 183. 
Electricity, calorific effects of, 181, 192. 
Electricity, chemical effects of frictional, 

185. 
Electricity, frictional, 169. 
Electricity from fur, 170. 
Electricity from glass, 169. 
Electricity from paper, 170. 
Electricity from sealing-wax, 169. 
Electricity, intensity of, 176. 
Electricity, luminous effects of, 181, 191. 
Electricity, mechanical effects of, 181. 
Electricity of fishes, 185, 
Electricity, production of, 169. 
oe » Voltaic, 186. 

ical decomposition, 194, 

Sloetie.aliaierys 193, ef seq. 


III.—ELECTRICITY. 


Electro-decomposition—(See Ratios 


tallurgy). 
Blestioies 194, 
Electro-gildi ~(Seeletro-Metallangy) 
Ton urgy, 197—(See separate 
ndex). 


Electrometers, 176. 
Electrophorus, 172. 
Electro-plati See Electro-Metallurgy). 
Electroscopes, 176, 
Electrotyping—(See Electro- Metallurgy). 


Experiments with Leyden battery, various, 
181, 182. 


Fisues, electrical, 185. 

Forces of nature, 197. 
Franklin’s kite experiment, 183, 
Frictional electricity, 169. 


Gaxvani's experiments, 186. 

Galvanometer, the, 195. 

Gas battery, Grove 191. 

Grove's battery, 1 

bagi! eee experiments with a pb 
° 

Grove's gas battery, 191. 

Gutta- machine, 172. 

Gymnotus, the, 185, 


Harr’s gas-igniting apparatus, 193, 
Hydro-electric sateen 172. 


Icnitt0n by the electric spark, 175, 182 
Ignition of gas, 182, 193. 

Ignition of gunpowder, 181, 193. 
Ignition of wire, 192, 

Induction, 178. 

Induction, theories of, 180. 

Infernal machines, Russian voltaic, 193. 
Insects, production of, 196, 

Intensity of electricity, 176, 
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Intensity of the voltaic current, 187. 
Iron and other conductors, 177. 
Iron batteries, 190. 

Iron, cast, batteries, 190. 


Jar, Leyden, 178. 
Kure, electrical, 183. 


Leypen jar, a simple, 180. 

Leyden jar and battery, 178. 

Leyden jar, to charge a, by the electro- 
phorus, 180. 

Lightaing, accidents from, 184. 

Lightning, cause of, 183. 

Lightning-conductors, 184, 

Lime-light, 194. 

Luminous effects of electricity, 181, 191. 


Macutnss, electrical, 170. 
Management of electrical machines, 171. 
Management of voltaic batteries, 187. 
Mechanical effects of electricity, 181, et seq. 
Melting of steel wire, 182. 

Mesmerism, 197. 


Necative and positive electricity, 177. 


Negative and positive plates, 186. 


Nervesand muscles, electric eurrents in, 185. 


Nobili’s rings, 196. 


Pointed bodies, electrical effects of, 175. 
Poles of a battery, 194. 

Positive and negative electricity, 177. 
Positive and negative plates, 186. 
Power of voltaic batteries, 187, 190. 


Quantity of the voltaic current, 187. 
Reputsion, electrical, 170, 175. 
Resinons electricity, 178. 

Russian voltaic infernal machines, 193. 
Sars, neutral decinapenition of, 195. 
Shock, the electrical, 184, 196. 


Silurus electricus, the, 185. 
Simmonds’ electrical ee: 171. 


Single electrical ert 178. 
Smee’s battery, 1 


om electric, ie ae experiments with, 


THeEortes, electrical, 177. 


Thermo-electric esserics, 241, 242. 
Thermo-electric currents, 241, 242. 
Thunder, cause of, 184. 


Torpedo, the, 185. 
— r electrical conducting power 


Universat discharger, 180. 


Vacvuo, spark in, 173. 

Vitreous electricity, 178. 

Voltaic batteries, 186. 

Voltaic batteries, negative and positive 
plates of, 186. 

Voltaic batteries, theories of, 186, 

Voltaic battery, Bunsen’s, 189. 

Voltaic battery, Callan’s, 190. 

Mem: battery, calorific effects of the, 

2. 

Voltaic battery, carbon, 189. 

Voltaic battery, cast-iron, 190, 

Voltaic battery, chemical effects of the, 193. 

Voltaic battery, Daniell’s, 188. 

Voltaic battery, gas, 191. 

Voltaic battery, Grove’s, 189. 

Voltaic battery, luminous effects of the, 
191. 

Voltaic battery, simple, 186. 

Voltaic battery, Smee’s, 190. 

Voltaic battery, Wollaston’s, 188. 

Voltaic current, direction of the, 186. 

Voltaic electricity, 186. 

Voltaic electricity, medical uses of, 196. 

Voltaic electricity, physiological effects of, 
196. 

Voltaic pile, the, 188. 


Warer, decomposition of, 194. 
Water, electricity from, 172. —- 
Winter's electrical machine, 171. 


Wollaston’s ba’ 188. 
bg sosdatation of Grove’s battery, 


Acetate of zinc, how obtained, 201. 


Affinities, chemical, of metals, 204. 
Alloy solutions, 217. 
Alternation of chemical affinities, 206. 


Antimony easily ‘Aeposited, 219. 
‘Antimony solutions, 218. 

, 233. 
vat, 215. 


Baste affinities of acids and metals, 205. 
Batteries, management of, 232. 
Batteries, various voltaic, 186, 214, 
en 

wert aa power, to regulate, 230. & 


latinum in contact with zinc, 201. 
Binary theory of electrolysis, 212. 
Bismuth salts, 219. 

Bismuth solutions, 219. 
Blackleeding the mould, 230, 
Boilers and furnaces, 213. 
Brassi oes roth b phere. ae, 222, 

n; jutions, 
Briant’s solution for gilding, 228. 
Bright silvering solution, 225, 
en solution of silver, management of, 


Brand’ formula for brassing solutions, 
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Capstvm solutions, 220. 
Cast-iron and zinc articles, to prepare, 229. 
Cathodes defined, 209. 
Cells, battery, 318. 

» 215. 
Cells, porous, 215. 
Chemical affinities of metals, 204. 
barron affinity of metals and liquids, 


Chemical affinity, difference of, 204. 
Chemical character of cyanide of silver, 


platinum 

oe of bismuth coats antimony, 

Chloride of bismuth coats brass in contact 
with zinc, copper in contact with tin, and 
German silver in contact with iron, 200. 

Chloride of gold, 226. 

Chloride of bismuth in a solution of hydro- 
chlorate of bismuth, bismuth is deposited 
on several 200. 

Chloride of nickel and ammonia coats 
sonper , in contact with zinc, with nickel, 


Cobal 

Com; deposition, 203. 

sy am of deposition, 203, 210. 
Conducting, to render moulds, 230, 


Conductivity, electrical, 209.” 

surfaces must be clean, 233. 
Connecting wires, 212, 216. 
bo et and platinised silver for batteries, 
Copper, immersed in dilute sulphuric acid, 


and silver in sulphate solutiva, piaced in 
contact, the copper dissolyes, and the 
silver is coated with copper, 199. 

ae immersed in sulphate solution 
and dilute sulphuric acid, that part im- 
mersed in the sulphate solution will be 
coated with copper, 198. 

Copper-plates, to etch, 235. 

Copper salts, 221. 

P scanaed per 222. us 
pper solutions, management of, 233. 

Copper strongly acted on by nitric acid, 


Coppering cloth, 234. 

Copying models, flowers, &c., 234. 
Copying type, &c., 234. 

Copying woodcuts, &c., 233. 

Current affinity, 206. 

Cyanide of gold, 227. 

Cyanide of gold by chemical process, 227. 
Cyanide of potassium, 225, 226. 

Cyanide of silver solution, 224, 226. 


Dacuerreotyres copied by deposition, 

234. 
Daniell’s battery, 214. 
ence electrical, 209. 

ite electro-chemical action, 211. 

Dipost quality, quantity, spread of, &c., 
Depositing liquids, effect of light on, 233. 
Depositing aes 217, 218. 
Depositing ase test and select, 217. 
Depositing Ae 


Depositing ee 5: a ae 215. 

Deposition by magnet and coil, 202. 

Depo by one metal and one liquid, 
199. 

ir TS by one metal and two liquids, 
201. 

Depa tion by two metals and one liquid, 


— 
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Deposition by two metals and two liquids, | Iron, Joubert’s process of depositing, 239. ar cyanide of, to make, test, &c., 
202. Iron solutions and salts, 221, a d + 
Deposition, to prevent, 229, haa immersed in most liquids 
Dipping tiguids, 216. Jousert’s acierage process, 239. duces chemical action, 204. = 
Direction of electric currents, 209. Preparing metals for non-adhesive deposits, 


Dissolving plates, position of, 232. 
Dynamic conditions, 210. 


Ecastic moulding, 216, 229, 230. 

Elastic moulding composition, 216, 230. 

Electric currents, direction of, 209. 

Electric decomposition of liquids, 209. 

Electrical conditions required for deposi- 
tion, 203, 207. 

Electrical conducting circuit, 208. 

so ay polarity of dissolving metals, 


Becta relations between tin and iron, 
Bieta terms of decomposition, 207, 


Electricity, sources of, 213. 

Electro-chemical scale of were 209. 
tion, practice of, 213. 

Bloch deooat leposition substituted for stereo- 

typing, 234. 

Electro-deposition, theory of, 197. 

Electro-gilding liquid, 227. 

Electro-plating liquids, 224. 

Electrodes defined, 211, 239. 

Electrodes, position and form of, 210, 


Electrodes, size, &c., of, 212. . 


Electrolysis, binary theory of, 212, 
Elements, atomic mnie weight of, 211, 


Elements, electro-chemical scale of, 209. 

Engraved plates, Joubert’s process of 
acieraging, 239. 

Etching copper, 235. 

Explosive power of antimony freshly de- 
posited, 219. 


Facts of electro-deposition, 198, 

Finishing plated articles, 236. 

Fizeau’s gilding liquid, 228, 

Flowers, to copy in copper, 234, 

Fluidity essential to deposition, 205. 

Form of electrodes, 211. 

Formula for gilding copper, 228. 

Free acids required in metallic solutions 
for deposition, 207, 217. 

Furnaces, boilers, &e., 213. 


Gewnerat rules, 232. 

German silver, deposition of, 223. 

Gilding by immersion and solutions, 227, 
228. 


Gilding liquids, various, 228. 
Gilding solutions, management of, 236, 
aeont surfaces for aaporitica, preparing, 


Glyphogrp phy, 235. 

Gold, chloride of, 226, 

Gold, cyanide of, 227. 

Gold deposition by battery process, 227. 

Gold immersed in acids is not affected, 
204, 

oS recovery of from solutions, 236, 


Gold solution for battery process, 226, 
227. 


Hear and deposition, 209, 

Hydrochlorate of terchloride of antimony 
ny many metals with antimony, 

Hypo-nitrite of lead coats copper, tin, and 
ea 2 if in contact with zinc, 


' 


Inwrenston of articles in the vat, 230. 

Influence of light on deposition, 210, 

Influence of temperature, 210, 

Intensity of electrical current, 231. 

Iron immersed in solution of sulphate of 
copper, effects on, 199, 


L 


Leap salts and solutions, 221. 

Length of connecting wires, 212, 

Levol’s solution for gilding silver, 228. 

Light, effect of, on depositing liquids, 233. 

Liquids prevented from mixing by a porous 
partition, 199. 

List of patents connected with electro- 
deposition, 239. 

Logical conditions of deposition, 212. 

Lyons and rae een patent silvering 
process, 225. 


Macwyert and coil depositions, 202. 

Magneto-electric machine, 213. 

Making depositing solutions, 217. 

Management of batteries, 232, 

Management of copper solutions, 233. 

Management of silver solutions, 235. 

Managing gilding solutions, 236, 

Materials for moulding, 216. 

Mathematical conditions of deposition, 
198, 203, 211. 

Mechanical conditions of deposition, 203, 
210, ~ 

Mercury solutions, 223. 

Metals, to prepare, for deposits, 229. 

Methods of studying electro-deposition, 
198. 

Morris and Johnson’s brassing process, 
222. 

Motion of articles in the vat, 232, 

Moulding, materials for, 216. 

Moulding, method of, 229. 

Moulding by phosphorous composition, 
230. 

Moulds, to render conducting, 230. 


Necessity of proper proportions of water, 
207. 


Negative substances necessary to depo- 
sition, 207. 

Nickel solutions, 221, 

Nitrate of lead coats copper, brass, or 
silver with lead, if in contact with zinc, 
200. 

Nitrate of mercury coats silver in contact 
with zinc or iron, or platinum in contact 


with copper, 201. 
Non-adhesive deposits, 229, 


Ossecrs of practical deposition, 212, 

One metal in one liquid, 198. 

Ontological conditions of deposition, 212. 

Order of affinities of metals for acids, 204. 

Oxide of copper in ammonia coats pla- 
tinum in contact with zinc, 201, 


Paxtaprum solutions, 228. 

Parkes’ patent silvering liquid, 224, 

Parkes’ phosphorous moulding composi- 
tion, 216, 

Patents, list of, 239. 

Peculiarities of silver solutions, 235. 

ie ope! moulding composition, 216, 


Phosphorus, liquid, as a conductor, 216, 

Pickling liquids, 216. 

Plates, names of, 209. 

Plating liquids, 225. 

Platinised silver, 215. 

"Platinum not affected by most acids, 204. 

Platinum salts and solutions, 228. 

Polarity of plates in solutions, 208, 

Poles, names of, 209. 

Porous cells, 215. 

Position of articles and dissolving-plate, 
232. 

Position of Glectrodes, 210. 

ars substances necessary to deposition, 


229. 
we metals for receiving deposits, 


Proto-chloride of tin coats anti 
and copper, when in con’ ino, p= 


Pro! ctoseulphat of ron x platinum if in 
to-sulphate coats 
contact with sia, 200, 


Quatiry of a deposit, 231. 
Quantity of a current, 231. 
Quantity of a deposit, 231. 


Rapronrry of deposition, 212, 233. 


Recoveri the dry method, 238, 
Recurring Sl caseoat from liquids, 


inesoveting silver by the dry method, 238. 

Rens silver by the wet method, 

Ss see nett 

Regulatin battery power 

Regulating quantity, gh rar metal de- 
posited, 231. 


Rendering moulds ge 230, — 

Re-silvering old articles, 23 

Ruolz’s gildin solution, 228 

Russell and 
process, 222, 


7 


: 


Sats of iron, 221. 

Salts of lead, 221. 
Salts of platinum, 228. 

Salts—( names of Metals), 
Salzede’s process for bareings 222, 
Scratch-brush lathe, 21 


Selecting liquids for depo, 217, 228. 


Selection of processes, 21 


gp and iron with saipiehs of copper, 
99. 


Silver coated by silver, 207, 

Silver, cyanide solution of, 225, 
Silver-cyanide solution, to test, &c., 236. 
Silver-plating solutions, 224. 

Silver, Les ag 215. 


on recovery of, from 4 Rate. 237, 


process, 
Single cell batteries, 202, 214. ‘ 
an of electrodes, liquids, and wires, 
Smee’s ba 
Solid deposition of silver, 224, 
Solid gold deposition, 228. - ’ 
a for depositing alloys, testing, 
Solutions, rules for , 232. 
Solutions—(See names of ergad &e.) 
Solutions, temperature of, 233. 
Sources . electricity, aes ° 
Spread of deposit, 232, 
Steele’s patent for gilding, 227, 
artis patent for silvering by immersion, 
4 
Steele’s patent process for brassing, 222, 
Stopping off to prevent deposition, 229. 
Stripping solutions, 236. 
Sulphate of copper coats brass in contact 
with zine, 200. 
Sulphate solution for depositing zinc, 228, 


Temperature of solution, 210, 233. 


, 214. 


lain 
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Testing cyanide of potassium, 226. 

Testing depositing liquids, 217. 

Testing purity of silver, 236. 

Testing silver, &c., in solations, 236. 

twee of eleetro-deposition 197. 
Thermal conditions of deposition, 203, 


209. 
Tin and iron, electrical relations of, 221. 
Tin salts and solutions, 220. 


Tuck’s patent silvering process, 225. 


Two metals in two liquids separated by 
a porous diaphragm, 199. 
Type, to copy in copper, 234. 


VessEts, depositing, 215. 
Voltaic batteries, 186, e¢ seg., 214. 


Wasuine silvered articles, 236. 
Water needed in electro-deposition, 207. 
Wires, connecting, 212, 216. 


Wiring articles for deposition process, 229. 
Wood-cuts, to copy in copper, 233. ~ 
Works of art, to copy, 229. 


Zinc, amalgamation of, 215. 

Zinc and copper batteries, 214. 

Zinc for batteries, 215. 

Zinc immersed in acids is dissolved, 204. 
Zinc salts, 219. 


Zinc solutions, 220. 


SECTION IV.—_MAGNETISM AND ELECTRO-MAGNETISM. 


AcctDENTAL magnetism, 245. 
Alarm-bell, telegraphic, 261. 

Allan’s deep-sea , 272. 

Allan’s electro- -magnetic engine, = 
Allan’s method of telegraphy, 271. 
Allan's telegraph alphabet, 273. 


Alphabet, phic needle, 261. 
Alphabetical telegraphs, 269. 
Alphabetical Wheatstone’s 
, private, 273. 

merican telegraphic systems, 268. 
Apparatus var for electro-magnetic 

ex f 
Artificial 243. 
Atlantic cable, causes of its failure, 265. 
Aulantic, the, cable, 264, 


Atmospheric influence on the needle, 246, 


Attraction and Ision exhibited by a 
Rhumkorf's coil, 256. 
Attraction, 


ets, 251. 


electro-magn 
. Aurora borealis imitated by the Rhumkorf 


Barxs’ a a printing tele- 


graph, 268 
Bakewell’s copying bc h, sk 
Balloon electric Po 


Barlow's apparatus oe "explaining the 
earth’s magnetism, 249. 

Bar-magnets, 244, 

Batteries, voltaic—(See p. 1223). 

Bell, the telegraphic alarm, 261. 

Birds and telegraph wires, 262. 


Cante, Allan’s deep-sea, 272. 

Cable, Atlantic, 264. 

Cable, coatings of a submarine, 263. 

= construction, &c., of a submarine, 

3. 

Cable, insulation of a submarine, 263. 

Cable, size and number of wires of a, 
263, 264. 

Cable, submarine, accidents arising to, 

Cable, submersion ofa submarine, 264. 

Cables, shore ends of, 264. 

Cables, submarine, action of intense 
currents on, 265. 

—_ ‘submarine, statistics of various, 


Cables, various submarine (see, also, 


names of the stations), 264. 
Carbon, effects of on , in regard to 
magnetic induction, 249.” 


Chemical effects of induced currents, 255, 
257, 258. 


Chemical printing telegraphs, 266. 
Clocks, ampane aE: 
Cobult, magnetic properties of, 245. 


Coil: rmachlng, the 4 bea eat metic, 253, 
- ne, lectro. 
pam Rhumkort's, 255. a 4 

the electro-magnetic, 249, 


pie L 


Coils for hic pur , 260. 
Colle pris cad moc nak? 
Commercial importance of the-telegraph, 


Compass, variation of the, fs, MS. 
rae perder ae A of ships’, 246. 


cone | Cid geth shed ai'n Gon; 
262, 

Contact-breakers, 254, 258. ~ 
Ye ell wire as ie 


magnetic needle, 247. 
magnetic, 245. — 


Deciination (see Variation), 245. 
needle by an electric 


Dine nolan and motion, 271. 
an of gases, liquids, metals, 
¢., 271 

Dipping-needle, the, 245. 

rs ara the needle, Jee 
ivergence the magnetic needle by 
electricity, 2 

Doublecnecile tl legraph, 261. 

Dover and Calais cable, 264. 

Dover and Ostend cable, 264, 


Eartn-currents, effect of, on the 
needle, 262. 
Earthy magnetic poles of the, 245. 


bbe agneto-inductive power of the, 
45, 


Earth, the, used as a conductor, 262. 


Earth's ma electro-magnetic 
theory of the, 249. 
Electric and magnetic phenomena, 247. 


Electric current, action of, on the magnetic 


Electric 


Electric telegraph, the, By9. 

ic telegrap! of the, 263. 
Electric tie tells 270. 
sored and magnetism, mutual relation 
Electricity as a motive power, 251. 
Blectricity, induction bf, by magnetism, 


Electrified wire, of an, 2 
Euasecaasel ilag miegeiotsy 


Electro-magnetic and electric induction 


Electro-magnetic clocks, 253. 
Electro-magnetic coil-machine, 254, 
Electro-magnetic coil, the, 249. 
Electro-magnetic engines, 251. 
Electro-magnetic induction, 249. 
Electro-magnetic induction, secondary, 
253. 
Electro-magnetic phenomena, 
tions of, 248. 
Electro-magnetic rotation, 249. 
Electro-magnetic theory of the earth’s 
magnetism, 249. 
Electro-magnetism, 247—274. 


illustra- 


Equator, the magnetic, 245. 
Frings, detection of; by Siemen’s electric 


"s storm si 

, influence of, on the needle, 246. 
Frictional electricity and the induced 
current of a Rhumkorf’s coil, analogies 


thermometer, 274. 
. 269. 


between, 257. 
Froment’s alphabetical telegraph, 269. 
Froment’s electro-magnetic engine, 252. 
Gasstor’s vacuum experiment with 
Rhumkorf’s coil, 256. 
Gravitation and dia- » 271. 
Gutta-percha as an i tor for submarine 
cables, 263. 


Hearep air extends the length of a spark, 
255. 

Heed magneto-electric light machine, 
258. 

Horse-shoe electro-magnets, 250, 

Horse-shoe magnets, 244. 


InpDIA-RUBBER as an insulator for sub. 
marine cables, 263. 

Induced currents analogous to those of 
frictional electricity, 257. 

Induction, electro-magnetic, 249. 

Induction, magneto-electric, 257. 

Induction in submarine cables, 265. 

Induction, secondary electro-magnetic, 
253. 

Insulation of land-telegraph wires, 262. 

Insulation of submarine cables, 263. 

Intense currents, peculiar action of, on 
submarine cables, = ya 

veges of magnetic force, 24 

Iron, x Be of, induced by an 
electric current, 249. 

Iron, soft, cannot be permanently mag- 
netic, 243, 


Keerers of magnets, 244. 
Layinc a submarine — 265. 


pis sooner ed wires, 250. 
7 ree jar, charged, analogous to thé 
state of a submarine cable, 265. 
a ae by a Rhumkorf’s 


, 257. 
7B 
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ht and magnetism, relations of a ray of | Needle affected by earth-currents, 262. Speed in transmitting telegraphic 
eek 71. | 70" | Needle affected by electric currents, 247, | 261. ot 
Lightning conductors for telegraph poles, | Needle, dipping, the, 245. Steam-vessels, compasses of, 246, 
262. Needle, diurnal variation of the, 245. Steel and magnetism, 243. 
Lightning, its action on the needles of the | Needle, divergence of, by an electric | Steel, magnetisation by an electric 
telegraph, 262. current, 247, 259. current, 249. 
Loadstone, the, 243. Needle, effects of fog, &c., on the, 246. Steel, permanent magnetic ity of, 243. 
Longitude and the telegraph, 270. Needle, single and double telegraph, | Steel, t arma ten yl of by 
Laminous effects of induced currents from 261. el ty, 249. 


Rhumkorf's coil, 256. 


Mackines, various forms of magneto- 

electric, 213, 258. 

Magnetic attraction, 244. 

Magnetic attraction, theories of, 245. 

Magnetic curves, 245. . 

Magnetic influence of the aurora borealis, 
245. 

Magnetic needle, divergence of by electri- 

| city, 247, 259. 

| Magnetic needle, variations of the, 245. 

| Magnetic needle, various uses of the, 243. 

Magnetic polarity, 243, 244. 

Magnetic poles of the earth, 245. 

Magnetic properties of metals, 244. 

Magnetic repulsion, 244, 

Magnetism, 243—246. 

Magnetism, accidental, 245. 

Magnetism, action of, on a ray of polarised 
light, 271. 

M ism and electricity, mutual relation 

, 257. 

Magnetism and light, relations of, 271. 

Magnetism and soft iron, 243. 

Magnetism and steel, 243. 

Magnetism a radial force, 244. 

Magnetism, familiar instances of its 
presence, 245. 4 ; 

Magnetism in its relations to iron, steel, 
&e., 243. 

Magnetism, laws of the intensity of, 244. 

Magnetism of iron induced by an electric 
current, 249. 

Magnetism of a freely suspended electrified 
wire, 248, 

Magnetism of the earth, 245. 

Magnetism, residuary, 249, 

Magnet, lines of polar force in a, 271. 

Magneto-electric induction, 257, 

oy’ Alpes tram machine, Holmes’, 


Magneto-electric machines, 213, 258, 
Magneto-electric machine, chemical and 
on erin of te 880s r 
agneto-el machine, ting, &c., 
by the, 213, 258, ate 
Magneto-electric spark, 258. 
M telegraph, the, 268. 
Magnet, poles of a, 244, 
Magnets, artificial, 243. 
Magnets, bar, 244. 
Magnets, compound, 244, 
ts, electro, 249, 
Magnets, horse-shoe, 244. - 
Magnets, how to make, 244, 
Magnets, keepers of, 244. 
Magnets, natural, 243. 
M , Telay, 268, 
Malta and Alexandria cable, 264. 
Mariner’s compass, the, 245. 
Medical uses of the coil-machine, 255. 
Mediterranean cable, 264. 


Messages, telegraphic, mode of sending, . 


259, 261. 
logy, uses of the tel h in 
connection with, 269. “otys 
Moisture, its effects on the currents of the 


telegraphic battery, 262. 
Morse’s 


h, 268, 
Motion and dia-magnetism, 271. 
Motive power of electricity, 251. 


ake Hehe as composed, by electricity, 


Nartuma magnets, 243. 


Needle, solar action on the, 245. 

Needle telegraphic alphabet, 261. 

Needle telegraph, simple form of a, 259. 

Needles affected by atmospheric electricity, 
262. 

Nickel, magnetic properties of, 245, 


Oxnstep’s discovery of the principle of the 
electric telegraph, 259. 
Oscillation of the magnetic needle, 244, 


PerMANENT magnetism of steel, 243. 

Photographic registration of magnetic 
observations, 246, 

Physiological effects of induced currents, 
254, 257. 

Polar force, lines of, in a magnet, 271. 

Polari light in its- relations to the 
magnetic force, 271. 

Polarity, magnetic, 243. 


| Polarity of an electrified wire, 248. 


Polarity of needles sometimes reversed by 
atmospheric electricity, 262. 

Poles; magnetic, of the earth, 245. 

Poles of a magnet, 244, 

Primary and secondary coils, 253. 

price a eeraeens 266. 

Private telegraph, Wheatstone’s, 273, 


Quantity of electric currents necessary 
for magnetisation, 250. 


Rep Sea cable, 264. 

Registration, magnetic, by photography, 
246. 

Relay magnets, 268, 

Repulsion and attraction exhibited by a 
Rhumkorf’s coil, 256. 

Repulsion, magnetic, 244, 

Residuary magnetism, 249. 

Resistance of copper wire to the passage 
of a current, 250, 

Resistance thermometer, Siemen’s electric, 
274. 

Rhumkorf’s coil, 255, 

Rhumkorf’s coil, experiments with, 255, 
et seq. 

Rottenness of copper wire, 264. 


Seconpary and primary coils, 253. 

Secondary electro-magnetic induction, 
253. 

Secret telegraphy, Allan’s method of 
carrying on, 271. 

Ships’-compasses, adjustment of, 246. 

Ships’-compasses, errors, &c., of, 246. 

Shipwrecks arising from defective com- 
passes, 246, 

Shock from Rhumkorf’s coil, dangerous 
nature of a, 255, 257. 

— from telegraph wires impossible, 

2. 


Shocks from the coil-machine, 254. 

Shore-ends of cables, 264. 

mes electric-resistance thermometer, 

4. 

Signals, Fitzroy’s storm, 270. 

Signals, ial telegraphic, 261. 

Single-needle 261. 

Spark, chemical effects, &c., of indaced 
currents, 255. 

Spark from Rhumkorf’s coil, 255. 

ane from Rhumkorf’s coil in a vacuum, 

Soe from Rhumkorf's coil in ether, &c., 


Submarine cables (see, also, names of 
each station), 264. 

Submarine cables, Allan's, 272. 

a cables, construction, &c., of, 


Submarine cables, effects of earth-currents 

on, 266. ~ 

—— cables, hindrances in working, 

Submarine cables, indaced currents in, 

5. 

nie a cables, resistance and induction 
in, " 

Submarine hy, 263, 

Submarine telegraphy, difficulties in, 263. 

Submersion of a ine cable, 265, 

Sun, action of, on the needle, 245, 


TeteGrarn, Allan's, 271. 
269. 


Telegraph and meteorology, 269. 


Telegraph, Bakewell’s , 267. 
Telegraph, balloon-electric, 274. 


Telegraph, printing, 266. 
Telegraph, single needle, 261. 


Telegraph, Wheatstone’s private, 273. 
Telegraphic alarm-bell, 261. 

Telegraphic alphabet, needle, 261. 

ag hg messages, mode of sending, 


Telegraphic messages, speed in trans- 
Telomphien = American, 268, 
phic systems, 
Telegraphy, Allan’s mode of carrying on 
secret 


Telegraphy, early methods of, 259. 
Telegraphy, submarine, 263. 
Time-balls, electric, 270, 

Train telegraph, Tyer’s, 273. 
Tyer’s telegraph, 273. 


Vacuum, spark in a, from Rhumkorf’s 
coil, 256. 

Variation, diurnal, of the needle, 245, 

Variation of the magnetic needle, 245, 

Varna and Balaclava cable, 264. 

Varna and Constantinople cable, 264. 

Vessels, iron, influence of, on the m 
needle, 246, 

Voltaic batteries—(See p. 1223). 


Wearner reports, telegraphic, 269. 

Wigeirers alphabetical 

Wheatstone’s private, commercial, and 
general telegraph, 273. 

Whitehouse’s method of printing music by 
electricity, 266. 

Wires, influence of the quality of, on the 
passage of ic currents, 250. 

Wires, length, area, &c., of, in relation to 
electric currents, 250. 

Wires of submarine cables, 264. 

Wires, resistance to the passage of an 

Wit ‘el hh roe f suspending 
ires, telegraphic, mode o 
and insulating, 261, 


ee ee 
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SECTION V.—ACOUSTICS. 
| Acoustic effects in buildings, 295. JacKDAW, voice of, 293. Sound, interference of, 296. 
| Acoustic figures, 297. Jay, voice of, 294. Sound, musical, production of, 278. 
| Acoustics, 275. Sound, production of, 275. 
Acoustics, 295. KanGaroo, voice of, 290. Sound produced by the automaton, 288, 


| olian harp, the, 276. 
| Air, density of, as ‘affecting vibrations, 276. 
| Analogy een sound, light, and heat, 


Pees vn ee eee 
Buildings, acoustic properties of, 295, 
Canat, oral, the, 287. 

290. 


Conduction of sound, 276. 
Conduction of sound by air, 276. 
Conduction of sound by gases, 276. 
Conduction of sound by solids, 276. 
Conduction of sound, of, 276. 
Consonants, pronu' of, 288, 
se the, 279 

’ ” * 
Cricket, chirp of, 294. 
Crocodile, voice of, 294. 
Cuckoo, voice of, 294. 
Curved reflection of sound, 277. 


Dear and dumb, education of the, 289. 
Deaf-mutes, 289. 
Diffusion eros 276, 279. 


Dumb, teaching the, to speak, 289, 


Ear, description of the, 297. 
Ear, the human, 297. 
Echoes, 277. 


gs, 
Elastic bodies, vibrations of, 275, 
Elephant, voice of, 290. 
Eustachian tube, the, 252, 297. 


Ficures, acoustic, 297. 
Fishes, sounds of, 294, 
Flute, the, 279. 

Fly, humming of, 295. 
Frog, croak of, 294, 


Ginpons, voice of, 299. 
Glasses, musical, 


Gong, sound of a, 276. 
Grasshopper, chirp of, 294. 


Hats, acoustic construction of, 295. 
Hearing-trum: on 277. 


Hog, grunt of the, 290, 
Horse, neigh of the, 290. 


Insects, humming of, 295. 

Insects, sound of, 204—(See name of each. 
Instruments, musical, 279. 

Interference of sound, 296, 

Invisible lady, the, 278, 


Larynx, experiments on the, 284. 

Larynx, the, 280. 

Length of musical Pt ratio of, 279, 
mae of, 2 a 

Light, 27 

Lion, roar of, 290. 

Literal sounds, 288. 


Macptr, voice of, 294. 
Mammals, their organs of voice, 289 


ieakerk voice of, 290. 

Musical boxes, 276. 

Musical glasses, 275, 276. 

Musical instruments, manufacture of, 279. 
Musical sounds, the cause of, 275, 278. 


NasAt sounds, 288. ~ 
Note, intensity, &c., of a, 286. — 
Note of a room, 296. 

Notes, musical, 278. 

Nuthatch, voice of, 294. 


et 


Ph: , COM: ive, of voice, 289, 
ysiology pperatives voice, 


, 295. 
Production of sound, 275. 
Pronunciation of consonants, 238. 
Pronunciation of vowels, 287. 
Public speaking, 295. 


QuapRuMANA, Voice of, 290. 


Raven, voice of, 293. 
Ray of sound, 277. 
Reed instruments, 283. 

Reflection of sound, the curved, 277. 
Reflectors of sound, 277. 

vate pe hig of, 294—(See also names 


s, conducting power | 277. 
Roofs reflecting sounds, 2 
Rooks, voice of, 293. 
Room, each has its peculiar note, 296. 


saga oe brain, 297. 

Serpents, , 294, 

Shrill sounds, 279. 

Singers, arrangement of, in an orchestra, 


Song of the woodlark, 293, 
Sound a radial force, 295. 
Sound, conduction of, 276. 
Sound, diffusion of, 276, 279, 
Sound in a vacuum, 277. 


Sound produced by vibration, 275. 

Sound, rate of travelling of, 276. 

Sound, reflection of, 277. 

Sounding-board of stringed instruments, 
276, 279. 

Sounding-board, use of, 297. 

Sounds of telegraph wires, 276. 

Speaking, rules for public, 296. 

Speaking-trumpet, the, 277. 

Speaking-tubes, 278. 

Speech, human, 279, 287. 

Speech, organs of, 280, 287, 

Stammering, 288, 

Stammering, cure of, 289. 

Stethoscope, the, 276. 

Strings, length of, producing notes, 279. 


TevLeGRAPH wires, sounds of, 276. 
Telephonic concert, 277. 

Theatres, acoustic construction of, 295, 
Tiger, voice of, 290. 

Tone, flexibility of, 279. 

Treble clef, 279. 

Tuning-fork, the, 275. 

Turtle-dove, voice of, 294. 
Tympanum, the, 297. 


Unison, effect of sounds in, 297. 


Vacuum, sound in a, 277. 

Ventriloquism, 288. 

Vibration of bodies produces sound, 275, 

Vibration of steel producing sound, 278, 

Vibrations, number of per second, 279, 

Vibrations of the atmosphere, 276. 

Vibrations producing notes, i, of, 
in strings, 279. 

Vibrations, ratio of, 279. 

Violin, the, 279. 

Vocal cords, tension of, 286, 

Vocal ligaments, 280. 

Voice, alto, 285, 

Voice, baritone, 285. 

Voice, bass, 285. 

Voice, causes of the human; 280. 

Voice, comparative physiolgy of of, 289, 

ba comparison of male and female, 

5 

Voice, compass of, 284, 285. 

Voice, contralto, 285. 

Voice, effects of climate on, 286, 

Voice, falsetto, 286. 

Voice, human, 279, e¢ seg. 

Voice, mezzo-soprano, 235. 

Voice of birds, 291, et seg.—(See name of 
each bird: also Song’). 

Voice of mammals, 289, et seg. 

Voice of the horse, 290. 

Voice of the mule, 290. 

Voice, organs of, 279, et seq. 

Voice, organs of, in birds, 291. 

Voice, pitch of, 284, 286. 

Voice, production of, 283. 

Voice, soprano, 285, 

Voice, tenor, 285, 

Vowels, pronunciation of, 237. 


WA ts reflecting sound, 296. 

Water, conducting power of, 276. 

Waves of sound, 277. 

hal aectameagtl St. Paul’s Cathedral, 


Whistling, 286. 

Wind instruments, sound of, 276, 
Wind-pipe, the, 2 

Woodpecker, voles of, 294, 
Wryneck, voice of, 294, 


Acetal, 414. 
| Acetate of alumina, 414. 
| Acetate of copper, 376. 
| Acetate of ethyl, 414. 
| Acetate of iron, 378, 414. 
| Acetate of lead, 379, 414. 
| ‘Acetate of potash, 387, 
Acetate of soda, 4) 4. 
| Acetic acid, 414. 
| ‘Acetic acid, produced by spongy platina 
| from alcohol, 372. 
| Acetic acid, the product of the slow coni- 
| bustion of alcohol, 372, 414. 
| Acetous acid, 414. 
| Acetyl, 414. 
| Acid, acetic, 414. 
Acid, acetous, 414. 
Acid, antimonic, 381. 
Acid, antimonious, 381. 
Acid, arsenic, 383. 
Acid, arsenious, 381. 
Acid, auric, 373. 
Acid, benzoic, 415. 
Acid, boracic, 371. 
Acid, bromic, 319. 
Acid, butyric, 333. 
Acid, camphoric, 419. 
Acid, capric, 333. 
Acid, carbonic, 325, 
Acid, caseic, 333. 
Acid, chloric, 318, 
Acid, chloro-chromic, 384. 
Acid, chlorous, 318. 
Acid, cholic, 334. 
Acid, chromic, 384. 
Acid, citric, 418. 
Acid, ferric, 377. 
Acid, formic, 415. 
Acid, aoa a 
Acid, 
Acid, hi 336, 415, 423. 
Acid, hy: riodic, 318. 
Acid, hydrobromic, 319. 
‘Acid, hydrochloric, 317. 
Acid, hydrocyanic, 327. 
Acid, hydrofluoric, 319. 
Acid hydrosulphuric, 369. 
edscaniphainie, reaction of, with 
er earths, and metals, 401, "402, 


Acid, hypochloric 318 
Acid, hypochlorous, 318. 


Acid, hyposulphurous, 369. 
Acid, inosinic, 335. 

Acid, iodic, 318. 

Acid, kinic, 417, 

Acid, lactic, 333, 

Acid, malic, 417. 

Acid, manganic, 384. 

Acid, margaric, 333. 

Acid, molybdic, 385. 

Acid, mucic, 412, 

Acid, nitric, 324. 

Acid, nitro-bydrochloric, 318, 
Acid, nitro-muriatic, 318. 
Acid, nitrous, 324, 

Acid, oleic, 333. 

Acid, osinic, 335. 

Acid, oxalic, 412. 

Acid, paratartaric, 417. 
Acid, pectic, 347, 349, 412. 
Acid, perchloric, 318, 
Acid, perchromic, 384, 
Acid, phosphoric, 371. 
Acid, phosphorous, 371, 
Acid, prussic, 327, 

Acid, pyrogallic, 418, , 
Acid, racemic, 417. 

Acid, saccharic, 412, 

Acid, selenic, 370. 

Acid, silicic, 389. 

Acid, stannic, 380. 


j-—- 
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Acid, sudoric, 333. 

Acid, sulphuric, 368. 

Acid, sulphurous, 368. 

Acid, tannic, 418. 

Acid, tartaric, 417. 

Acid, telluric, 385. 

Acid, titanic, 385. 

Acid, tangstic, 385. 

Acid, uric, 336, 423. 

Acid, vanadic, 385. 

Acidity of fruit, 348. 

Acids, animal, 333. 

Acids in vegetable food, 347, 417. 

Acids, to detect the presence of, by litmus, 
&c., 317. 

Acids, vegetable, 347, 417. 

Aconitine, 417. 

Adulteration of beer, 413. 

Affinities, relative, 301. 

Affinity, chemical, 300. 

Affinity, instances of, 301. 

Agricultural chemistry, 424. 

Air, pure, essential to health, 426. 

Air, sources of the impurities of, 427. 

Air, the (see Atmosphere), 323. 

Albumen, chemical characters of, 422, 

Albumen in meat, 341. 

Albuminous principles ‘of food, 329. 

Alchemy, 299. 

Alcohol, 412. 

Alcohol, absolute, 412. 

Alcohol in French and German wines, 
413. 

Alcohol in intoxicating liquors, 412. 

Alcohol, results of the combustion of, 408. 

Alcoholic liquors as food, 352. 

Aldehyde, a product of the decomposition 
of ether, 414. 

Ale, brewing of, 413. } 

Alimentary principles, 328, 339. 

Alkalies, earths, metals, &e., tables of 
tests for, 401, 402. 

ies, reaction of the Sebanoiea of, 

“, alkalies, earths, and metals, 401, 
402, 

Alkalies, the, 385. ~~ 

Alkaloids, mode of obtaining the, 417. 

Alkaloids, nature, properties, sources, &c., 
of the, 416. 

Alkaloids, the active principles of certain 
plants, ‘417. 

say TT adie the, analogous to the alKalies, 
4 

Alloys—(See name of each Metal), 

Alloys, fusible, of bismuth, 380. 

Almond oil, bitter, 415. 

Alum, how produced, 389, 

Alumina, 388. 

Alumina, acetate of, 414. 

Alumina, in emeralds, rubies, &c., 388. 

Alumina, salts of, 389. 

Alumina, sulphate of, 389. 

Alumina, used asa mordant in dyeing, 389. 

Aluminium, chloride of, 388. 

Aluminium in solution, tests for, 394, 401, 

Aluminium, low specific gravity of, 388. 

—— nature, properties, source, &c., 
388. 

Aluminium, numerous uses to which it is 
applied, 388, 

Aluminium, oxide of, 388, 

Amalgamation of zine for voltaic bat- 
teries, 375. 

Amalgamation, process of, 374. 

a a (see also name "of each Metal), 

4 

Amidogen, 325. 

Ammonia, 324. 

Ammonia, hydrosulphate, reaction of, with 
alkalies, earths, and metals, 370,401,402. 

Ammonia, oxalate of, 412, 


zi (cuemisrry, 
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Ammonia, reaction of, with alkalies, earths, 
and metals, 401, 402. 

Ammonia, salts of, 325. 

Ammonia, salts of, as manures, 325. 

Ammonium, 324. 

Amygdaline in almonds, &c., 348. 

Amy! and its compound, 415, 

Analysis, agricultural, how to conduct, 425. 

Analysis, a tus required for, 395. 

Fee tare, ical, ya 301. a 
nalysis, colours of precipitates to 
carefully noted in, 396. 

Analysis, crystallisation in, 396, 

Analysis, distillation in, 396. 

Analysis, effecting fusion in, 395. 

Analysis, effecting precipitation in, 395, 

Analysis, effecting solutions in, 395, 

Analysis, evaporation in, 396, 

Analysis, filtration in, 396, 

Analysis, inorganic, 394. 

Analysis, inorganic, qualitative, general 
_ of, with tables of tests, &c., 401, 


Analysis, objects of, 394, 

Analysis of soils, 425. 

Analysis, organic, apparatus required in 
pursuing, 408. 

Analysis, organic, how pursued, 410, 

Analysis, precautions required in, 394, 

Analysis, qualitative, 394, 397. 

Analysis, qualitative, general method of 
conducting, 397—402 

Analysis, quantitative, 394, 403. 

Analysis, sublimation in, 396. ; 

Analysis, uses of the blow-pipe in, 396. 


Analysis, washing precipitates in, 396. 

Aniline, 420, 422, 

Aniline-colours (see also Chapter V., 
en on Economie Botany, Vol. I1.), 
42 

Animal acids, 333. 

Animal chemi ref et eee 422. 

Animal oils an Index, p. 
1220), 23. 

Animal proximate elements, 422, 

Animal substances contain nitrogen, 325, 

Animal sugar, 412. 

Antimonic acid, 381. 

Antimonious acid, 381. 

Antimoniuretted hydrogen, 331. 

Antimony, alloys of, 380. 

Antimony, butter of, 381. 

Antimony, chlorides of, 381. 

Antimony, | detection of, 381, 393, 402. 

Antimony in solution, tests for, 393. 


se RY oxide of, 7 aiding chilet 
ony, property of expa whi 
it cools from fusion belonging to, 380. 
Antimony, sulphide of, 380, 
Antimony, to distinguish from arsenic 
when united with hydrogen, 381. 
Antimony, used in printing-types, 380, 
Antiseptic properties of charcoal, 327. 
Apparatus, chemical, 303. 
Apparatus required in analysis, 395, 403, 
Aqua-regia, 318, 
Aragonite, ’390. 
Argand spirit lamp, 306. 
Arithmetic of inorganic rey” on 
Arithmetic of organic analysis, 41 
Arrowroot, sago, tapioca, potatoes, &e., 
chiefly consist of starch, 411, 
Arsenic acid, 383. ~ 
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Arsenic, habit of eating, and fattening | Bleaching-powder, 390. Carbon and iron, 327. 
power of, 381. Bleaching Ree of chlorine, 316. Carbon and nitrogen, 327. 
Arsenic in candles, 381. Blende, zinc, 379. Carbon, bisulphide of, 370. 
Arsenic in paper-hangings, ladies’ Blood, aération of the, 335. Carbon contained in food, 325, 
artificial flowers, &c., danger of, 381. Blood, analysis of, 331. Carbon estimated as carbonic acid in or- 


Arsenic, liquid tests for, 382. 
Arsenic, Marsh’s test for, 382. 


Arsenic, Reinsch’ 's test for, 382. 

Arsenic, simple means of detecting it, by 
its odour, &c., 381. 

Arsenic, sulphides of, 383. 

Arsenic, tests for, 381, 393, 402. 

Arsenic, to distinguish from antimony, 


Arseniuretted hydrogen, 382. 
Artificial manures, 426. 


chemical constitution of the, 


Atmosphere, height of the, 323. 
Atmosphere, pressure of the, 323. 
Atmosphere she not a chemical com- 


pound, 
Atomic 302; tables of, 312. 
Atropine, pe 
Attraction, chem’ 
Attraction, Sremictl’ effected by hest, 360, 
Auric acid, 373, 
Azote, the old name for nitrogen, 322. 


Baxance, the 404. 


Baryta, 39 
Baryta in sciution, tests for, 391,394, 401. 


Beer, brewing of, 413, 
Beet- rout sugar, 412, 
Bell-metal, 376, 380. 


Benzoyl and its cuneate 415. 
Bessemer’: 


‘8 process > iron, 377. 
Bicarbonate of lime, 390 . 


Binoxalate of Lig 412, 


Bismuth, pao Hes Sa 

Bismuth, fi alloys of, 380. 

Bismuth in solution, tests for, 393, 402. 
— nature, properties, sources, &e., 


Bismuth, oxides of, 380, 

Bismuth salts, 380. 

Bisulphide of ath 327. 

Bitartrate of potash, 386, 417. 

Bitumen, 421. 

Black dyes, tannic and gallic acids pro- 
duce, with oxide of iron, 418. 

Black-lead constituted of carbon, 325. 


Bladders, ho ' 
Bleachios b by cae iia 
Bleaching by sulphurous acid, 368, 


Blood, chemical characters of, 331, 423. 
Blood, circulation of the, 335. 
Blood, colouring matter ‘of the, 331. 
Blood, fibrine in, 331. 
Blood, formation and functions of the, 327. 
Blood-globules, 331, 423. 
Blood, illustrations ‘of the corpuscles of, 

423. 
Tet, moneticn ct the, 331 

, proportion of water in the, 331. 

Blood, serum of, 331. 
Bloom of fruit, cause of the, 348. 
Blow-pipe, the, 305, 396. 
Blow-pipe, the oxy-hyd 
Blow-pipe, uses of, in 
Blue colours, vegetab! 


chemical characters of, 423. 
Bones, constitution of, 332, 423. 
Bones contain phosphate of lime, 390, 423. 
Bones, lime-salts in, 332, 423, 
Boracic acid, 371. 
Borate of soda (borax), 387. 
Borax, 387. ee 
- ary nature, properties, &c., 
Boron with chlorine, fluorine, &c., 371. 
Bouquet of wines, 353, 414, 
Brass, 379. 
Bread as food, 344. 
eee ig, a process of slow combustion, 
5. 


Fe, 3 process of, 413, 
tannia metal, 380. 


Bromic acid 319. 

Bromides (see also names of Metals, &c.), 
Bromide ide of ethyl, 414. | 

Bromide um, 387, 
Bromine 3 


serra 417. ner 
uilding-stone obtained nesian 
limestone, 390. ali 
Butter, 333, 423. 

Butter as food, 355, 

Butter-milk, 350. 

Butyric acid, 333, 


Capsium, and its com , 384. 

Cadmium in solution, tests for, 393, 402, 

Cesium, 385, 387. 

Caffeine, 417. 

Cakes as food, 344, 

Calamine, 379. 

Calcium, chloride of, 390, 

Calcium, chloride of, ‘fused, used in organic 
analysis, 410. 

Calcium, fluoride of, 390, 423, 

a nature, properties, source, &c,, 


Capric acid, 333. 

Carbolic acid, 420. 

Carbolic acid as a disinfectant, 427. 

Carbon, 325, 

Carbon’ a constituent of animal and vege- 
table substances, 327. 

Carbon a constituent of coal-gas, 325. 

Carbon an essential constituent of vege- 
table substances, 325, 403, 


ganic analysis, 410. 

ee evidences of, in vegetable bodies, 

8. 

a in gun-cotton and gunpowder, 

Carbon in sugar, 326. 

Carbon, sulphide of, 327. 

Carbonate of baryta, 391. 

Carbonate of copper, 376. 

Carbonate of ethyl, 414. 

Carbonate of iron, 378. 

Carbonate of lead, 378. 

Carbonate of lime, 390. 

Carbonate of magnesia, 390. 

Carbonate of manganese, 384. 

Carbonates of potash, 386, 

Carbonate of silver, 374. 

Carbonates of soda, 387. 

Carbonate of strontia, 391. 

Carbonates of the alkalies, reaction of, as 
tests, 401, 402. 

Carbonic acid, analysis of, 327. 

Carbonic acid evolved from the organs of 
respiration, 336, 

Carbonic acid gas, deleterious effects of,"in 
rooms, &c., 427. 

Carbonie acid’ gas in the atmosphere, 323, 
325, 427. 

Carbonic acid in soda-water, wines, beer, 
&c., 326, 

Carbonic acid in wells, vats, &c., 326. 

Carbonic acid liquefied and solidified, 
326. 

Carbonic acid, fy say &c., of, 325. 

Carbonic acid ‘produced b the combustion 
<i ajo coke, , candles, &c., 

by respiration, 326. 

Coteck acid, tests for, 326. 

Carbonic acid. the food of plants, 326. 

Carbonic acid, weight, poisonous quilit'es, 
&c., of, 326, 427. 

Carbonic oxide, 325. 

Carburetted hydrogen gases, 420. 

Carrots, turnips, &c., as food, 347. 

animal body, 332. 


Caseine, 333. 
Caseine, chemical characters of, 423, 
Caseine i in milk, 350. 
Cassius, purple ‘powder of, 373. 
Cast-iron, 377. 
Celestine, 391. 
Cells of starch, 411. 
Cellulose, 346. 
Cementation of steel, process of, 423. ~ 
Cemeteries, influence of, on the purity of 
cena ey to towns, 322. 
344, 
Cereal, composition of, 424, 
Chalk, 390. 
Chalk as a manure, 426, 
Chalk in water, 321. 
er 
an’ otic pro} of, 327, 427. 
Charcoal as a eabiniocee 327, 427, 
Charcoal, Dr. Forbes Watson’ $, expe. 
riments on, as a disinfectant, 327, 427, 
Charcoal is impure carbon, 325. 
Cheese as food, 355. 
Cheese, digestibility of, 355. 
re action, effécts of electricity on, 
1 
Chemical action, effects of heat on, 300. 
Chemical action, effects of ge on, 301, 
Chemical action, intensity of, 302. 
Chemical action prevented by low tem- 
peratures, 301. 
Chemical action promoted by minute 
division, 301, 
Chemical affinity, 300. 
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— analysis defined (see Analysis), 


Chemical apparatus, 303. 
Chemical attraction or affinity, 300. 
Chemical composition, 301, 


ts, 302; table of, 312. 

Chemical ‘equivalents, hydrogen the 
standard of, 303. 

Chemical equivalents, how obtained, 303. 

Chemical manipulation, 303. 

Chemical manufactures, their sanitary 
relations, 429, 

Chemical nomenclature, 308. 

Chemical synthesis defined, 301. 

Chemistry, 299—430. 

Chemistry, agricultural, 424. 


| Chemistry, animal, 422. 


Chemistry easily and cheaply studied, 299. 
Chemistry, objects of, 299. 
Chemistry of vegetable substances, 407, 

7 


Chloral, 414. 
Chlorate of potass, 313, 318, 386. 
Chloric acid, 318. 


Chlorides (see also name of Metals, &c.),° 


316. 
Chloride of aluminium, 388. 
Chlorides of antimony, 381. 
Chloride of arsenic, 383. 
Chloride of barium, 391. 
Chloride of calcium, 390, 
Chlorides of chromium, 384, 
Chloride of cobalt, 384. 
Chlorides of copper, 376. 
Chlorides of gold, 373. 
Chlorides of iron, 377. 
Chioride of lead, 379. 
Chloride of lime, 316, 390. 
Chloride of lime as a disinfectant, 427. 
Chloride of magnesium, 390, 
Chlorides of mercury, 375. 
Chloride of nitrogen, 325. 
Chlorides of platina, 372. 
Chloride of potassium, 386. 
Chloride of silicon, 389. 
Chloride of silver, 373, 374. 
Chloride of sodium (common salt), 387. 
Chloride of strontium, 391. 
Chlorides of tin, 380. 
Chloride of zinc, 379. 
Chlorine a constituent of common salt, 316. 
= a constituent of hydrochloric acid, 
Chlorine and the metals, 318. 
Chlorine a supporter of combustion, 316. 
Chlorine, bleaching powers of, 316. 
Chlorine, discovery of, 315. 
Chlorine, nature end properties of, 316. 
Chlorine, preparation of, 316, 
Chloro-chromic acid, 384, _ 
Chloroform, 414. 
Chlorous acid, 318. 
Chocolate as food, 351. 
Cholic acid, 334, 
Chondrine, chemical characters of, 423. 
Chromate of lead, 379. 
Chrome-alum, 384. 


Chromium in solution, tests for, 393, 401. 

Chromium, nature, properties, sources, 
&e., of, 384. 

Chromate ofiron, 384, 

Chromate of lead, 384. 

Chromate of potash, 384. 

Chromium, oxides of, 384. 

Chromium, oxides of, used to colour glass, 


384. 
Chromium, salts of, 384. 
Chyle, a result of the digestive process, 330, 


Citric acid, 418. 

Clark’s process for rendering hard water 
soft, 321. 

Clay, 388, 

Clay, burning of, to improve soils, 425. . 

Clay lands, 424. 

Cleanliness, personal, house, &c., 428, 

Climate, action of, on soils, 425. 

Climate and diet, 358. 

Clothing, in respect to health, 428, 

Coal and its products (see also Chapter 
V., Section on Economie Botany, 


Cobalt, chloride of, 384, 

Cobalt in solution, tests for, 393. 

Cobalt, nature, properties, sources, &c., of, 
384 


Cobalt, oxides of, 384. 

Cobalt salts, 384. 

Cobalt used to colour glass, 384. 

Cocine, 418. 

Codeine, 417. 

Cod-liver oil and iodine, 318. 

Coffee as food, 351. 

Colonial wines, 413. 

Colours, vegetable (see also Chapter IV., 
~~ pad on Economie Botany, Vol. I1.), 
421. > 

Combining proportions, 302. 

aroopin breathing a process of s.ow, 

15. 

Combustion, chlorine a supporter of, 316. 

Combustion dependent on oxygen, 315. 

Combustion. produces carbonic acid, 326, 

Combustion-tube used in organic analysis, 


409. 

Common salt a chloride of sodium, 387. 

Composition, chemical, 301, 

Compounds, chemical, 301. 

Compounds, symbols of, 309. 

Condiments to food, 354, 

Conine, 417. 

Cooking, effects of, on food, 342. 

Copper, alloys of, 376. 

Copper and ammonia, 376. 

Copper and arsenic, 376. 

Copperas na ee of iron), 377. 

Copper, black oxide of, used in organic 
analysis, 409. 

Copper, chlorides of, 376. 

Copper, cyanide of, 376. 

Copper, detection of, 376. 

Copper in pickles, &c., 376. 

Copper in solution, tests for, 393, 402. . 

Copper, nature, properties, sources, &c., 


Copper, oxide of, used to colour glass, 376. 
Copper, oxides of, 376. 

Copper, poisoning by, 376. 
Copper-pyrites, 376. 

Copper-salts, 376, 

Copper, sulphides of, 376. 

Copper, tinned vessels of, 376, 380. 
Corrosive sublimate, 375. 

Corundum contains alumina, 388. 


Cosmetic, bismuth pearl-powder as a, 380. . 


Cream of tartar, 387. 

Creosote, 420. 

Crops, influence of climate, soils, &e., on 
the production of, 425. 

Crops, rotation of, 425, 

Crust of port wine, nature of the, 412. 

Cryolite a source of aluminium, 388, 

Crystallisation in analysis, 396, 

Crystals, how to procure, 396. 

Cupellation, 407, 

Curdled milk, 350. 

Cyanides (see names of Metals), 327. 

Cyanide of copper, 376, 

Cyanide of ethyl, 414. 


Cyanide of gold, 373, 

Cyanide of iron, 378. 

rete of lead, 379. 
yani mercury, 375, 

ae of are 374 
'yanogen, i 

Cyanogen and iron, 378. 


ory discovery of atomic weights, 

Dalton’s discov of atomic weights 
value of, in test che , 408. : 

Davy’s, Sir Humphry, discovery of the 
metallic bases of alkalies and earths, 385. 

paromatr ne 4 chemical, 301. - 
ecomposition, justrati 
chemical, 309. AR ” 

Deliquescent crystals, 

me tage spar, the source of fluorine, 

Deville’s, St. Clair, process for obtaining 
aluminium, 388, 

Dextrin, 411. 


Diet and climate, 358. 

Diet and the seasons, 366, 

Diet for adults, &c., 362. 

Diet for childhood, 360. 

Diet in its mental and moral aspects, 367. 

Diet in oe to health and disease, 367. 

Diet, rules for, &c,, 358, et seg. 

Diffusion of gases, 323. 

Digestibility of food, tests of the, 340. 

Digestion, process of, in animals, 330, 

Digestive principles, 339. 

Dimorphism, 311. 

Disinfectant, chloride of zine as a, 379. 

Disinfectants, 427, 

Distillation in analysis, 396. 

Distillation of spirituous liquors, 413. 

Dobereiner’s lamp, 372. 

Dolomite, 390. 

Drainage, defective, dangers of, 427. 

Drainage of land, 425. 

Drains, smell of, injurious to health, 427, 

Drying-oil, how made, 379. 

Drying-tube used in organic analysis, 409. 

Dung of cattle as a manure, 426. 

Dyeing, 421. 

Dye-stuffs (see also IV., Section 
on Economic Botany, Vol. 11.), 421. 


Earrus, 387, 

Earths in the animal body, 329. 

ow &c., tables of = for, 401, 402, 

orescent crystals, 396. 

Eggs as food, 341. ; 

Egg-shells contain lime, 390. 

Electricity and chemical action, 301. 

Electro-gilding and plating (see also 
i to “ Electro- urgy’’), 373, 

Elementary bodies and their equivalents, 
302; tables of, 312. 

Elements, how characterised, 311. 

Elements, symbols of the, 308, 

Elements, table of the equivalents, symbols, 
and ific gravity of the, 312. 

Em rubies, &c., contain alumina, 388. 

Epsom salts, 322, 390. 

Equivalents, chemical, 302, 

Equivalents, chemical, how obtained, 303, 

Equivalents, chemical, oxygen and hydro- 
gen the standard of, 303, 

Equivalents of the elements, table of the, 
312, 

Essential oils, 419. 

Etching by hydrofluoric acid, 319, 

Ether, 414. 

Ether, ee 414. 

Ether, cholic, 414. 

Ether, margaric, 414, 
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Ether, nitric, 414. Gallates, 418. Hydrocyanic acid, 327. 
Ether, cenanthic, 414. Gallic acid, 418. Hydrofiuoric acid, 319. 
Ether, stearic, 414. Gall-nuts, oak-bark, &c., contain gallic | Hydrofluoric acid, action of, on silica, glass, 
Ether, sulphuric, 414, and tannic acids, 418. - &c., 389. 


Ether used in place of chloroform and 
* laughing gas,”’ 414, 

Ether, valerianic, 414, 

Ethyl, 414. 

Ethyl, compounds of, 414. 

Ethyl, oxide of (ether), 414, 

Ethyl theory, the, 414. 


Excretion and food, 337. 
Excretions, external, of animals, 336. 


Feces, eager de as a manure, 426. 
= land, objects and advantages 
4 r~ Sal 


Fat in animals, 329. 
Fats and oils, animal (see also Index, 
p- 1220), 423. 
Fats as food, 355. 
Fatty substances of the body, 333. 
Felspar, 388. 
Fermentation, acetous, 414. 
Pormented Bqnore Sa body 25S 
as ‘ 
Ferric acid, 377. 


Fibrine of the blood, 331. 
Filter, simple, for water, 321. 


Filters, 305 

Filtration required in my A 
, advantages of, 423, 

Fish a8 food, 344, 

Fish as manure, 426, 

Flannel as clothing, value of, 428. 

Flesh, 423. 


of, 337. 


French wines, 413. 
Fruit as food, 348. 
325. 


Furnace, &c., cause of the com. 


Fusion favourable to chemical action, 300. 
Fusion required in analysis, 395, 


Gapotonire, 391. 
Galena, 378, 


Galvanising iron, 377, 379. 
Garnets composed of alumina, &c., 388. 


Gases, apparatus for purifying, 305. 
Gases, diffusion of, , 


Gas-holders, 304, 
Gas-jars, 304. 

Gastric juice, human, 334. 
Gelatine, 332, 423. 
Gelatine, chemical characters of, 423. 
Gelatine in meat, 341. 

Gems, artificial, 389. 

German 


Glacial acetic acid, 414. 


Glass, 389. 

Glass etched by hydrofluoric acid, 319. 

Glass, used in colouring, 384. 

ne ois ruby-red by oxide of copper, 
7 


Glucina, 391. 

Glue, 332, 424. 

Gluten of wheat, 411. 

Goats’-milk sugar, 412. 

Gold, alloys of, 373. 

Gold, amalgam of, 373. 

Gold, chlorides of, 373. 

Gold coin, composition of, 373. 
Gold, cupellation of, 373, 407. 
Gold, cyanide of, 373. 

Gold, ductility of, 373. 

Gold, fulminate of, 373. 

Gold in solution, tests for, 393, 402. 
Gold-leaf, thinness of, 373. 

Gold, mosaic, 380. 

Gold, nature, &c., 372. 
Gold, oxides of, 373. 

Gold, sources of, 372. 

Gold, tests for, 373, 393, 402. 
Goulard-water, 380. 


manure, 426, 
Gaano contains nitrogen, 325, 426. 


Guano contains phosphate of lime, 371 
390,426. Y 


Hamatosing, 423, 

Hair-dyes, silver-salts used as, 374. 
Heat the solution of bodies, 300. 
Heat, effects of, on chemical attraction, 


300, 
Pr 7 ase of, on fulminating compounds, 


Hippuric acid, 336, 415, * sami 
Hops, use of, in beer, 41 

Horn, hair, nails, &c., 333, 423. 
Horse-flesh as food, 344. 


H ~ 
Hyirobronte 319. 


acid, 
Hydrochloric acid, 316, 317. 


Hydrofluoric acid, etching by, 319. 

Hydrogen, carbon, and oxygen, the essen- 
tial constituents of vegetable substances, 
408. 

Hydrogen estimated as water in organic 
analysis, 410. 

Hydrogen, nature, properties, and pre- 
paration of, 319. 

Hydrogen, peroxide of, 322, 

Hydrogen the lightest body in nature, 
319. 

Hydrogen the standard of chemical equi- 
valents, 303. 

Hydrogen used to fill balloons, 320. 

Hydrometer, the, 310. 

Hydrosulphate of ammonia, reaction of, 
with alkalies, earths, metals, &c., 401, 
402, 

Hydrosulphuric acid, 369. 
Hydrosulphuric acid, reaction of, with 
earths, alkalies, and metals, 401, 402. 

Hyoscyamine, 417. 

H acid, 318. 

Hypochlorons acid, 318. 

Hyposulphite of sodium, 387, 

Hyposulphites, 369. 

Hyposulphurous acid, 369. 


Icrnanp-spar, 390. 

India-rubber, 419. 

Indigo, 422. 

Indium, 430. 

Ink, how produced, 418. 

Inorganic analysis, qualitative and quanti- 
tative, 394, ef seq. 

Tno: elements of the bodies of 

; animals, 328. 

norganic llitative analysis, general 

plan of, wih tests, &c., 401, 402. 

Tnosinic acid, 335. 

Inténsity of chemical action, 302. 

Intoxication, causes and effects of, 353. 

Inulin, 411. 

Todates, 318. 

Todic acid, 318. 

Todide of lead, 379. 

Todides of mercury, 375, 

lodide of nitrogen, 325. 

Iodide of potassium, 318, 386. 

Iodide of silver, 318, 374. 

Todine detected by starch, 318, 

ee nature, properties, and source of, 

Todine readily volatilises, 318, 

Iodine, tests for, 318. 

Iodine, uses of, 318. 

Iridium and its compounds, 385, 

Tron, acetate of, as a mordant, 414. 

Iron and carbon, 377. 

Iron and cyanogen-compounds, 378. 

Iron and nickel in meteoric stones, 380. 

Iron, chlorides of, 377. 

Iron, chromate of, 384. 

Iron, cyanide of, 378. 

Iron, galvanising of, 377. 

Tron in blood, 331, 

Iron in solution, tests for, 393, 402. 

Iron, magnetic properties of, 378. 

Iron, nature, properties, sources, &c., of, 
376. 

Iron, numerous uses of, 377. 

Iron, oxides of, 377, 

Tron-pyrites, 376. 

Iron-salts, 377, 378. 

Iron, smelting, refining, &c., of, 377. 

Iron, sulphides of, 377. 

Isinglass, 424, 

Isomerism, 311. 


Isomorphism, 311, 
Juices of the animal body, 327. 
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Kaxopyrt, 415. 

Kali metals, 385. 

Kaolin, 383, 

Kelp, 387. 

Kermes mineral, 381. 

Kettles, cause of fur in, 390. 

Kinie acid, 417. 

wr chemical characters of, &c., 335, 
4 


Kreatine in meat, 341. 
Lacreats, functions of the, in animals, 


330. 
Lactic acid, 333. 
Lactic acid in milk, 350. 


gas, 323, 
Lead, acetate of, 379, 414. 
Lead, chloride of, 379. * 
Lead, chromate of, 379, 384. 
Lead, detection of, 378. 
Lead in solution, tests for, 393, 402. 
Lead, malate of, 417. 
Lead, nature, properties, source, &c., of, 
378. 
Lead, oxides of, 379. 
Lead, poisoning in water-cisterns, 378. 
Lead-pyrites, 378. 
Lead, red, 379. 
Lead salts, 378, 379. 
Lead, sugar of, 379, 414. 
Lead, sulphide of, 378. 
Lead, white, 379. 
Leather, how produced, 418. 
Legumin, a constituent of peas, &c., 346. 
Leguminous food, 346. 
Lemons, citric acid contained in, 418, 
Lentils as food, 346. 
Liebig’s discoveries in organic chemistry, 
407. 
Light and chemical action, 301. 
Lignin, 411. 
Lignin convertible into grape sugar, 411. 
Lignite, 420. 
Lime, 3389. 


Lime a constituent of soils, vegetables, ° 


and animals, 390. 

Lime as a manure, 426. 

Lime, bicarbonate of, 390. 

Lime, carbonate of, 390. 

Lime, chloride of (bleaching-powder), 390. 

Lime essential in soils, 425. 

Lime, heat produced by, with water, 390. 

Lime in bones, 390. 

Lime in egg-shells, &c., 390. 

Lime in solation, tests for, 389, 394. 

Lime manures, 390, 426. 

Lime, phosphate of, 390. 

Lime, phosphate of, proportion of in 
bones, 423. 

Lime, phosphide of, 390. 

Lime salts, 390. 

Lime, sulphate of, 390. 

Lime, sulphate of, in water, 321. 

Lime, superphosphate of, 390, 423, 426. 

< uses of, in bleaching, tanning, &c., 

0. 

Limestone es a manure, 426, 

Limestone, magnesian, 390. 

Liqueurs, 414, 

Liquids, how to pour out from narrow 
apertures without spilling, 306, 

Litharge, 379. 

Lithia, 387. 

Lithium, nature, compounds, sources, &c., 
of, 387. 

Litmus paper used to detect acids, 317. 

Liver, secretions of the, 334. 

Loamy soils, 425. 

Looking-glasses and mercury, 374. 

Lucifer-matches, how made, 371, 386, 


aes shell for marine warfare, 
36. 


Magnesia and its salts, 390. 


Magnesia in solution, tests for, 390, 394. 

Magnesian limestone, 390. 

Magnesium, 390. 

Magnesium, chloride of, 390. 

Magnesium, oxide of, 390, 

Magnetic properties of iron, 378. 

Malachite, 376. 

Malate of ess 387. 

Malates, 417, 

Malic acid, 417. 

Malt, how produced, 412. 

Manganate of potash, 384. 

Manganese a test for ozone, 384. 

Manganese, binoxide, a source of oxygen, 
and used to produce chlorine, 384, 

Manganese in the lettuce, &c., 347. 

Manganese in solution, tests for, 393, 401. 

Manganese, nature, properties, sources, 
&c., of, aco yet 

Manganese, oxides of, 384. 

Sinenaaie, oxides of, used to colour 
glass, 384. 

Manganese salts, 384. 

Manganese used in dyeing, writing-inks, 
&c., 384, 

Manganic acid, 384. 

Manipulation, chemical, 303. 

Mannite, 356, 412. 

Manufactures, chemical, sanitary regula- 
tions respecting, 428. 

Manufactures dangerous to health in 
certain cases, 429. : 

Manufactures, special, injurious to health, 
429. 

Manures, 425. J 

Manures and ammonia, 325, 426. 

Manures, artificial, 426. 

Manures containing phosphates, 371, 426. 

Maple sugar, 412. 

Marble, 390. 

Margaric acid, 333. 

Margarine, 418. 

Marl soils, 424. 

Marsh gas, 420. 

Marsh’s test for arsenic, 382. 

Massicot, 379. 

Meals, proper food for each, daily, 359. 

Meat, alimentary principles of, 341. 

Meat as food, 341, 343, 

Mercurial salivation, 375. 

Mercury, chlorides of, 375. 

Mercury, cyanide of, 375. 

Mercury, detection of, 375. 

Mercury, freezing of, 374. 

Mercury, fulminate of, 375. 

Mercury in solution, tests for, 393, 402. 

Mercury, iodides of, 318; 375. 

Mercury, nature, properties, source, &c., 
of, 374, : 

Mercury, numerous uses of, 374. 

Mercury, oxides of, 374. 

Mercury, poisoning and paralysis caused 
by it, and its salts, 375. 

Mercury salts, 375. 

Mercury, sulphides of, 375. 

Metal, definition of a, 371. 

Metals, kaligenous or alkali-producing, 
385. 

Metals proper, 372. 

Metals, properties of the, 371. 

Metals, tables of tests for, 393, 394, 401, 
402. 

— terrigeneous, or earth-producing, 

7. 

Metals, tests, specially for the (see name 
of Metals), 391. 

Metals, their general characters, 371. 

Metamorphosis of organic tissues, 334, 

Meteoric stones contain nickel, 380. 

Methyl and its compounds, 415, 

Methylated spirits, 415. 

Milk, acids in, 350. 

Milk as food, constitution of, &c., 350. 

Milk as diet for children, 361. 

Milk, digestibility of, 350. 


Milk, inorganic constituents of, 334, 

Milk, sugar of, 333, 412, 

Mineral waters, 321. 

Minute division favourable to 
action, 301. 

Molasses, 412, 

Molybdenum and its compounds, 385. 

Molybdic acid, 385. 

Morphine and its salts, 417, 

Mortar, 389. 

Mosaic gold, 380. 

Moulds made of sulphur, 368, 

Mucic acid, 412. 

Mucus of the intestines, &c., 334, 

Muntz's metal, 376. 

Murray’s fluid magnesia, 390. 

Muscles, human, 423. 


sew ace tee Tee ee 


Natts, hair, horns, &c., 423. 

Naphtha, coal, 420. 

Naphtha, wood, 415. 

Narcotine, 417. 

Nerves, the chemical characters of the, 
423. 

Nickel common in meteoric stones, 380. 

Nickel in solution, tests for, 393, 401. 

Nickel, nature, properties 
of, 


, sources, &c., 

Nickel, oxide of, 380. 

Nickel salts, 380. 

Nicotine, 417. 

Nitrates (see also name of Metals), 324. 

Nitrate of baryta, 391. 

Nitrate of bismuth, 380, 

Nitrate of cobalt, 384, 

Nitrate of copper, 376, 

Nitrate of ethyl, 414. é 

Nitrate of iron, 378. 

Nitrate of lead, 379. 

Nitrate of magnesia, 390. 

Nitrate of mercury, 375. 

Nitrate of potash, 336. 

Nitrate of silver, 374. 

Nitrate of soda, 387. 

Nitrate of strontia, 391. 

Nitre, 386. : 

Nitre contains nitrogen, 322. 

Nitric acid, 324. 

Nitrogen and animal tissues, 325. 

Nitrogen and carbon, 327. 

Nitrogen, binoxide of, 324. 

Nitrogen, chloride of, 325, 

Nitrogen does not support combustion, 
322. 

Nitrogen estimated as ammonia in organic 
analysis, 410. 

Nitrogen, iodide of, 325. 

Nitrogen, nature, properties, and pre- 
paration of, 322, ; 

Nitrogen, protoxide of, 323. 

Nitrogenous constituents of animals, 
329. 

Nitrous acid, 324, 

Nomenclature, chemical, 308. 

Norton’s inflammable shell for warfare, 
370. 

Nuisances considered in a sanitary poiut 
of view, 429. 

Nuatritiveness of food, tests of the, 310. 

Nux vomica, 417, 


Orn of tartar, 386. 

Oils, animal (see also Index, p. 1220), 
423. 

Oils, constitution of vegetable, 418. 

Oils, essential, 419. 

Oils, fixed (see also Index to “ Artificial 
Illumination,’’ p. 1220, ante), 418. 

Oils, vegetable, 418, 

Oils, vegetable, specific gravity of, 418, 

Olefiant gas, 420, 

Oleic acid, 333. 

Oleine, 418 
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Olive oil as food, 355. 
Onion tribe, cause of the taste of the, 


if 
: 


E 
i 
: 


r 
i 


Oxygen, a supporter of combustion, 314. 
pep a ag as watér in organic 
Oxygen, experiments with, 313, 314, 
Oxygen-gas retorts, 305. 

Oxygen in the air and water, 313. 


= by salts of manganese, 
Oxone, nature and of, 315. 
Ozone, tests for, 5, 


Patt (white re 379. 

Palladium and 

Palmitine, ag 

Pancreatic juice, the, 334. 

Paraffine (see also Chapter v. » Section 
on Economic errs ol. 1.) ), 421. 

Paratartaric acid, 4 
vol. L 


Pearlash, potass or potash, 386. 
, 380. 


Pearl- 

Peas as food, "346. 

Pectic acid, 347, 349, 412. 
Pectine, 348, 411. 

Pectose in fruit, 347, 348. 
Perchlorate of 386. 


Peroxides—(See Oxides and Metals). 
constitution of the, 336. 

Peruvian bark, 417. 

Petroleum, 420, 

Pewter, 380. 

Phenyl, 420. 

Phosphate of lime, 390, 423, 426. 

Phosphate of lime in bones, urine, &c., 
370, 423. 

a of lime, propertion of, in bones, 


hate of nd 390. 
Phospi bree cert ammonia, 


371 
Phosphide of lime, 371, 390, 
Phosphides, 371. 
Phosphorescence 


Phosphorus, solution of, in bisulphide of 
carbon, highly inflammable, &e., 370. 
Phosphoras with chlorine , iodine, &e., 


371. 
Phesphuretted hydrogen, 371. 
Photography, silver-salts used im (see 


4 Index te ‘* Photography,” p. 1221), 


Platina, catalytic action of 372. 

Platina, chlorides of, 372. 6 

Plating solution, tests for, 393, 402. 
372. oa" =~ 

Platina, oxides of, 372, 

Platina, salts of, 372. 


Platina stills for sulphuric acid, 372, 
Platina, welding p of, 372. 
ee ee , on land, 425, 


Pneumatic trough, uses of the, 304, 
eal eee aan cement the 


Peloses ania and vegetable putrefactive, 
Meee gpg 429, “i 


Potash, bitartrate of, 386, 417 
Potash, carbonates of, 386. 
Potash, caustic, 386. 
Sen chlorate of, a, 318, 386. 
Potash, chromate of, 38 4. 

Potash contained in plants, 387. 
Potash, hydriodate of, 318. 
Potash, manganate of, 384, 
Fouen! pcr oes 

te o! e 
Potash, permanganate ot, 384. 
Potash, potass, or pearl 
Potash, prussiate of, 378, 387, 423. 
Potash, reaction of, 401, 402, 


Potash-salts (see names of Acids), 386. 

Potash, sulphates of, 386. 

Potash-tube used in organic analysis, 
409. 

Potassiuretted hydrogen, 385. 

Potassium, bromide of, 386. 

Potassium, chloride of, 317, 386. 

Potassium, ferricyanide of, 378. 

Potassium, ferrocyanide of, 378. 

Potassium, iodide of, 318, 386. 

Potassium, nature, source, &c., of, 385. 

Potassium, oxides of, 386. 

Potassium, peroxide of, 386, 

Potassium, sulphide of, 386, 

Potatoes as food, 347. 

Pottery, 388. 

Poultry as food, 344, 

Precipitates afforded by the elements, 
oxides, &c., with hydrosulphuric acid, 
hydrosulphate of ammonia, potass, 
ammonia, and the carbonates of the 
alkalies, 401, 402. 

Precipitates, colour of, 396. 

Precipitates, washing ef, in quantitative 
analysis, 404. 

Precipitation required in analysis, 393, 

Proof spirit, 412. 

Proportions, combining, 302. 

Proteine, chemical characters of, 423. 

Prussian blue, 378. 

Prussiates of potass, 378, 387, 423. 

Prussic acid, 327. 


Pyrites, lead, 378. 
Pyrites of iron, copper, and lead, 370. 
Pyrogallic acid, 418. 


Pyrophorus, 379. 
QUALITATIVE 7 gy 394, 397. 
Qualitative analy: general method of 


conducting, 397—402. 

Qualitative analysis, inorganic, general 
plan of, with tubles of tests, &c., 401, 
402, 


Quantitative analysis, estimation of re- 
sults, 405. 

Quantitative analysis, inorganic, 394, 403. 

Quantitative analysis, organic, 403, 

Quartz, 388. 

Quicksilver mins Mercury), 375. 

Quinine, 4 


Racemie acid, 417. 

Realgar, 383. 

Red Tod, 379. 

Reinsch’s test for arsenic, 382. 

Resins, 419. 

Respiration produces carbonic acid, 326. 
Retorts, 303 , 


Rhodium and its compounds, 385, 5 

Rhubarb contains oxalic acid, 412. 

mas ese 304. 
3389. 

Rock-oil, 420. 

Rock-salt, 387. 

Roots and vegetables compared as to their 

nutritiveness, &c., 348, 

Roots as food, 347. 

Rotation of crops, 425, 

Rubidium, 385. 

Ratile the source of titanium, 385, 


Saccuanie acid, 412, 

Sal-ammoniac, 325. 

Salicine, 416. 

Salicyl, 416. 

Saliva, human, 334. 

Salivation by mercury, 375. 

Salt as a condiment, 354. 

Salt, common, a chloride of sodium, 387. 

Salt, common table, decomposition of, to 
afford chlorine and hydrochloric acid, 
$17. 

Saltpetre, 386. 

7s 
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Salts in meat, 34!. Skin of animals, 423. Spermaceti, 423. 

i Skins, tanning of, 418, 423. Spermatine, 333. : 
t= eee | aie ogee 
Salts of alkalies—(See Ammonia, Potash, — constituted of ammonia, as kab a 357. 

25. pirit- % 
Ppt pew tee See name of each Earth). Spirit-lamp, Argand, 306. 


Salts of metals—(See name of each). 
Salts of sorrel, 412. 


a compound of copper 
and arsenic, 376, 383. 
School-rooms, defective ventilation of, 427. 
Sea-water contains silver, 322, 373. 
Sea-water, distillation of, on board ships, 
429. 
Seaweed as a manure, 426. 
Seaweed a source of soda, or kelp, 387. 
Secretions, animal, constituents of the, 


336. 

Secretions of the liver, 334. 

Seeds, germination of, in soils, 424. 

Selenic acid, 370. 

Selenium, 370. 

Selenium, oxides of, 370. 

Seleniuretted hydrogen, 370. 

Serum of blood, 331. 

Sewage as a manure, 426. 

Sewers, deleterious exhalations from, 427. 

Shells of eggs contain lime, 390. 

Shells of mollusca contain carbonate of 
lime, £23. 

Shells, sea, contain magnesia, 390, 

Signal-lights, how made, 381. 

Silex, 389. 

Silica acted on by hydrofluoric acid, 389. 

Silica, tests for, 389, 394. 

Silicate of soda, 389. 

Silicic acid, 389. 

Silicon, 389. 

Silicon, chloride of, 389. 

Silicon, oxide of, 389. 

Silver, alloys of, 373. 

Silver, amalgam of, 373. 

Silver, ammoniuretted oxide of, 374. 

Silver, blackening of, by sulphur, 374. 

Silver, bromide of, 374. 

Silver, chloride of, 373, 374. 

Silver coin, 373. 

Silver contained in sea-water, 322, 373. 

Silver, cupellation of, 373, 407. 

Silver, cyanide of, 374. 

Silver dissolved in nitric acid, 373, 

Silver, ductility of, 373. 

Silver, electro-plating by (see also Index 
to ** Electro-Metallurgy,’’ p. 1223), 373. 

* Silver, fulminate of, 374. 

Silver, German, 380, 

Silver, how to obtain pure from coin, 373. 

Silver in solution, tests for, 393, 402. 

Silver, iodide of, 318, 374. 4 

xed iodide, sulphide, bromide, &c., of, 

4. 

Silver, malleability of, 373. 

Silver, nitrate of, used to mark linen; as 
“lunar caustic’ in medicine, &c. 374. 

Silvering looking-glasses, 374, 

Silver-leaf, wire, &c., 373. 

— nature, properties, sources, &c., 


Silver-salts used for dyeing hair, 374, 
— —_ in photography, &c., 
see ndex to “ Photography,” p. 
as , 374. Tae 
Size, 4 


— Act, beneficial sanitary operation 


, 429, 

Soap and candles (see also Index, p. 1220), 
423. 

Soaps, hard, yellow, mottled, &c., 387. 

Soaps made with soda, 387. 

Soaps, soft, 386. 

Soda, 387. 

Soda, acetate of, 414. 

Soda, biborate of (borax), 387. 

Soda, carbonates of, 387. 

Soda, nitrate of, 387. 

Soda-salts (see also names of the Acids), 
387. 

Soda, seaweed a source of, 387. 

Soda, silicate of, 389. 

Soda, sub-carbonate of (the common 
“* washing soda’), 387. 

Soda, sulphate of, 387. : 

Soda, tungstate of, used to render ladies’ 
dresses uninflammable, 385. 

Soda used in bleaching, &c., 387. 

Sodium, chloride of (common salt), 387. 

Sodium, hyposulphite of, 387. 

Sodium, inflammability of, 387. 

Sodium, nature, properties, source, &c., 
387. 

Sodium, oxide of (soda), 387. 

Sodium, sulphite of, 387. 

Soil, absorbing power of the, 425. 

Soils, action of climate on, 425. 

Soils, action of the atmosphere on, 425, 

Soils, amount of water in, 425. 

Soils, analysis of, 425. 

Soils, chalk, clay, &c. (see also Agri- 
cultural Chemistry), 424. 

Soils chemically and physically con- 
sidered, 425. 

Soils, clayey, 425, 

Soils, clayey, improved by burning, 425. 

Soils, composition of, 424, 

Soils, drainage of, 425. 

Soils, essential constituents of, 426. 

Soils, loamy, 425. 

Soils, marly, 424. 

Soils, pulverisation of, 425. 

Soils, qualitative analysis of, 425, 

Soils, sandy, 425. 

Solder, 380. 

Solid food, 341. 

Soluble glass used to preserve stone, &c., 
389. 

Solution aided by heat, 300. 

Solution necessary in analysis, 395. 

Sorrel contains oxalic acid, 412. 

Sorrel, salts of, 412. 

Soups as food, 359. 

Spanish wines, 413. 

Spar, Derbyshire, 319. 

Spar, fluor, 319. 

Spar, Iceland, 390. 

Sparkling wines, 413. 

Specific gravity explained, 309. 

Specific gravity, low, of hydrogen, 319. 

pigehe gravity of bodies, how arrived at, 


Specific gravity of gases, 311. 

Specific gravity of liquids, 310. 

Specific gravity of solids, 310. 

Specific gravity of the elements, table of 
the, 312. 


Specific gravity of vegetable oils, 418. 
Spectrum analysis, uses of, and discoveries 
made by, in chemical analysis (see also 
— on Light, pp. 55, 166, et seg.), 
5. 


apm of telescopes, antimony used in, 


Specula of telescopes, tin used in, 380, 
Spelter, 379, 


Spirit, methylated, 415. 

Spirits as stimulants, 353. 

Spirits of wine (alcohol), 412, 

Spirituous liquors, distillation of, 413. 

Spongy platina, 372. 

Spongy platina, catalytic action of, 372 

Spongy platina converts alcohol into 
acetic acid, 414, 

Sprats as a manure, 426, 

Stalactites, 390. 

Standard of chemical equivalents, 303, 

Standards of specific gravity, 310. 

Stannic acid, 380. 

Starch, action of diastase on, 412. 

Starch a constituent of all plants, 411, 

Starch a test for iodine, 318. 

Starch-cells, 411. 

Starch, gum, and sugar, producing fat in 
animals, 329. 

Starch, iodide of potassium a test for, 
318. 


Starch of wheat, 411. 4 

Starch, test for the presence of, 411, 

Starvation, death from, 338. 

Stearic ether, 414, 

Stearine (see Index, p. 1221), 418, 

Steel, 377. 

Steel articles to gild, 373. 

Stimulants, use of, with food, and gene- 
rally, 365. 

Stout, brewing of, 413. 

Strontia, 391. 

Strontia, nitrate of, 391. 

Strontia salts, 391. 

Strontia, tests for, 391, 394, 401. 

Strontium, chloride of, 391. 

Strontium, nature, properties, source, &c., 
of, 391. 

Strontium, oxide of, 391. 

Strychnine, 416. 

Strychnine, poisoning by, and detection 
of, 417. 

Sublimate, corrosive, 375. 

Sublimation in analysis, 396. 

Sudoric acid, 333. 

Sugar (see also the Section on Economic 
Botany, Vol. 11,), 412. 

Sugar; alcohol, ether, and acetic acid, 
producible from, 408, 

Sugar as a condiment, 356, 

Sugar, detection of carbon in, 326. 

Sugar, diabetic, 412. 

Sugar, fermentation of, 412. 

Sugar from beet-root, 412. 

Sugar in the liver of animals, 333. 

Sugar, nutritive properties of, 356. 

Sugar of lead, 379. 

Sugar of milk, 333, 412. 

— of te cane, 412. 

ugar of the grape, 412, 

apr of the grape naturally fermentative, 
413, - 

Sugar of the maple, 412, 

Sulphate of alumina, 389, 

Sulphate of baryta, 391. 

Sulphate of copper, 376. 

Sulphate of ethyl, 414. 

Sulphate of iron, 377. 

Sulphate of lead, 379. 

Sulphate of lime, 390. 

Sulphate of lime in water, 321. 

Sulphate of magnesia, 390. 

Sulphate of manganese, 384, 

Sulphate of mercury, 375. 

Sulphate of nickel, 380, 

Sulphates of potash, 386. 

Sulphate of silver, 374, 


/_ 
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Sulphate of soda, 387. Test- 305. Washing precipitates in analysis, 396. 
Sulphate of strontia, 391. T for metals, 391, 392. Water as a sanitary agent, 429. 

Sulphides of antimony, 380, Tests for alkalies, 401, 402. Water as food, 349. 

Sulphide of arsenic, Tests for earths, tables of, 401, 402. Water-baths, 305. 

Sulphide of bismuth, 380. Tests for metals, tables of, 393, 401. Water, combustion of phosphorus under, 

Sulphide of carbon, 327. Tests for ozone, 315, 384. 371. 

Sulphide of copper, 376. Tests of the digestibility of food, 340. Water, composition of, 320. 

Sulphide of ethyl, 414, Test-tubes, 304. Water essential for digestion of food, 

Sulphide of iron, 377. Thallium, 349. 

Sulphide of lead, 378. Theine, 417. Water essential to the human system; and 

Sulphides of mercury, 375. Theobromine, 417. its functions therein, 429. 

Sulphide of molybdenum, 385, Thermo. poles composed of bis- | Water from wells, impurities of, 322. 

Sulphide of potassium, 386, muth and antimony, 380. Water, functions of, in animal and vege- 

Sulphide of silver, 374. Thirst, effects of, 339. table life, 322. 

Sulphide of sodium, 387. Thorina, 391. Water-gilding, 374. 

Sulphides of tin, 380, Thorite, 391. Water, , Clark's process for softening, 

Sulphide of zinc, 380. Tin, alloys of, 380. 321. 

Sulphides, 368, 370. Tin, chlorides of, 380. Water, hard and soft, cause of the dif- 

Sulphites, 368. Tin, hydrate of the oxide of, 380. ference between, 321. 

Sulpho-cyanic acid, 327. Tin in solution, tests for, 393, 402, Water, hardness of, caused by lime, 

Sul and iron, 378. Tin, nature, properties, and sources of, 380. 390. 

Sulphur, of, 368, cieaing covert vessels, 380, Water, impurities of, 321, 

Sulphur moulds, Tin, of, 380. Water, impurities of, as affecting health, 

Sulphur, nature, properties, &c., 368. Tin sulphides of, 380. 429. 

Sulph See Sulphides). Titanic acid, 385. Water, inorganic impurities of, 322, 429, 

Sulphuretted 369. Titanium and its 385. Water, mineral, 322. 

Sulphuretted as a test for | Titanium, oxides of, Water, organic impurities of, 322, 429 
metals (see Hydrosulphuric Acid), 370, | Tourmaline, the, contains lithium, 387. Water lead cisterns, 378. 
393, 401, 402. Trough, the 304. Water produced by the combustion of 

acid, 368. Tungstate of soda used to render ladies’ hydrogen in oxygen, 320, 
ether, 414. dresses uninflammable, 385. Water, n of, in blood, 331. 
acid, 368. Tungsten and its com 385. Water, simple filter for, 321. 
“ ~phosphate,’’ 390, 423. Tungsten, binoxide of, 385. Water, spring, river, &c,, 320. 
Super-phosphate of lime, 390, 423, Tungstic acid, 385, Water.supply of large towns, 321, 429. 
-phosphate of lime as a manure, | Turmeric a test for alkalies, 325. Water, tests for hard, 321. 
90, 423, 426. Turpentine, 419. Water the standard of the specific gravity 

Supporters of combustion, 315, 316. Type, antimony used in printer’s. 380. of solids, 310. 

Symbols and terms, 308. Wax, the cause of bloom on fruit, 343. 

Symbols of compounds, 309. Unanium, 385. Wax, vegetable (see also Section on 

Symbols of the elements, table of the, | Uranium and epipolic dispersion of light, Economic Botany, Vol. I1.), 418. 


t of English and French Ue 
‘ABLES rea, 
re Urea artificially produced, 423. 
Tables of equivalents of the elements, with sis ll, OO 
specific gravities symbols, 4 
312. Urine, secretion of, stimulated by vegetable 
Tables of precipitates of elements, oxides, 347. 
&e., Lak cmge hydrosulphuric acid, 
am- | Varerrantc ether, and acid, 414, 
monia, and the carbonates of the alkalies, | Vanadic 385. 
Vanadium and its 385, 
Tables of special tests for 393, 394. | Vegetable acids, 417. 
Tables of tests for alkalies, metals, | Vegetable alkaloid poisons, 416, 417, 
&e., 401, 402, Vegetable chemistry, 407. 
ee ta aid v 9 -matter (see also 
Tannic bapter IV., Section on Economic 
Tanning, 418. Botany, Vol. I1.), 421, 
Tar (coal), 420. Vegetable oils, 418. 
Tar-colours (see also Section on Eronomic | Vegetable putrefactive 429, 
Tar (wood), Raisaahas Sa $ pos pnt ¥ 
. oxy . 408. 
Tartar, cream of, 387, 417. Nanene Rice ie mtd oe 
Tartar, oil of, 386. Vegetable’ vr 
’ wax, 41 
Tartaric acid, 417. Vegetables and roots compared as to nu- 
Tartrate of 379. tritiveness, &c., 348. 
Tartrate of potass obtained from wines, bys) edly atk = a ea 
ic . ‘ 
Tartrates (see also Alkalies, Metals, &c.), | Vegetables, oh noon. Sad: 
Al7. Vegetables mostly contain starch, 411. 
influence of, in respect to food, 342. | Venison as. 344, 
Tears, chemical consitaiion of, S88, v a tas 
ears, Ventilation, and laws of, 428. 
Telluric acid, 385. Vv ee . 
Tellurium and its compounds, 385, vi , 375. 
Tellurium, oxides of, 385. Vinegar, 414, 
Temperature, >. prevents chemical | Vinegar as a 356, 
action, 301. Vinegar-plant, 414, 
Terchlorides, 318. v fermentation, 
Terms and symbols, 308, 
i: aaa earth-producing metals, | Wasnino of clothes required frequently 


to remove excreted animal matter, 428. 


Weighing in quantitative analysis, 403. 
Weights, oul 302. 


Wells and carbonic acid gas, 326. 
Wells, a of water from, 322. 


Wines, cause of the Louguet of, 414. 


| Wines, colonial, 413. 


Zine, alloys of, 379. 
Zine, chloride of, 379. 


Zine, galvanising icon by, $79. 
Zine in solution, tests for, 393, 401. 
na" ais used in galvanic batteries, 


Zinc, nature, properties, source, &c., of, 


Zine, sulphate of, 380. 

Zine, sulphide of, 380. 

Zine, use of in water cisterns, 379. 
Zirconia, 391. 


1236 


INDEX TO VOL L 


[MarHEMartes, 


SECTION VII—MATHEMATICS, 


Apeneviation, arithmetical marks and 
signs used for, 451. 

Addition in algebra, sign of, 451; illustra- 
tions of ; exercises in, 453, ef seg. 

Addition of compound quantities, 441; of 
fractions, 444; decimals, 448. 

Addition of fractions in algebra, exercises 
in, 468. 

Addition, simple, on the use and applica- 
tion of, 434. 

Algebra, addition in, with examples for 
exercise, 453, ef seq. 

Algebra, arithmetical and symbolical, 512. 

Algebra, arithmetical progression in, 477. 

Algebra, division in, 462; exponents, 
roots, and surds, 464; evolution, or 
extraction of roots, 465; exercises in, 
466. 

Algebra, extraction inroots—of the square- 
root of a polynomial, 481; exercises in, 
482; of the square-root of a binomial, 
482; of the cube-root of a compound 
quantity, 484; exercises in, 484, et seg. 

Algebra, fractions, 466 ; exercises in, 467 ; 
reduction of fractions; addition and 
subtraction of fractions; exercises in; 
n.ultiplication of fractions, 468: division 
of fractions; exercises in, 469. 

Algebra, general principles of, 451, e¢ seq. ; 
signs of ; the study of, requires a previous 
knowledge of arithmetic; definitions 
and explanations of; exercises in; 
operations in, 452. 

Algebra, geometrical progression, 478; 
exercises in, 479. 

Algebra, homogeneous and symmetrical 
quadratics, 476. 

Algebra, multiplication in, 459; involu- 
tion, 461. 

Algebra, proportion and progression, 479. 

Algebra, ratio and proportion, 476. 

Algebra, simple equations, 455, e¢ seg. 

Algebra, solutions to exercises in, 486— 
511. 

Algebra, solution of simple equations, 
469 ; quadratic equations, 472. 

Algebra, subtraction in, 454. 

Algebra, transposition ; clearing fractions, 
456 : questions for solution and exercise, 
457. 

** Ambiguities’ arising from the use of 
trigonometrical formulas, 619. 

Angle, circular measure of an, 612; defi- 
nition of, 614. 

Angles, formulas for determining the 
relations of, 616, ef seq. 

— of a spherical triangle, sines of 

e, 657. 

Angles, ratios of, 613, e¢ seg. ; functions 
of, 615; of a corresponding” character, 
616; sines and cosines of, 613, 621; the 
trigonometrical ratios of, 621; to cal- 
culate logarithmic sines and cosines of, 
635; methods of correcting, 636. 

Angles, sines and cosines of, 613; tables 
of logarithmic sines, &c., of, 666, ef seq. ; 
Delambre’s method for solving, 640. 

Apothecaries’ weight, 439. 

Ares, circular, lengths of, 540. 

Areas, on the mensuration of, 644. 

Areas, to find the area of a rectangle; of 
a triangle; of a parallelogram; of a 
trapezoid ; of a trapezium; of a polygon 
and of a circle, 644, 645: of the 
segment of a circle; of an ellipse; of 
a parabola, 646: of a plane figure 
bounded by a curve, 647; of a right 
prism; of a right cylinder; of the 
curved surface of a right cone; of the 
frustrum of a cone; of a portion of 
the surface of a sphere, 648. 


Arithmetic, of compound quantities, ad- 
dition, and subtraction, 441; multipli- 
cation and division, 442, 

Arithmetic, decimal, 447; addition and 
subtraction of; multiplication and 
division of; extraction of the square- 
root, 448. 

Arithmetic, fractional, 443; addition and 
subtraction of, 444; multiplication and 
division of, 445 ; proportion, 445; rule- 
of-three, 446, 

Arithmetic, mental, 450. 

Arithmetic, simple addition ; subtraction, 
434; multiplication, 435; and division, 
43 


Arithmetic, tables of money, time, weight, 
and measures, 439. 

Arithmetic, the rule of reduction, 440. 

Arithmetic, uses and objects of, 431; the 
ten figures, numeration table, and the 
reading of numbers; decimal system 
of; local value of figures, 433. 

Arithmetical algebra, 511. 

Arithmetical complement of a logarithm, 
to find, 522. 

Arithmetical progression in algebra, 477. 

Arithmetical ‘table of factors, 449. 

Arithmetical values of quantities in series, 
517, 

Avoirdupois weight, 439. 

Axioms of Euclid, 543. 


Bass line, its measurement in surveying, 
663. 


Binomial equation, roots of a, 631. 

Binomial, powers of a, 461; how to 
extract the square-root of a, 482; mul- 
tipliers which render binomial surds 
rational, 483, 

Binomial theorem, how to state the, 513; 
how to prove it, 514, ef seg. 

Briggian logarithms, 519; tables of, 525— 
539. 


CaxcutaB Le logarithm, every number has 
a, 519, 

Calculations facilitated by logarithms, 
518. 

Cask, to find the volume of a, 656. 

Chords, tables of, 540. 

Circle, area of, 645. 

Circles, concentric, to find the area 
between, 646. 

Circle, quadrature of the, difficulty of 
solving the problem, 577. 

errr sector and segment of, to find, 

46. 

Circle, to find the radius of an inscribed, 
625; to find the area of a quadrilateral 
inscribed in a, 626. 

Circular arcs, tables of, 540. 

Circular measures of an angle, 612. 

Cloth, measures of, 439. 

Coefficient, the multiplier in algebra so 
called, 452; illustrated, 455; inde- 
terminate, 512. 

Coins, gold and silver, 439. 

Compasses used in geometry, 600. 

Complement, arithmetical, of a logarithm, 
to find, 522. 

Composite numbers, ‘factors of the, 449. 

Compound algebraical quantity, cube-root 
of a, 484, 

Compound quantities, addition of; sub- 
traction of; multiplication of; division 
of, 441, 442, 

Concentric circles, area between, 646. 

Cone, to find the volume of the frustrum, 
area, &c,, ofa, 654. 

Conic sections, on the construction of, 
608; the ellipse, 608; the parabola, 


sits the hyperbola, 611; the cycloid, 


Convergent series, of a, 513. 
Cosecants, 613, ar: 

Cosines, natural, 636; tables of, 665. 
Cosines of angles, 613; to obtain the nu- 
merical value of, 637 ; tables of, 666. 

Cotangents, 613; calculation of, 637. 

Cube-root of a compound quantity, 484. 

Cube-root of decimals, exercises for finding 
the, 485. 

Cube-root, tables of, 540, 

Cubes, tables of, 539. 

Cubic measure, table of, 440. 

Cycloid, construction of the, 611. 

Cylinder, area of the surface of a, 648. 


Decrmaxs, addition and subtraction of; 
multiplication of; division of, 448. 

Decimals, beautiful contrivance of, 433 ; 
principles and practice of, 447 ;. re. 
duction of fractions to, 448. 

Decimals, exercises for finding the cube- 
root of, 485. 

Definitions of Euclid, 541; of the prin- 
ciples of algebra, 451; of plane trigono- 
metry, 613, et seg.; geometrical 
planes, 592; of spherical geometry, 596. 

Delambre’s method of solving 
sines of small angles, 640. 

De Moivre’s theorem, 628. 

Denomination of fractions, 443. 

Denominator of fractions, 443, 467. 

Development of a binomial, 461. 

Distances, the measurement of, 644. 

Divergent series, meaning of a, 513. 

Dividend, the quantity so called, 462; 
when a compound quantity, 463; 
exercises in the working of a, 464. 

Division of algebra, the sign of, 451; the 
dividend, the divisor, and the quotient, 
462; operations in, 463. 

Division of compound quantities, 442; 
of fractions, 444 ; of decimals, 448, 

Division of fractions in algebra, exercises 
in, 466, e¢ seq. 

Division, simple, on the use and applica- 
tion of; various problems in, 437. 

Divisor, the quantity so called, 462; when 
a compound quantity, 463. 

Double rule-of-three, principles and prac- 
tice of, 447. 

Drawing-pens used in geometry, 600. 

Dry goods, measures for, 439. 


wera ae military, to find contents 

of, 654. 

Ellipse, definition and illustration of the, 
608; to sige the area of, Nae : 

Equality, raical sign of, 452. 

Equations, srithmetioal and algebraical, 
as, er solution of, 456; 

ifferent modes of operating; transpo- 
sition, and clearing, taclioa how to 
solve a simple equation containing only 
one unknown quantity, 456: ons 
for solution and exercises, 457; rules 
and operations for their solution with 
unknown quantities, 469, ef seg. 

Equations, quadratic, solutions of, with 
unknown quantities, 472, ef seq. 

Equivalent forms, permanence of, 511. 

Euclid, elements-of, and definitions, 541 ; 
his postulates, 542; marks of abbrevia- 
tion, 543. 

Euclid, definitions and propositions of 
Book 1., 541; comments on, 551; 
exercises on, 559. 

Euclid, definitions and propositions of 
Book II., 560; remarks on, 562; 
exercises on Books I. and H., 563. 
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Euclid, definitions of Book III., 564; 
remarks on, 571; exercises on Books 
L. IL, III., 572. 

Euclid, definitions of Book IV., 572; 
remarks on, 576; exercises on four 
books of, 577. 

Euclid, proportion in place of Book V., 
578. 

Euclid, Book VI., 584. _ 


Exclid, propositions on planes, Book XI., 


et seq.; in addition of algebra, 453; in 
subtraction, 455; in equations, 457, 
458; in multiplication of 459; 
in involution, 461 ; in division, 463 ; in 


467; in addition of 
fractions, 468; in of 
fractions; in division of fractions, 469 : 
in the solution of simple 471; 
pe Be nana equations, 474; in arith. 
metical and 


geometrical progressions, 
479; in extracting the square-root of a 


polynomial, 482; of a binomial, 483; 
the cube-root of decimals, 485. 


and theorems of 
Euclid, Book I,, 559 ; Books I. and IL., 


Extraction of al roots, 465 
for ; pare age ee 
Extraction of the square-root, 448. 


Factor, meaning of the term, 435. 
Factors of the composite numbers, table 
Pest 
Pr atinniaeen = when they are 
simple quantities, 
Figures of arithmetic, 433, local value of, 
= use of in arithmetic and algebra, 


Fenaies of spherical trigonometry, 657, 
et seq. 
F trigonometrical, for determining 
“the reations of dierent angles, 614 
o“ ities”’ 
pe 6105 adapted for Lesurithuale 
a. in’ in alsa, addition and sub- 


Viecieerta s slegtecs, detsisa ti exercises 
in, 469. . 


of to decimals, 448. 
Frustram of a cone, to determine the 
volume of a, 654. 


Functions, 1, of angles, 615, 
et seq. 

Geopeticat tions, on the formulas 
peculiar to, 662, et seq. 


introduction to; de- 
finitions of, ‘341 —(See Euclid). 


ellipse, ; the parabola, 
610; ae hyperbola, 61; the cycloid, 


Hereurs, the measurement of, 643. 

Homogeneous definition and 
illustration of, 476. 

Hyperbola, definition of the, 611. 


IMpPossIBLE 
Indetermi 


519: use of, 521, ef seg. 


Mantissa of a logarithm, 521, 

Mathematics, introductory remarks on; 
different subjects. connected with; on 
the study of, as a science, 431, 432, 

Measurement of a base line, 663, 


436. 
Multiplier, al called the co- 
efficient, 452; in algebra a factor, 452. 
Multipliers, which render binomial surds 
rational, 483. 


Narter, logarithms of, 517, 539. 

Na logarithms, tables of, 539. 
Natural sines and cosines, calculation of, 
* 636; tables of, 665. 

Woaeeds and i pesne values in quadratic 


Negative angles, 614. 

oe yi sign, use of, to denote position, 

Notation, algebraical, 451. 

Notation, arithmetical, 433. 

Notation, decimal, 447. 

Notation, fractional, 443. 

Number, methods of finding the logarithm 
of a; use of a table of logarithms; 
method of finding the characteristic, 
521, 522. 

Numbers, reading of, 433. 

Numeration table, 433. 

Numerator of fractions, 443, 467. 

Numerical solution of right-angled tri- 


ten 641, 
en value of oguithms, 522; of 
Tceeunt anodes sien a 


aw, vaLueE of, 591, 630. 
Parabola, definition of the, 610; area of 
the, 646; to find the area of a, 646. 
Parallelipeds, mensuration of, 650. 
, to find the area of a, 645. 


Pence table, 439. 
Pencils used in geometry, 600, 
Pens used in geo’ , 600. 


Permanence of equivalent forms, 511. 
Plane geometry, introduction to, 541. 


Plane trigonometry, 612—(See Trigo- 


nometry ). 

Planes, definitions of, 592; propositions 
in, 592—595. 

Polygon inscribed in a circle, area of, 591, 


626. 
Polygon, to find the area of a, 645. 
Polynomial, how to extract the square- 
root of a, 481. 
Positive yalues in equations, 475. 
vl, 2 of Euclid; problems illustrative 
542, 


Practical geometry, 600. 5 
Prismoid, to find the volume of a, 653. 
Prisms, various, reae te of, 648, 651. 


Proportional 
Propositions in ometry of planes, 592. 
Pro ‘Soe er, 612, 


596. 
Propnnsin here tonometry. 657. 
of E Euclid, 541—595. 


Pyrenees Aanltor 4 of, 651. 


Quaprant, a signs of each, 
of a circle, 6 
Quadratic Soetioh, solutions of, with 


et seq., 


Quantities, unknown, solution of simple 
equations. with, 469, ef seg.; of 
ee ea with 4 472, et seq. 


Quantity, of, - 
Gunny, mie mixed, ee bere bes: an 
fraction, 466. 


Quotient, the quantity so called, 462. 
ee OS ee ee 
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Railway-cutting, to find the solid contents | 
of a, 653. 


} 
Ratio and proportion in algebra, 476. 
Ratios, inverse trigonometrical, explained, 
622. 
Ratios of angles, 614, e¢ seg. 
Ratios, alqonommetriend, 615, et seq. 

, to find the area of a, 644, 
Reduction of fractions, 443, 467. 
Reduction, rule of; its rise and appli- 

cation, 440. 
Right-angled triangles, solution of, 641. 
Roots in algebra, 464; extraction of, 465; 
rules for ; exercises in, 466. 
Roots, square and cube, ‘tables of, 540. 
7 a double, illustrations of, 


Rule of-three, principles and practice of, 
446. 
Rulers used in geometry, 600, 


Sacirras, lengths of, 540. 

Secants, 613 

Sections, conic, 608. 

Sector and segment of a circle, to find the 
area of, 646. | 

Semicircle, ratio of are of to radius, 630. 

Series, 511, refnag.s mit ie met By 8 
convergent and divergent series, 51 

Series, logarithmic, 517. 

Series, trigonometrical, 627, ef seg. 

Sides and angles of triangles, 623, 

Sides and area of a triangle, 625. i 

Signs of operation in algebra; practical — 
illustrations of, 452. 

Sines, logarithmic, tables of, 666—688, 

Sines, natural, 636; tables of, 665. 

Sines of angles, 613; numerical value of, | 
619; how to calculate the value of, | 


635. 
Sines of small angles, 639. 
Solids, mensuration of, 649, ef seq. 
Solution of right-angled triangles, 641. 
ene to algebraical exercises, 486— 
$1 
Sphere, to find the area of a portion of a, 
648; the volume of a portion of a, 654, 
Spherical geometry, 596—(See Geometry). 
Spherical triangles; sines of the ang! 
one awe 657 ; solution of the, 660 ; 
apier’s rule for solving, 660. 


— trigonometry, 657—(See Trigo. 


Sphervid, bs find the volume of a, 655, 
Square measure, tables of, 439. 
Sasese-<0% extraction of the, 448, 449, 


Square-root of a binomial, 483. 
Square-root of a polynomial, 481. 
Squure-root, tables of, 540. 
Square-root, various 
for extracting the, 482, 
Squares, tables of, 839, 
Squaring the circle, Leryrr of, 577. 
Subsidiary angles, use of, 623. 
Subtraction of algebra, sign of, 451; 
illustrations of, 454; exercises in, 455, 
Subtraction of compound quantities, 441; 
of fractions, 444; of decimals, 448. 
Subtraction of fractions in algebra; 
exercises in, 468. 
Subtraction, simple, use and application 
of, 434; various workings in, 435. 
gy in algebra, illustrations of, 464, 
483. 


Surveying a country, operations of, 663, 


et seq. 
Symbolical algebra, 512. 
Symbols of Lal, in algebra, 452, 
Symmetrical quadratics, 4 


Tantrs, logarithmic, of natwral numbers, 
525—539. 

| Tables of circular ares, 540. 

Tables of cubes, 539. 

Tables of cube-roots, 540. 

Tables of logarithmic sines, tangents, &c., 
666—688, 

Tables of money, time, weights, and 
measures, 439. 

Tables of Napierian logarithms, 539. 

| Tables of natural sines and cosines, 665. 

Tables of sagittas, 540. 

Tables of squares, 539. 

Tables of square-roots, 540. 

Tangents, 613, e¢ seg.; the calculation 
“of the numerical value of, 637 ; tables 
of, and rca) 666—688. 

Term, meaning of the word in algebra, 
452, 

Theorem, binomial—(See Binomial). 

Theorem, De Moivre’s, 628. 

Theorems of Euclid—(See Propositions). 

Time, tables of, 439. 

Tower, how to determine the height of a, 
64 


3. 

Ak = and trapezoid, to find the area 
of, 645. 

Triangle, to find the area of, 645. 

Triangles, relations between the sides and 
the angles of, 623. 

Triangles, right-angled, numerical solution 
a et seg. ;. spherical), solution of, 


exercises 


ee ee 
Trigon bbs calvulation of tables, 635. 
- az, re, method for 


Tegenomey De De Moivre’s theorem, 
Trigonometry, formulas connecting 

ratios, 622. as 

> geodetical operations, 662, 

Trigoninety, lines and ratios of, 613, 


proving different 

of proof; the fun- 

are formulas of; various formulas 

614, ef seg.: ‘ambi- 

“es ties’ caine te aap foe 

sat natural sines cosines, 

637; tables of, 665. 

, numerical solution of right- 
angled triangles, 641, ef seq. 

i a a plane, treatise on, 612, 


et seq. 
bye meres deed hetige germ oh 
a radius, 630. 


Tiigonseberyy 
—— 660; Napier’s si i alton ior wolebioa 
= 1. 

Trigonometry, roots of a binomial, 631. 

, Science of defined, 612, 
aterm series, 627, et 7 
Trigonometry, sides and angles triangles, 
Trigonometry, spherical, 657, et seg. 

Sa alte spherical, sines and angles, 


migucodibiey subsidiary angles, 623. 
Trigonometry, tables of logerithaalc sines, 
— tangents, and cotangents, 666— 


Trigonometry, tangents, and 
637 5 tables of, 666. ree 
Trigonometry, value of the sines, &c. of 
multiples of angles, 619, ef seg. 
Troy weight, 439, 


Versep sines, 613. 
Weicurs, tables of, 439. 


SECTIONS VIII. AND. IX.—MECHANICAL PHILOSOPHY—APPLIED MECHANICS. 


Action and reaction, 693. 
Aerodynamics, or Pneumatics, 689. 
Aecrostatics, 689. 
Acrostation, 777. 
a steam-engines described; 


Aen a source of power, 819, 

Air an elastic fluid, 748. 

Air, apparatus for exhibiting the flow. of, 
838 


Air, condensation of, 775. 

Air-blast in iron manufactories, 879. 

Air-buabbles in cast-iron, 809, 

Air has weight, 768. 

Air, height of, above the sea-level, 770. 

Air is rarer the higher we ascend, 770. 

Air, its volume inversely proportional to 
the pressure, 769. 

Air loses heat by rarefaction, 771. 

Air, machinery for blowing, "783, 

Air, movement of the, 768, 819. 


— pressure of, 768, 843. 
Air-pump, Smeaton’s, 776. 

Air-pump described, she 

Air-pump, formula for computing the 
action of an, 776. 

Bess gar in the steam-engine, its action, 

Pa Tate's, 776. 

a a the velocities of falling bodies, 

Air, weight of a volume of, 769. 

Alcohol rises in vapour at a low tem- 
perature, 842.° 

Altitudes determined by barometer, 771. 

Altitudes, formula for computing, 771. 

America, ancient architecture of, 778. 

Angle-iron for jointing the plates of 
steam-boilers, 850. 

Animal muscular force as a source of 


power, 780, 
Animal muscular power, 817. 


Animals emp] moving force, 818, 
Aalinels, bor, Say. el iis. 


Apparatus for cutting, 
crushin, 7 
hy 783. 
Arch, none in architecture, 778. 
Arsolmater: pro on specific gravity, 
5, 


Architectural drawings, what scales are 
most convenient, 794. 

Architecture of antiquity, 778. 

Arctic voyagers pro their sledges 
by means of kites, 821, 

Area of a circle, 908. 

Area of an ellipse, 909. 

Area of a sector, 909. 

Area of a triangle, 908. 

Area of a , 908, 

Area of a » 908. 
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Arms, action of human, 818. 

Ash, data for calculating the strength of, 
797. : 

Ash, table of strength of, 797, 810. 

Astronomical instruments, machinery for 
making, 898. 

Atmosphere, its density at different heights, 
770. 


Atmosphere, its weight fluctuates, 769. 

Al here, the, es measure of 15 Ibs. 
weight, 844. 

Atmosphere, the, cools as we ascend, 771. 

Atmosphere, the height of, 772. 

Atmosphere, the most important of elas- 
tic fluids, 768. 

Atmosphere, total weight of the, 771. 

Atmospheric pressure, 768, ef seg., 819. 

Atmospheric pressure averages 15 lbs. on 
every square inch, 769. 

Atmospheric pressure turned to advantage, 
772, et seq. 

Atmospheric railway, the, 904. 

Atmospheric refraction, 772. 

Attraction between water and solids, 762. 

Attraction, cohesive, 800. 

Automata, 783. 

Axial lines, important in drawings, 791. 

Axis, neutral, 803, 808. 

Axis, neutral, in the strain of a beam, 803. 

Axle and wheel, 719, 727. 

Axles, case-hardened, 992. 


Basnace’s mechanical notation, 784. 
Balance, hme for i 
Specific gravities, 756. 
Balance of Quintenz, 724. 
Balance of Roberval, 725. 
Balance-wheels, methods for moving, 895. 
Balances, 721, et seq. 
Ball, motion of a billiard, 746. 
rae for conveying motion in machinery, 
86. 
Bands to turn wheels, 728, 886. 
Barker’s mill, 834. 
Barker’s mill applied to steam, 877. 
Barometer determining altitudes, 771. 
Barometer determining the height of 
mountains, 770. 
meter, its origin, 769. 


Bars, data for their cohesive 
strength, 797. 

Bars, malleable iron, section usually em- 
ployed, 809. 


Bars of copper, experiments on their 
strength, 797. 
Bars of wrought iron, experiments on 
their strength, 797. 
Battens, law of deflection in, 807. 
Beam-engines, 874. 
Beam-engines are generally used in 
manufactories, 880. 
Beams, best form of section in, 805. 
Beams, cambered, 807, 
Beams, formula for calculating the 
strength, 805, et seq. 
Beams loaded at one end, 809. 
Beams loaded in the middle, and sup- 
ported at both ends, 805. 
Beams loaded not perpendicularly to their 
length, 807. 
i loaded uniformly over their length, 
(05. 
Beams, neutral axis of, 803. 
Beams of the balance, 721. 
Beams, projecting, 809. 
ms, projecting, distribution of weights 
on, 803. 
— projecting, their strain examined, 
03. 


Beams, rules for computing the strength 
of, 811. 

—— rules for their dimensions, 810, 
8il. 

Beams, strain on, 803. 

Beams strengthened by rods or chains, 810, 


ee a ee 


Beams strongest when fixed, 806. 

Beams supported at the ends, 811. 

Beams, table of transverse strengths, 
810. 

Beams, T-shaped, 804. 

B , their deflection under load, 807. 

Beams, their fracture, 806. 


Bearings in which shafts revolve, 885. 

Bearings used in steam-vessels for screw 
propellers, 902. 

Beauty, its elements in work, 779. 

Beauty of machinery, on what it depends, 
782. 

Beech, data for calculating the strength, 
797. 

Beech, table of transverse strength, $10. 

Bell-crank lever for converting motion, 
894. 

Bell, diving, 774. 

Bellows, hydrostatic, 749. 

Bending, effects of transverse strain, 807. 

Bending, how to prevent beams from, 
808, 


Bevel gearing, 891. y 

Bevelled wheels, 728, 891. 

Billiard-balls, motion of, 746. 

i a view is horizontal projection, 

85. 

Birds, how they stand and walk, 715. 

Blow-off, a cock in marine boilers, 851. 

Board for drawing, 794. 

Boards of rigor ps | re 

Bodies, specific , 756, 

Boiler, Cornish 548. 

Boiler, effects of internal pressure, 799. 

Boiler, its construction, 847, et seq. 

Boiler, marine, cleaning of a, 851. 

Boiler, marine steam-engine, 849. 

Boiler, rules as to dimensions, 848, 

Boiler, tubular, 850, 

Bologna tower, deviation of, 714, 

motions of, 817. 

Borda’s method of weighing, 723. 

Borelli on horses’ walk, 715, 

Boring machines, methods for moving, 
895. 

Bourdon’s steam-gauge, 854. 

Box-wood, data for calculating the 
strength, 797. 

Boyle’s law of proportion between the 
volume and pressure of air, 770. 

Bramah hydrostatic press, 750. 

Brandy weighs more in winter than in 
summer, 758, 

Brass and brass, table of friction, 962. 

Brass and steel, table of friction, 902. 

Brass, crushing pressure, 802, 

Brass, data for calculating the strength, 
797. 

Brass, table of torsive strength, 814, 

Brass used for bearings, 902, 

Brass used to diminish friction, 859. 

Brasses, an apparatus in machinery, 
885. 

Breaks for machi , &e,, 901, 

nto eign ah 

Breast-wheel, combined, 832. 

Breast-wheel, comparative power, 831. 

Breast-wheel, estimated power, 832, 

Breast-wheel, where applicable, 832, 

Breeze, velocity and pressure of a, 820. 

Brick building, how high one may be 
safely carried, 801. 

Brick-making by steam, 880, 

Bricks, effect of compressing, 801. 

Bricks, experiments on crushing, 801. 

Bricks, machinery for preparing, 783, 

Brickwork columns, experiments on, 
801. 

Bridge (tubular), 805, 809, 


~ 


Bridges formed of iron plates, 809. 

Britannia tubular bridge, 805, 809, 

Brunel’s tubular bridge, 809. 

Buckets, chain of, 830. 

Buckets in water-wheels, 828, 830, 835. 

Buckets of Persian wheel, 835. 

Buckling, how to prevent beams from, 
808. 


Building materials, experiments on 
crushing, 801. 

Building materials, experiments upon the 
strength of, 801. 

Building materials, influence of pressure 
on, 801. 

Bursting strain, 799. 

Bushes, an apparatus in machinery, 884, 

Bushes, method of making, 885, 

Button-headed rivets in steam-boilers, 
850. 


Castes, hempen, experiments on their 
strength, 796. 

Calculating, machinery for, 783. 

Calico-printing machinery, 783. 

Camber, or amount of arching in beams, 
807. 

Camel, as a moving force, 818. 

Cams, an apparatus to move valves, 862. 

Cams, their action, 895. 

Canal works, scales employed for plans 
of, 794. 

Canvas of windmills, 823. 

Caoutchouc, machinery for preparing, 
783. 

Caoutchouc, vulcanised, the valves ‘of 
condenser made of, 872. 

Capacity of an irregular vessel, 755. 

bi nae a manifestation of electric 

e. ree, 763. ‘ v6 
pillary attraction and sion, ;. 

Capillary attraction, ae es in oiling 
| eae 885. 

Capillary attraction opposes that of 
gravity, 762. 

Capstan, 727, 783. 

Capstans, the friction of ropes or chains 
on, 903. 

Carding machinery, 783. 

Carriage axles case-hardened, 902. 

Carriages, methods of arresting, 901. 

Carrying loads, elephant employed, 818, 

Case-hardening, 902. 

, Strength of, 798. 

Casting metals, machinery for, 783, 

Castings of iron contract in cooling from 
a molten state, 808. 

Catgut used for cords to drive machinery, 
887. 


Catherine-wheel, its principle applied to 
turbines, 834, 

Caulking the rivets in steam-boilers, 850. 

Cements, machinery for preparing, 783. 

Centigrade scale of temperature, 907, 

Central lines in drawings, 791. 

Centre of gravity, 711, e¢ seq. 

Centrifugal force, 740. 

Chain as a unit of measurement, 794. 

Chain employed to strengthen beams, 
810 


Chain, rules for computing the strength, 
800 


Chain-pins, the shearing strain on, 815, 

Chains, their friction, 903. 

Chains used to turn wheels, 728. 

Chalk, crushing pressure of, 802. 

Change-water apparatus in marine boilers, 
851. 


Channels for conveying water to mills, 
834. 

Chariots propelled by means of sails, 
$22. 

Chemical action, a source of mechanical 
power, 817, 

Chemical action a source of power, 781. 

Chemistry coanected with mechanies, 779, 


eee ee 
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Chimney of a steam-boiler, 851. 
Circular motion, 740. 


Clay excavating, power devel 
Clepaydra, or water-clock, 768. 
Cli as a strain, 795, 815. 
Clock, astronomical, 692. 

Cc ; 


Clock-work, regulation of, 782. 

Clocks have the most ingenious devices for 
regulating power, 782. 

Clutch, the friction, 883. 

Clutch to couple or ph 

Cogs, 727, 887. 

Cohesion of a body, what it is, 795. 

Cohesive attraction follows a regular law, 
800 


Coil of rope, its friction, 903. 
Collision of bodies, nee 
Colouring drawings, 790. 
Columbus, his poising an egg, 712. 
Columns of brickwork, experiments, 801. 
Columns of cast-iron, their strength, 801. 
Columns of stone, experiments, 801. 
Columns of wood, experiments on the 
strength of, 801. 
Combined engines, 876. 
Components of force, 693. 
- Compression, 800. 
Compression, effects of, on beams, 806. 
Compression, ts have as yet 
shown no ar law of, 800, 
Compression, influence of height on, 800. 
Compression of elastic fluids, 768. 
Compression of fibres in beams, 803. 
Concave surfaces, fluid pressure on, 752. 
Condensation of steam, 845. 
Condenser, air, 774. 
Condenser in a steam-engine, 871. 
et steam-engines—(See Steam. 
nes), 
Cone ascending an inclined plane, 713, 
Cone-drawing, 789. 
Ree ee developed in drawing, 
789. 
Cone, to find its centre of gravity, 718. 
Cone-vessel, fluid pressure in a, 753. 
Cones, projection of the shadows of, 792. 
Conical pulleys, their action, 886. 
ory surfaces developed in drawing, 
89. , 
Connecting-rod of a steam-engine, 860, 
Construction, elegance in, 779. 
Contraction of cast-iron in cooling, 808. 
, alloyed with tin, used to diminish 
m in bearings, 859. 
bars, experiments on their 
strength, 797. 
Copper (cast), data for calculating the 
strength, 798. 


Copper, crushing pressure, 802. 
Copper, table of torsive strength, 814. 
(wrought), data for calculating 

ee ty she 

Cordage-ma machinery, 783. 
considered as perfectly flexible and 

inextensible, 693, 719. 
Cords used for conveying motion, 887. 
Corn-thrashing and winnowing by steam, 


880, 
Cornish boilers, 848, 
Cornish engines, 874, 878, 
Cornish granite, 802. 
ing adds to the stiffness of plates, 


Jatt: - 896. 


Cotton, machinery for preparing, 783. 


Cotton manufacture, one horse-power 

sufficient for 100 spindles, 880, 

Couples, theory of, 703. 

Coupling by friction, 900. 

Coupling rods, manner of, 816, 883. 
shafts described, 883, 

Crab, a machine, 783. 

Crane, a machine for raising weights, 783. 

Crane, friction-break of a, 782, 

Crane, hydraulic, 840. 

Crane, method of stopping the, 899. 

Crane, the friction of ropes or 

in a, 903. 
Crank for converting motion, 894. 
Crank, its action and construction, 858, 


et seq. 

Crank-sbaft of a steam-engine, conditions 
of rotation, 814, 859. 

Cross-pulleys for reversing motion, 897. 

Crowbar, 719. 

Crown wheel, 728. ; 

Crushing apparatus, effects of, 783. 

Crushing forcé, table of experiments, 802. 

Crushing ore machinery at mines, 878. 

Cubes, Leating, 784, 

Currents of water, computation of, 826. 

Curved surfaces, projection of 
shadows, 792. 

Curves intersecting, mode of drawing, 
789. 

Curves, projection of, 787. 

Curves, round, the scales for measuring, 
795. 

Curving timber, machinery for, 783. 

Cutting apparatus, 783. 

Cylinder, drawing, 785. 

Cylinder, floating, its equilibrium, 759. 

Cylinder of steam-engine described, 854, 


et seq. 
Cylinder, projection of the shadows, 792. 
ee represented geometrically shaded, 
93. 


Dam across valleys, 833. 

Dam or reservoir of water, 833. 

Dam to check a stream, 833. 

Dam, to find the pressure sustained by a, 
751. 

Day, sidereal, 692. 

Day, solar, 692. 

Deal, table of strength of, 810. 

Deal, white, crushing pressure of, 802. 

Decanter, pressure of fluids in a, 753. 

Deflection of beams under loads, 807. 

Density of bodies, 742, 

Desagulier’s method for estimating the 
centre of gravity, 714. 

Development, process in drawing, 789. 

Direct acting engines, 864, 

Direction of forces, 694, 

Discharge of fluids—(See Fluids). 

Distance and time the elements of velo- 
city, 781. 

Distance travelled, an element for mea- 
suring power, 781. 

Divider, a drawing instrument, 795. 

Dividing-machines, 898. 

Diving-bell, 774. 

Docks, pumping in, 879. 

Double-beat valve in steam-engines, 855. 

Dragging loads, 818. 

Drainage of hills collected in reservoirs, 
825. 

Drainage performed by windmills, 825. 

Draining, form of engine employed, 874. 

Draining land by steam, 880. 

Draugbtsman should draw all details full 

Aeaors ag Ber ie 
rawing a , 787. 

Drawing cubes and cylinders, 785. 

Drawing elevations, 785. 

Drawing-instruments, 794, 

Drawing land surveys, what scales are 
used, 795. 

Drawing, mechanical, its objects, 784. 


(atecHantos, 
Drawing-pens, 795. 
Drawing sections, 786. 
Drawing solids, 791 
Drawing-squares, 794. 
Drawing teeth of wheels ; rules for, 889. 
Drawing the exterior of solid bodies, 785, 
Drawing the interior of bodies, 785. 


Drawing unfolded surfaces, 789. 

Drawings, full size, their object, 795. 

Drawings (working), what are, 792, 

Drilling machinery, 783. 

Driving machinery, 880, 882, et seg. 

Dram to cer f motion, 885. 

Drunken thread of a screw, 787. 

D-slide in steam-engines, 855. 

Duchayla’s demonstration of the paral- 
lelogram of forces, 695. 

Dyeing machinery, 783, 

Dynamical and statical mechanics, 779. 

Dynamics, 689, 733, et seg. 

Dynamics, momentum in, 701, 

Dynamometers, 691, 900. 


Earrn, centrifugal force at the surface 
of the, 741. 

Earth, equatorial diameter of the, 747. 

Earth once in a fluid state, 742. 

Earth, polar diameter of the, 747. 

Roemer 8 cow etl 894. 

tric for converting 

Eccentric link motion, 862. 

Eccentric, the throw of the, 861. 

Education, general, should embrace prac- 
tical mechanics, 783. 

Egyptian architecture, there is not found 
an arch in, 778. 

Elastic bodies in collision, 745. 

Elasticity a source of power, 781. 

oo ity employed for giving motion, 

Elasticity exercised in resisting strain, 
795. 

Elasticity in fluids, 748. 

Elasticity, modulus of, 746. 

power, 


Elm, ng pressure, 802, 
Elm, table of strength, 810. 
Embankments, how to be constructed, 


752. 
Emery used in hing surfaces, 902. 
Engine acting by the decomposition of 
water, 842, 


Engines are the products of dynamical 
mechanics, 779. 

Engines (steam)—(See Steam-engines), 

Envelopment, process in dra , 789. 

Equator, force of gravity at the, 741, 747. 

Equatorial diameter of the earth, 747. 

Equilibrium neutral in floating bodies, 
758. 

Equilibrium of a floating body, 758. 

Equilibrium of a material particle, 693. 

Equilibrium of a rigid body, 700. 

Equilibrium of a rotating fluid, 761. 

Equilibrium or rest, 690. 

Equilibrium, stable and unstable, 712. 

Equilibrium, stable and unstable, in 
floating bodies, 758. 

Escapement in a clock, 839. 

Seep aes methods for moving, 

5. 


Estuaries, tidal, their mechanical power, 
2 


Ether rises in vapour at low temperature, 
842. 

Excise hydrometer to test spirits, 757. 

Exploding strain, 799. 

Explosion of gunpowder, &c., as a source 
of power, 841, 

Extension of materials, 808, 


ene 
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Fasnrics, textile, machinery, 783. 
Face-coupling for shafts, 883. 
Falling bodies, their velocity, 838. 
Fan for producing eo hn 879. ; 
striking of 


Fan, revolving, to regulate the 
a’clock, 839. 

Fanners, 783. 

Farming machinery, steam, 880. 


$s Feather, ” a key for coupling shafts, 
883. 

Feathering paddle, 881. 

Feed-pump, how put in motion, 858. 

Feed-pump of a boiler described, 858. 

Fibre in bodies, what is, 796. 

Fibres (tearing asunder) in beams, 803. 

Fibres, their tension and compression in 
beams, 803. 

Field operations by steam, 880. 

Fir, data for calculating the ‘strength, 
797. 

Fire-engine described, 774. 

Fire-grate in a steam-engine, 848. 

Flange to strengthen beams, 808. 

Flanges to strengthen rails, 808. 

Flatting iron, 880. 

Flaws in cast-iron, 808. 

Flax, machinery for preparing, 783. 

Float-board, water-pressure on a, 826. 

Float for ascertaining the water-level in 
boilers, 852. 

Floating body in equilibrium, 758. 

Floating equilibrium, 759. 

Floats, their should not exceed 
one-third that of the stream, 827. 

ary rm to find the pressure sustained 

52 


wean machinery for preparing, 783. 

Flue-surface in a steam-engine, 848. 

Flue-surface in a steam-engine, roles as 
to size, 848. 

Fluid discharge, computation of, 763, et 


Fluid, how to ascertain the specific gravity 
of any, 756. 

Fluid pressures, 748, et seq. 

Fluid, rotating, its equilibrium, 761. 

Fluids communicating through bent 
tubes, 760. 

Fluids discharged from vessels kept con- 
stantly full, 764. 

Fluids, elastic or compressible, 768. 

Fluids, machinery for moving, 783. 

Fluids, resistance of, 766. 


Fluids, ing, 763. 
Fluids, their elasticity and pressure, 752, 
843. 


Fluids, their velocity through orifices, 
764. 

Fluids, velocity with which they flow 
from an orifice, 826. 

Fluids which do not intermix, their 
equilibriam in tubes, 761. 

Fly-wheel in a steam-engine, its action 
and uses, 814, 859, 880. 

Foot measure, 692. 

Force—(See also Power). 

Force can be created or annihilated by no 


Force, living, 746. 

Force of gravity—(See Gravity). 

Force, tangential, 741. 

Force, the object of dynamical mechanics, 
779. 

Force, the sources of, 781. 

Forces, accelerating, 734. 

Forces are subject to continual variations, 
781. 

Forces, moment of, 701, 

Forces, moving, 742. 

Forces, parallel, their centre, 711. 


Forces, parallelogram, &c., of, 696. 
Forces, polygon of, 696. 
VoL, I. 


Forces, problems on, 696. 

Forces, resolution of, 696. . 

ah ig their geometrical representation, 

93. 

Forces, triangle of, 696. 

Forcing-pump, 774. 

Forging machinery, 783. 

Fork-end in the connecting-rod, 860. 

Fountains, ornamental, hydraulic ram 
applicable to, 837. 

Fourneyron’s turbine, 835. 

Fracture of beams, 803, e¢ seq. 

Freestone, crushing force, 8u2. 

Friction, 781. 

Friction a very irregular resistance in 
machinery, 839. 

Friction-breaks, 899. 

Friction-clutch, 884, 896. 

Friction, co-efficient of, 901. 

Friction-couplings, 884, 899. 

— employed as a useful resistance, 

82. 

Friction employed to stop motion, 899. 

Friction losses in steam-engines, 868. 

Friction of a coil of rope, 903. 

Friction of metals upon each other, 902. 

Friction on shafts and pulleys, 903. 

Friction stays, 899. 

Friction, of, 902. 

Froude’s apparatus for regulating rotation, 


839. 
Froude’s apparatus for spring-power, 
839. 
Fuel, consumption in steam-engines, 818, 
852 


Fuel, 11b. can convert 10lbs. of water 
into steam, 852. 

Fulcrum, 701, 719, et seg. 

Full-size drawings, their object, 795. 

Fulling-mills, methods for moving, 895, 

Furlong, 692. 

~ ter re steam-boiler, 851. 
‘urnaces for smelting, the juction of 
air-blast, 879. Lp 

Fusee to receive the coils of a watch- 
spring, 839. 


Gate, velocity and pressure of a, 820. 

Garisenda, the tower at Bologna, 714. 

Gas, its elasticity proportioned to its den- 
sity, 844. 

Gases, elastic fluids, 748. 

Gauge-cocks for ascertaining the water- 
level in boilers, 852. 

Gear (triking), its use, 887. 

Gearing, bevel, 891. 

Gearing, elliptical, 898. 

Gearing for the lathe, 897. 

Gearing, its action, 887. 

Gearing, square, 899. 

Gib-heads, keys for Prec amn shafts, 883. 

Girders, best rm of section, 805. 

Girders, cast-iron, usual section, 808. 

Girders formed of plates, 808. 

Girders, strength calculated, 805, 

Girth, the circumference of cable, 796. 

Glass attracts water, 762. 

Glass gauge for ascertaining the water- 
level in boilers, 852. 

Glass, machinery for preparing, 783. 

Glass the most elastic substance, 745. 

Governor for regulating the speed of clock- 
work, 838. 

Governor, steam-engine, 862. 

Governor to regulate the velocity of 
windmills, 823, 824, 

Grain weight, 691. 

Gramme, a standard weight, 692. 

Gramme, French, 692, 747. 

Granite, crushing force, 802. 

Granite, table of friction, 902. 

Gravitation employed for giving motion, 
838. 

Gravities of two liquids compared, 757. 

Gravity a constant power, 780 


Gravity at Spitzbergen, 747. 

Gravity at the equator, 747. 

Gravity, centre of, 710—717. 

Gravity in the latitude of London and 

Paris, 747. 

Gravity opposed by capillary attraction, 
Gravity, specific, 755, et seq. 

peti specific, affected by temperature, 


saat specific, balance for ascertaining, 
56. 


Gravity, specific, examples, 758. 

Gravity, specific, of a compound, 755. 

Gravity, specific, of a solid found by 
Nicholson's hydrometer, 757. 

Gravity, specific, of fluids, 757. 

Grindstone grit, crushing pressure, 802, 

Gudgeon, the axis of a pulley, 729. 

Gun, its strength, 799. 

oe mee table of torsive strength, 
814. 

Gun-metal used for shaft bearings, 859. 

Gun-metal used to diminish friction, 859. 

Gutta-percha employed for straps, 887. 

Gutta-percha, machinery for preparing, 
783. 

Gwynne'’s centrifugal pump, 879. 

Hamner, the steam, 877. 

Hammers (tilt)—(See Tilt-hammers). 

eda power of man in dragging a, 
8 

Hardness of bodies, 800. 

Hatching or section-lining, 790. 

Hawksbee’s air-pump, 776. 

Heat a source of power, 781, 842, e¢ seq. 

Heat expands liquids, 842. 

Heat, latent, 872. 

Heat lost by air through rarefaction, 771. 

Heating surface in a steam-boiler, 849. 

Heavenly bodies, their apparent rest or 
motion, 690. 

H bower-cabl 
their strength, 797. 

Hempen ropes, rules for computing the 
strength of, 800. 

Hexagon, how to draw it, 794. 

Hexagonal prism-drawing, 787. 

Hiero, King of Syracuse, proposes a prob- 
lem to Archimedes, 755. 

Hodgkinson’s experiments for measuring 
elasticity, 746. 

Hollow key for coupling shafts, 883. 

Horology, 782. 

Horse, average power of a, 819. 

Horse, the, as a moving force, 818. 

Horse-power, as a standard, 819. 

Horses in motion, 715. 

Human body, centre of gravity, 714. 

Human power, its various exertions, 818, 

Hurricanes, velocity and pressure of, 820 

Hydraulic lift and crane, 840. 

Hydraulic presses, effects of internal 
pressure, 799. 

Hydraulic ram for raising water, 836. 

Hydrodynamics, 763. 

Hydrometer for measuring the gravities 
of solids and fluids, 757. 

Hydrometer, the instrument used to test 
spirits, 757. 

Hydrostatic bellows, 749. 

Hydrostatic paradox, 749. 

Hydrostatic press, Bramah’s, 750, 768. 

Hydrostatics, 748. 

Hyperbola, a curve exhibiting the varia. 
tion of steam-pressure, 846. 

Hyperbola, the surface of a fluid under 
capillary attraction, 762, 

Hyperbolic curve, the outline of the fusee, 
839, 


Ice-MakING machine, 777. 
Ice, steel, &c., table of friction of, 902. 
Impact, of bodies, 745. 7 

; Ly 
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Impulse or eee 745. Lever, bell-crank, for converting motion, | Man, how much weight he can bear and 
Inch-measure, 692 894. lift, 819. 

Inclinations, conve loads up, 818. Lever, its action, 882. Man's muscular force a source of power, 


weying 
Inclined plane, 719, 731, 737, 744. 
Inclined plane, a machine, 783. 
instrument 


Indicator, an t to ascertain 
, 846, 867. 
1 tor, a picture of the defects in the 


steam-engine, 868. 
oe applied to a condensing engine, 


omories, formula for finding the power, 
868. 

Indicator, its action, 867. 

Instruments for mechanical drawing, 794. 

Involute of the circle, 890. 

Iodine rises in vapour at low temperature, 
842. 

Iron bars, their strength, 796. 

Iron, brass, and steel, table of friction, 
902. 

Iron (cast) columns, their strength, 801. 

Iron (cast) contracts in cooling from 
the molten state, 808. 

Tron (cast), data for calculating the 
strength, 797. 

Tron (cast), effects of compressing, 801. 

Tron (cast) gi usual section, 808. 

Iron (cast), often deceptive, 799, 802. 

Iron, tac pressure, 802, 

Tron, ex ts as to pression, 802. 

Iron, malleable, rails, best section, 808. 

Iron manufactories, 880. 

Iron manufacture, steam power for pro- 
ducing blast, 880. 

Iron, table of strength, 797, 801, 810. 

Iron, table of torsive strength, 814. 

Iron, tensive and compressive difference 
between cast and wrought, 808, 

Tron (wrought), data for calculating the 
strength, 797. 

“it by steam, 880, 

Irrigation, raising water for 836. 

Ivory, its elasticity, 745. 


Jack, the, 728. 

Jets, computation of their horizontal 
range, 764. 

Joint, universal, for coupling shafts, §84. 


Kater’s determination of the pendulum 

standard, 692. 
ler’s hypothesis on the motion of 

planets, 690. 

Keys for coupling shafts, 883. 

Keyway, a recess for keys, 883, 

King-post fixed to a beam, 810. 

Kites propelling vehicles over ice, 822. 

Knife, a lever, 719. 

Knot in a wooden post an important 
element of fracture, 80). 


Lapour as a punishment, 818. 
Labour, its economy is the chief study of 
mechanics, 779. 
Labour, manual, important observations 
for its economy, 818. 
Land-surveys, scales used in drawing 
for, 795. 
Lathe and mandril, 897. 
Lathe, screw-gearing for the, 897. 
Lead (cast), data for calculating the 
strength, 797. 
Lead, crushing pressure, 802. 
Lead, effect of compressing, 801. 
Lead, table of torsive strength, 814, 
a employed in straps, 887, 
porches: Fy rales for, 903, 
of friction, 902, 
— ‘the teeth of a pinion, 728, 
Leewny, 821. 


Lever- 783, 

Lever sage nt by the muscles, 780. 

Lifting a load, action of man in, 818. 

Lifts, hydraulic, 840, 

Light, the height of atmosphere deduced 
from the refraction of, 772. 

Lights to complete drawings need no 
geometrical projection, 792, 

Limestone, compact, crushing force, 802. 

Lineal measure, 692, 906, 

Lines, central, in drawings, 791. 

Link motion in marine and locomotive 
engines, 862. 

Links of a chain, their shearing strain, 
816. 

Liquid measure, 906. 

Liquids, different, how to measure their 
gravities, 757. 

Liquids, expansive power of, 842, 

Load, power of man in carrying a, 819. 

Loads, bearing and dragging, 819. 

Lock-up safety-valve, 854, s 

Locomotive, 880. j 

Locomotive, boilers employed in, 850.” 

Locomotive described, 866, 880. 

Locomotive for ordinary roads, 880. 

Locomotive, friction-break of a, 782. 

Locomotive, its essentials, 880. 

Locomotives, D-slide, 856. 

Locomotives, spring balance of the safety- 
valve of, 854. 

Locomotives, their boiler-pressure ranges 
as high as 150 lbs., 853. 

London, gravity in the latitude of, 747. 

London, pendulum, length of, at, 747. 

Louvre-boards of windmills, 824. 


Macurvery cannot create or annihilate 
force, 857. 

Machinery, driving, 879. 

Machinery for effecting transit and com- 
munication, 783. 

Machinery for making ropes, cordage, 
paper, 783, 

Machinery for measuring and calculating, 
783. 

Machinery for moving fluids, 783. 

Machinery for preparing animal and 
vegetable products, 783. 

Machinery for preparing mineral pro- 
ducts, 783. 

Machinery for preparing timber, 783. 

Machinery for raising weights and giving 
pressure, 783. 

Machinery for textile fabrics, 783. 

Machinery for working metals, 783. 

Machinery, its beauty, on what it depends, 
782. 


Machinery moved by a weight, 837. 

Machinery moved by springs, 838. 

Machinery of antiquity, 773. 

Machinery, strains to which it may be 

oe 899. dn apeed ahiend: 
achinery, varying the s , 88) 

Machines Db products of dynamical 
mechanics, 799. 

Machines form their work better than 
the hand, 819. 

Machines, the velocity of any part is pro- 
portional to its strain, 883. 

Machinist, what is his object, 779. 

Magic clock, 716. 

Magnetism, as a source of mechanical 
power, 842, 

Magnitude of forces, 694, 

Mahogany, data for calculating the 
strength, 797. 

Man, average power of a, 819. 

Man, his action when standing and walk. 
ing, 714, 

Man, how much pressure he can exert by 
his grasp, 819. 


781. 
Mandril of the lathe, 897. 
Mangle motion, 896. 
Man-hole in boilers, 851. 


Marine: engines Baas 875. 

Marine engines itvodensd into manufac. 
tories, 879. 

Marine steam-' 

n n of, 846. 


shot: of ry 

ume pressure of air, 769. - 

Mass, explanation of this term, 750. 

Mass, unit of a, 750. © 

Mass, defined, 742. 

Material, its ‘economy is the chief study 
of mechanics 779. 


oe disposal to secure strength, 


particle, 689. 

ee crude, machinery for preparing, 

Mathematical instruments, 783, 795. 

Matrix of a punching machine, 815. 

Measure of length, 692. 

Measures, English and French, 692, 905. 

Measuring-machinery, 898. 

Mechanical drawing, 784. 

Mechanical in’ not the result of 
accident, 779. 


ao notation proposed by Babbage, 


Mechanical philosophy, 689, et seg. 
Mechanical powers, 719, ef-seg. 
Mechanics, a necessary educat.onal know- 


ledge, 783. 

Mechanics, statical and dynamical, 779. 

Mechanics, their connection with pe mad 
mistry, 779. 

Men, muscular power of, 818. 

Menai Straits bridge, 805. 

Mercurial steam-gauge for boilers, 854. + 

Mercury, as a means of measuring pres- 
sure of ‘fluids, 844, 

Mercury in the barometer, 769, 844. 


Mercury, its capillary repulsion, 763, 
Maserys its density specific gravity, 
ererbdie 9p proposed engine, 843. 


Meridian, 69 

Metacentre <F a floating body, 758. 
Metacentre, its determination, 759. 
Metals as wire become stronger, 800. 
Metals, machinery for working, 783. 
Metre, 692, 906. 

Micrometer screw, 898, 

Mile, 692, 906. 

Mill-dam, 833. 

Mill-shaft, ap; =— for shifting, 824. 
en for conveying water to, 


Mills (tide) —(See Tide Mills). 

Mills (wind)—(See Windmills). 

Mills worked successively by the same 
water, 833. 

Mineral ga machinery for pre- 

ing, 78 

Mining, Watt’s engines applied in, 878. 

Mitre-wheels, 892. 

Moment of forces, ‘701. 

Moments, positive and negative, 701. 

Momentum, 742, 745. 

Momentum in machines, 782. 

Momentum of a steam- fa ot -—_ toa 
blow of a 68 lb. cannon- 

Momentum of dynamics, 701. 
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Moon’s motion, 690. 4 

Morin’s experiments on turbines, 835. 

Mortars, their strength, 799. 

Motion, circular, 740. 

Motion down and up inclined planes, 
737. 

Motion, eccentric, 861. 

Motion in fluids, the resistance to, 766. 

Motion in machinery changed transversely, 
887. 

Motion, its communication, 882, et seg. 

Motion, laws of Newton, 747. 

Motion’ of heavenly bodies the result of 
two simple forces, 782. 

Motion of projectiles, 738. 

Motion of translation, 747. 

Motion parallel in steam-engines, 873. 

Motion, reciprocating, 894. 

Motion, rectilinear, uniform, 734. 

Motion, rectilinear, variable, 734. 

Motion, reversing, 896. 

Motion, rotary, 858, 876, 894. 

Motion stopped by friction, 899. 

Moulding apparatus, 783. 

Moulding metals, 783. 

Mountains, the height computed by the 
barometer, 770. 

Moving forces, 742. 

Mud-holes in boilers, 851. 

Muscles as levers, 720, 780. 

Mazscles not controlled by the will, 818. 

Muscles, their action, 818. 

Muscles, their force, 818. 

Muscular forces of men and animals a 
source of power, 781. 

Muscular power of men and animals, 818. 

Musical-boxes, 839. 

Musical instruments, 783. 


Nevrrat axis of beams, 802, 808. 

Newcomen, the earliest engine available 
was his, 871. 

Newton’s contrivance for measuring 
elasticity, 745. 

Newton’s laws of motion, 747. 

Newton on the vena contracta, 764. 

Nicholson’s hydrometer, 757. 

Non-condensing engines, 864. 

Notation, mechanical, proposed by Bab- 
bage, 784. 

Nutcrackers as levers, 719. 


Oak, African, crushing pressure, 802. 

Oak, data for calculating the strength 
797. 

Oak, English, crushing pressure, 802, 

Oak, of strength, 810. 

Oara , 719. 


Oar, the movement of an, 818. 

- Oblate spheroid, 910. 

Offsets, or scales for measuring, 795. 

Oil, machinery for producing, 783. 

Oiling apparatus in machinery, 885, 

Oiling reduces friction, 902. 

Oils, vegetable, machinery for preparing, 
783. 

Opt@al instruments, 783. 

Ordnance; thickness does not always 
constitute strength, 799. 

Ore-stamping and crushing at mines, 878. 

Ores, i for i 


» 783. 
Orifices, velocity of fluids through, 764. 
Ounce weight, 691, 905. 
Outlines, Tanda, 784. 
Overshot water-wheels, 828. 
Overshot-wheel, where applicable, 832. 
Ox as a moving force, 818, 


PackinG-rtnG of the piston of a steam- 
engine, 857. 

Paddle-feathering, 881. 

Paddle-wheel described, 881. 

Paddle-wheels, shock from waves, 815. 

sitet steam-engine for driving, 


Palladium used for the construction of 

_ balances, 723. 

Paper-making machinery, 783. 

Parabola, the curve described by fluids 
issuing from orifices, 764. 

Parabola the path of a projectile, 739. 

Parabola, the proper longitudinal section 
of a beam, 809. 

Parabola, the surface of rotating fluids, 
762. 

Paraboloids, 910. 

Parallel lines, their use in drawing, 786. 

Parallel motion in steam-engines, 873, 

Parallelogram of forces, 694. 

Parallelogram of velocities, 738. 

Paris, gravity in its latitude, 747. 

Particle material, 689. 

Pascall’s experiments on water rising in 
tubes, 769. 

Paving of London represents more labour 
than the largest pyramid, 779. 

Paving, York, crushing pressure, 802. 

Pear-tree wood, data for calculating the 
strength, 797. 

Pen, a drawing instrument, 795. 

Pencil-compass, 793. 

Pendulum as a standard measure of 
length, 692. 

Pendulum beating seconds in London, 
747. 


Pendulum, conical, to regulate the velo- 
city of engines, 863. 

Pendulum of a clock, 838. 

Penknives, how three may be balanced on 
the point of a needle, 713. 

Pennyweight, 691, 905. 

Perch or pole, 692, 906. 

Perpetual screw, 893. 

Persian wheel for raising water, 835. 

Pet-cocks in steam-engines, 856. 

Philosophical instruments, 783. 

ert: by hand and by photography, 

Piercing apparatus, 783. 

Pigments, machinery for preparing, 783. 

Pile-driving engine, 767. 

Pillar, a vein in it an element of fracture, 
801. 

Pincers as levers, 719. 

Pine, American, crushing pressure, 802. 

Pine, table of strength, 810. 

Pinion and rack, 728, 892. 

Pinion form of teeth, 893. 

Pinions partly geared, 895. 

Pins of a chain, their shearing strain, 816. 

Pipe branching out of another, mode of 
drawing, 790. 

Pipe, the velocity of water through a, 
764. 


Pisa, Leaning Tower of, 714. 

Piston, how its reciprocating motion is 
converted into rotary, 858. 

Piston in steam-engines, its construction, 
857. 

Piston-rod, its action, 856. 

Pitch of a screw, 788. 


| Pitch of a screw, method of cutting, 897. 


Pitch of a screw-propeller considered, 
881. 

Pitch of toothed wheels, 888. 

Pitch pine, table of strength, 810. 

Pitch-radius of a wheel, 899. 

Plan or horizontal projection, 786. 

Plane, inclined, 719, 731, 737, 744. 

Plane surfaces in drawing, 784, 

Plane, what is called so, 719. 

Planet and sun-wheel, 899. 


- Planets, their motion, 690. 


Planing iron, 880. 

Planing machinery, 783. 

Planing-machines, methods for moving. 
895, 896. 

Planing metals, machinery for, 783. 


Plans of railway or canal works, scales 
employed, 794, 
= of which boilers are constructed, 
50. 
Plates, stronger by corrugating, 808. 
Platinum used in the construction of 
scale-pans, 723, 
Plug, fusible, for ascertaining the water- 
level in boilers, 852. 
Plumb-line, 710. 
Plummer blocks, 884. 
Pneumatics, 768, e¢ seq. 
Poinsot’s theory of couples, 707. 
Poker, a lever, 719. 
Polar diameter of the earth, 747. 
Pole or perch, 692, 906. 
Polishing by emery, 902. 
Portland stone, crushing pressure, 802. 
Post, wooden, a knot is an element of 
fracture, 801. 
ee machinery for preparing, 
83. 
Pounds, troy and avoirdupois, 691, 905. 
Power ists of two el ts, 815. 
Power conveyed by machinery, its con- 
ditions, 882. 
Power, human, its various exertions, 818, 
Power in steam-engines, 879. 
Power, its communication, 880. 
Power, its sources and application, 781, 
817. 
Power measured by a dynamometer, 900. 
Power, mechanical, defined, 882. 
Power, mode of estimating, 780. 
Power, muscular, 818. 
Power of a horse, 818, 
Power of a man, 818. 
Power of gravity constant, 780. 
Power of the wind, 820. 
Power, regulating, 782. 
Power required in manufactories, 880. 
Power—(See also Force). 
Power, standard of, 780. 
Power, steam—(See Steam Power). 
Power, the means of deriving and com. 
municating it, 780. 
rerek the object of dynamical mechanics, 
79. 
Power wasted by friction, 782. 
Power, what is, 780. 
Powers, mechanical, 719, 
Press, hydrostatic, 749. 
Presses, 783. 
Presses, hydraulic, effects of internal 
pressure on, 799. 
Pressure and pulleys, 743. 
Pressure and tension, 693. 
Pressure applied to elastic fluids, 768. 
Pressure, atmospheric, 768. 
Pressure, centre of, 754. 
Pressure, explanation of the term, 750. 
Pressure-giving machinery, 783. 
Pressure, internal, its effects, 799. 
Pressure, its transmission through fluids, 
748. 
Pressure of different fluids, 752. 
Pressure of fluids on concave surfaces, 
752. 
Pressure without motion, its law, 882. 
Pressures, fluid, 751. 
Pressures, on triangles and rectangles, 
751. 
Pressures, resultant of all the, 753. 
Priming in boilers, what it is, 851. 
Printing-machinery, a peculiar form of 
screw applied in, 896. 
Printing-presses, 783. 
Projectiles, motion of, 738. 
Projectiles, range and height, 739. 
Projection, horizontal, 785. 
Projection of curves, 786. 
Projection on plane surfaces, 785. 
Projections are not representations of the 
actual appearances, 791. 
Propellers, paddle-wheels, 881. 
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Propellers, screw, 814, 875, 881. 

Propulsion of vessels, 875. 

Protractor, a drawing instrument, 794 

Pulley, 719, 729. aa 

Pulley, a machine, . 

Pulley, pressure on the axis, 743. 

Pulleys, conical, their action, 886. 

Pulleys, fast and loose, 885, 887. 

Pulleys, friction on, 903. 

Pulleys, rules for calculating speeds, 886. 

Pulleys, set of, 886. 

Pulleys to convey motion, 885. 

Pump ote Air-pump). 

Pump (feed)—(See Feed-pump). 

Pump for regulating speed, 864. 

Pump-forcing described, 774. 

Pump, household, 773. 

Pumping, action of man in, 818. 

Pumping by steam power described, 879. 

Pumping-engine, power of a, 781. 

Pumping, form of engine employed in, 
874. 

Pumping in docks, 878. 

Pumping in water-works, 878. 

Pumps, 783. 

Pumps worked by windmills, 825. 

Panch, what is a, 815. 

Punching a hole in metal, force required, 
817. 

Punching-machinery, 783. 

Punching, the shearing strain in, 815. 

Pushing-bearing used for screw-propellers, 
902 


Pyramid, centre of gravity of a, 718. 
| Pyramids, a labour that might have been 
better applied, 779. 


| Quvaprant, the, 907. 
Quadrupeds, centre of gravity of, when 
walking, 715. 
Quintenz’s balance, 724. 


Rack and pinion, 892. 
Rack first proposed for railroads, 881. 
Racks and partly-geared pinions, 895. 
Racks, machines for cutting, 898. 
Rails, question of deflection in, 808. 
Rails, best section of, 808. 
Railways, scales employed for plans, 795. 
Railway trains, method of arresting, 901. 
Ram, hydraulic, for raising water, 836. 
Ramsden’s balance, 723. 
Ratchet-wheel for vibrating motions, 895, 
Rays of light considered in drawing, 786. 
Razor-grinder’s machine, 720, 
Reaction, 693. 
Reciprocating mo t, 894. 
Rectangles, pressures on, 751. 
Refraction, atmospheric, 772. 
gy apo Sgr in machinery moved 
Regulato yee 

rs water-w , 833. 
Relief valves in steam-engines, 856, 
Rennie’s experiments on friction, 902. 
Reservoirs, 833. 


Reversing by cross straps, 896. 
Reversing by toothed gearing, 896, 
motion, 896. 


Rods, a manner of coupling, 816, 
Rods to strengthen beams, $10. 
iron, 880. 


metals, machinery for, 783. 
Roman steelyard, 723.) 
Roofs, ancient forms of, 778. 


Rope-dancers, 715. 

Rope, friction of coils, 903. 

Rope-making machinery, 783. 

Ropes, rules for computing the strength, 
800. 


mean their tension calculated, 796. 

engines, 876. 

—— motion converted into reciprocat- 

g, 894. 

Rotary motion conveyed through ma- 
chinery, 883. 

Rotary movement, how produced by the 
motion of the piston-rod, 858. 

Rotating fluid, its equilibrium, 761. 

Rotation, 690, 741, 747. 

Rotation, how to reverse the direction, 
886. 

Rotation, rapid, in shafts, decreases the 
strain, 815. 

Rotation, uniform, Froud’s apparatus, 
839. 

Rowing, an operation in which man ex- 
erts the greatest power, 818. 

Rowing, power of man in, 818. 

Rudder of a ship, to find its maximum 
effect, 767. 

Rules and examples for measuring a 
circle, 908, 

Rules and examples for comparing scales 
of temperature, 907. 

Rules and examples for measuring time, 
907, 

Rules for finding the area of a circle, 
908, 


Rules for finding the area of a parallelo- 


gram, 908. 
Rules for finding the area of a sector, 


909. 

Rules for finding the area of a trapezoid, 
908, 

Rules for finding the area of a triangle, 
908. 

Rules for finding the area of an ellipse, 
909. 

Rules for finding the circumference, 908. 

Rules for finding the cubic contents of a 
sphere, 910. 

Rules for finding the mensuration of the 
superficies, 908. 

Rules for finding the solid contents of a 
prism, 910. 

Rules for finding the surface of a cylinder, 
908. 

Rules for finding the weight of boilers, 
910. 


Rules for measuring a cone, 910. 

Rules for measuring a curved figure, 
909. 
ules for measuring a sphere, 910. 
undle of a pulley, 729. 


Sarety-va.ve in steam-boilers, 852, e¢ 


seq. 

Sail, first rude notion of a, 819, 

Sail of a ship, its action, 820. 

Sailor’s art, 819. 

Sails, computation of the angle at which 
should be set, 824. 

Sails of windmills, 822. 

Sails of windmills, their angle and dimen- 
sions, 822. 

Sails propelling chariots, 821. 

Sandstone, table of friction, 902. 

Savery’s engine, 871. 

Sawing-machinery, 783. 

Sawing-machines, methods for moving, 
895, 

Scale, a drawing instrument, 795, 

Scale-drawings, their object, 795. 

Scales—(See Balances). 

Scales, circular-drawing, 795. 

Scales most convenient for architectural 
drawings, 795. 

Scales most convenient for mechanical 
drawings, 795. 


es used in drawings of land-surveys, 

Scissors are levers, 719. 

Screens that right themselves after being 
down, 713. 

Screw, 719, 731, 732. 


2. 

Screw propellers Se ee ee 
5. 

Screw-threads, their forms 

agreed, 839. sce: 

Sea currents, 742. 

Section-lining or hatching, 790. 

Sections, drawing, 786, 

Seed-crushers, methods for moving, 895. 

Seine tidal mills, 828. 


Shadowing, circular, 791. < 

Shadowing drawings, 791. 

Be a part of machinery, considered, 

Shaft, mill—(See Mill-shaft). 

Shafts, deflection an important element of 
weakness, 815. 

Shafts, friction on, 902. 

Shafts, hollow or tubular, their advan- 
tage, 814. 

Shafts of paddle-wheels, the shocks from 
waves on the, 814 


Shafts, rules for finding the proper di- 
mension, 815. 

Shafts, table of torsive strengths, 814. 

waned their bearings case- 
902, 

Shafts, their torsion, 813. 

Shafts, the number of revolutions an ele- 
ment of calculation, 814. © 

Shafts, the power communicated, reckoned 
in horse-power, 814. 

Shafts, the resistance to torsion is as the 
cube of the radius, 813. 

Shaping metal, machinery for, 783, 

Sheaf of a pulley, 729. 

Shearing, as a strain, 795. 

Shearing iron, 880. 

Shearing machinery, 783. 

Shearing-strain, 815. 

Shears are levers, 719. 

Sheave, the eccentric dise in steam. 
engine fittings, 861. 

Ship in motion, the action of the wind on, 
821. 

Ships, eigen in constructing and load- 

g, 759. 

Shiver of a pulley, 729. 

Shrouding in water-wheels, 829. 

Shut-off valve in steam-engines, 857, 

Silk, for preparing, 783. 

Skeleton, human, 818, 


Skid for arresting . 901. 
Sledges jm ice ropelied by means of 
kites, 821, 


Slide, cylindrical, 856. 
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Slide, D, how its motion is produced by 
rotary movement, 861. 

Slide-jacket, 856. 

Slides, adjustment of, 867. 

Slides in steam-engines, 855. 

Slips, launching, 783. 

Slotting machine, 
898. 

Sluices for opening and closing water- 
channels, 833. 

Smeaton’s air-pump, 776. 

Smeaton’s angles of the sails of a wind- 
mill, 823. 

Smeaton's pulley, 730. 

Smelting furnaces, the production of air- 

. blast for, 879. 

Smoke-consuming apparatus, 851. 

Sole of a bucket in water-wheels, 829. 

Solid body, how to delineate, 786. 

Solid measure, 692, 906. 

Solids immersed in two fluids, 756. 

Solids in general attract water, 762. 

Solids, to find their specific gravity by 
Nicholson’s hydrometer, 757. 

Solway Firth, the tidal current of, 833. 

mess ‘passed! through by a falling body, 


of moving, 


peed 
Speed of pulleys, rules for calculating, 886. 
Sphere filled with fluid, to determine the 
pressure of a, 752. 
Sphere, floating, its equilibrium, 759. 
Sphere, to find ~~ ete when 
besa is given, 7 
' heres, projection of the shadows, 793. 


tzbergen, force of gravity at, 747. 
Spokes of «wheel are levers 727. 
Sponginess in cast-iron, 7! 

Spouting fluids, 764. 

Spouts, computation of their range and 
velocity, 765. 

Spring, air acting as a, 879. 

as Spee in locomotives, 854. 


Square wheel-work, 899. 


Squirt is a miniature forcing- pump, 774. 
eee sash race 


Mireaniy ties 2h man in carrying loads 
up a, 818. 

Stamper, methods for ag nab 895. 

Stamping ore at mines, 692. 

Standards of measure, 692. 


Stays for fixing the plates of steam-boil- 
ers, 850. 

Steam -boiler, pote for ascertaining 
the water-lev in a, 852. 

Steam-boiler, apparatus for supplying 
water to a, 852, 


Steam-boiler, quantity of water required 
to supply a, 852. 


Steam-boiler safety-valve, 853. 

Steam-boilers, risk of explosion of, 853. 

Steam-condensation, 845. 

Steam-driving machinery, 879. 

Steam-engine, 842, et seq. 

Steam-engines combined, 876. 

Steam-engines compared, 871. 

Steam-engines, condensing, 872. 

Steam-engines, co! » power deter- 
mined, 876. 

Steam-engines, Cornish, reports of, 878. 

pm a0 double-acting, described, 

4. 

Steam-engines, estimating the power of, 
866, 869. 

Steam-engines for driving paddle-wheels, 
described, 875. 

Steam-engines for driving screw-pro- 
pellers, 875. 

parorckeg qe formula for calculating the 


Steam-engines, marine, 875. 
Steam-engines, momentum equal to a 
blow of a 68 1b. cannon-ball, 802. 
Steam-engines, Newcomen’s, 871. 
Steam-engines, non-condensing, where 
convenient, 880. 
Soma Lack ype gr ~ 
team-engines, er of, for 4 
reckoned, 8 
Steam-engines, power measured by the 
dynamometer, 900. 
Steam-engines, ratio between ca Iculted 
and real power, 868. 
Steam-engines, rotary, 876. 
Steam-engines, Savery’s, 871. 
Steam-engines, single acting, 874. 
Steam-engines, — were the 
earliest, 878. 
se the most advantageous of 
cagau Wes 842. 
Watt's improvements, 
ny aa 
Steam entering a cold cylinder becomes 
condensed, 856. 
Steam, estimated volume of, 845. 
Steam-gauges, 854. 
Steam-hammer, 904. 
Steam in boilers, how much space there 
should be for, 851. 
Steam, indication of its power, 846. 
Steam, in what consists the great secret of 
its power, 845. 
Steam, its rage yA is proportional to its 
temperature, 844, 
Steam, its “fare by expansion, 846, 
Steam, 1 of fuel can turn 10 lbs, of 
water into, 852. 
Steam passages, their size, 870. 
Steam-pipe conveying the steam to the 
cylinder, 854. 
Steam power, applications of, 878. 
Steam power, direct application of, 904. 
Steam power, Soranala for calculating, 
845. 
Steam pressure and temperature table, 
845. 
Steam pressure measured in inches of 
mercury, 844. 
Steam pressure, what is the average ac- 
tual force of, 867. 
Steam-riveting machine, 904. 
Steam, superheated, 877. 
Steam table-engine described, 866, 
Steam, the volume multiplied by the 
pressure is constant, 846. 
Steam traction-engines, 866. 
Steam-vessels, form of bearing used in, 


902. 
ae shock on paddle-wheels, 


— the power required for a, 
881. 
57> waste between boiler and engine, 
866. 
Steel and brass, table of friction, 902. 
Steel and ice, table of friction, 902. 
be data for calculating the strength, 
97. 
Steel, table of torsive strength of, 813. 
Steelyard, Roman, Danish, Quintenz, 
724; Roberval’s, 725. 
Stick, pointed, how it may be balanced on 
the tip of the finger, 713. 
Stiffness obtained by corrugating, 808. 
Stirrat and Whitelaw’s turbines, 835. 
Stone columns, experiments on, 801. 
Stone, Portland, crushing pressure, 801. 
Stones, effect of compressing, 801. 
Stones, experiments on crushing, 801. 
Stones, machinery for preparing, 783. 
Stop-cock in steam-engines, 857. 
Stop-valve in steam-engines, 857. 
Storms, velocity and pressure of, 820. 
Strain, clipping or shearing, 815. 
Strain, compressive—(See Compression). 
Strain decreases by rapid rotation, 815. 
Strain in machinery, rules for estimating, 
882. 
Strain, torsive—(See Torsion). 
Strain, transverse, 802. 
Strains of materials, 795. 
Strap, crossed, 836. 
Strap-eye in the connecting-rod, 859. 
Straps for conveying motion, 885. 
Straps, friction, 899. 
Straps, rules for finding dimensions, 902. 
Straps, shifting mechanism for, 887. 
Straps’ to turn = Whee, 728. 
Streams, calculation of their force, 826. 
Streams, computed power of, 834. 
Streams, deep and shallow, comparative 
velocity of, 834. 
Streams, estimated speed of, 826. 
Strength, how to secure the greatest, 
810. 
Strength of bars of any material, 797. 
Strength of materials, 795. 
Strength of materials a necessary know- 
ledge, 779. 
Strength of materials, a subject in an un- 
satisfactory state, 817. 
Strength of materials, rules for calcu- 
lating, 797. 
Strength-product in beams, 811. 
Strength secured by a proper disposal of 
material, 809. 
Strength, transverse, of beams, table 
of the, 810. 
Strength, transverse, of materials, mode 
of computing, 804. 
Striking gear, its use, 887. 
Strings, tension of, 743, 744. 
Strut fixed to a beam, $10. 
Stuffing-box of a piston, 857. 
perf a proof of atmospheric pressure, 
8. 
Suction-pump, 773. 
Sugar-cane mills in the West Indian 
islands, 825. 
Sugar, machinery for preparing, 783. 
Sulphide of carbon, proposed engine, 843. 
Sun and planet-wheel, 899. 


‘Sun, motion of the, 690. 


Superficial measure, 692, 906. 
Surfaces, plane, in drawing, 784. 
Surfaces, unfolded, drawing, 789. 
Surveys, scales used in drawing, 795. 
Syphon described, 772. 

Syphon, Wurtemberg, 773. 
Syringe, 774. 


Taste of cohesive strengta of cylindrical 
copper bars, 797. 

Table of cohesive strength of hempen 
bower cables, 797. 
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Table of the cohesive strength of various 
materials, 797. 

Table of the cohesive strength of wrought- 
iron bars, 797. 

Tuble-engine described, 866. 

Table of angles of the sails of a windmill, 


823. 

Table of friction, 902. 

Table of pressures and temperatures of 
steam, 845. 

Table of screw-gearing for the lathe, 897. 

Table of the resisting power of materials 
to crushing force, 802. 

Table of torsive strength of cylindrical 
shafts, 814. 

Table of velocity for water-power, 826. 

Tables and rules for calculating quanti- 
ties, 905. 

Tables of transverse strengths, 810. 

Tables of weights, &c., 905. 

Tacking, an important part of the sailor’s 
art, 821. 

Tackle, 783. 

Tail-water, precaution for a free flow, 830, 

Tail water, what = 828. 

Tallow, machinery for preparing, 783. 

Tangential force, 742. 

Tate’s air-pump, 776. 

Teak, data for calculating the strength, 
797. 

Teak, table of strength of, 810. 

— asunder iron bars, force required, 

Tearing asunder of fibres in beams, 803. 

Teeth-cutting machines, 898. 

Teeth of wheels, engineers do not agree as 
to forms, 889. 

Teeth of wheels, rules for setting out, 889. 

Teeth of wheels, their theory, 887. 

Telegraph, electric, its importance, 842. 

Li egaien affects the volume of bodies, 

Temperature of steam, 844. 

Tempest, to find the pressure of a, 820. 

Tenacity impaired by long strain, 797. 

Tender of a locomotive, 881. 

Tendon, its action, 817. 

Tension, 693, 796. 

Tension, effect of, 806. 

Tension of fibres in beams, 804. 

Tension of materials, 796. 

Tension of strings, 744. 

Tension, the resist of square bars 
greater than that of circular, 314. 

Tensive strain of beams, how met, 809, 

Textile fabrics, machinery for, 783. 

Textile fabrics, methods of gearing em- 
ployed in manufacturing, 899. 

Thames river, its velocity, 828. 

Thickness of materials is not always 

Thrashing by ot 

ng by steam power, 880, 

Thread, s dace the, of a screw, 788. 

Throttle-valve, water, 838. 

Throttle-valve, how put in action, 857, 

«valve in steam-engines, 857, 

Throw of the crank, 861. 

Throw of the eccentric, 861. 

Tidal currents, their velocities, 833. 

Tide-mills, 828, 

Tides, when first converted into mechani- 
cal force, 828. 

Til+s-making by steam, 880. 

peal used in iron manufactures, 

ey data for calculating the strength, 


Timber, machinery for preparing, 783. 

oro an element for moaning power, 

Time and distance the elements of velo- 
city, 781. 

Time, apparatus for measuring, 782. 

= as @ measure of mechanical work, 


Time, unit of, 692, 

Tin alloyed with copper used to diminish 
friction, 859, 902. 

San for calculating the strength, 


Tin, crushing re, 802. 

Tin employed in bearings, 859, 902. 

Tin, table of friction, 902. : 

Tin, table of torsive strength, 814. 

Tin, used for shaft-bearings, 902. 

Tinting a drawing, 793. 

Tongs are levers, 719. 

Tools are the prodacts of dynamical me- 
chanics, 779. 

Tooth-wheel, 719, 728, 888, 

Tooth-wheels, drawing, 787. 

Toothed gearing, reversing by, 896. 

Toothed wheels described, 888. 

Torricelli’s experiment on atmospheric 
pressure, 769. 

Torricelli the first recogniser of atmosphe- 
ric pressure, 769. 

Torsion, 812. 

Torsion, table of strengths, 814. 

Torsion, the resistance of a cylindrical 
shaft to, 812, 

Towers at Pisa and Bologna, 714. 

Toys, on the principle of unstable equi- 
librium, 715. 

Traction-engines, steam, 
roads, 866. 

Trains, railway, breaks for, 901. 

Translation in space, 747. 

Transverse strength, 802, 810. 

Travellers and tackle, a machine, 783. 

Treadmill, how it is a penal labour of 
severe character, 818, 

ar the force which sustains their sap, 

50. 

Triangles, fluid pressures on, 751, 

Troy-weight, 905. 

T-shaped girders, 804. 

Tube, capillary, its diameter, 763. 

Tube-girders, 809. 

Tubes, equilibrium of fluids in, 760. 

Tubes, fixing in steam-boilers, 851. 

Tubular boilers—(See Boilers). 

Tabular bridge, Britannia, 805—809. 

Tubular shafts, their advantage, 814. 

Turbine applied to steam power, 877. 

Turbine-wheel, 834. 

Turbine-wheel, estimated power of, 835. 

Turbine-wheel described, 835. 

Turning iron, 880. 

Turning-lathe, treadle of the, 720. 

Turning-machines, methods for moving, 
895. 

Turning-machinery, 783. 

Twisting (see also Torsion), 795. 

Twisting-force, 812. 


for common 


Unpersnor water-wheels, 825. 

Undershot wheels with vertical floats, 
827. 

Unit of force, length, time, &c., 691, 692. 

Universal joint for coupling shafts, 
884, 


Vacuum valve in boilers, 854. 

Valve, double-beat, 855. 

Valve, relief, 856. 

Valve, safety, 852. 

Valve, shut-off, 857, 

Valve, slide, 855. 

Valve, stop, 857. 

Valve, vacuum, 854. 

Valves for opening and closing water- 

channels, 833. 

Valves of the condenser, 872, 

her self-acting, in the steam-engine, 
54, 

Vanes or boards of windmills, 822, 

— generated from liquids by heat, 
43. 

Vapours, their latent heat, 872. 


Velocity of falling bodies, 837. 
Velocity of mm! 


Volume, 742. 
Volume affected by temperature, 758. 
bee: determined from specific gravity, 


Wa x of man and animals, 714, 715. 
Walking, the action of, 714, 715. 
bees taasrem io methods for moving, 
Watch-spring, its action described, 839. 
Water a source of mechanical force, 817. 
Water a source of yore 781, 825, 
general by solids, 


Water-clock, 766. 
Water, computation of the flow of cur- 
rents of, 826. 
Water, computed power of streams, 834. 
Water, contrivances for raising, 835. 
Water converted into steam, 
1,600 times its bulk, 845. 
Mares conveyed by pipes from a reservoir, 


Water, distilled, its gravity, 750. 

i acting by the decomposition 
of, 842. 

Water-engines, high-pressure, 904, 

Watt’s improvements were first applied to 
single-acting engines, 878. 

Water an inelastic fluid, 748. 

Water, its velocity through a pipe, 763. 

Water, 10 lbs. can be converted tate steam 
by 1 1b. of fuel, 852. 

Water lifted, becomes a reservoir of 
power, 840. 

Water, movement of, 825. 

Water power, 825. 

Water power, adaptation for, 833, 

Water, velocity of, 826. 

5 pressure in the hydraulic crane, 

40. 
Water pressure on a float-board, 827. 
Water-pumping in docks, 879. 


non quantity discharged by a pump, 


Water, raising from mines, 878. 

Water ee vers 

Water rises about -two feet through 
tubes exhausted of ai, 769. 


Water, the object of hydrodynamics, 763. 
Water, troy- t of a cubic inch, 755. 
Water, weight of a cubic foot of, 826. 
Water-wheel (breast), 831, 
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Water-wheel, breast and undershot com- 
bined, 832. 

Water-wheel (breast), comparative power, 
831. 


Water-wheel (breast), where applicable, 


Water-wheel, overshot, 828. 

Water-wheel, overshot, its best construc- 
tion, 830. 

Water-wheel, overshot, its most advanta- 
geous velocity, 830. 

Water-wheel, overshot, rules for calcu- 
lating velocity, 829. 

Water-wheel, overshot, where applicable, 
833 


Water-wheel turbine, 834. 

Water-wheel turbine described, 834. 

Water-wheel turbine, estimated power, 
835. 

Water-wheel, undershot, 825. 

Water-wheel, undershot, the greatest pos- 
sible effect, 767. 

Water-wheels are of three kinds, 825. 

Water-wheels, regulators for, 833. 

Water-wheels, undershot; their velocity 
should not exceed one-third that of the 
stream, 827. 

Water-works for supplying towns, 879. 

‘Watt began a new era in the mechanical 
arts, 778. 

Watt's governor for steam-engines, 862. 

Watt's improvements in the steam-engine, 


motion, 873. 
Watt’s sun and planet wheels, 899, 
Weaving-machi » 783. 


Weight a source of mechanical force, 
817. 
Weight a source of power, 781, 837. 


Weight an element for measuring power, 
781. 

Weight and velocity are convertible, 781. 

Weight as a measure of mechanical work, 
883. 

Weight, explanation of this term, 750. 

Weight multiplied by the velocity repre- 
sents horse-power, 781. 

Weight of a body, 691. 

Weight of a body, how it may be readily 
determined, 755. 

Weight of bodies as a moving power, 
837. 

Weight true or absolute is the weight in a 
vacuum, 756. 

Weight without motion, its law, 882. 

Weights and measures, 905. 

Weights in French and English, how to 
reduce, 905. 

Weights preferable to springs for regular 
motion, 839. 

Weights raising machinery, 783. 

Weir to check a stream, 833. 

Wheel, a machine, 783. 

Wheel and axle, 719, 727. 

Wheel and worm, 892. 

Wheel-barrow, the action of man by, 818. 

Wheel, bevelled, 728, 891. 


Wheel, elliptical, 898. 

Wheel, Persian, for raising water, 836. 
Wheel, sun and planet, 899. 

Wheel, toothed, 719, 728, 887. 


Whitelaw’s turbines, 835, 

White’s pulley, 730. 

Winch, 727. 

Winch, manual labour at the, 819. 

—— computation of its Lota 820. 
ind, its proportional to the 
square Of the velocity, 820. 

Wind-power, 820, 


Wind, table of velocity of, 820. 

Wind, when first converted into mechani- 
cal force, 819. 

Windlass, 727, 783. 

Windlass, the friction of ropes or chains, 
903. 

Windmills, advantages of, 825. 

=e apparatus for regulating, 823, 


Winds for giving motion to machinery, 


Windiaitls, horizontal, not so effective as 
vertical, 822, 

Windmills partially surrounded by a 
casing, 822. 

Windmills, power of, 825. 

Windmills, self-regulating, 824. 

Windmills, their construction, 822, ef seg. 

Windmills, velocity of, 825. 

Wine-taster described, 775. 

Winnowing corn by steam power, 880, 

Wire-drawing machinery, 783. 

Wire, the strength computed, 800. 

Wood columns, experiments on, 801. 

Wood, data for calculating the strength, 
797. 

Wood, experiments as to compression, 
800. 


Wood, how sections in drawing are 
hatched, 790. 

Wood on wood, table of friction, 902. 

Wood-working machinery, 880, 

Wool, machinery for preparing, 783. 

Woollen cloth, table of friction, 902. 

Work defined, 781. 

Work, mechanical, defined, 882, 

Working-drawings, what are, 790, 

Worm and wheel, 892. 

Wrenching force, 812. 

Wrinkling adds to the stiffness of plates, 
808. 

Wartemberg syphon, 773. 


Yarp, a measure of length, 692. 
York paving, crushing pressure, 802. 
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Aserration of light, 931. 
Acceleration, daily, defined, 918. 
Aldebaran, 959. 
Algol, 959. 

Altair, 960. 


Altitude and azimuth instrument, 998. 
Andromeda, 959. 
Andromeda, nebula of, 956. 
Annual equation of the moon, 937. 
Annular nebule, 957. 
Annular solar eclipses, 982. 
Aphelion defined, 918. 
defined, 918. 

Apparent magnitude of the stars, 950. 
Apsides, line of, 923. 
Apsides of the moon, 936. 
Aquila, 960. 
Are of meridian, determining the length 

of an, 921, 
Arcturus, 959, 960. 
Artificial day, 919. 
Ascension, right, defined, 917. 
Asteroids, 946. 
Asteroids, discovery of the, 917. 
Asteroids, distance of the, 947. 
ty. telescopic appearance of the, 


Astronomical day, 919. 
Astronomical instruments, 989, et seq. 
Astronomical telescopes (see also Index, 
p. 1219), 991. 
Astronomy, cometary, 960. 
Astronomy, history and definitions of, 913. 


Astronomy, planetary, 940. 

Astronomy, practical, 999. 

Astronomy, stellar, 950. 

Atmosphere of Jupiter, 947. 
Atmosphere of Mars, 946. 

Atmosphere of Venus, 946. 

Atmosphere of the earth, 924. 
Atmosphere, solar, 934. 

Atmosphere, tides of the, 989. 

Axis of the earth defined, 916. 

Axis of the earth, inclination of the, 923. 
Axis of the earth, nutation of the, 933. 
Azimuth and altitude instrument, 998. 
Azimuthal errors, determination of, 1005. 


Batty’s beads seen during a solar eclipse, 
984, 

Bear, great, constellation of the, 959. 

Bellatrix, 959. 

Belts of Jupiter, 947. 

Betelgeux, 959. 

Biela’s comet, 962. 

Bodtes, 959. 

Brorsen’s comet, 963. 


Canis major, 959. 

Canis minor, 959. 

Cassiopeia, 959. 

Castor and Pollux, 959. 

Catalogues of stars, 951. 

Centrifugal force of the rotation of the 
earth, 


» 988. 
Ceres (see Asteroids), 946. 


Circle, the repeating, 994. 

Circles in astronomy, 916. 

Circumference, equatorial, of the earth, 
922. 

Clock-errors, 1016, 

Clock-errors of observers, 1001. 

Cluster of Hercules, 955. 

Collimation, errors of, formule for, 1005. 

Collimation, errors in observance of, 1002. 


| Collimation, formula for determining, 


1013, 

Collimation, tables illustrating, observed 
and corrected, 1003, 

Colure, equinoctial, defined, 923. 

Colure, solstitial, defined, 923. 

Colures ~—— 917. 

Cometary nebule, 957. 

Comet, Gambart’s or Biela’s, 963, 

Comet, Hulley’s, 961. 

Comets, elements of, 961. 

Comets, history and notes on various, 
962—972. 

Comets, light, &c., of, 962. 

Comets, low gravity of, 988. 

Comets, nature of, 963. 

Comets, notes on all observed since 371 
B.c., 964—972, 

Comets, periodicity of, 961. 

Comets, physical appearance of, 961. 

Comets, recent, 972. 

Comets, tables of the orbits, elements of, 
observed during the last two thousand 
years, 1031—1034, 


a 


= 


Constellations of the zodiac, 958. 
Constellations, southern, 959. 
Copernican system, 942, 

Corona Borealis, 960. 

Craters of the moon, 939, 
Culmination defined, 918. 
Cygaus, 960. 


D’Axrrest’s comet, 963 
Day, solar and sidereal, length of, 922. 
Day, solar, sidereal, ‘astronomical, and 
artificial, defined, 919. 
Declination defined, 917. 
Definitions of terms in astronomy, 916. 
Degree, nag, o mar roger of e — 
Danes en at various places, 
of fativwde and longitade, length 
"Ss at various places, 922. 
ste | of the earth, 924. 
i a planet defined, 918. 
Dise of the sun, 927. 
Distance, zenith, to measure the, 996. 
Distances of the planets (see Note at foot 
of page), 926. 
Donati’s comet, 972. 
Double stars, 952. 


Eaata an oblate spheroid, 920. 

Earth, atm: of the, 924. 

Earth, axis of, defined, 914. 

Earth, density of the, 924, 

Earth, distance of from the sun, 926. 

Earth, equatorial circumference of the, 
2 


922. 

Earth, figure of the, 919. 

Earth, force of gravity of the, 924. 

Earth, inclination of the axis of the, 923. 

Earth, polar and equatorial diameter of 
the, 921. 

Earth, proofs of the rotundity of the, 919. 

Earth, rate of the motion of in space, 
923, 926. 

Earth, revolution of the, 923. 

Earth, rotation of the, 922, 

Earth, sun, and planets, comparative 
volumes, &c., of the, 926, 927. 

Earth’s axis, rotation round the, 933. 

Eclipse, calculation of an, 975. 

— corona observed during a solar, 


Baines, darkness during a solar, 983. 

Eclipse, effects of the earth’s atmosphere 
during an, 974. 

per graphical construction of a lunar, 


Eclipses, how occasioned, 972. 
Ecli ~ ate lunar, prediction, duration, &c., 


Eclipse of the sun, prediction, calculation, 
&c., of an, 979. 

Eclipse, partial, of the moon, 973, 

Eclipse, phenomena observed during a 
solar, 983, 

Eclipse, solar, calculation of, 979, et seg. 

Eclipse, solar, magnitude of, 978. 

247 1h solar, red flame seen during one, 

Eclipses and occultations, 972. 

Eclipses and photography, 164, 984. 

Eclipses, ueadaal of the shadow in, 973. 

Eclipses, lunar, 972. 

Eclipses of Jupiter's satellites, 948. 

Eclipses, solar, annular, &c., 982, 

Ecliptic defined, 916, 

Ecliptic, obliquity of the, 923. 

Elliptic system of planetary motion, 987. 

Ellipticity of the earth's figure, 921, 

Elongation of a planct, 943. 


Equinoxes, precession of the, ee te 

“* Establishment of the port,’’ a term ap- 
plied to the determination of the high 
water at a , 989. 

Evection of moon, 937. 


Facuu on the sun's disc, 927, 
Faye’s comet, 963. 

Figure of the earth, 919. 

Fixed stars and constellations, 958. 


Gatvanism and astronomical registra- 
tion, 1001. . 

Gambart’s coniet, 962. 

Geocentric latitude, 1029. 

Geocentric zenith, =e 1029. 

Gravitation, and eee orbits, 
motions, &c., 985. 

Gravitation, laws of, 985. 

Gravitation, nature of, 985, 

Gravity, force of, on the surface of the 
earth, 924, 


Hattey’s comet, 961. 
Harvest moon, 937. 

Hercules, cluster of, 955. 
Herschel’s telescope, 994. 
High-water, what causes, 939. 
History of astronomy, 913. 
Horizon defined, 917. 
Horizontal parallax, 1028. 
Hyades, cluster of, 955. 


Intumrxation, defective, of the moon, 
corrections for, in observations, 1030. 

Inclination of an orbit defined, 918. 

Instruments, astronomical, uses, i 
tions in using, &c. (see name of each 
989, et seq. 


Juno (see Asteroids), 946. 

Jupiter, atmosphere of, 947. 

Jupiter, belts of, 947. 

Jupiter, disc of, 947. 

Jupiter, eclipses of the satellites of, 918. 
Jupiter, ellipticity of, 947. 

Jupiter, rotation of, 947. 

Jupiter, satellites of, 948. 

Jupiter, telescopic appearance of, 947. 


Kepver’s laws, 944. 
Kepler’s laws and gravitation, 986. 


Latirupe defined, 917. 

Latitude, geocentric, 1029. 

Laws of Kepler, 944. 

Lenses for astronomical instruments, 990. 

an —— of (see also Index, p. 

Level, corrections of, formule for, 1005. 

Level. of instruments, error, and correction 
of the, 1004, 

Level, use of the, 996, 997. 

Libration of the moon, 935. 

Light, aberration of, 931. 

Light, zodiacal, the, 930. 

Longitude defined, 917. 

i determination of terrestrial, 

1 

Longitude determined by the eclipses of 
Jupiter’ s satellites, 948. 

Longitude determined by lunar occulta- 
tions, 984, 

Longitude determined by transits of the 
me and moon culminating stars, 

Longitudes, examples illustrating the 
method of finding, 1021, 
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Comets, their orbits, tails, &e., 960. Encke’s comet, 971. Lunar ecli 972. 
Cc ction, defined, 918. Epicycle theory of the ancients, 940. Lunar tal A cs 1028. 
Constellations (see Folio Plates, illustrat- | Equator defined, 916. Lunar nutation, 933. 

ing the northern and southern systems, | Equatorial diameter of the earth, 921, Lyra, 960. 

960. Equatorial, the, 999. 
Constellations and fixed stars, 958. Equinoctial colare defined, 923. Macvc# on the sun’s disc, 927. 
Constellations, northern, 959. Equinoctial defined, 916. Magellanic clouds, 955. 


Mars, ase ip sek 
pticity o 
pr rotation of, 946. 


1027. 

peacarvalye "Je errors in, 1001, 

Micrometer, the, 998. 

Milky Way, the, 951. 

Moon, annual equation of the, 937. 

Moon, apsides of the, ran 

Moon, craters of the, 939. 

Moon, defective illumination of, cor- 
rections for, in observations, 1030. 

Moon, earth-light illuminating the, 932, 

Moon, eclipses of the, 972, 

Moon, evection of the, 937. 

Moon, harvest, 937. 

— height of the mountains of the, 

9. 

Moon, libration of the, 935. 

Moon, mountains of the, 938. 

Moon, occultation of stars by the, 935, 
984, 

Moon, opacity of the, 935. 

— orbit of apogee 
oon, parallax o , 936. 

Moon, partial eclipse of the, 973. 

Moon, path of, in the heavens, 936. 

Moon, phases of the, 935. 

Moon, physical constitution of _ 938, 

Moon, rotation of, on her axis, 935, 

Moon, telescopic appearance of the, 938. 

Moon, variation of the, 937. 

Moon, volcanoes of the, 938. 

Moon's motion in space, 937. 

Motion of the sun in its orbit, 924, 

Motion of the sun, irregularities of 
924. 

Mountains of the moon, height, &c., of 
the, 939. 

Mural Circle, how to take observations by 
the, 1025. 

Mural Circle, the, 1023. 


Nesutra, 955. 

Nebul, annular and cometary, 957. 

Nebula, double, 957. 

Nebule, ellipticity of, 957. 

Nebulz, globular, 957. 

Nebule, nature of, 957. 

Nebula, resolution of, 957. 

Nebule, theories of, 957. 

Nebule, various, 956. 

N discovered inductively, in accord- 
ance with the laws of gravitation and 

planetary perturbation, 988. 

Neptune, satellite, &c., of, 949. 

Nodes of an orbit defined, 918. 

Nutation, lunar, 933. 

Nutation of the earth's axis, 933. 

Nutation, solar, 933. 
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Ostiautiry of the ecliptic, 923. 

Observations, errors incidental in, and 
corrections for, 1001, et seq. 

Occultations of stars by the moon, 935, 
984. 

Opposition, planetary, defined, 918. 

Orbit of a planet defined, 918. 

Orbit of the moon, 936. 

Orbit of the sun, 924. 

Orbits of comets, 960. 

Orbits of comets, tables of, observed for 
the last two thousand years, 1031 
—1034. 

Orbits of planets elliptical, whilst those of 
comets are parabolic, &c., 960. 

Orion, constellation of, 959. 

Orion, nebula of, 956, 


Pautas (see Asteroids), 946. 

Parabolic orbits of comets, 960. 

Parallax, horizontal, 1028. 

Parallax, nature of the, 926. 

Parallax of the heavenly bodies, how ob- 
tained, 926. 

Parallax of the moon, 936. 

Parallax of the sun, recent discoveries 
respecting the (see Editorial Note at foot 
we the page), 926. 

Partial eclipse of the moon, 973. 


959. 
Pendulum, vibration of, at the equator 
and poles, 924. 
Pendulum, vibration of, in a day, 923. 
Penumbra in eclipses, 973. 
Perigee defined, 918. 
Perihelion defined, 918, 


Perseus, 959. 
Perseus, cluster of, 955. 
Personal ion of observers, 1001. 


Perturbations of the planetary motions, 
988. 

Phases of Mercury, 941, 945. 

Phases of the moon, 935. 

Phases of the superior planets, 943. 

Phases of Venus, 941, 945. 

Plane of an orbit defined, 918, 

Planet, elongation of a, 943. 

Planetary astronomy, 940. 

Planetary motion and gravitation, 985. 

Planetary motion, and the laws of Kepler, 
986. 

Planets, 940. : 

Planets, distance of, from the sun, as 
affected the new value of solar 
parallax (see Note at foot of the page), 
926. 


Planets, masses of the (see also Note at 


Planets, mutual effect of their masses in 
producing perturbations, 988, 


of the, 988. 
Planets, phases of the superior, 943. 
Planets, retrograde motion of, 941, 943 
— , telescopic appearance of the, 
Pleiades, cluster of, 955. 
Polar diameter of the earth, 921, 
Pole-star, the, 959 
Pollux and Castor, 959. 
Practical astronomy, 989. 
. cluster of, 955. 

Precession of the equinoxes, 931. 
Prediction, duration, &c., of a lunar 

eclipse, 975. 
Procyon, 959. 
Ptolemaic system, 942. 


RepeatinG circle, the, 994. 


Right ascension defined, 917. 

Right ascension, determination of, by the 
transit instrument, 1015. 

Rings of Saturn, 948. 

Rising and setting, 919. 

Rosse’s, Lord, telescope, 957. 

Rotation of Jupiter, 947. 

Rotation of Mars, 946. 

Rotation of Saturn, 948, 

Rotation of the earth, 922. 

Rotation of the earth generates a centri- 
fagal force, 988. 

Rotation of the earth, proofs of the, 922. 

Rotation of the earth, rate of at the equa- 
tor, &c., 923. 

Rotation of the earth, time occupied in 
the, 922. 

Rotation of the moon on her axis; 935. 

Rotation of Venus, 945. 

Rotation, stellar, defined, 918. 


Sarevuires of Jupiter, 948. 

Satellites of Saturn, 949. 

Satellites, &c., of Uranus, 949. 

Saturn, rings of, 948. 

Saturn, satellites of, 949. 

Seasons, cause of the, 930. 

Seasons, unequal length of the, 926, 

Setting and rising, 919. 

Shadow of eclipses, 973. 

Sidereal day, 919. 

Sidereal day, length of a, 922. 

Sidereal year, length of the, 923. 

Signs of the zodiac defined, 916. 

Sirius, 959. 

Solar atmosphere, the existence of a, 
934. 


Solar day, apparent, 919. 

Solar day, length of a, 922, 

Solar day, mean, 919. 

Solar eclipses, 978. 

Solar nutation, 933. 

Solar spot of July, 1862, 934. 

Solar spots, 927. 

Solar spots, nature and cause of, 928. 

Solstices defined, 923. 

Solstitial colure defined, 923. 

Spectrum analysis revealing the physical 
constitution of the sun, 934, 

Spica Virginis,"960. 

Spots on the sun’s disc, nature and cause 
of, 927, 928. 

Stars, binary systems of, 953. 

Stars, brilliancy and magnitude of, 950. 

Stars, ca’ and number of, 951. 

Stars, clusters of (see also Nebula), 955. 

Stars, colour of, 953. 

Stars, double, 952, 

Stars, fixed, number and magnitude of, 
958, 

Stars, luminosity of, 952. 

Stars, motion of the, 952. 

Stars, nature and species of, 952. 

Stars, periodic and variable, 954, 

Stars, temporary, 954, 

Stars, variable, 953. 

Stellar astronomy, 950, 

Sun, the, 924, 

Sun, and distances of the planets (see 
Note at foot of the page), 926. 

Sun, bulk of the, 926. 

Sun, diameter of the, 926, 

Sun, disc of the, 927. 

Sun, distance of the, 926. 

Sun, eclipses of the, 978. 

Sun, luminous envelope of the, 929. 

Sun, motion of the, in its orbit, 924. 

Sun, physical constitution of the, 929. 

Sun, physical constitution of the, as dis- 
covered by the spectrum analysis, 934. 

Sun, solid mass of the, 927. 

Sun, spots on the disc of the, 927. 

Sun, telescopic appearance of the, 927. 

Sun, the surface of, in a state of incan- 
descence, 934. 


Sun, volume of the, 926, 


Tasues of elements of the comets, ob- 
served for the last two thousand years, 
1031—1034. 

Tables of observed and corrected colli- 
mation, 1003. 

Tables of the length of a degree of latitude 
and longitude, radius vector, angle of 
vertical, &c., 922. 

Telescope zenith, the, 1030. 

Telescopes, astronomical (see also Index, 
p. 1219), 991. 

Telescopes, reflecting (see also Index, 
p. 1219), 992. 

Telescopes, refracting and achromitic 
(see also Index, p, 1219), 991, 992. 

Theodolite, the, 996, 

Tidal-wave, height of the, 989. 

Tides, atmospheric, 989. 

Tides, cause of the, 988, 

Time, method of finding the, 1013. 

Transit-clock, 1001. 

Transit-clock errors, 1016, 

Transit instrument, the, 1000. 

Transit, method of observing a, 1001. 

Transit micrometer, corrections for errors 


the, 1006. 
pea dad iy tables illustrating the 


correction, &c., of, 1007, et seg. 

Transit observations, method of recording 
at Greenwich, 1018. 

Transit of Venus and the solar parallax, 
926. 

Transits, observations of, illustrated, 1017, 

Tropical year, length of the, 923. 

Tropics defined, 917. 

Tycho Brahe’s planetary system, 942. 


Uranus, satellites, &c., of, 919. 
Ursa Major, constellation of, 959. 
Ursa Minor, constellation of, 959. 


VaRIABLe stars, 953. 

Variation of the moon, 937. 

Vega, 960. 

Venus, apparent diameter of, 9146. 

Venus, density of, 946. 

Venus, diameter of, 946. 

Venus, distance from the earth of, 941. 

Venus, irregular apparent motion of, 940. 

Venus, phases of, 941, 945. 

Venus, rotation of, on its axis, 945. 

Venus supposed ‘to possess an atmo- 
sphere, 946, . 

Venus, transit of, affords a means of dis- 
covering the solar parallax, 926. 

Venus, volume of, 946, 

Vesta (see Asteroids), 946. 

Volcanoes, extinct, of the moon, 938. 

Voltaic electricity, and astronomical re- 
gistration, 1001. 


Waves, tidal, of the sea and atmosphere, 
989. 

Weather prediction, falsity of, in connec- 
tion with lunar phases, 989. 

Weight of bodies, ratio of, at the equator 
and poles, 924, 


Year, sidereal, defined, 919. ¥ 

Year, solar, defined, 919. 

Year, tropical, defined, 919. 

Years, sidereal and tropical, length of the, 
923. 


Zenira distance, instances of determina- 

tion of the, by the Transit Circle, 1027. 
Zenith distance, to measure the, 996. 
Zenith, geocentric, the, 1029. 
Zenith.telescope, the, 1030. 
Zodiac, constellations of the, 9538. 
Zodiac, signs of, defined, 916. 
Zodiacal light, the, 930. 
Zones defined, 917. . 
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Account by latitude and longitude de- 
fined, 1051. ; 

Altitude, apparent and observed, 1076. 

Altitude, meridian, of the sun, 1086. 

Altitude, observed and corrected, 1077. 

Altitude of a celestial body, 1074. 

Altitude of a celestial obj to deter- 
mine with least error (for longitude), 
the, 1093. 

Altitudes at sea, examples of corrections 
for, 1078. 

Altitudes, double, problem of, 1086. 

Altitudes, equal, equation of, 1096. 

Altitudes, to compute, 1103. 

Amplitude, 1074. 

Amplitude, rising, 1074. 

Amplitude, setting, 1074. 

Angular distances of heavenly bodies, 1073. 

Apparent time, 1075. 

Artificial horizon, the, 1086. 

Ascension, right, 1075. 

Astronomical instrument-making, refine- 
ments of, 1112. 

Astronomical phenomena and navigation, 
1073. 

Astronomical time, 1075. 

Asrronomy, Navticat, 1070. 

Astronomy, nautical, definition of terms 
in, 1073. 

Axis of the earth, 1049. 

Axis of the heavens, 1074. 

Azimuth, 1074. 


Celestial latitude, 1075. 

Celestial longitude, 1074. 

Celestial meridians, 1074. 

Charts, plane, and Mercator’s, 1115. 

Chronometer, error of a, 1097. 

Chronometer, examples of obtaining the 
longitude by a, 1098. 

Chronometer, mean daily rate of a, 1097. 

Chronometer, to find the longitude by a, 
1097. 

Chronometer, to find the rate of a, 1097. 

Chronometers, correction for, 1097. 

Chronometers, history and construction of, 
1092. 

Chron management of, 1097, 

Circles of declination, 1074. 

Compass, deviation of the, 1090. 

Compass, points of the, 1051. 

Compass, the mariner’s, 1050. 

Compass, to find the variation of the, by 
an amplitude, 1090. 

Compass, to find the variation of the, by 
an azimuth, 1091. 

so tes variation of pan pet 1090. 

, derangement of, through in- 
dustive netion of iron vessels, 1119. - 
5 aa id courses, or traverse-sailing, 

55. 
—— for altitudes of celestial bodies, 
Corrections for parallax, 1077. 
Corrections for refraction, 1076. 
s Ratoengaes instrumental, 1097. 
ei! in the Mediterranean, 
1067. 
Courses, definition of a ship’s, 1050. 
Current, drift of a, 1066. 
oe learning the set and drift of a, 
1066. 


Current-sailing, examples in, 1066. 
Current, set of a, 1066, 

Current, velocity of a, 1066. 
Currents, sub-marine or under, 1066. 


Day, lunar and solar, &e., 1075. 
> Age meaning of the term, 1051, 
Dead-reckoning, 1051, 1115. 


Declination, 1074. 

Definitions in navigation, 1049. 

Departure, definition of the term, 1052. 

Deviation of the compass, 1090. 

Difference of latitude and departure, 
tables of, 1068, 1069, 

Difference of latitude in plane sailing, 
1052. 

Dip of the horizon, 1076. 

Distance in plane sailing, 1052. 

Distances, lunar, 1093. 

Division by logarithms, 1037. 

Double altitudes, problem of, 1086. 

Drift of a current, 1066. 


Eartn, figure of the, 1049. 

Earth, Foucault’s illustration of the ro- 
tation of the, 1070. 

Earth, proofs of the rotation of the, 1070. 

Earth, rotation of, on an axis, 1049. 

Earth, rotundity of the, 1070. 

Ectiptic, the, 1074. 

Equation of equal altitudes, 1096. 

Equation of time, 1075. 

Equator of the earth, 1049. 

Equinoctial points, 1074. 

Equinoctial, the, 1074. 

Equinox, autumnal, 1074. 

Equinox, vernal, 1074. 

Error, the index, of the sextant, 1077, 
1112, 1114. 

Evolution by logarithms, 1037. 

Extraction of roots by logarithms, 1037. 


Fa.utne bodies, and the pendulum ex- 
periment, 1073. 

Figure of the earth, 1048. 

Foucault's pendulum ent, illus- 
trating the rotation of the earth, 1070. 


Gravitation, the law of, 1070. 
Great circle-sailing, principles of, 1067. 
Greenwich mean time, to obtain at sea, 


1105. 
Gunter’s scale, 1054. 


Horizon, artificial, the, 1086. 
Horizon, dip of the, 1076. 
Horizon, nature of the, 1050. 
Horizon, the rational, 1050. 
Horizon, the sensible, 1050. 
Hour-angle, 1075. 


InpEx-rRror of the sextant, 1077, 1112, 
1114, 

Index of a logarithm, 1037. 

Instruments, difficulties in the construc- 
tion of, 1112. 

Instruments, nautical, 1111. 

Invention of the sextant, 1115. 

Involution of powers by logarithms, 1037. 

Iron vessels, magnetism of, 1118. 


or ship or sea, how to keep the, 
115. 


Journal, specimen page of a ship’s, 1116. 

Jupiter’s satellites, occultations and 
eclipses of, used in obtaining the lon- 
gitude, 1111. 


Kwor, definition of the term, 1050. 


Latitupe and departure, tables of dif- 
ference of, 1068, 1069. 

Latitude at sea, from the sun above the 
pole, 1079. 

Latitude at sea, obtained from a meridian 
altitude, 1078. 

Latitude, celestial, 1075. 

Latitude, definition of, 1049. 

Latitude from a star above the po.e, 1080. 


1081. P 
Latitude from a star, below the pole, 
1083. 


dian, the declination, hour-angle, and 
latitude by account, 1085. 

Latitude from the altitude of two fixed 
stars, observed at the same time, 


1089. 

Latitude from the declination, altitude, 
and hour-angle, 1084. 

— from the moon, above the pole, 
1081. 

Latitude from the moon, above the pole, 
examples of obtaining the, 1082. 

Latitude from the moon, below the pole, 


examples of obtaining the, 1079. 
tage aes the sun, below the pole, 


1083. 

Latitude from two altitudes of the sun, 
_ ae time between the observations, 
1086. 

Leeway, meaning of the term, 1050. 

Local time, to find, 1093. 

ve Tint differences for lunar distances, 
1100. : 

Logarithmic tables, construction of, 1036. 

bp tables, method of using, 
1036. 


Logarithms, proportional and lunar dis- 
tances, 1105. 

Log-board, use of the, 1051. 

Log-book, use of the, 1051. 

Log, use of the, 1050. 

Longitude at sea, to find the, 1092. 

Longitude at sea, to find the, by lanar 
observations, 1098. 

Longitude, celestial, 1074. - 

———- celestial, measured from Aries, 
1074. 

itude, celestial, measured on the eclip- 


distance, 1104. . 
Longitude from lunar observations, exam- 
les of different methods of finding the, 
106—1111." 
Longitude from lunar observations, to 
find the, 1104. 
Longitude obtained by the distances of the 
planets, &c., L111. 
&e., 


Longitude obtained by the 
of Jupiter’s satellites, 1111. 

Longitude, to find the, by a chronometer, 

1097. 


Loxodromic curve, nature of the, 1064. 


tant, 1)14. 
Lunar distances, logarithmic differences 
for, 1100. ; 
Lunar distances, precautions to be taken 
in making, 1104. 
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Lunar distances, various methods of clear- 


ing, 1101. 
Lunar observations, 1093. 
Lunar observations, examples of obtain- 
ing the longitude at sea by, 1106, e¢ seq. 
Lunar observations, how to make, 1101. 
Lunar observations, to find the longitude 
at sea by, 1098: 


Maenetic amplitude and azimuth, 1090. 
Magnetism induced in iron vessels, 1118. 
Magnetism of iron vessels, 1118. 
ism, retentive, Scoresby’s defini- 
tion of, 1119. 
Mantissa of a logarithm, 1037. 
Maury’s wind and current charts, 1068. 
Mean time, 1075. 
Mean time at Greenwich, to obtain at son 
the, 1105. 


1067. 
Mercator’s method, discovery of, 1062. 
Mercator’s sailing, 1060. 
Mercator’s sailing, examples in, 1062. 
Mercator’s sailing, theory of, 1061. 
Meridian altitude of the sun, 1086. 
Meridians, 1074, 
Meridians of longitude, 1049. 
Meridional difference of datitude, 1061. 
Meridional parts, construction of tables 
1064. 
M parts, definitions of, 1061. 
Meridional parts, tuble of, 1062. 
Middle latitude, construction of table for 


correcting, 1063. 
Middle latitude sailing, 1057. 
Middle lativude sailing, examples in, 1058. 
Middle latitude sailing, rules for, 1058. 
Middle latitude sailing, theory of, 1058. 
Middle latitude, Workman’s table of cor- 
rections for, 1060. 
Moon’s transit, table of times of the, and 
variation, 1081. 


Mulnuication by logarithms, 1037, 


Napier and zenith, 1074, 
Navticar Astronomy, 1070. 
Nautical instruments, 1111. 
Nautical mile, length of the, 1050. 
Navication, 1048. 

uses of the art of, 1035. 


OBLIQUE-ANGLED triangles, solution of, 


sceistae natin of the, 


Obliquity of the ecliptic, 1074. 

Observations by the quadrant or sextant, 
how to make, 1113. 

Observations, lunar, 1093, 


Paratrax, 1077. 
Parallax, horizontal and in altitude, 1077, 
Parallel sailing, 1056. 


Parallel sailing, examples in, 1057, 

Parallels of declination, 1074. 

Parallels of latitude, 1049. 

Passages shortened by Great Circle sail- 
ing, 1067. 

Pendulum experiment, and falling bodies, 
1073. 

Pendulum experiment, Foucault’s, 1072. 

Pendulum experiment, mathematical prin- 
ciples of Foucault’s, 1072. 

Pendulum, the, and the earth’s rotation, 

_ 1071. 

Plane sailing, examples in, 1052. 

Plane sailing, principles of, 1051. 

Plane sailing, proportions in, 1052. 


_ Points, equinoctial, 1074. 


Points of the compass, 1051. 

Poles of the earth, 1049. 

Prime vertical, the, 1074. 

Proportional logarithms and lunar dis- 
tances, 1105. 

Proportions in plane sailing, 1052. 


Quaprant, the, 1111. 
Quadrant, use of the, 1113. 


Rate of sailing, 1050. 

Ratios, trigonometrical, 1038. 
Reckoning, civil and astronomical, 1075. 
Refraction of the h ly bodies, 1076. 


Rhumb-line, definition of the term, 1035, 


1051. 
Rhumb-line, the continued, 1064. 
Right-angled triangles, solution of, 1039. 
Right ascension, 1075. 
Rotation of the earth, Foucault’s experi- 
ment on the, 1071. 
Rotation of the earth on an axis, 1019. 
Rotution of the earth, proofs of the, 1070. 
Rotation of the earth, time required for 
a, 1049, 
Rotundity of the earth, how proved, 1070. 


Satine in currents, 1066. 

Sailing, rate of, 1050, 

Scoresby on the magnetism of iron ves- 
sels, 1118, 

Secants, cosecants, &c., 1037. 

Secondary circles to the horizon, equinoc- 
tial, and ecliptic, 1075. 

Semi-diameter of the sun, moon, &c.,1076. 

Set of a current, 1066, 

Sextant, 1111, 

Sextant, invention of the, 1115. 

Sextant, use of the, 1113. 

Ship’s journal, how to keep the, 11]5. 

Sidereal time, 1075. 

Signs of the zodiac, 1075. 

Sines, cosines, &c., 1037. 

Single courses, examples in, 1054. 

Solar day, the, 1075. 

Solution of oblique-angled triangles, 1043. 

Solution of plane triangles, 1039, 

Solution of right-angled triangles, 1039. 


TAsze for correcting middle latitude, to 
construct a, 1063. 

Table of difference of latitude and de- 
parture, 1068, 1069. 

Table of meridional parts, construction of 
a, 1064. 

Tables of sines, cosines, &c. (for the tables 
themselves, see p. 666, ef seg.), 1038. 

Tangents, cotangents, &c., 1037. 
Tayleur, loss of the ship, owing to the 
derangement of her compasses, 1119. 
Time, apparent, mean, sidereal, &c., 
1075. 

Time at sea, deduced from a single alti- 
tude, 1094. 

Time at sea, examples of obtaining the, 
1096. 

Time at sea, to find, 1093. 

Time deduced from a star, 1095. 

Time deduced from equal altitudes, 1096. 

Time deduced from the sun, 1094. 

Time, local, to find, 1093. 

Transit of the moon, table of, 1081. 

Traverses by mid-latitude and Mercator, 
1064. 

Traverse-sailing, examples in, 1056. 

Traverse-sailing,* mid-latitude and Mer- 
cator, examples in, 1065. 

Traverse-sailing, or compound courses, 
1055. 

Traverse-sailing tables, specimens of, 
1117. 

Traverse-table (see also pages 1068 and 
1069), 1053. 

Traverse, working or resolving a, 1055. 

Triangle, solution of plane, 1039. 

barry oa examples in solving plane, 
1047. 

Triangles, oblique-angled, solution of, 
1043. 

Triangles, ratio of the sides and angles of 
plane, 1038. 

Triangles, right-angled, solution of, 1039. 

Trigonometrical ratios, 1038. 

Trigonometrical terms explained, 1037. 

Lang Arey i plane, use of in navigation, 

035. 


Uss of trigonometrical tables, 1038. 


VartaTion of the compass, 1050, 1090. 

Velocity of a current, 1066, 

Vernier on the sextant, &c., how to use 
the, 1114. 

Vernier, principles of the Vernier, 1114. 

Vertical circles, 1074. 

Vertical, the prime, 1074. 


Worxkman’s table for eoxuctionis of mid- 
dle latitude sailing, 1060. 


Zenitu and Nadir, 1074, 
Zenith distance, 1074. 


| Zodiac, the, 1075. 
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Avsorption and radiation, gaseous, 1191. 
Actinic force, Glaisher’s observations on 
the, 1184. . 


Africans, their climate, habits, &c., 1204. 
Agriculture and meteorology, 1186. 
Ague, cause of, 1186. 

Air, blue colour of moist, 1178. 

Air, clearness of, at great elevations, 1184, 
Air, mean pressure chet 1169. 

Air, ific gravity of, 1129, 

Air, wdeiion of, o 29. 

Air, weight of a ‘cubic foot of, 1169, 


Air, weight of vapour in a cubic foot of, 
68. ; 


Alps, elevation of the snow-line on the, 
1193. 

Altitude 
1199. 

Altitudes, tables of, for the barometer, 1189. 

Andes, elevation of the snow-line on the, 
1193. 

Anemometers, 1170. 

Anemometers, various, 1164, 

Aneroid and mercurial barometers, com- 
parative readings of, during a balloon 
ascent, 1214, 


influences the climatic zone, 


Aneroid barometers, 1126. 

Animals, acclimatisation of, 1201. 

Animals and plants, their distribution in 
respect to climate, 1199. 

Aqueous vapour, power of, in absorbing 
heat, 1192, 

Aqueous vapour, specific ay of, 1129. 

Aqueous vapour, suspended in the air, 
1183. 

Ararat, elevation of the snow-line on 
Moant, 1193. 

Ascents by Glaisher in the balloon, 1180, 
et seq. , 

Atmosphere, absorbing power of the, 1192, 
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7 Sea chemical constitution of the, | Charts for weather-registration, 1189. on radiation, 1139. 

1120, Chemistry of the atmosphere, 1120. Dew, deposition of, 1139. 
Atmosphere, density of, decreases with | Chinese and their climate, habits, &c., | Dew, honey, 1140. 

elevation, 1124. 1203. Dew, maximum full of, in various coun- 
Atmosphere, elasticity of the, 1128, Cholera in connection with climate, &c., 1140. 
Atmosphere, height of the, 1123. 1205. Dew-point at great elevations, 1183, 
Atmosphere, limits of the, 1127, Climate and scrofulous diseases, 1206. Dew-point hygrometers, 1145. 
A 


tmosphere over towns, 1183. 
Atmosphere, weight of the, 1123. 
Atmospheric currents, reverse, 1135. 
Atmospheric disturbances, Fitzroy's views 

of, 1174. 

Atmospheric moisture, 1138, 1198, 1210. 
Atmospheric moisture, determination of, 

1145. 
moisture, diurnal variation 

of, 1147. 
A 


of, 1147. 
Atmospheric phenomena, 1134, 
Atmospheric pressure, 1123. 
Atmospheric refraction, 1147, 
Aurora Borealis, cause and nature of the, 
1150, 1185, 
Aurora Borealis in Scotland, 1185. 
Aurore, height of, 1151, 1185. 


moisture, monthly variation 


Bauwoon ascent, tables of the decrease 
of temperature during a, 1182, 1215. 
Balloon ascent, table of the height of the 
barometer, height above the sea, tem- 
perature, and dew-point, during a, 1216. 

Balloon ascents, Gla' "s, 1179, et seq. 

Balloon ascents, results of Glaisher’s, 
1182, ef seg. ‘ 

Balloon ascents, value of, 1181. 

Barometer affected by certain winds, 1174. 

Barometer, difference-table of, for succes- 

.8ive elevations, 1189. 

Barometer, government standard, 1190, 

Barometer, mean height of the, 1138. 

Barometer, periodical variations of the, 
1138. 

Berometer, principles of the, 1123. 

Barometer, table of the height of, during 
a balloon ascent, 1216. 

Barometer, testing at Kew, 1190. 

Barometer, variations of the, 1138. 

Barometers, aneroid and mercurial, com- 
parative readings of, during a balloon 
ascent, 1214. 

Barometers, errors of, incorrect, 1159, 

Barometers, manufacture of, 1125, 

Barometers, marine, 1190. 

Barometers, various forms of, 1124. 

Barometers, Vernier scale for, 1125. 

Barometric changes depending on certain 
winds, 1174.. 

Bsrometric column, causes of the varia- 
tion of the, 1174. 

Barometric column, surfaces of the, 1125. 

Barometric corrections for altitudes, 1167. 

Barometric corrections’ for capillarity, 
3166. 

=a ha corrections for diurnal range, 

—" corrections for temperature, 
1165. 

Barometric determination of heights, pre- 
a to be observed in making, 

188. 

Barometric disturbance, causes of, 1174. 

Barometric observations, 1166. 

Barometric reductions of readings, 1166. 

Birds, their distribution, 1202, 

Breezes, causes of land and sea, 1135, 


Caritianiry, correction for, 1126, 

Capillarity of glass tubes, 1125. 

oo (oad table of, for barometers, 
1126. 

Caribs, and their climate, 1204, 

Carpathians, elevation of the snow-line on 
the, 1193. 

Central heat of the earth, 1155. 


Climate and the distribution of birds, 
1202, 

Climate as affecting the health of the 
navy, 1206. 

Climate, influence of, controlled by other 
causes, 1204, 

Climate, influence of, in respect to the 
distribution of plants and animals, 
1199. 

Climate, influence of, in respect to -eth- 
nology, 1202. 

Climate influenced by islands, 1197. 

Climate influenced by lakes, 1197. 

Climate in relation to typhus and typhoid 
fevers, 1206. 

Climate of America (North), 1196. 

Climate of America (South), 1196. 

Climate of Asia (Central), 1195. 

Climate of Australia (South), 1195. 

Climate of Borneo, 1197. 

Climate of Brazil, 1196. 

Climate of California, 1196. 

Climate of Canada, 1196. 

Climate of Ceylon, 1197, 

Climate of-China, 1195. 

Climate of India, 1195. 

Climate of Madagascar, 1197. 

Climate of Mexico, 1196. 

Climate of New Zealand, 1195. 

Climate of Shanghae, 1195. 

Climate of Sicily, 1197. 

Climate of Sydney, 1195. 

Climate of the Canaries, 1197, 

Climate of the Crimea, 1193. 

Climate of the Sahara, 1195. 

Climate, rainfalls, mean temperature, &c., 
tables of, 1210—1214, 

Climates, excessive, 1193. 

Climatic effects of suspended moisture, 
1192, 

Climatic influences, 1155. 

Climatic zones of altitude and latitude, 
1199. 

Cloud, estimate of the amount of, 1169, 

Clouds and the weather, 1142. 

Clouds, appearance of, as indicating wea- 
ther, 1177. 

Clouds, ap ce of, described by 
Glaisher, 1182. 

Clouds, classification of, 1169. 

Clouds, composition, height, position, &c., 
of, 1142. 

Clouds, names of the different kinds of, 
1141. 

Clouds, shape of, 1141, 

Cold, effects of, 1158. 


Cold winds, 1137. 
Compressibility of gases, 1122. 


, Consumption and meteorology, 1206. 


Corrections, barometric, 1165, 1166. 

Corrections for temperature, 1165. 

Crystals, shape of snow and frost, 1158, 

Currents of air, polar and tropical, 1174. 

Currents of the ocean, &c., 1157. 

Cyanometer, the, 1165, 

Cyclones, definition and direction of, 
1136, 1175. 

Cyclones, general causes of, 1175, 

Cyclones, generation of, 1174. 


Danrete's hygrometer, 1146. 

Decrease of temperature during a balloon 
ascent, table of the, 1182, 1215. 

Decrement of temperature at great cleva- 
tions, 1182, et seg. 

Dew, amount of, 1140. 

mere “ey required to produce, 
1139. 


Dew-point, nature of the, 1146. 

Dew-point, reduction of, from tempera- 
ture, 1170. "9 

Dew-point, table of, during a balloon 
ascent, 1216, 

Dew, production of, 1138. 

Dew, time of deposition of, 1140. 

Differential thermometer, the, 1130. 

Diffusion of 1120. 

Diseases and climate, 1154, 1205. 

Diseases, epidemic and endemic, influenced 
by climate, 1205. 

— of seamen in respect to climate, 

Distance-measurer, the, 1164, ~ 

Distribution of plants and animals in re- 
lation to climate, 1199. 

Drainage improves climate, 1186. 

si meteorological influence of, 
1185. = 

Dysentery in the navy, 1207. 


Evecrric —— 1178. 
Electric p 
1178. 
Electrical origin of lightning, 1152. 
Electricity, atmospheric, nature of, 1175. 
Electricity, free, causes and amount of, in 
the air, 1179. 
oe esr! free, ae Be) poi 
lectricity, prevalence , 1179. 
Blectricity, to collect free, 1179. 
Electricity, to detect free - atmospheric, 
1179. 
Electro-magnetic thermometers, 1133, 
Electrometers, 1163. : 
Elevation and temperature, 1182, ef seg. 
Elevation, differential tables of, for the 
barometer, 1189. 


Evaporators, 1162. 
Excessive ranges of temperature, 1193. 
Expansion by heat, 1126, 


Fara-+MorGana, cause of the, 1148, 

Fire-balls, &c., origin of, 1154. 

Fish, their distribution in respect to cli- 
mate, 1200. 

Fitzroy’s forecasts of weather, 1172. 

Fitzroy’s opinions on aérial currents, 1174. 

Fogs, 1140. 

Fogs, dry, 1141. 

Fogs, local, 1186. 

Fogs, prevalence of, in certain countries, 
Lidl. 

Fohn, the (a kind of hot wind), 1137+ 

ale general principles of weather, 
1173. : 

Forecasts of the weather, bases of, 1175, 
1178, » 

Forecasts, useful charts for making, 1199. 


Gasxous radiation and al tion, 1191. 
oo amount of the ex, by heat, 
127. 


Gases, condensation of, 1122. 
Gases, definition of the term, 1122, 
Gases, diffusion of, 1120. 


omena on the Jungfrau, 
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Gases expanded by heat, 1127. 

Gases, expansion and compression of, 
1122. 

Gases, law as to the volume of, 1122. 

Gases, Marriotte’s law respecting, 1122. 

Gases, physical Se of, 1122, 

Gimbal vane, the, 1163. 

Glaisher’s balloon ascents, 1179, et seq. 

Glaisher’s winter ascent in January, 1864, 
1209. 

Gulf-stream, influence on climate of the, 
1156, 1198. 

Gulf-stream, limits of the, 1157. 

Gulf-stream, temperature of the, 1157. 

Gulf-stream, the, 1156. 


Hatt, production, fall, &c., of, 1145. 
Hail-stones, fall of extraordinary, 1145. 
Halo, causes of the, 1149. 
Health affected by changes of weather, 
1177. 
Heat absorbed by aqueous vapour, 1192. 
Heat, and the volume of bodies, 1126. 
Heat, and the volume of gases, 1127. 
Heat, conduction of, 1134. 
bg convection of, orm 
eat, expansion by, 1126. 
Heat, radiation of. 1 134. 
Heat, terrestrial, distribution of, 1194. 
oo barometric determination of, 


Heights, measurement of, by the barome- 
ter, 1124, 

Heights, normal correction for determin- 
ing by the barometer, 1188. 

Heights, Plantainour’s obsérvations on 
the barometric determinations of, 1188. 

Himalayas, snow-line on the, 1192. 

Hoar-frost, cause of, 1140. 

Honey-dew, 1140. 

H tals, Dr. F. Watson's method of 

g the air admitted into, for 

ndia, 1208. 

Hottentots, their climate, habits, &c., 
1204. 


Hot winds, 1136. 

Humidity, to calculate the degree of, 
1168. ~ 

Horricanes, 1136. 

Hygrometers, use and corrections of, 1164. 

Hygrometers, various, 1146. 

observations, reduction of, 


Inp1a, sanitary measures in relation to 
the climate of, 1207, 1208. 

Indian Ocean, currents of the, 1157. 

Instincts, animal, as foreboding weather, 
1177. 

Instrument-stands, 1160. 

Islands, influence of, on climate, 1197. 

Isothermal lines, 1194. 

Isothermal lines, direction of, 1194. 


Japaneses, their climate, habits, &c., 
1203, 


Laxes, influence of, on climate, 1197. 

— oe effects of, on weather, 
7 

ee and their climate, habits, &c. 


Latte influences the climatic zone, 
99 

Lightning, cause of, 1151. 
Lightning-conductors, 1152. 


Luminous meteors, height of, 1185. 
Lunar rainbows, 1149. 


Matar, dangerous effects of, 1205. 

Mammalia, their distribution in respect 
to climate, 1200. 

Man, influence of a change of climate on 
the general character of, 1203, 

Man, influence of climate on the varieties 
of, 1202. 

Marine barometers, 1190. 

Marriotte’s law respecting gases, 1122. 

Marshes, &c., meteorological influence of, 
1185. 

Maximum and minimum thermometers, 
1162. 

Mean temperature of the dew-point, 1168. 

Mean temperature, reduction of the, 
1167. 

Mediterranean, currents of the, 1157. 

Mercurial and aneroid barometers, com- 
parative readings of, during a balloon 
ascent, 1214. 

Meteoric stones, 1153. 

Meteorological deductions, Fitzroy’s, 
1174. 

Meteorological instruments, 1171. 

Meteorological observations, 1159. 

Meteorological phenomena to be observed, 
1165. 

Meteorology and agriculture, 1186. 

Seksorclony and endemic diseases, 1205. 

Meteorology and epidemic diseases, 1205. 

Meteorology and ethnology, 1202. 

Meteorology, definition, &c., of, 1120. 

Meteorology in its connection with other 
branches of science, 1209. 

Metearology, practical, 1159. 

Mexicans, ancient, and their climate, 
1204. 

Mirage, cause of the, 1147. 

Moisture, atmospheric, 1138. 

Moisture, atmospheric, determination of, 
1145. 

Moisture, common effects of, in daily life, 
1175. 

Moisture, comparative, of various places, 
tables of, 1210—1214. 

Moisture of air at great elevations, 1182, 
et seq. 

Mollusca, their distribution in respect to 
climate, 1200. 

NATURAL 


meteorological indications, 
1171. 


Negretti’s thermometer, 1162. 

Newfoundland fogs, cause of the, 1187. 

North Cape, elevation of the snow-line at 
the, 1193. 

——- elevation of the snow-line in, 
1193. 


Ostiaurry of the solar rays, 1191. 

Observations, charts for meteorological, 
1190. 

Observations, general results of meteor- 
ological, 1191. 

Observations, how to make meteorologi- 
cal, 1160. 

Observations, precautions required for 
making, 1170. 

Odessa, climate of, 1193. 

Organic influence of climate, 1159. 

Ozone, amount of, at great elevations, 
1184. 

Ozone, amount of free, 1187. 

Ozone and epidemic diseases, 1187, 

Ozone, detection of, 1122. 

Ozone, effects of, on the health, 1)87. 

Ozone, extraordinary production of free, 
1187. 

Ozone, physiological effects of, 1122, 

Ozone, preparation of, 1121. 

Ozone, properties of, 1122. 

Ozone, purifying powers of, 1122. 

Ozone, smell and detection of free, 1188, 

Ozone test-papers, 1122. 

Ozone test-papers, to make, 1164, 


Ozone, tests for the presence of, 1122, 
Ozonometer, the, 1164. 


PARASELEN&, cause of, 1150, 
Parhelia, cause of, 1150. 
Patagonians and their climate, 1204. 
Petersburg, St., climate of, 1193. 
Photographs taken at great elevations, 
1184, 
Phthisis, meteorological conditions fayour- 
able to, 1206. 
Plants, acclimatisation of, 1201. 
Plants and animals, their distribution in 
respect to climate, 1199. 
Practical meteorology, 1159. 
Predicting weather, rules for, 1176. 
Pressure of the atmosphere, 1123. 
Productions, natural, limits of, 1191. 
Psychrometer, the, 1146. 
are and absorption, gaseous, 
191. 
Radiation, solar, Glaisher’s observations 
on, 1184. 
Radiation, solar, to find amount of the, 
1169, 
Radiation, terrestrial, to find amount of 
the, 1169. 
Rain-angle, the, 1164. 
Rainbow, nature and cause of the, 1149, 
Rain, cause and annual fall of, 1142. 
Rain, distribution of, 1143. 
re find the mean daily amount of, 
1170. 
Rain, with fall of fish, stones, &c., 1144, 
Rainfall in Africa, 1194. 
Rainfall in America (North), 1195. 
Rainfall in America (South), 1194. 
Rainfall in Asia, 1195. 
Rainfall in Australia, 1195. 
Rainfall in Europe, 1143, 1195. 
Rainfall throughout the world, tables of 
the annual, 1210—1214, 
Rain-gauges, 1143, 1163. 
Rainless regions of the earth, 1143. 
Rains, periodic, 1143. 
Rain-water, contents of, 1144. 
eri days, number of, in various places, 
143 
Recorder, the atmospheric, 1164. 
Red Sea, currents of the, 1157. 
Reduction of barometric readings, 1166, 
srr te of hygrometric observations, 
1 
Reduction of mean temperature, 1167. 
ae of thermometric readings, 
1167 
Reduction tables, hygrometric, 1165. 
Refraction, atmospheric, 1147. 
oe of weather, charts for the, 
189. 
Reptilia, their distribution in respect to 
climate, 1200. 
Russia, climate of, 1193. 


Scroruta and climate, 1206, 

Shooting-stars, 1153, 1184, 

Simoom, the, 1136. 

Sirocco, the, 1137. 

Snow, causes, crystals, &c., of, 1144. 

Snow, coloured, 1145. 

Snow-gauges, 1171. 

Snow-level or line, 1192. 

Snow-line, altitude in various places of 
the, 1192. 

Snow-line, elevation of the, 1144, 1192, 

Snow-line, tables of, for various places, 
1193. 

Snow, times and places of its fall, 1144. 

Solano, the, 1137. 

Solar eclipses, 1165. 

Solar heat, absorption of, 1191. 

Solar radiation at different levels, 1192, 

Solar radiation, Glaisher’s observations on, 
1184, 


ae —. = 


effects of, 


Tables of the annual rainfall, mean an- 
nual temperature, extreme, and range 
of ral goer comparative moisture, 

itude of the chief 
the world, with tem- 


pang 
oa of the ocean, &c, 1210— 
214. 


Tables of the decrease of the temperature 
during a balloon ascent, 1215. 

ert the elevation of the snow-line, 

9 

Tables of the height of the barometer, 
height above the sea, temperature, and 
oP si during a balloon ascent, 
1216. 

Telegraph, use of, in meteorology, 1175. 

Temperature at great elevations, law of, 
1182, ef seg. 

Sox ererton, excessive a a Be of, ha 
‘emperature, ex nary low in Eng- 
land (in 1860), 1194. i 

Tem mean annual, range and 

extreme, tables of, throughout the 

world, 1210—1214. 

Temperature, mean daily range of, 1169. 

Temperature, monthly range of, 1169, 

‘lemperature of the wet bulb, to find the, 


1169. 
‘Temperature, table of, during a balloon 
ascent, 1216. 
Temperature, table of the decrease of, 
during a balloon ascent, 1215, 


the, 1169. Pa 
Kew for, 1190, 
i measurement of heat, 


Thermometer, Reaumur’s, 1132. 
Thermometer-stands, 1161. 
Thermometers, conversion of the scales 
of various, 1132. 
Thermometers, di of, 1134. 
Thermometers, graduation of, 1132. 
Thermometers, manufacture of, 1131. 
Thermometers, registering, 1132. 
Thermometers, spirit, 1130, 
‘Thermometers, various, }130, 1162. 
ie observations, how to make, 
Thermometric reductions, 1167. 
Thermometric scales, 1130. 
Thermoscope, Nobili’s, 1132. 
Thies elevation of the snow-line in, 
Thibet, great elevation of, 1193. — ~ 
Thunder-storms, prevalence of, 1153. 
Tornadoes, 1336. 
Trade-winds, causes of the, 1135. 
Trade-winds, direction of the, 1135. 
a of, on suspended moisture, 


Tyndall’s researches on gaseous radiu- 
tion and absorption, 1191. 
Typhoons, 1136. 


END OF VOL, 1. 


| 


Typhus fever and climate, 1206, 


beac arg Desa of, 1158, 
ater 
Ww, ae 


Wind, to estimate the force of, 1170. 
Wind-vane, the, 1164. 


Winds, cold, 1137. 


Wine “ttf vou om weather, 


Winds, hot, 1136. 3 aad 
Winds, the trade, 1134. : 


Winter balloon ascent, Glaisher’s, 1209. 
Yextow fever in the navy, 1207. 


Zones, position of climatic zones, 1199, 
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